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Observation of electromagnetic pulses prior to earthquakes
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In order to confirm electromagnetic (EM) waves which could be excited prior to earthquakes, we had been observing EM
noises in boreholes. Since we could not detect any EM pulses related to earthquakes, we shifted down the monitoring frequen
from the range around 5 kHz to a range below 25 Hz. As the result, we detected earthquake-excited EM pulses in the earth. W\
also found that the EM pulses were excited due to Piezo-electric effect by vibration of seismic waves in the earth’s crust arount
the EM observation site.

Furthermore, in order to clarify behaviour of EM pulses in the earth and above the ground, we began simultaneous detection
of EM pulses with another EM sensor system installed above the ground and an accelerometer installed on the ground surfac
As the result, we confirmed that EM waves were excited by seismic P wave and amplified by S waves, respectively and that the
can readily leak out of the ground surface [1].

Detailed analysis of EM pulse in the earth and above the ground when an earthquake occurred just beneath the EM observatit
site has resulted that polarizations of the EM pulse above the ground was elliptic whereas that in the earth was a linear one. Th
phenomenon means that the EM pulse was radiated from the deep earth.

Based on such behaviours of EM pulses, we proposed a hypothesis of EM pulse excitations prior to earthquakes as follow:
when a pressure began to load to both sides of two large earth crusts in an active fault where a fragmentation layer exists betwe
the two large crusts, small crusts in the fragmentation layer could be first fractured even by the pressure weaker than that furthe
strong stress at earthquake rupture. By the stress impact at the fracture of the small crust, seismic P wave could spread in t
earth’s crusts, and by the vibration of the P wave in the earth’s crust, EM pulses could be excited due to piezo-electric effect in thi
crust and radiated out of the ground surface. This process would proceed and after that an earthquake would occur. Therefol
this kind of EM pulses can be regarded as a precursor of the earthquake.

Figure 1 shows spectrograms of tri-axial magnetic components and vertical electric component detected above the ground. A
earthquake occurred at 24 km west of the EM observation site at 21:02 JST, January 14, 2015, and spectral lines of magne
components can be seen at that time in the spectrogram. On the other hand, four vertical spectral lines of EM components a
seen at about 7 hours before (14:08 JST) the earthquake. Since the polarization of the EM pulse was elliptical, and the short ax
of the ellipse was pointing to the direction of the epicentre of the earthquake, this EM pulse can be regarded as a precursor of tf
earthquake occurred 7 hour later.
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