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Calculation of piezomagnetic fields arising from the crust with unknown directions of
initial magnetizations
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In calculating the piezomagnetic field (i.e. changes in the magnetic field arising from changes in stress via the mechanisn
of the piezomagnetic effect), an conventional procedure is as follows: (1) Estimate the spatial distribution of magnetizations ir
the crust based on results of magnetic surveys, (2) Conduct modeling of the piezomagnetic field using the estimated structu
of initial magnetizations (e.g. Nishida et al., 2004, EPS). The problem includes a problem on the non-uniqueness of the initial
magnetization. Indeed, potential theories show the spatial distribution of initial magnetization cannot be determined uniquely
In an earlier study, Yamazaki (2009, EPS) considered a situation in which (i) the stress is uniform in the region of interest, (ii)
direction of initial magnetization is fixed and known, and (iii) the magnetic anomaly arising from the initial magnetization is
given in a plain at a certain height. He has shown that, under the conditions (i) - (iii), the piezomagnetic field is determined
uniquely regardless of the non-uniqueness of initial magnetization. This result implies we can avoid a difficulty of estimating the
initial magnetization in the piezomagnetic studies.

However, the assumption (ii) is somewhat problematic. Therefore the problem that should be addressed is whether the piez
magnetic field is determined uniquely or not when the condition (ii) is not involved. Regrettably, the answer to this question is
NO. We can provide a set of explicit distributions of initial magnetization, both of which generates the same magnetic anomaly,
but generate different piezomagnetic fields. This result implies that we cannot uniquely associate the piezomagnetic field an
the stress field that causes the piezomagnetic effect. Therefore, we need to restrict the piezomagnetic studies in the cases that
direction of initial magnetizations is fixed.
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