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Property of electromagnetic pulses in the earth
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In order to clarify the validity of electromagnetic (EM) pulse generations in the earth when stress impacts were imposed to
the earth-crust at a stage prior to earthquakes, we constructed new observation site with a 100 deep-borehole drilled on tt
seashore in Shirahama-Cho, Wakayama prefecture, Japan, and have been conducting EM measurements in the earth, using
sensor systems installed at the bottom of the borehole and additional one on the ground. The sensor system was composec
three directional magnetic search coils and a vertical electric linear dipole antenna. Through 16-b its analogue-to-digital (AD)
converters with a sampling period of 30 micro-second, signal waveforms of detected electric and magnetic fields were acquire
simultaneously into observation computers whose clock was synchronized with GPS time. The field data detected by the sens
system were used for obtaining arrival directions of the EM pulses.

Through continuous observation, we found that almost all detected EM pulses in the borehole were generated by lightning
discharges in the sky, and have classified their propagation modes into three types. They are A) vertically directly incident EM
pulses, B) surface waves of lightning-origin EM pulses and C) surface waves of 1 or 2 cycle EM pulses.

Waveforms of Type A showed a periodic oscillations, which suggests that they would be Tweek atmospherics generated b
lightning discharges in the tropical region. Their wave amplitude detected at the 95 m-depth in the borehole was depressed
1/22 against that detected on the ground. Furthermore, the waveform of the depressed amplitude showed a large phase delay
about 1800 for the frequency component of 5.1 kHz against that detected on the ground. This large time-delay was supposed
be caused by the electrically high conductivity of the medium around the borehole. The observation results such as the amplituc
depression and the phase delay could be fully explained by the theoretical calculation for the vertically incident of the EM wave
into the earth. We also obtained equivalent electrical conductivity and the skin-depth of the medium of the sedimentary layer fol
the VLF range waves.

Different from the directly penetrated EM pulses, we sometimes detected Type B EM pulses with few cycle oscillations at both
the 95 m-depth and on the ground. Their waveforms obtained at the both vertical levels showed comparable amplitude. Fror
polarization analysis of magnetic vectors of the EM pulse, polarizations at 95 m-depth showed ellipsoidal forms whereas thos
on the ground were linear polarizations. From the fact of comparable amplitude and the difference of polarization forms betweel
on the ground and at the 95 m-depth, this type of EM pulses were regarded as surface mode waves propagating along the grou
surface, which would be incident from the sky at far distant points from the observation site.

Type C EM pulses showed 1 or 2 cycle pulse form with extremely small amplitude at the both vertical levels in the sedimentary
layer. Magnetic-vector polarizations of the EM pulses at the both vertical levels were similar to that of Type B. Therefore the
Type C was also regarded as the surface wave mode although their generation source remains unknown.

Through the continuous observation of EM pulses in the earth, we found that we need more sensitive detector system for findin
earth-origin EM pulses. Now we are improving sensitivity of the magnetic search coils. Furthermore, we are also constructing
new observation site at a place about 51 km east of the Shirahama site. In the near future, we believe that we would be able
find earth-origin EM pulses and to identify their source locations by observed data at the two observation site.
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