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Fig. 1. Proton precession magnetometer network for precise observation
of the geomagnetic secular variation.
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Fig. 2. Block-diagram of measuring unit (A-unit).
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Fig. 3. Schematic view of A-unit.

Lengths are measured in units of mm.
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Fig. 7. Block-diagram of subtracter unit (B-unit).
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Fig. 8. Schematic view of B-unit. Lengths are measured in units of mm.

1: Timer, 2: Data read-out panel, 3: Subtracter, 4: Data programmer,

-

5: Puncher controller, 6: D-A converter, 7: Blank panel, 8: Power source.
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Fig. 9. Histogram for differences in the total geomagnetic intensity between
the two heads as measured every one minute during the 24 hours on March
27 and 28, 1966.
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57. A Differential Proton Magnetometer—A Geomagnetic Project
under the 5-year Plan for Earthquake Prediction Research.

By Geomagnetic Group for Earthquake Prediction Research
(Convenor: T. RIKITAKE).

A 5-year plan for earthquake prediction research has been under way in Japan since
1965. Among a number of objects of the plan, it has been decided to conduct accurate
observations of the geomagnetic secular variation by a proton precession magnetometer
network covering Japan Islands as a part of the geomagnetic project. Some of the mag-
netometers are planned so as to work as gradiometers which are able to observe difference
in the total field intensity between two stations a few kilometers distant from one another.
What is described in this report is an outline of the magnetometer and the device for
making differences.

The first of the magnetometers was designed by the Earthquake Research Institute,
University of Tokyo and constructed by the Sokkisha Company. It is aimed at making
a differential observation between changes at the Oshima Magnetic Observatory and those
at the Oshima Tsunami Observatory, both the observatories, operated by the Earthquake
Research Institute, being situated respectively on the west and east coast of Oshima Island,
an active volcanic island about 100 km south of Tokyo. The distance between the two
observatories amounts to about 5km. According to the 3-year plan, 21 proton precession
magnetometer observatories of this kind will be set up as shown in Fig. 1.

The differential magnetometer is composed of two measuring units and one subtracter
unit. Let us call the former A and the latter B in this report.

Fig. 2 shows the block-diagram for unit A. For the purpose of carrying out simul-
taneous observations by two A-units, all the timing commands are sent to various parts
of A-unit from a programmer which contains a crystal clock of high accuracy. The clock
is calibrated by receiving the JJY radio-wave. Proton precession signals from the sensing
head are amplified and the signal frequency, which is multiplied by a frequency multiplier,
is counted by a frequency counter. By making use of a particular gate-time, the counted
frequency directly indicates the total intensity value of the geomagnetic field in units of
gamma. The counted frequency is recorded by an analogue recorder, digitally printed by
a printer and punched on a paper-tape by a puncher.

The actual arrangement for A-unit can be seen in Fig. 3. We can see from the top
to the bottom the JJY receiver, Timer that indicates date, hour, minute and second, Counter
that indicates the total intensity value, Data programmer that sends signals of timing and
measured intensity values to the printer and puncher, Puncher controller, Amplifier and
multiplier, Power supply and controller for magnetizing electric current, D-A converter,
Blank panel for future improvement, and Power source. Fig. 4 shows a photograph of
A-unit.

Only very brief descriptions of parts of A-unit will be given below.

Sensing head Aluminum wire of 1.3 mm in diameter is wound 600 times on a bakelite
cylinder of 9cm and 10cm in diameter and length. The resistance of the coil amounts
to 4 ohm, while the self-inductance is 30 mH. Two coils are used ; one is filled with distilled
water and the other is empty. They are connected so as to lessen external noises. The
sensing head is mounted on a duralumin frame at a height of 1.5m above the ground
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as can be seen in Fig. 5.

Amplifier The amplifier consists of a pre-amplifier with two transistors and a main
amplifier with three transistors. 25-step LC resonance circuits which cover a range from
40000 to 520007 are attached to the amplifier.

Multiplier In order to count a fraction of the signal frequency which is around 2ke,
it is required to multiply the frequency 10—40 times. A circuit as indicated in Fig. 6 is
therefore made use of for the purpose. The signal voltage having a frequency f is led
to a phase detector through a shaper, while an oscillator sends a voltage of frequency
20fo (fo=f) to a frequency divider through which a voltage having a frequency f, is
imposed to the detector. The out-put voltage of the detector that is proportional to f—f,
is then fed back to the oscillator through an amplifier and controls the oscillator so as
to always make f—fo=0. In such a fashion, the out-put voltage of the multiplier is
always kept at 20 f.

Frequency counter A 446,459 ke/s quartz oscillator of high accuracy and stability is
used for making a pair of gate-time impulses for a frequency counter. The gate-time is
usually 1.1743 sec. The intensity of the total geomagnetic field is then obtained by counting
the signal frequency multiplied by 20 directly in units of gamma.

JJY receiver and programmer The crystal clock is based on a highly stable quartz
oscillator of 1.024 Mc/s. The clock is calibrated by the standard 1ke/s of the JJY radio-
wave. In case the clock becomes out of order, a sub-oscillator of 64ke/s can be used.
The clock serves for setting time-interval for measurement, either one or ten minutes,
and also for sending signals of date and hour to the printer and puncher. The usual
way of printing and punching is to indicate date and hour and then 60 total intensity
values every one hour.

The synchronized punched-tapes obtained at two observation spots are brought together
and read by the read-out device of the B-unit of which the block-diagram is shown in
Fig. 7. The actual construction of B-unit is schematically shown in Fig. 8. From the
top to the bottom is seen the following panels; Timer that indicates date, hour and
minute and also sends timing signals to the recorder, printer and puncher, Data read-out
panel by which the two tapes are read, indicated and the results stored, Subtracter that
makes differences between the two readings, indicates and sends out the difference value,
Data programmer similar to that of A-unit, Puncher controller, Blank panel and Power
source. It is planned to make hourly mean, daily mean and the like values by applying
the tape on which the difference values are punched to a high-speed computer.

A running test of the two A-units was made at Oshima Magnetic Observatory on
March 27 and 28, 1966. Two sensing heads are placed only 3m apart. In order to avoid
mutual interaction, the observations were not quite synchronized. A histogram of the
differences between the total intensity values measured by the two heads every one minute
on that day is shown in Fig. 9. The mean value and the standard deviation for single
measurement are estimated respectively as 0.53r and 0.91r. A few miscounts that give
rise to an apparent difference as large as 20 r were recorded although it is at the moment
not clear why such miscounts took place. In view of the results of experiment, however,
it can be said that the present magnetometer is certainly capable of observing the total
intensity of the geomagnetic field with an accuracy of *1r although no test for a long
period of time has been completed.



