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Detecting condition of electromagnetic pulses excited by earthquakes
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Since December, 2011, | have been detecting co-seismic electromagnetic (EM) pulses by an EM sensor system installed at t
bottom of a borehole of 100 m in depth. The excitation mechanism of the EM pulse below 25 Hz was confirmed by a laboratory
experiment as the piezo-electric effect in the earth’s crust [1]. | am confident that EM pulses excited by seismic P waves are
amplified by the large amplitude of the seismic S waves and that the EM pulses were decaying after short distant propagatior
in the earth [2]. Furthermore, | have been also observing EM noise above the ground for clarifying the behaviour of EM pulses
after their radiations from the earth. As the result, it was confirmed that the excited EM pulses can be readily leaked out of the
ground surface [1]. However, any EM pulses which would be exited at the hypocentre of earthquakes have never been detect
at the EM observation site at its rupture time. The reason has remained unknown.

Recently, | found a new data which can explain the reason. An earthquake occurred in 11 km depth of a place 24.8 kn
west-north-west of the EM observation site at 21:1:38.8 JST on July 10, 2016. Figure 1(a) shows a waveform of the east-wes
component of an ELF magnetic field, and (b) shows that of seismic east-west component detected simultaneously at the El
observation site. Their pulses were detected at 21:13:47.66 JST. Although the waveform of the seismic S wave shows a pe:
amplitude at that time, that of EM wave shows an increasing trend in its amplitude until 21:13:48.35 JST.

On the other hand, the earth’s surface at the EM observation site is formed by the sedimentary layer. Since the dielectri
constant of the sedimentary layer is about 40, the critical angle of total internal reflection for the EM waves propagating from
the earth becomes 9.1 degree. Therefore, EM waves can leak out of the ground surface from the earth in directions within th
angle. Since the amplitude of EM waves become maximum at the vertical upward direction, The EM pulse at 21:13:48.35 JST
was the vertical upward propagation. During the period of 0.69 second up to 21:13:48.35 JST, the seismic wave had propagate
horizontally about 2.16 km. From this distance and the angle of 9.1 degree, the depth of the EM pulse excitation region wa:
identified as 13.1 km. This result is consistent with the configuration of EM wave excitation in the earth.

As the result, we can understand that an EM pulse radiated vertically at the hypocentre of earthquake cannot be detected at t
EM observation site fur from the epicentre of the earthquake.
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