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Inversion of normal mode frequencies for estimation of lateral heterogeneity

of the earth's elasticity structure: A numerical test

K 8] (Seiji Onishi) *
/NH A= (Hitoshi Oda) * *

An investigation was made on effect of lateral heterogeneity of the earth's elasticity structure on the normal mode

frequencies. The lateral heterogeneity is expressed by an expansion of spherical harmonic functions,

P,M(cosB)sinm¢ and P,™{cosO)cosm¢, up to the second order harmonics (/< 2). Free oscillation frequencics of the

heterogeneous earth were computed by the xyz algorithm, Further we derived an analytic expression of partial

derivatives of eigenfrequency with respect to the expansion coefficients, and performed a numerical test to verfy

whether or not it is possible to estimate the heterogeneity of the earth’s structure by the inversion of normal mode

frequencies.

When the earth is assumed 10 be elastically isotropic spheroid with short polar and long equatorial radii, frequency

spectra affected by longitudinal heterogeneity terms, P, ™ (cos8)(sinm¢, cosm¢) (m# 0), for given values of / and m

coincide with each other, because these two terms describe the same heterogeneity when the earth is rotated by x/2m

around rotation axis. In such a case, we cannot determine accurately the expansion coefficients of the two

heterogeneity terms by inversion of normal mode frequencies, whereas the coefficients of the latitudinal heterogeneity

P,O(cose) can be precisely determined. Therefore it is difficult to estimate of lateral heterogeneity of the earth's

elasticity structure by the inversion of normal mode frequencies.

Keywords : Normal Mode, Inversion, Eanh's Structure, Lateral Heterogeneity
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Spherical coordinate system.
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Table 1. Values of parameters of three

earth models.

{sotropic Isolcopic  Osthorombic

Spheroid  Ellipsoid  Spheroid
Density {g/cm3)
1.0 1.0 1.0
Length of semi-major axis (cm)
a, 1.00 1.02 1.00
ay 1.00 1.00 1.00
a, 0.99 0.98 0.99
K, 2.0 2.0 1.0
K5 2.0 2.0 1.0
K33 2.0 2.0 2.0
K4 1.0 1.0 3.0
s 1.0 1.0 4.0
Kes 1.0 1.0 5.0
X 0.0 0.0 6.0
X3 0.0 0.0 7.0
155 0.0 0.0 8.0

Voigt notalyon Kij is used for the lorth order
clastic constanis Koy
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Figure 4. Frequency spectra of the lowest five modes of laterally heterogeneous earth with

spheroidal shape,
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Earth model is the same as that used in the Figure 2, except for that elasticity
perturbation from reference earth is orthorhombic.
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Figure 5. Relative difference between assumed and obtsined

values of heterogeneity coefficients for the case of
elastically isotropic spheroid. The frequency inversions
were made for nine (top) and seven (bottom) unknown
coefficients in Eq.(9).
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