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Development of sensor system for obtaining Poynting vecotor of electromagnetic pulse:s
in the earth
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[1] Graduate School of Engineering, Kyoto Sangyo Univ; [2] Graduate School of Engineering, Kyoto Snage Univ; [3]
Computer sciences, Kyoto Sangyo Univ

We have been observing electromagnetic (EM) pulses on the ground and at the bottom of deep (100 m) boreholes by EM sens
systems composed of three directional magnetic search coils and vertical electric dipole antenna. In order to find earth-origi
EM pulses, we first tried to examine propagation directions of EM pulses from measurements of amplitude and phase difference
in two waveforms of magnetic pulses detected at the vertical two points. However, we often could not measure their difference:
between their waveforms, because EM fields of many pulses in the earth have shown ellipsoidal polarizations. Thus, under suc
electromagnetical condition, we could not determine propagation directions of EM pulses in the earth by this method. Thus we
have developed a system for measuring propagation direction of EM pulses in the earth by means of obtaining Poynting vector
Poynting vector S is given by the vector product ExH, where E and H are electric and magnetic field vectors of each EM pulse
The effective energy flow of an EM pulse is given by the real paro&the Poynting vector, as,S(1/2)(E x H* + E* x H),
where B* and H" are the complex conjugate of E and H, respectively.

For realizing the measurement of,Sve needed to obtain values of three directional components of E and H fields. Although
we have already obtained those of H field by tri-axial magnetic search coils, we had not obtained those of E field, because it ha
been hard to detect horizontal component of E field in a narrow borehole. However, we have tried to develop a new method fo
detecting horizontal electric field sensitively. The horizontal antenna system is composed of multiple short cross dipole antenng
which are arrayed in the vertical direction, and a long vertical dipole antenna whose length is equivalent to the sum total of tha
of the short horizontal dipole antennas. Therefore, we have made up a tri-axial electric dipole antenna system. Combining th
tri-axial magnetic search coil system with the electric dipole antenna system, we have accomplished a tri-axial electromagneti
fields sensor system.

We also developed a computer program for the calculation. @sS function of the frequency derived from signals detected
by the developed sensor system. Since the detected signals are first transformed to the values as a function of frequency by Fi
the complex values of the three axial components of E and H fields can be applied to the equatiohhafr&fore, we are able
to obtain frequency dependent arrival directions of the detected EM pulse, which is the similar method previously developed ir
our laboratory.

We started to observe EM pulses in the earth using the developed sensor system in July 2011, and we will report the observe
result.
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