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Summary

The resistivity variometer has been improved by making use of
graphite electrodes and an automated balancing technique. It turns
out that a resistivity change of the order of 10-* in its rate can
easily be recorded by an observation at Aburatsubo where resistivity
change caused by tidal loading is fairly great. Itis concluded that
an observation with a sensitivity much higher than the present one
could be performed at a place where noises are small.

1. Introduction

Much effort has been made in improving the resistivity variometer",
which had already been described by the writer”, because the variometer
was not entirely free from drift and suffered from noises of unknown
origin. The main points of the improvement so far made will be reported
in the following.

2. Points improved

2-1. FElectrode

Copper electrodes plated with silver were used during the earlier
period of observation. It turns out, however, that the electrodes, by
which electric currents are driven into the ground, tended to be covered
with whitish film after some time accompanied by increasing noises.
Even a thinning of the electrodes was observed. Similar phenomenon
was also experienced for an electrode made of lead.

It is beyond the scope of the present study to look into such an
electro-chemical phenomenon, so that trial-and-error search was made

1) Y. YaMAzZAKI, Bull Earthq. Res. Inst., 45 (1967), 849-860.
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for an inactive material eventually arriving at a sufficiently stable
electrode made of graphite. In actual observation, graphite electrodes
2cm in diameter are being used.

2-2, Imput transformer and phase detection

Unlike the measuring circuit of the resistivity variometer as reported
in the third paper”, the circuit is formed in such a way that the small
voltage, i.e. the deviation from an equilibrium, is led to a 67c/s filter
through a coupling transformer. It becomes therefore possible to earth
each chassis of the system.

The signal voltage was rectified after being amplified in the earlier
model. It was required, therefore, to operate the system at a state
slightly deviating from the exactly balanced point, otherwise no distine-
. tion was made between increase and decrease in the resistivity. That
such a method of observation leads to considerable instability and low
sensitivity has been found soon after the first experiment in the field.

In the autumn of 1967, a new model of the variometer, which works
on the principle of phase detection, was constructed. Fig. 1 shows the
block-diagram of the model. As can be seen in the circuit, the 67c/s
voltage taken from the oscillator is used as the reference voltage. In
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Fig. 1. Block-diagram of a resistivity variometer based on phase detection.
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Fig. 2. Resistivity changes as recorded by the phase-detection variometer
at Aburatsubo on Oct. 31 and Nov. 1, 1967.

Fig. 2 is shown a record of resistivity change as observed at Aburatsubo.
The observation site is the same as that reported in the third paper.
It may be said that changes in the resistivity in association with the
tidal loading at Aburatsubo can be recorded very accurately by the
improved variometer.

2-3.  Automatic control of the balance

It has been noticed that the variometer as mentioned in the last
section sometimes experiences a drift of unidentified origin although it
seems likely that seasonal changes, changes accompanied by remarkable
rain-falls and the like have something to do with the drift. After a
conspicuous drift, the condition for balance does not hold any more. In
that case, the output voltage from the balancing circuit is not propor-
tional to the change in the resistivity.

It is therefore required for an accurate observation with a constant
sensitivity to keep the balanced state all the time. This can be made
by adjusting the variable resistance of the balancing circuit in such a
way that the output voltage is always zero. This is readily accomplished
by making use of the automatic control technique with a servo-motor.

Fig. 3 shows the block-diagram of the automated resistivity vario-
meter, its working principle being much the same as the previous
apparatus based on phase detection. A small output voltage from the
balancer is amplified and applied to one of the windings of the servo-
motor. A 67e¢/s reference voltage of about 100 volt is also applied to
another winding of the motor. A helical variable resistance of 1002
for 10 turns is coupled with the rotating shaft of the motor through a
gear-work. As the motor rotates in such a way that the output voltage
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from the balancer becomes zero, the balanced state is always kept by
the servo-mechanism.

The rotation of the motor can be recorded by either method. For
convenience’s sake, the rotation is converted, through another gear-work,
to that of a variable resistance from which a voltage proportional to
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Fig. 3. Block-diagram of the automated resistivity variometer.
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Fig. 4. Electric circuits for the amplifier, power supply and so on of
the automated resistivity variometer.
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the rotation angle can be supplied potentiometrically to a multi-channel
pen-writing recorder. In actual observation, two variable resistances
are used in order to provide high- and low-resistivity recordings.

The circuits for the amplifiers, power supply and the like are
illustrated in Fig. 4. The gain of the amplifier is so high that the
motor performs a sort of hunting. In order to suppress the hunting,
the output voltage, which is proportional to the rotation speed, from a
tacho-generator, which shares the same rotation axis with the servo-
motor, is fed back to the amplifier. In such a way, we can eliminate
rapid changes without affecting slow changes.

3. Field test of the antomated resistivity variometer

The automated resistivity variometer has been at work at Aburatsubo
since May, 1968. The observation site is exactly the same as that reported
in the third paper'. The No. 3 arrangement of electrodes (N 81°W)
as indicated in Table 1 of the third paper is adopted.

In Fig. 5 are shown the high- and low-sensitivity records of resistivity
change on May 16 and 17, 1968, Changes in the resistivity associated
with tidal loading can be clearly seen. A strong earthquake of M=17.8
took place off the southern coast of Hokkaido Island at 9h 49m. A
gradual change lasting a few minutes is observed on the record. An
anomalous change also seems to have started about two hours earlier.
Nothing is known about the cause of these changes at the present stage
of investigation. A conspicuous after-shock of M=7.5 took place at
19h 39m on the same day whence a small-scale change is seen on the
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Fig. 5. Resistivity changes as recorded by the automated resistivity vario-
meter at Aburatsubo on May 16 and 17, 1968. Times of earthquake occurrence
are shown with arrows,
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record, too. Zig-zag traces of very small amplitude superposing on the
gradual change seem likely to be caused by the seiche in Aburatsubo
Bay judging from the period.

The double amplitude of the rate of resistivity change 4p/o as
shown in Fig. 5 amounts to some 5x10~*, while it is known that the
change in linear strain A4L/L in the respective direction amounts to

only 10~° or a little smaller. The %/% value therefore amounts to

the order of 10°® as has frequently been pointed out.

4. Concluding remarks

Many improvements are made for the proto-type of the resistivity
variometer. The final model based on a servo-mechanism seems to be
satisfactory for recording changes in the resistivity accompanied by tidal
loading at Aburatsubo. As the present observation site is fairly noisy
because of seiches and high waves on windy days, stray electric currents
from railways and so on, it would not be practicable to make the
sensitivity higher. But it is readily possible to perform an observation
of higher sensitivity by a factor 10~10? provided the naturally occurring
noises are small enough. It is therefore intended to make observation
with the present variometer at a place where the effect of tidal loading
is not as large as that of the present observation.

In conclusion the writer wishes to express his sincere thanks to
Professor T. Rikitake under whose supervision the present work has
been conducted. Part of the expense for the present work has been
defrayed from a fund given to Professor T. Rikitake from the Ministry
of Education.

Appendix. Long-term change in the resistivity at Aburatsubo

The resistivity variometer operated at Aburatsubo has been suffering
from drifts of unidentified origin. For the purpose of examining whether
the drift is caused by instrumental instability or not, the resistivity
values as measured from time to time are plotted as can be seen in
Fig. 6.

The resistivity ranges from 2.18 to 2.38 k2-cm, so that it turns out
that the resistivity fluctuates whithin a range of 10 per cent. Since the
full range of the record of resistivity change is only 10—, it is quite
natural that the record sometimes drifts away from the recording paper.
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Fig. 6. Long-term changes in the resistivity
at Aburatsubo. Ten-day sums of precipitations
are also illustrated.

The writer did not expect
such a large resistivity change
of long-range in the beginning
of the present observation be-
cause the electrodes are set in
a cave sheltered from rain-falls.
In Fig. 6 are also shown the
precipitations at Aburatsubo
as calculated for every one-
third of a month. Although
no clear relation between the
resistivity value and the rain-
fall can be seen in the figure,
the high resistivity for the
1967 summer might be a result
of the preceding dry period.
As the resistivity values seem
to be influenced by rain-fall to
some extent, it would be im-
portant for future observa-

- tions aiming at detecting a premonitory effect of earthquake occurrence
to install the variometer at a place where no marked influence of rain-

fall is observed.

As has been reported in the third paper”, changes in the height of

sea-level affect the resistivity value, too.

But it is estimated that a

change in the height of sea level of 1 m is required for a 10 per cent
change in the resistivity. It is hence implausible to attribute the
resistivity change observed to fluctuations of the sea-level.




964 Electrical Conductivity of Strained Rocks

47, EARZE & BRURDEEZAL GEEER)
HARPUZA LT Ot B

B L T~ G

MARPUZE (LT O B s X O RS A MR AT b R T I AT P BRIE L, Rt
L4 A% 1.6m OFT N81° W oJfanciils, 1967 4E 1 B o bk oG A 3 =
DT 5,

RO FIMTITZETERNT &t B3 RBATRERE EAER & K2 CRMBIEE o M#m
CHET A AR Uiz, Z 0B L KR AL LT, BHROBE L BHEOREICH
fid bz fo, %f3ie L CWERERBNAONRE, RIEWSAFIMERER, RECRKRYIBER
L7cfAER e 20 THEROHE, Wil b AHYTHhH graphite Koz RUIEEINC b
THEFLHFE LRI T 5 LD & baicin Dl

BRI JOGCENTIY 67 c/s 2 h=h 7 4 M2 —REES LB — RIS s X oalisianid
Kb, AJIoBHEINEFIS AR R R L T AR SRS DS et L., Th
XY BRI S 2ERZE LT SN HAHER U T iBghc 7o o7, Lo LIS K
& {BHb B HRPUEHIT O BEZ L 0 R TIE ZEN BT ER 0T, S bz AR
BEAFRCERE L.

BRI — B Y IR U2 o SRR, Ao e s e
TRETITICTEBMOW ¢V OFEENIE LT TR ESoOEECH L 5. FT7TEEL
TEHERORBIERI RO A S 4 VIRPUZE LY %L, 67c/s IHEfiRRo ADEBELHHFRCT
5 EMERZ, Z ORI TR EEZE L 80 U T IR by RIENHRERc X T R8T 5
JilE L, chizk o TRHIEES O BEIRTE R LS M B35 2 sk,



