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classical or canonical problems in elastodynamics, presented with a common
format and notation. These formulas describe the displacements and stresses
elicited by transient and harmonic sources in solid elastic media such as full
spaces, half-spaces, and strata and plates in both two and three dimensions, using
the three major coordinate systems (Cartesian, cylindrical, and spherical). Such
formulas are useful for numerical methods and practical application to prob-
lems of wave propagation in elasticity, soil dynamics, earthquake engineering,
mechanical vibration, or geophysics. Together with the plots of the response
functions, this work should serve as a valuable reference to engineers and sci-
entists alike. These formulas were heretofore found only scattered throughout
the literature. The solutions are tabulated without proof, but giving reference
to appropriate modern papers and books containing full derivations. Most for-
mulas in the book have been programmed and tested within the MATLAB
environment, and the programs thus developed are both listed and available

for free download.
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Preface

We present in this work a collection of fundamental solutions, or so-called Green’s func-
tions, for some classical or canonical problems in elastodynamics. Such formulas provide
the dynamic response functions for transient point sources acting within isotropic, elastic
media, in both the frequency domain and the time domain, and in both two and three
dimensions. The bodies considered are full spaces, half-spaces, and plates of infinite lateral
extent, while the sources range from point and line forces to torques, seismic moments, and
pressure pulses. By appropriate convolutions, these solutions can be extended to spatially
distributed sources and/or sources with an arbitrary variation in time.

These fundamental solutions, as their name implies, constitute invaluable tools for a
large class of numerical solution techniques for wave propagation problems in elasticity,
soil dynamics, earthquake engineering, or geophysics. Examples are the Boundary Integral
(or element) Method (BIM), which is often used to obtain the solution to wave propagation
problems in finite bodies of irregular shape, even while working with the Green’s functions
for a full space.

The solutions included herein are found scattered throughout the literature, and no
single book was found to deal with them all in one place. In addition, each author, paper,
or book uses sign conventions and symbols that differ from one another, or they include
only partial results, say only the solution in the frequency domain or for some particular
value of Poisson’s ratio. Sometimes, published results are also displayed in unconventional
manners, for example, taking forces to be positive down, but displacements up, or scaling
the displays in unusual ways or using too small a scale, and so forth. Thus, it was felt
that a compendium of the known solutions in a common format would serve a useful
purpose. With this in mind, we use throughout a consistent notation, coordinate systems,
and sign convention, which should greatly facilitate the application of these fundamental
solutions. Also, while we anguished initially at the choice of symbols for the angles in
spherical coordinates, we decided in the end to use 6 for the azimuth and ¢ for the polar
angle. Although this contravenes the common notation, it provides consistency between
spherical and cylindrical coordinates and eases the transition between one and the other
system.

We tabulate these solutions herein without proof, giving reference to appropriate mod-
ern papers and books containing full derivations, but making no effort at establishing the
original sources of the derivations or, for that matter, providing a historical account of
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these solutions. In some cases, we give no references, in which case we have developed the
formulae ourselves using established methods, either because an appropriate reference
was not known to us, not readily available, or for purely pragmatic reasons. Yet, recogniz-
ing that these are all classical problems, we do not claim to have discovered new formulas.
Also, the tables may not necessarily be complete in that solutions for some additional clas-
sical problems, or important extensions to these, may exist of which we may be unaware.
If and when these are brought to our attention, we shall be happy to consider them with
proper credit when preparing a revised version of this work.

Finally, we have programmed most formulas within the MATLAB or other program-
ming environment, and provide plots of response functions that could be used to verify the
correctness of a particular implementation. Also, we have made every effort at checking
the formulas themselves for correctness and dimensional consistency. Nonetheless, the
possibility always exists that errors may remain undetected in some of these formulas. If the
reader should find any such errors, we shall be thankful if they are brought to our attention.

Eduardo Kausel Cambridge, September 2005
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