27. Triggered Magnetic Tape Recorder for Routine
Seismic Observations.

By Syun’itiro OMOTE, Setumi MIYAMURA and Yoshio YAMAZAKI,

Earthquake Research Institute.
(Read June 22, 1954.—Received June 30, 1955.)

1. Introduction

Until recently, mechanical recording system using a smoked paper
has been prevailingly adopted in most Japanese seismological stations,
owing to its simple treatment and its cheap expense for routine
operations.

As it became more necessary to have sensitive seismographs and
to put more accurate timemarkings on the record, optical recording
systems had to be introduced also in our routine observations. Needless
to say, high sensitivity is easily obtained by using the mechano-optical
seismographs, and much more higher sensitivity is attained by electro-
magnetic and electronic seismogaphs with oscillograph recorders. By
means of these systems, it is expected that much more informations
on the nature of earthquake motions can be obtained than by the
former methods of recordings.

However, large amount of photographic ﬁlms or bromide papers
must be consumed when these methods are introduced in the routine
observations. Of course, some techniques can be introduced to minimize
these defects by focussing the light spot on the film as sharply as
possible and recording it on the standard film of 35mm width. T.
Hagiwara and his collaborators have already succeeded in developing
this standard film recording device in their routine observations.

On the other hand, also for the purpose of economizing the expense
of bromide papers, it is suggested to introduce the trigger device in
the recording system. But by the ordinary way of recordings with a
starter attached to the seismometer, it is inevitable to miss the very
beginning part of the earthquake motions, even if the sensitivity of
the starter may be extremely sensitized. These disadvantages will be
put aside if we introduce a memory device in the recording of earth-
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quake motions. Since 1949 we have adopted the idea of taking up
the commercial magnetic tape recorder for the triggered seismograph.

This method has more excellent characteristics than the mechanical
and mechano-optical recording method. Mechanical seismographs hereto-
fore in use were limited either in their frequency ranges capable of
being registered or in their amplitude ratio of the smallest to the
largest. The electro-magnetic type seismographs were somewhat im-
proved in these characteristics, but anyhow these seismographs hereto-
fore in use can supply only a record which was almost irrepeatable.
As compared with these circumstances the case becomes quite different
if we use the magnetic tape recorder as a new means for the registra-
tion of earthquake waves. Magnetic recordings can cover these defects
by storing the seismic energy in broad-band frequency ranges, and by
playing back the recorded tape we can have a nearly perfect facsimile
of the seismic signals repeatedly.

Seismo-| <7 Reco
— _|Preamplitier__~ Multivibrater, —
meter T——-—- ing
head 1
Endless magnetic tape
) T @
trequency,
generator head

e o ©

High- —> [Erasing|

Trigger Timing
unit unit trom —

JJY Repro-
ducing
head

+
—= — |

Alarm Coun] |
ter Demodu-
rator
—

Delay
unit

Fig. 1. Block diagrams of the equipment.

The play-back from the tape is electrical in form and can be led
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into the differential, integral, bandpath filter circuits or combinations
of these circuits, and makes it possible for the analyst to repeat more
detailed analysis.

In Johannesburg, South Africa, Gane and others” have devised and
constructed a new equipment with a long endless magnetic wire as a
delay unit. With this equipment they succeeded as early as in 1948
in getting a good recording of the earth tremors in the vieinity of
Witwatersrand. In our country, Tomoda and Aki® have constructed a
seismometer which can record earthquake motions on a magnetic tape
by means of the area type recording device. We have constructed a
seismometer that records on the magnetic tape by means of the density
type recording device. It was possible for us to construct the equip-
ment in portable size, because it used magnetic type, not wire. The
equipment has been in use for more than _ N
one vear smoothly, and it seems very p et b ; ﬂ‘?’m
adequate for the routine observations of $ ' %
earthquake motions. Sosomewhat detailed
deseriptions of the equipment shall be
given here.

¥

2. Details of the equipment and its

working characteristics

a. Introduction. The general idea of
the equipment is illustrated schematically
by the block diagram in TFig. 1 and its
appearance is shown in Fig. 2. Input
signals from a seismometer, being ampli-
fied by the preamplifier, modulate the . : 2
frequency of the carrier waves of 800 ¢/s. Fig. 2. General appearance of
Then the frequency modulated carriers the equipment. I, seismometer. 2,
are led to the recorder head. These recording oscillograph. 3, power
snals are here recorded on the endless %%, NN 8 0
magnetic tape which runs with the velo- gulator and demodulator. 7, alarm
city of 3.75 ips (9.53 cm/s). The tape and counter units.
that passes through the recording head
reaches some times later to the reproducing head where the seismic

i

1) P. G. GaNE, H. J. LoGIE and J. H. STEPHEN, Bull. Seis. Soc. Awmer., 39 (1949), 11
20 Y. Tomopa, K. AKI, Zisin (Jour. Seism. Soc. Japan), [ii] 5 (1952), 132.
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signals are picked up and led to the demodulation cireuit.
diagrams of these electronics parts are shown in Figs. 3-a, b, c.
demodulated current is conducted to a low resistance galvanometer,
and rotates the mirror attached to the string of the galvanometer.
Thus the record of seismic signals is reproduced on a photographic
paper. The endless magnetic tape that passed through the reproducing
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head goes round and just before coming back again to the recording
head, the tape passes through an erasing head where it is cleaned
out and a new tape is supplied always to the recording head.

The galvanometer and recording camera assemblage is not in
operation continuously. The trigger circuit which is connected to the
preamplifier, is operated by the seismic signals and starts on one hand
the driving of the recording camera, and on the other hand operates
a delay ecircuit, which after a lapse of about three minutes, plays
automatically the role of a stopper for the recording assemblage.

Thus the routine observations of earthquakes are carried on.

b. Preamplifier. As seen in Fig. 3-a, this part of the equipment
is an ordinary low frequency amplifier, the characteristic curves of which
are illustrated in Fig. 4. When a known voltage of a constant frequency
is applied to the input of the preamplifier, the output current from it
will deflect the recording galvanometer, provided the latter is directly
connected to the former. In Fig.4, which shows the relation between
the input voltage and the amplitude of the deflection of the galvano-
meter, we see also that the difference of frequencies exerts little effect
on the output amplitude within the range from 5 to 50 cycles.
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Fig. 4. Characteristics of preamplifier.

¢. Modulation Circuit. As the frequencies of the seismic waves
are extremely low, it cannot be clearly recorded directly on the magnetic
tape, so we must introduce a system to modulate high frequency carrier
waves by the input signals. As the frequencies of ground movement
to be handled range from one to fifty cycles, the center frequency of
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the carrier wave was taken at 800 cycles. As seen in the circuit
diagram in Fig. 3, 800¢/s carrier wave is generated by the V; and V,
multivibrators and in turn the frequency of this carrier wave is
modulated by the output voltage from the preamplifier that is led to
Ri.. The characteristic curve of this modulation circuit is seen in Fig.
5. We see from Fig. 5, that the input voltages less than 30mV are
modulated without distortion, and that the deviation of frequency that
is deduced from the input voltage of 3V to V, amounts to 200 cycles.

d. Recording Head and Re-
v producing Head. The -carrier
waves from the multivibrator are
modulated in frequency by the
signals to be recorded, and are
recorded on the magnetic tape
through recording head, then
they are picked up by the re-
producing head. With respect
to these frequency modulation
systems it becomes a factor of
great importance to keep the
speed of the tape constant and
to make the speed of the tape
that passes through the record-
ing head strictly equal to the speed that passes through the reproduc-
ing head, because the constancy of the tape speed affects directly the
accuracy of the form of reproduced seismic record.

e. Delay Unit. One of the greatest advantage of the magnetic
tape recorder system is that high speed recording is easily obtained
by the use of the memory capacity of magnetic tape. For the purpose
of making accurate recordings of earthquake motions, two points have
to be put into consideration. One point is that it is not known
beforehand when an earthquake occurs. Thus, in the recording of
earthquake motions everything has to be always in full preparation for
recording. The second point is that the record of the earthquake
motions has to be taken in a form fit for higher analyses. From this
reason the paper speed of the seismic record becomes a matter of
great importance. ‘

In order to settle the first point, we adopted an endless tape system,
in which the tape is running all day long and everything stands ready

+5 4
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Fig. 5. Characteristics of modulator.
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for the recording, and to settle the second point, the magnetic delay
system was introduced. One of the final products of our system is a
seismic record, photographed on a bromide paper that was driven at
the highest possible paper speed. After the trigger operation of the
trip circuit it takes only a few seconds for the whole apparatus to
become ready for the recording, including the stationary running of a
photographic paper. The next problem is to adjust the start of the
trigger circuit. The very beginning part of the P waves 18, in some
cases, very small in their amplitude, so that if we adjust the trigger level
so hich as to start with the week beginning waves of P, a false start
may frequently be caused by the ordinary backeround noises. To make
them free from these false starts the trigger levels have to be made
somewhat lower, but then it happens that the trigger circuit misses the
week P and starts at the beginning of the large S phase.

Fig. 6. Appearance of unit, driving the endless magnetic tape. 1, recording head.

2, reproducing head. 3, erasing head. 4, capstan. 5, tape storage. 6, endless magnetic tape.

In such cases the delay time is necessarily longer than the P-S
duration time of the earthquake. As, at the first step of our ex-
perimental observations, we aimed at relatively near earthquakes, it was
considered that one minutes and a half would be sufficient for such
delay time. As is mentioned above, the tape speed is 3.75 in/sec
(9.53 em/sec) in order to give the delay time of 90 sec., it 1s necessary
to have the store of the magnetic tape as long as eight meters.

To devise a mechanism capable of storing such a long tape was a
difficult point. We succeeded in overcoming this diffieulty by construct-
ing a device as seen in Fig. 6. This is a box twenty centimeters
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square with a thickness of about one centimeter, that is to say, just
a little wider than the width of the magnetic tape. As shown in the
figure, this box, having its surface made of plane glass and facing
vertically, has two slits, one at the upper side and the other at the
lower side and through them the tape goes in and out. The magnetic
tape that has passed through the recording head is driven into the box
from the upper slit and goes down by its body weight piling up in the
box as may be seen in the photograph in Fig. 6. The thickness of
the box is so constructed as to be only a little wider than the width
of the magnetic tape, so the tape piles up in good order and never be-
comes entangled in the box, going out in turn from the down (lower)
slit very smoothly. In the box, the tape piles on succesively showing
a natural curve as seen in the photograph, and through the lower slit
the tape goes out from the box.

By means of this mechanism it is easy to store up a tape of more
than ten meters.

f. Demodulation system. The output voltage picked up from the

reproducing head is ampli-

mA fled by the square wave

amplifier. Then passing
through the differential
circuit the numbers of

AN s b waves are counted and thus
i the output current from the
200 500 600 700 SPO 900 1000 1100 1200 recording head is demodulat-

e ed and as the time constant
o of the grid of V,, is 0.5 sec.
‘ these demodulated current
-3 N produces the deflection of
galvanometer that is propor-
tional to the output current
from the seismometer. As
is illustrated in Fig. 7, 200 cycles of deviation of modulated frequencies
generates an output of 1.5 mA.

g. Overall Characteristics. Overall performance characteristics of
the frequency modulated earrier recorder are illustrated in Fig. 8. As
seen in Fig. &, the output currents keep up a constant value irrespec-
tive of the difference of frequencies in the low frequency range, while
they decrease in the somewhat higher frequencies.

-2

Fig. 7. Characteristics of demodulation circuit.
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h. Erasing circuit. After passing through the reproducing head the
tape is erased at the erasing head that is placed just before the record-
ing head. In this endless system of ours, the tape may be erased and
re-recorded on each cycle mm
and thus it can continue (00
recording even if the

duration (?f an earth- go L E\ i
quake motion happens to N I
be longer than the whole T \ \k |
cycle of the tape. o \,\ <& NTomv
Erasure is done mag- \\\ B mv
netically. io '\:\ AV |

i. Trigger Circuit. A ' N 3 v

part of the output cur- 5
rent of the low frequency
amplifier is led to the
trigger circuit. In Fig.
3-¢, Vi is normally con-
ducting a current, while 5 10 50 100 %
by the input signals from
a seismometer, the plate
current of the tube Vi, will be increased ™"
and this in turn causes Vi to be cut 2o
off and at the same time this makes \
work the relay RL,, which works on ' N\,
the recording circuit. The relay RIL, °\\
will be reset in about 10 seconds. ®

The sensitivity of the trigger circuit \5
that makes the trip on will be adjusted 1 T~
by VR, as shown in Fig. 9. In the 3
frequency range from 3 to 30 c¢fs,
differences in frequency hardly affect 020
the voltage that makes the trip on. o L
The minimum input voltage for the [ 5

. . el . Fig. 9. Trigger current
trigger circuit is 0.5mV. Abscissa represents the scale number

j. Timing. In the routine observa- of the input dial plate of the trigger unit.
tion timing is an important factor. Our equipment is not yet constructed
0 as the time signals and seismic signals can be recorded on the tape
simultaneously. One of the galvanometers of the oscillograph records

Fig. 8. Over-all frequency characteristics.
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the JJY time signals. This timing device will be improved in the near
future.

k. Recording Devices. So long as we use the endless magnetic
tape system, the informations of seismic signals will have to be pre-
served in some recorded forms. One device is to preserve them by
means of the magnetic tape and another is to record them on the
photographic paper. For the purpose of the former, we prepared one
more magnetic tape recorder which is triggered by the seismic pulse
and records the modulated seismic informations from the amplifier in
Fig. 3-b. The duration of the operation time of this 2nd magnetic
tape recorder is about three minutes and after that it stops operation
automatically, and is reset for the next recordings. For the purpose of
recording on the photographic paper we prepared three-element galvano-
meters. The sensitivity of the galvanometers is about 6.7 x10~°A/mm,
the free oscillation period being 100 c.p.s. Of the three galvanometers
one records the delayed seismic informations mentioned above, and the
second galvanometer is connected directly with the output of preampli-
fier as shown in the block diagram in Fig. 1, and records the seismic
waves that do not pass through the magnetic tape for comparison’s
sake, but of course the record of this second galvanometer lacks the
beginning part of the earthquake motion. But the missing part is
usually only a few seconds and we can compare the record that passed
through the magnetic tape with the record that did not pass through it.
As we have seen in Fig. 10 (Plate) the two is quite similar to each other
and shows us that the magnetic tape does not distort the seismograms.

. Alarm and Counter Device. It is also important to prepare such
accessories as an alarm device and a counter device. There is of
course a limitation to the volume of bromide paper the oscillograph
camera can store, so that it would be effective to device a circuit in-
dicating the number of times the trigger circuit had operated. Next,
in case something is wrong with the equipment, the alarm circuit is
deviced to operate at once, and all the runnings of the equipment is
stopped automatically. With these devices we are able to continue the
routine observation by this equipment.

m. Power Supply. Our equipment was designed and constructed to
carry out the routine observation of earthquakes. Thus, excepting the
galvanometers and their recording parts, all other parts, for examples,
the driving part of endless magnetic tape, the low frequency amplifiers,
the modulation and demodulation circuits ete., are in operation all day
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long unceasingly. It becomes a very important requirment to have a
power supply without batteries. Needless to say it is very useful to
have a battery as the heat source of the first-stage tube of the ampli-
fier and some dry batteries as high-voltage sources, but the maintenance
of these batteries is a troublesome matter. We constructed a power
supply, fed wholly from the commercial AC current (50 cps, 100 volts).
In the case when we use

the AC 100 wvolts as a

heater source of the A A ARPAAAAAANAAAAAAL AN A S e
tubes, however we may el Al LALLLEA LA LLLLE

rectify them, some ripples
remain and become the
gource of hums, and the
fluctuations of the vol-
tages of the source power
generate some disturb- W EEET

ances. We used balast a [ | |M“__-|_Ju
tubes and other means to

get rid of these unde- corder svstem. An alternating voltage is applied to
sirable effects as much the scismometer terminal. (A) is a direct record through
as possible, the preamplifier. (B) is a record passing through the

2 AN EARAARRAL AT A
Vi
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Fig. 11. Record showing the fidelity of the tape re-

. § " entire channel, including the magnetic delay unit.
n. Recordings obtain-

ed. So long as we adopt the F-M system some distortions between
the input and output wave forms is inevitable when the uniformity of
tape seed is disturbed. To check this, the record of the constant input
from an oscillator is shown in Fig. 11. In this figure, A is a record
from the preamplifier and B is a record whiech passed through the
magnetic tape. As may be seen in the figure two are very much
alike. An example of the seismic record is shown in Fig. 10.

3. Concluding Remarks

We have desecribed in this report a system that connects a seismo-
meter and a magnetic tape recorder with electrie eables. In the comming
report the wireless linked systems will be reported.

The equipment here described is easy to maintain and the operating
expenses are negligibly small, except for the bromide paper. Magnetic
tape is replaced once a week but the expense is very light, the con-
sumption of vacum tubes is negligible, the magnetic heads are not yet
worn at all.
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Through this mangetic tape recorder seismograph we obtain two
sorts of records of earthquake motions. One is the magnetic tape in
which the seismic signals are converted into the variation of the
magnetic density of a layer of iron oxide on a recording tape, and the
other is the bromide paper on which the seismic wave is photographed
as an oscillation curve.

Setting aside the magnetic tape on which are recorded the seismic
informations, it is still to the merit of this magnetic tape recorder
seismograph that the photographic recording of the seismic waves is
practicable at such low expenses, and while the paper speed is more
than ten times faster than that of the ordinary photographic seismo-
graphs, the consumption of bromide paper is only about one tenth
or even one hundredth.
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Fig. 10. An example of the typical seismogram. (A) is a direct record through the preamplifier, (B) is a record passing through the entire channel,
including the magnetic delay unit, (C) is a timemarking from the JJY time signal. (1/2 the actual)
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