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Fig. 1. Multi-layered elastic sphere. Numbering of layers and discontinuous
surfaces is given in the figure.
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Fig. 2. Two underground structures for P waves. Model
l—crustal structure in Kanto district. Model 2—consisting of
two superficial low-velocity layers (as observed in Tokyo) and
Model 1.
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Tig. 3. Theoretical seismograms computed for two underground structures, Model 1
(lower figures) and Model 2 (upper figures), and for two incident pulses with time durations
of 0.5sec (left) and 3.0sec (right). Amplitude of the P pulse incident on the Moho dis-
continuity is taken as a unit of the ordinate. The time scale is shown in the figure. D
and R indicate arrival times of direct and reflected phases, and the suffixes denote the
boundary surfaces of the two models in Fig. 2 where waves are subject to reflection.
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theory (solid curve) and ray theory (open circles).

its

plitude of later phases is shown to be five times as large as that of primary waves.
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Fig. 5. Theoretical seismograms computed for Model 1 on the basis of normal mode

time scale are shown upon each curve. Ordinate unit is the same as in Fig. 3.
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Fig. 6. Theoretical seismograms computed for Model 2.
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Fig. 7. Theoretical seismograms computed for Model 1 on the basis of normal mode
theory (solid curves) and ray theory (open circles). Latter curves comprise various phases
such as D, Ry, Ry, some of which are drawn by dashed curves. Time duration of an
incident pulse and its scale are shown upon each curve.
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Fig. 8. Theoretical seismograms computed for Model 2. These illustrate
that the large amplitude of the direct wave is reduced considerably in con-
sequence of interference with reflected phases.
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Fig. 9. Comparison of two theoretical seismograms computed for Model 1
(dashed curves) and Model 2 (solid curves). Time duration of an incident]pulse
varies from 0.75 see to 16.8 sec.
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Fig. 10. Comparison of two theoretical seismograms com-

puted for two plausible crustal models expected under the site
of Matsushiro seismological observatory of JMA.
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7. Radial Oscillations of a Multi-Layered Elastic Sphere
and Theoretical Seismograms

—Effects of Surface Layers on Waveform of P Waves—

By Toshikazu ODAKA,

Eathquake Research Institute.

A formulation is given for the excitation of radial oscillations of a multi-layered
elastic sphere due to an explosive source located at the center of the sphere. The Thomson-
Haskell matrix method is used successfully for this spherical problem.

The result is applied to simulating vertical propagation of P waves in the crust with
and without low-velocity surface layers, and their effects on the waveform of P waves
observed at the ground surface are investigated. An incident pulse upon the crust from
below is assumed to have a sinusoidal shape with a time duration of half a period and its
duration is varied from 0.5 sec to 17 sec.

Seismograms are synthesized by ray theory as well as by normal mode theory. Compari-
son of these two seismograms, calculated independently in terms of the two theories, is
useful for checking the precision of numerical computations and identifying various reflected
phases. The agreement of two curves is shown to be excellent.

It is found that underground low-velocity layers amplify all phases of P waves and
also give rise to relatively large reflected phases associated with those layers. As a result,
for incident waves of short time duration, seismograms computed for two underground struc-
tures, one with low-velocity surface layers and the other without, are considerably different in
their oscillatory features. However, when the time duration increases, the large differences
disappear, due to the interference of direct and reflected phases.




