Propagation and structural interpretation of non-plane waves
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SUMMARY

As a model for the 2-D horizontal propagation of seismic surface waves, we study

the propagation of non-plane acoustic waves in homogeneous and inhomogeneous

media. We find that their phase velocity depends not only on the medium but also

on the local geometry of the wavefield, especially on the distribution of amplitudes

around the point of observation. The phase velocity of a wave is therefore

conceptually and in most cases numerically different from the phase velocity

parameter in the wave equation, which is determined by the elastic properties of the

medium. The same distinction must be made for seismic surface waves. Although it

is a common observation that waves of the same period can propagate with different

phase velocities over the same path, the fundamental character of this observation

has apparently not been recognized, and the two phase velocities are frequently

confused in the seismological literature. We derive a local relationship between the

two phase velocities that permits a correct structural interpretation of acoustic waves

in inhomogeneous media, and also of non-plane seismic surface waves in laterally

homogeneous parts of the medium.
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This paper formulates the concept of Helmholtz tomography (Lin and Ritzwoller, GJI 186, 2011) although the elegant name for this method did not occur to me when I wrote the present paper. A scan is available: NonplaneWaves.pdf . 

Unknown to me at the time of writing, some concepts and formulas of my paper had previously been used in the context of acoustic raytracing, most clearly in the PhD thesis of Terry L. Foreman (Univ. of Texas at Austin, 1988):

http://www.dtic.mil/dtic/tr/fulltext/u2/a201380.pdf
His equation (3.6):  K2 = k2 + Laplacian(A) / A is mathematically equivalent to my equation (8) where I use the logarithmic amplitude a = log(A), and the symbol w for K. 

The report “Solving the frequency-dependent eikonal equation” by B. Biondi (1997), http://sepwww.stanford.edu/public/docs/sep73/biondo.pdf has a few more references to early formulations of an exact eikonal equation. 

See also: surface-waves.ps
