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Fig. 1. Wave Analyser. Fig. 2. The mechanism of the film-wheel.
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Fig. 3. Block diagram of the wave analyser.
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17. Studies on the Spectrum of Tsunams.

By Ryutaro TAKAHASI and Isamu AIDA,

Earthquake Research Institute.

Part 1. Design and Construction of a Wave Analyser.

Several years ago we constructed a wave analyser which is similar in principle
with that written by Dr. M.J. Tucker. According to experience gained in the use of
this prototype instrument, several modifications were made, and finally the instrument
was improved as shown in Fig. 1.

The present analyser is composed of a record transcriber and the analyser proper.
A wave record to be analysed is firstly copied on 35 mm film in a similar way to an
area-type talkie sound truck. This record film is wound on an inertia wheel as shown
in Fig. 2, which has a mirror surface on the periphery. A light beam is thrown on to
this wheel and reflected to a photo-cell head by the mirror surface under the record
film. The light beam is modulated in this way, when the film wheel rotates.

The output of the photocell is fed to a selective amplifier and then to a filter and
rectifier and finally to the Y-axis of a X-Y recorder. So, if the film wheel is rotated
at different speeds, different harmonic components of the record will be taken out.

In the present analyser, the film wheel is speeded up first by a small motor and
then it is allowed to slow down very gradually by itself. The rotation speed is taken
out by the interruption of another light beam thrown to another photo-cell by the
spokes of the film wheel. The number of pulses thus obtained is counted by the
combination of a pulse amplifier, a saw-tooth wave generator, a filter and a rectifier.
The out-put of the rectifier, which is a function of the rotation speed of the film wheel,
is fed to the X-axis of the X-Y recorder. We can thus obtain the spectrum of a wave
record. The schematic diagram of the analyser is given in Fig. 3.

The characteristic data of the present analyser is as follows:

Peripheral length of the film wheel: 143.3 cm
Rotation speed of the film wheel: 402-40r.p.m.
Frequency of the selective amplifier Fo: 240 cycles and 120 cycles.
Q-value of the selective amplifier: 34 and 33
Range of analysis:
Wave lengths betw. 4~40mm on the record film in case Fo=240
Wave lengths betw. 8~80mm on the record film in case Fo=120

Part 2. Spectral analysis of Tsunamis and Long Waves observed at the Miyagi-
Enoshima Tsunami Observatory.

At the Miyagi-Enoshima Tsunami Observatory, which is attached to the Earthquake
Research Institute, long period sea level changes, ranging from 5 min. to more than
100 min. are observed all the time, although the amplitude of these oscillations seldom
exceeds 3 cm.

The spectra of these long waves which appear incessantly were first studied. Ex-
amples of such spectra are shown in Fig. 7. The spectra correspond respectively to five:
successive time-intervals of 10 hour length, beginning at 12h, Oct. 12, 1960. The
record of the Van Dorn long wave recorder was used, and results of the analysis are
corrected by the sensitivity curve of the Van Dorn instrument. To pay the closest
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attention to the predominating frequency, and to their relative intensities, we plotted
the positions and heights of the remarkable peaks of the spectra in logarithmic scales
as shown in Fig. 8.

By this Figure we can see that in almost all spectra, peaks fall within narrow
bands arround 11 min., 21 min., 28 min., 58 min. and 84 min. respectively. This shows R
that there are several fixed predominant periods in the continual fluctuation of the sea
level observed at Miyagi-Enoshima. Their relative intensities are to been seen by the
relative height of the peaks plotted in Fig. 8.

To explane the nature of these predominant oscillations we calculated the period of
seiche on the continental shelf off Miyagi-Enoshima. The sea bottom topography is
shown in Fig. 9. Slight changes are noticeable in the bottom slope at 200 m and 500 m.
If a part of long wave energy is reflected at the 200m depth line, the period of the
resulting seiche will be 58 min., while if the wave energy is reflected at the 500m
depth line, seiches of the period of 86 min. will result. These seiches may be the
origin of the continual fluctuation at Miyagi-Enoshima. The fluctuation with the periods
of 21 min. and 28 min. may be respectively the third harmonics of the seiches cited
above.

Secondly we made the analysis of records of tsunamis of different magnitudes that
were felt at Miyagi-Enoshima. Results of the analysis are shown in Fig. 10. In the
Figure, the uppermost curve is the spectrum of the Chilean Tsunami of 1960. The
magnitude of the Chilean earthquake that caused this tsunami has been estimated as
8.5. Other curves are spectra of tsunamis caused respectively (from top to bottom) by
the Etorof Earthquake (M=8.1) of Nov. 1958, the Sanriku Earthquake (M=7.5) of
March 1960, the Earthquake (M=6.8) off the coast of Fukushima Prefecture, and the
other Sanriku Earthquake (M=6.7) of March 1960. Since the ordinate of each spec-
trum is of an arbitrary scale, we should notice that only the shapes of the spectra are
significant. So we plotted these spectra again in a logarithmic scale as shown in Fig.
1la~11d.

Comparing these Figures with Fig. 8, we can find that the peaks in the spectra of
tsunami coincide pretty well with the peaks in the spectra of sea level fluctuation at
ordinary times; that the predominating peaks fall in the bands of periods of 84 min.
and 58 min. when the magnitude of the earthquake and accordingly the magnitude of
the tsunami is large, while the peaks of the shorter period of 28 min. and 21 min. are
liable to appear when the magnitude of the earthquake is small. Especially when M
was as small as 6.8 or 6.7, the shortest period of 11 min. appeared most intensely.

Two years ago, we found that the larger the magnitude of an earthquake, the
Jarger is the size of the origin area of the accompanying tsunami, as estimated from
the period of the main part of the tsunami. Accordingly, if there are several domi-
mnating periods in the spectrum at ordinary times, it is very natural that large earthquakes
will excite the longer part of the ordinary time spectrum and small earthquakes the
shorter part of the spectrum.

Part 3. The spectra of tide-gauge records of the Chilean tsunami as obtained at

different stations along the Japanese Coast.

In the case of the Chilean tsunami of May 24, 1960, tide-gauge records were ob-
tained at almost all tide-stations along the Pacific Coast of Japan. We made a spectrum
analysis of records obtained at 17 stations well distributed from Hokkaido to Kyushu.
The tide-gauges at these stations are mostly of the same type. In Fig. 12, the spectra
of these records are shown side by side.
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It is remarkable that the features of tsunami spectra for NE Japan are different
from that for SW Japan. In the former region, spectra seem to have a common large
peak in the interval 60~80 min., while in the latter region, spectra seem to show a
common peak in the interval 40~50 min. This difference in the spectrum features for
the two regions might be attributed to the difference in the paths of propagation or to
the difference in the directions of emission of wave energy at the origin. The differ-
ence might also be considered to show some systematic difference in the near-shore
topographies of the two regions such as trench, continental slope or ridge which can
effect the change of shape of the spectrum.



