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Abstract

Electromagnetic induction in three-dimensional spheres can now be solved by finite differ-
ence methods using staggered grids. Using well-defined staggered grids has an obvious
advantage over normal finite difference schemes in the sense that the staggered grids give an
ideal representation of divergent and/or rotational differential relations.

The finite difference relations at each node can be formulated into a matrix equation with
a large sparse coefficient matrix. Recent progress of relaxation methods in matrix inversions
has enabled us to solve the system of a large number of linear equations using the stabilized
biconjugate gradient method (BiCGSTAB). The BiCGSTAB method used in this study was
proved to be faster than other conjugate or biconjugate gradient methods.

It was also found that substituting previously obtained solutions into the next frequency
greatly improved the rate of convergence of the relaxation process. Parallelizing the newly-
devised code over multiple frequencies enhanced the convergence speed as well. It is now quite
possible to apply the BiICGSTAB solver to spherical conductivity inversions, because a combi-
nation of the BICGSTAB method, utilization of previous solutions, and frequency parallelization
sums up to a speed of one order of magnitude difference.
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Fig. 1. The staggered grid in a sphere. Node (i, j, k) corresponds
to a spherical co-ordinate (¢, 6, ). The tangential components of
the magnetic field Hy and Hy lie halfway to the adjacent nodes in
the east and the south directions, respectively. The vertical
component H, locates a half shell thickness below the tangential
components along the radial direction.
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Comparison of the three different relaxation algorithms for Martinec’s nested spheres
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Fig. 2. Convergence curves of the three SGFD solvers. for the same 3D model. (a) The
normalized squared residuals vs the number of iterations required in each relaxation
for exactly the same convergence criteria. (b) Same as (a), but for the weighted and
normalized norm of the solution change vector, where ¢ was set to 0.1.
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Fig. 4. Convergence curves for (a) non-initialized (upper) and (b) initialized (lower)
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solution for the next frequency remarkably reduced the number of iterations in the
lower diagram.
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Fig. 6. Horizontal electric current density around the buried conductive sphere at a
depth of 600 km. Real part alone is plotted for a frequency of 4.774649X 10 " Hz.
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