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Waveforms of electromagnetic waves excited by earthquakes and radiated from teh
ground surface
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In order to detect electromagnetic (EM) waves which might be related to earthquakes, we had been observing EM noises i
boreholes and above the ground. Although, in the observation, we had detected tremendous number of EM pulses with duratic
of a few millisecond in a frequency range of a few kHz, we could not detect any earthquake-related EM pulse at all. Almost all
of the EM pulses were lightning and artificial ones. The reason why earthquake-related EM pulses could not be detected in th
earth was considered as follows: the amplitude of the excited EM pulses could be strongly decayed during their propagation
in the earth before its arrival at the EM observation site, because the earth’s medium has electrically high conductivity. So we
shifted down the monitoring frequency, from a few kHz to a few tens of Hz. As the result, we detected earthquake-excited EM
pulses in the earth. During the period from December 2011 to March 2013, we confirmed thirteen earthquakes which excited EN
pulses. From relations between magnitudes of these earthquakes and distances between epicentres and the EM observation
we found that the EM waves were excited by seismic waves arrived near the EM observation site, due to Piezo-electric effect i
the earth’s crust.

From March 2013, we began simultaneous observations of EM waves by sensors in the borehole and above the ground, al
the acceleration of seismic waves. At 05:33:17.7 JST April 13, 2013, we had a big earthquake (M6.3) in Awaji-shima island. The
earthquake epicentre was about 115 km from the EM observation site. EM pulse was first detected by the sensor system install
above the ground at 05:33:40 JST, and 13.6 second later, a seismic wave was detected and its excited EM wave in the borehc
This result suggested that the EM wave excited by the seismic wave can readily leak out of the ground surface. These behaviou
of earthquake-excited EM waves were published it in a paper [1].

Since we could not detect any EM pulse at the rupture time of the earthquake shown above, we focused on waveform
at/before earthquake occurrences. Waveforms of anther seismic wave and of its excited EM waves were shown in the figur
below. However, we cannot recognize any specific fluctuations around the official rupture time (06:20:19.1 JST, April 4, 2014)
of the earthquake (M3.3). At the time of 4 second prior to the official rupture time, intense pulses were detected by both senso
systems above the ground and in the borehole, and specific fluctuations were followed for 8.75 second. If we could identify tha
the intense pulse was radiated from the earthquake epicentre, we could regard the EM pulse as a precursor of the earthqua
Now we are preparing the system which can point arrival directions of this kind of EM pulse.
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