Contents

1 Some basic facts from the theory of elasticity 1

2 Plane waves in 1-D isotropic media 5 2.1 Homogeneous and evanescent plane waves . . . . . . . . . . . . . . . . . 5 2.2 Equations of motion for P-SV and SH-waves . . . . . . . . . . . . . . . . 7 2.3 Boundary conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 2.4 Reflection and transmission at a fluid/fluid boundary . . . . . . . . . . . 10 2.5 Reflection at a free surface . . . . . . . . . . . . . . . . . . . . . . . . . . 13 2.6 Reflection and transmission at a solid/solid boundary . . . . . . . . . . . 17 2.7 Plane waves in stratified media . . . . . . . . . . . . . . . . . . . . . . . 20

3 Point-source radiation in fluid models 25 3.1 Plane-wave decomposition of point-source radiation . . . . . . . . . . . . 25 3.2 Integral solutions for scattering at a plane boundary . . . . . . . . . . . . 30 3.3 Stationary-phase method for reflected wavefields . . . . . . . . . . . . . . 30 3.3.1 Zero-order approximation of the method of stationary phase . . . . 31 3.3.2 First-order approximation of SPM . . . . . . . . . . . . . . . . . . 35 3.4 The method of steepest descent for the reflected wavefield . . . . . . . . . 38 3.4.1 Reflection from a low-velocity medium . . . . . . . . . . . . . . . 39 3.4.2 Reflection from a high-velocity medium: the head wave . . . . . . 47 3.5 Properties of the head wave . . . . . . . . . . . . . . . . . . . . . . . . . 51 3.6 Asymptotic analysis of the transmitted wavefield . . . . . . . . . . . . . . 59 3.6.1 Geometrical transmitted wave . . . . . . . . . . . . . . . . . . . . 59 3.6.2 Inhomogeneous transmitted waves . . . . . . . . . . . . . . . . . . 61 3.6.3 Transmission into a low-velocity medium: nongeometrical waves . 63 3.7 Numerical analysis of nongeometrical waves . . . . . . . . . . . . . . . . 70

4 Point-source radiation in elastic media 77 4.1 Reflection/transmission of a spherical wave at a solid/solid boundary . . 77 4.2 Analysis of the reflected/transmitted wavefield . . . . . . . . . . . . . . . 81 4.3 Nongeometrical waves in elastic media . . . . . . . . . . . . . . . . . . . 83 4.4 Wave phenomena due to additional terms of the ray series . . . . . . . . . 88 4.5 Comparison of modeling methods for stratified isotropic media . . . . . . 93 4.6 Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97