BRI eI ge ity 45 28 %5 (2007) 21 -28 H
Bull. Inst. Oceanic Res. & Develop., Tokai Univ. (2007), 28, 21 - 28

T 7 1 A KRR A5 JEaE I R

mEERY CBERAKEY MR E? - BHE—-"-ERERY-
RN SR - i I

A Trial Observation of the EM-ACROSS Signal
for the Long-Distance Transmission
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Abstract

Observation test is successfully made on the EM-ACROSS signals transmitted through the Earth's crust
over the distance up to 50 km. We transmitted a set of three sine waves around 1Hz from the grounded
wire source with the dipole moment 4 A X 150 m. The amplitude level of signals at the distance of ~50 km
was in the order of 0.01pT, 10® lower than the average level of environmental electromagnetic noise at the
observation sites. The signal-to-noise ratio of the observations reaches up to 6 by means of the optimized
stacking of the raw observation data for the ~50 days. The results of this trial observation have provided us
with a substantial milestone towards the routine methodology for the active monitoring of the underground

states in the research works for the prediction of earthquake generation and volcanic activities.
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Fig.1 Location of transmitter site at Tono (triangle) and two
observation sites at Tsukechi (36 km) and Shitara (50 km)
(reverse triangle) . The two arrows in inlet show the layout
of two electric dipoles ; NW and SW (arrow), using three
electrodes grounded at Tono Mine.
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Fig. 2 The estimated signal amplitude of the magnetic field as a function of
frequency and distance from the current dipole of 600 Am. The contour
values show the magnetic field strength in the unit of pT calculated

by the following physical parameters : electrical conductivity is 0.01
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S/m, relative dielectric permittivity is 4, and magnetic permeability is
equal to that of vacuum, and the direction is =90 degree (See text
for detail). The broken line is the boundary separating the near field
regime at lower left and far field regime at upper right. Rectangle
shows the condition in the present observation work.
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WEAUN S W iliic 7 5 & 5 - Fig. 3 Transmitting signal. Upper part shows the wave form of source
current, which is the accurate repetition of a time unit of 3.2 sec. Lower
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panel shows its spectrum showing a designed set of three spectral
lines at 0.9375, 1.2500 & 15625 Hz (integer multiple of 0.3125 Hz). The
amplitude of each of three sinusoids is 3.7 A. The other small spectral
lines are smaller in magnitude than designed ones by 10® They have
originated from the small nonlinearity of hardware of transmitter.
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Fig. 4 Variation of the observed signal and noise levels with stacking period of time. (a) Bz at Tsukechi
(b) By at Shitara both at 1.25 Hz excited by the SW dipole. The solid lines show the amplitude at
1.25 Hz, where signal is expected to exist. The broken lines are the observed level of noise at the
observation site. A couple of dotted lines represent the confidence limits of the observed signal data

at the frequency of signal.
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Fig. 5 Amplitude spectrum of observed magnetic field after weighted stacking of the data for 48 days by
N54E excitation (a, b) and for 56 days by N109E excitation {c, d). They are the results of Tsukechi
(a, ¢) and Shitara (b, d). The left/middle/right columns show the Bx/By/Bz (north/east/down)
components. The dots in the figures show the amplitude of signal components.
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. Observed field Transfer Function
site component
|B|/pT S/N |B/1¢|/ (pT/Am) Phase (B/1¢) /rad
North 0.0086 54 (154 * 28) x 10° 043 = 0.18
Tsukechi East 0.0072 2.7 (129 + 48) x 10° 0.17 = 0.35
Down 0.0185 6.3 (326 = 52) x10° - 080 = 0.16
North 0.0113 28 (203 £ 72) x 10° - 051 = 034
Shitara East 0.0134 3.0 (240 = 80) x 10° - 098 + 032
Down 0.0102 20 (182 = 92) x 10° - 077 £ 046
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