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Fig. 2. The proton magnetometer in the observation room of Oshima
Geophysical Observatory.
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Table 1. The geomagnetic total intensities as observed
at Oshima (F},) and Kakioka (F}) in June, 1959.
Date ‘ I [ Fy | %—E;H Date Fo . Fi l Fo—F
June, 1959 "June, 1959
1 46609.07 | 46122.1y 486.9y | 16 20.17 27.8 92.3
2 29.2 41.2 88.0 17 08.1 17.1 91.0
3 01.9 14.9 87.0 18 19.9 28.5 91.4
4 08.1 21.0 87.1 19 40.7 49.9 90.8
5 13.7 25.1 88.6 20 22.5 31.1 91.4
6 16.6 30.1 86.5 21 19.5 28.0 91.5
7 26.9 34.5 92.4 22 21.9 30.2 91.7
8 24.2 34.8 89.4 23 14.0 18.8 95.2
9 34.0 36.4 97.6 24 06.0 10.5 95.5
10 06.1 12.7 93.4 25 46596.6 03.1 93.5
11 17.2 28.7 88.5 26 46621.3 32.8 88.5
12 12.2 23.4 88.8 | 27 46596.1 04.6 91.5
13 13.1 24.6 88.5 28 99.0 09.5 89.5
14 25.7 37.2 88.5 | 29 95.8 07.5 88.3
15 19.5 29.8 89.7 | 30 91.4 04.4 87.0
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TFig. 4. Block diagram of the sea-borne proton magnetometer.
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Fig. 7. Comparison of the results observed by the sea-borne proton magnetometer
(black circle) with those observed by the magnetograph (hollow circle). From Dec. 22 to
23, 1958 at Hermanus Magnetic Observatory, near Cape Town, South Africa. (After T.
Oguti and S. Kakinuma of the Japanese Antarctic Research Expedition).
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during the voyage of s.s. Soya of the Japanese Antarctic Research Expedition.
(After T. Oguti and S. Kakinuma).
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13. Assembly of the (luul -counting proton magnetometer. (From dt to
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Fig. 17. Example of the record obtained by the transistorized proton
magnetometer at Aburatsubo.
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Table 2. Results of the observation by the transistorized
proton magnetometer at Aburatsubo.

Time JST) | pronseal | Total force | Time (0ST) | (S8 | Total force

Oct. 21, 1959 | Oct. 22, 1959
15h 59m 1945.8¢/s |  45700.0; | 4 59 1946.0c)s |  45704.7;
17 00 1945.8 45700.0 5 59 1946.1 45707.1
18 00 1945.7 45697.7 6 29 1946.3 45711.8
18 59 1945.6 45695.3 6 58 1946.2 45709..4
19 59 1945.6 45695.3 7 30 1945.3 45688.3
21 01 1945.6 45695.3 8 05 1945.0 45681.2
21 59 1945.7 45697.6 8 30 1944.8 45676.5
22 59 1946.1 45707.1 9 00 1944.5 45669.5
23 17 1945.7 45697.7 9 30 1943.8 45653.1
23 59 1945.7 45697.7 9 59 1944.4 45667.2

Oct. 22, 1959 1045 5 45693.0 10 29 1943.9 45655.4
| 5o l015.7 156977 11 00 1944.0 45657.2
- 10159 457024 11 30 1944.4 45667.2
3 50 1946.0 soeg | 1200 1945.2 45685.9
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Fig. 18. Comparison of the results observed by the transistorized proton magneto-
meter (black circle) with those observed by a magnetograph of ordinary type
(hollow circle). From Oct. 21 to 22, 1959 at Aburatsubo.

CDX 3 EEEBNOKE, Rt5vorx—87r b vRIEHNT, FIHO BE BN
iR e b vBEIEE L S RS OBEAY G L, TAMSHER L LTI £5 7 miEy
HTHEELLND. B9 MNEERAF OB LR LD TH .




140

1
2
3y

Assembly

recorder,

of the transistorized proton magnetometer.
amplifier and standard frequency oscillator,

7. # )
]
9 = r.ng
& SNy I fart
3) r 4) : s z
> . i
i |
vl I
H D ;" Jyt 5] di

(From left to right:

and detecting coil




7 r b RSTHORIERIZE (BHR) , 141

APORERBIICRI L, BAETAFFEEFHOGE, RE, FOERLREECE S
Shic. Zhb ORISR 5. # DI BBV 2 1) ofc 30l 4A 4 R i+
%.

8. Proton Magnetometers.

By Research Group for Proton Magnetometer.

The Research Group for Proton Magnetometer designed and constructed a nuclear
precession magnetometer for station-use as has been already reported in this bulletin. Since
April, 1959, the magnetometer has been installed at Oshima Geophysical Observatory in
the hope of detecting changes in the earth’s magnetic field related to volcanic activities.
It is approximately proved that averages of the observations made there four times every
20 minutes may represent the hourly smoothed value. By comparing them with those at
Kakioka Magnetic Observatory, influences of magnetic storms, daily variations, general
secular variations and such like may be eliminated.

The activity of the Research Group is still continuing. A sea-borne magnetometer that
has been mainly used by the Japanese Antarctic Research Expedition, a proton magneto-
meter with a counter and a transistorized proton magnetometer were constructed by the
Research Group and will be here briefly described.

1. Sea-borne proton magnetometer

The detector coil is wound around a bottle containing 200 cc. of pure water. The coil
is put in a stream-lined water-proof case, made of synthetic resin and glass fibre (Fig. 5),
which is towed behind the ship on which the amplifier, standard frequency oscillator and
recorder are set. The case is towed by a nylon rope of 8 mm in diameter about 130m
behind the ship from her centre. A teflon covered coaxial cable, 14 mm in diameter and
200 m in length, is used for electric connection. The cable is taped to the rope in a suitable
way so as to avoid the tension of towing. The speed of towing usually ranges from 9 to
11 knots. Although the stability of the case has been tested in laboratory, we do not know
what is really happening in the course of towing,

The block-diagram of the magnetometer is shown in Fig. 4. Protons in water are
magnetized by the magnetic field produced by the electric currents, 5 A in intensity, flowing
through the coil which is also used for the detection. When the electric currents in the
coil are abruptly switched off, presession of protons around the earth’s magnetic flux is
excited. The voltage induced in the coil is introduced to the amplifier with narrow-band
filters centred respectively at 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 and 2.0 k¢/s. Since the magneto-
meter is used on s. s. Soya of the Japanese Antarctic Research Expedition, it is necessary
to cover such a wide range of frequencies for measuring all the geomagnetic total forces
from Japan to Prince Harald Coast in the Antarctic. The right band should be selected
according to the intensity of total force.

The signal is mixed with the standard frequency which is supplied from the standard
oscillator containing a quartz oscillator. The standard frequencies are provided at an
interval of 0.1 kc/s over a range from 1.3 to 2.0 kefs. The beat thus produced is given to
one of the galvanometers of the oscillograph through the power amplifier. A 40 ¢/s standard
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frequency that is also supplied from the standard oscillator is given to another galvanometer
of the oscillograph serving as the reference of time. The paper-speed of the oscillograph
is usually 12.5¢m/fsec. The beat frequency is readily counted with an accuracy of 0.05 ¢/s.

Comparison of the magnetometer was carried out at Hermanus Magnetic Observatory,
near Cape Town, South Africa, on Dec. 22-23, 1958. As can be seen in Fig. 7, a systematic
difference was found between the values observed by both the instruments, though the
daily variation curves seemed to agree very well. It was concluded that the base-line value
for the total intensity of Hermanus is larger than that determined by the proton magne-
tometer by 10.34+1.92y. Judging from this comparison, it may be said that a proton
magnetometer is useful for comparing the base-line value of one observatory to that of
another.

The accuracy of the proton magnetometer itself is estimated at 1-2y. The practical
accuracy, however, depends on rotational disturbances of the detector coil in wake and also
on the magnetization of the ship amounting to 7 x10%.m.u. in this case. The practical
accuracy then becomes about +15y. The results of the magnetic survey between Japan
and the Antarctic have been already published elsewhere. Only the results between Cape
Town and Sumatra are illustrated together with the topography of sea-bottom in Fig. 8 as
an example.

2. Direct-reading proton magnetometer

If we measure geomagnetic forces covering a wide range, it seems to be more convenient
to count directly the frequency of precession than reading the number of beat frequencies
recorded. By making use of a digital signal counter, the labour of counting wave numbers
as has been necessary in the cases of the proton magnetometers reported in the above,
would decrease, though we can have no record in such a case.

In order to be used by the wintering party at Syowa Station, where we have very few
observers with a lot of observations to perform, the Research Group constructed a direct-
reading proton magnetometer with a signal counter. The magnetometer is now installed
at Syowa Station and we hear rather little about the actual observation by it, so that only
the design and construction of the magnetometer are described here. The results of the
observation will be reported by the Japanese Antarctic Research Expedition in the future.

As can be seen in the block-diagram in Fig. 9, the magnetometer consists of pick-up
and magnetization coil, amplifier, frequency divider, signal counter and power supply. The
coil is the same as those for the proton magnetometers already reported. The amplifier,
that is not greatly different from the previous ones, amplifies the precession signals. The
gain of the amplifier exceeds 120db. In Fig. 10 can be seen a limiting circuit of amplitude
and a triggering shaper through which pulses of precession frequency are sent to the
frequency divider.

The divider is composed of 13 steps of flip-flop circuit which work as a binary counter.
In order to avoid the electric shock due to the switching off the magnetizing electric
currents, the start-pulse of the signal counter of the next stage should be taken up after
counting a suitable number of pulses ranging 26-2%, A stop-pulse is also sent to the gate
circuit after-a suitable number of pulses. The general idea of the divider is given in Fig.
11. An operation-switch and a zero reset circuit are also provided.

Fig. 12 shows the construction of the signal counter which consists of a gate circuit,
vacuum tube and dekatron decimal counting circuits and a standard frequency oscillator of
100 kefs. During the time-interval between start- and stop-pulses, the gate is opened, while
the number of signal waves during this interval is known. If the number of 100 kc/s
frequency waves corresponding to the interval can be counted, we can easily obtain the
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frequency of the signal wave. By providing two vacuum tube counters and four dekatron
counters, we can count the frequency up to the necessary accuracy of about +17. The
general arrangement of the apparatus is shown in Fig. 13.

3. Transistorized proton magnetometer

In order to construct a portable proton magnetometer, the Research Group tried to
design and construct an all-transistorized proton magnetometer. The construction is the
same in principle as that of the proton magnetometer reported in the previous paper. The
block-diagram of the magnetometer is shown in Fig. 14.

The main amplifier (Fig. 15), that is driven by a 9 V battery, contains the part for the
amplification of the signal wave and the one for mixing it with the standard frequency
wave. The standard frequencies, 2 and 1.9 kc/s, are provided from the two quartz oscillators,
4 and 3.8 ke/s respectively. For a magnetic survey in Japan, those two frequencies are
sufficient in order to have beat frequencies which can be recorded by a pen-recording
oscillograph. The beat waves and 40 ¢/s, which is demultiplied from the 2 ke/s and is used
as the time-reference, are introduced to a power amplifier (Fig. 16). The power amplifier
is driven by a 24 V battery with an electric current of approximately 400 mA. The two
amplifiers and standard oscillator are set in a case (350 mm %290 mm %230 mm) which weighs
about 10 kg. The pen-recording oscillograph is of usual type. The galvanometers are of
low-impedance having an in-put impedance of 150 ohm.

Since we could afford no special batteries and oscillographs, the whole assembly of the
magnetometer is not so small or light as that which was intended in the beginning of
research work. If we can improve these points, the magnetometer would become much
convenient for field-use.

According to the results of the observation at Aburatsubo (Figs. 17 and 18), it is proved
that the magnetometer has almost the same accuracy as that of the proton magnetometer for
station-use. A magnetic survey over Hakone Volcano was successfully made with the
transistorized magnetometer.




