29. Seven-Channel Triggered Magnetic Tape Recorder
for Routine Seismic Observations.

By Syun’itiro OMOTE and Yoshio YAMAZAKI,

Earthquake Research Institute.
(Read 18, Dec., 1956—Received June 30, 1957)

1. Introduction

A new equipment for recording earthquake motions by means of a
magnetic tape recorder named MATS-1 was completed some four years
ago. Since then routine seismic observations by means of this tape
recorder equipment has been made continuously with success and fairly
satisfactory records of earthquakes have been accumulated.

As will be seen in the previous paper” the equipment then con-
structed was a machine having only one component. Needless to say it
is preferable, or even necessary, to have a three-component seismograph
for recording a complete set of seismic signals. And the first type
recorder seismograph MATS-1 was not very satisfactory in that it had
only one channel. We were anxious to have a multi-channelled seismo-
graph of a magnetic tape recorder system. By the benefit of the insti-
tutional research fund awarded to our Institute by the Ministry of
Education, we were able to have a chance to construct multi-channelled
one. A seven-channel magnetic tape recorder seismograph MATS-2 for
routine use was constructed and put in operation recently. The charac-
teristics of this machine will be deseribed here somewhat in detail.

2. General construction of the equipment

In order to make the explanation simple the construction and the
works of the respective unit devices are concentrated in Table I and
illustrated schematically in the block diagram in Fig. 1. The appear-
ance of the whole equipment is shown in Fig. 2.

Ground vibrations due to seismic shocks are converted into a signal
voltage through a seismometer and the signal voltage is connected to the

1) S. OMOTE, S. MIYAMURA and Y. YAMAZAKI, Bull, -Farthq. Res. Inst., 33 (1955),
397,
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Seven-Channel Triggered Magnetic Tape Recorder.

Part 3.]
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input of the preamplifier. From there it is led to the main amplifier
before reaching the modulation unit. The square waves of a symmetric
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Fig. 1. Block diagrams of the equipment.

type generated by a pulse generator with a frequency of 800 cps are
used as carrier waves for modulation. When modulation takes place
the width of the pulse of the square carrier waves is changed by the
output from the main amplifier which is connected to the original seis-
mic signals, in such a way as the positive information signal causes
the positive current pulses to decrease, and likewise the negative in-
formation signal causes the negative current pulses to decrease. The
amount of change in width depends upon the amplitude of the seismic
signal, a large amplitude signal causing the width to vary greatly.
When the high frequency information signal is applied the width of the
pulses is changed at a high rate of repetition depending upon the
modulation frequency, the time rate of changing of the pulse width is
regulated by the frequency of the input waves.

This pulse width modulated seismic signal is subjected to additional
stages of gain, and then connected to the recording head, where it is
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recorded on the magnetic tape
running with the constant speed
of 7.5 inches per second. The
tape is endless, i.e. in loop form.
The seismic signal recorded on
the tape reaches the playback head
40 seconds later after having
passed over the recording head.
The output voltage taken out of
the playback head is divided into
two. One part is lead to the oscil-
lograph after passing through
the demodulator, where the pulse
width modulated seismic signal
1s demodulated into the original
signal of low frequency. These
low frequency seismie waves
cause the galvanometer in the
recording oscillograph to vibrate
and the seismiec curves are pho-
tographed on the bromide paper.
The other part of the output
voltage from the playback head
is led to the recording head of

) X Fig. 2. 1. Preamplifier. 2. Power controller
the preservation magnetic tape 3. Recording time controller. 4. Trigger
recorder after passing through unit. 5. Level meter. 6. D.C. Amplifier

an ampliﬁer and here seismic and modulator. 7. Power unit. 8. Playback
’

ded th . head. 9. Erasing head. 10. Recording head.
Wayes ate Jeodided ‘ol | anag= 11. Endless tape. 12. Demodulator, 13, Qut-

netized tape. The erasing head put meter. 14. Power unit. 15. Recording
is placed immediately before the oscillograph. 16. Preservation magnetic tape
recording head so that all the recorder.
information recorded on the tape
will be erased completely and the tape supplied to the recording head
will always be a clean one. The erasing is effected by the high frequ-
ency current of 30 KC applied to the erasing head. In this way the
endless tape goes round continuously.

Besides these devices several additional units are necessary, includ-
ing a trigger circuit which makes start the recording oscillograph and
the preservation magnetic tape recorder as scon as earthquake motions
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arrived at the place where the seismometers are installed. There is
also a reset circuit in order to stop the operation of the oscillograph
and the preservation tape recorder when the seismic vibration of the
ground has died away and then to reset everything for the next re-
cording. Some other accessories are also attached, such as time-marking
devices for the accurate commencement time of the earthquake mo-
tions, stabilization circuits for the power supply, a level meter to
indicate input level, a counter device that announces the number of
earthquakes registered on the recording equipments, an alarm device
that announces the occurrence of troubles in any part of the equip-
ments, and the relay mechanism that cuts off the power source in the
case of emergency.

3. Details of the unit devices

a) Preamplifier. The seismic signal is taken from a seismometer
and connected to the input of the preamplifier. From there it goes on
to the direct-coupled amplifier. In the preamplifier two stages of the
CR-coupled system are employed. The gain of the two amplifier stages
is changeable, the maximum being 28 db. The tubes used are 12AXT7.
The amplification looks rather low considering the large number of the
tubes used. This is due to the fact that the amplified voltage is lowered
to 50:1 at the last stage in order to make it match better with the
impedance of the direct-coupled amplifier.

In the pannel of the preamplifier there are also housed the test

+ _ terminals used for adjusting the
amplification and the tester circuit
that checks the continuation of seis-
mometer lines.

b) Direct-coupled amplifier.

. ID'C(’I"V)_,_ The second unit is a direct-coupled
10 20 30 amplifier. For the purpose of gett-

® No. | ing a good signal-to-noise ratio a

o " g Cascord system is employed. The

o 0.5l ¢ g maximum gain obtainable is as high
mm_mA g " g as 37db. The output signals from

Fig. 3. Characteristic curves of direct- the preampllﬁer are ampllﬁed by a
coupled amplifier, that indicate input tube 12AT7 (VI)' The VOltage due to
voltage and output current relations. R-8 is applied to the first grid of
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12AX7 (V,), by which the amplitudes of the pulse voltage generated in
the R12 are regulated. The gain of the D.C. amplifier fluctuates with the
fluctuations of the line voltages of the power line. This disadvantage,
however, in practice only slightly affects the gain of - the diret-coupled
amplifier, provided the commercial 100-volt AC current is well stabilized.
The characterstic curves of the direct-coupled amplifier units are shown
in Fig. 3 with respect to each of the seven channels.

¢) Modulator. As is well known the frequency of earthquake wa-
ves is so extraordinarily low that signal voltages from the seismometer
will not be recorded directly on the magnetic tape. In order to over-
come this difficulty a modulation system is introduced. In the former
equipment a frequency modulated system was employed, while, in the
present equipment the pulse width modulated system (PWM) was em-
ployed. The PWM has advantages over other types of modulation
system in that :

(1) It works in good stability.

(2) Electric circuits are simple.

(3) The tape speed needs not be held so uniform as in the FM

system.

However, it also has disadvantages in that: (1) the connecting
part of the loop magnetic tape leaves a distinet mark on the seismic
record and (2) a somewhat higher tape speed is required than that of
other modulation system. As long as the FM system is employed, the
fluctuation of 0.595 in the tape speed produces the change of cycles
by 2-39 in the carrier waves of 800 cps. Namely, in the FM system
the output is directry proportional to the velocity of the recording me-
dium such as tape, so the tape velocity must be kept at a strictly uni-
form rate in order to have a good signal-to-noise ratio. In the case of
PWM no such strict uniformity in the tape velocity is demanded.

In a pulse width modulated system, as in the other types of modu-
lation, the fluctuation in the center frequency of the carrier waves pre-
sents a serious problem with respect to the accuracy of the recorded
seismic signals. In our equipment, however, this fluctuation is success-
fully reduced to as low as 0.196. The tape speed, from all these con-
siderations, was determined to be as 7.5 inches per second.

As will be seen in the circuit diagrams in Figs. 4-a and b, the
output voltage of the 800cps generated by the Hartlay oscillator is
amplified beyound its saturation point and is clipped. It then passes to
the differentiation transformer where the pulses are differentiated. These
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differentiated pulses are fed in parallel to the second grid of 12AX7 (V.) of
the respective modulation units of the seven channels. In such a man-
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Fig. 4-a. Circuit diagrams of amplifier and modulator.

ner the carrier waves of a regular square form generated in the res-
pective modulation units of the seven channels are controlled by a sin-
gle source of pulses.

CN)

e Tl The differentiated pulses fed to
Vtc':‘ | the second grid of 12AX7 (V,) are here
< mixed with the seismic signal from the
{;r output of the D.C. amplifier. The pulse

| o voltage drops between the two ends of
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Then the pulse-width modulated signals are amplified in their current
through the left hand side of the 12AU7 (V,). These pulses of current are
coupled to the recording head through the output transformer connected
to the plate of 12AU7 (V,). The maximum amplitude to be recorded with-
out any distortion modulates the width of the pulse to the depth of 809
of the original width. The
non-distortion input voltage Ol\g:&
to be modulated is 1.2mV at i
10 cps with the full gain of O6[
the preamplifier. Modulation (g
and demodulation characteris-
tic curve of a channel is depict- 0'2:
ed in Fig. 5. In the figure 0
input voltage to the first grid
of the direct-coupled amplifier 0.2
is related to the output ecur- Q4
rent from the demodulator. In I
preparing the figure the out- 0.6
put from the modulator is di- 0.8
rectly connected to the input of _ . . .
.. Fig. 5. Modulation and demodulation characteris-
the demodulator, skipping over tic curve of a channel. Abssissa in a input vol-

the units including the mag-  tage to a modulator. Ordinate is the output cur-
netic heads and magnetic tape. rent from a demodulator. (In this figure the

d) Head assembly. As to modulator and the demodulator are connected
directly, without passing through the magnetic
tape.)

45 50
VOLT

the recording head, seven-track
units have been designed for
a 1/2 inch tape. Two banks of heads are used with four heads per
bank, which gives the total number of seven information channels,
as the fourth head of the second bank is not used for recording. In
order to minimize the cross-talk between the heads, the tracks of the
four heads of the second bank are made to fit in the gaps between
the tracks of the four heads of the first bank. The seven play-
back heads are arranged in the same way as the recording heads,
namely, they consist of two banks of four heads each and the distance
between the two banks of playback heads is adjusted to be the same
as that between the recording heads as far as is possible. In practice,
however, there is apt to remain some slight difference between the two
distances of the respective two banks. This difference, however, can
be calibrated very accurately beforehand so that no errors will result
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from the arrangement of the banks in calculating the commencement
time of seismic signals. The background noise due to the magnetic
tape tends to be loud at the tracks on the extreme outer sides of the
tape. However, as will be seen in Fig. 10, the tape noise due to the
extreme outer tracks disturbs the seismic records only slightly. The
impedances of the recording and playback heads are 50 ohms at 1000 cps.

As in ordinary recording, the current passing through the magnetic
recording heads causes a magnetic field to be produced in the gap of
the head. As the tape moves over the head and the current is alter-
nately reversed according to the modulated pulses applied to the head,
small bar magnets will be arranged into the tape in regular directions
according to the sense of current that passes through the head, and
thus small magnets are energized into the recording tape.

e) Demodulation. As the tape is again run over the heads, after
it has passed over the recording heads, the magnets which have been
energized into the tape at the recording head cause an electric current
to flow in the circuit of playback head. This current is then coupled to the
input transformer of the demodulator. The secondary of the transformer
is connected to the grid of 12AX7 (V,) and then passes into the 6AU6
(V). ‘
In this process, the weak current of blunt square waves from the
playback head, being amplified and clipped, becomes free from the wave
distortion, and reproduces the same current pulses which are applied to
the magnetic recording heads. The gain of the amplifier of this part
must be made very large, say 90 db, since the output current from the
playback head is very small. In the next stage, as will be seen in the
demodulation wiring diagram in Fig. 4-c, these modulated seismic sig-
nals are put into the resistance-condenser differentiator. The output
signal from this differentiator is than applied to the bistable multivibra-
tor. The signal is then applied to a filter, by which the 800 cps pulses
are filtered out; the residue is the original seismic signal, The demo-
dulated and reproduced seismic signal is then applied to a galvanometer
of the recording oscillograph.

As has been mentioned, the demodulation circuit is designed to
create a high gain so that specially designed shieldings are needed on
the input transformer of the unit in order to prevent the ham indue-
tions from outside. For the purpose of checking, there is a jack on
each channel leading to a cathode-ray oscillograph, provided it is desir-
ed to have a monitor of the output waveforms from the demodulator.
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f) Recording oscillograph. The demodulated low frequency seismic
signals are led to a recording oscillograph of 18 channels. The frequ-
ency and the sensitivity of the galvanometer used are 100 c¢ps and
5.6 x 10~ A/mm respectively. The electric motor that drives the bro-
mide paper in the recording camera is triggered by the seismic pulse
and the camera records the seismic signals on the photographic paper.
Six of the 13 channels of the oscillograph record the delayed seismic
signals mentioned above, one records the JJY time signals that also
have passed through the magnetic head. One records that division of
the seismic signals from the output of one of the seismometers which
did not pass through the magnetic head. This channel is intended for
checking the distortion due to the magnetic delay devices. The remain-
ing five channels are for time signals, the explanation of which will be
given later.

g) Preservation magnetic tape recorder. The seismic signals ener-
gized into the magnetic tape at the recording head go through the play-
back head and a moment later pass onto the erasing head, where the
seismic signals in the ‘tape are erased completely prior to their reaching
the recording head again, as the tape is in a loop form. By this me-
chanism the recording head is always supplied with a clean tape. In
order to have the seismic signals permanently in the form of recorded
magnetic tape it is necessary to have another magnetic tape recoder
machine exclusively for the preservation of magnetic tape.

As already stated in the preceding paragraph (e), after the seismic
signals are taken out of the playback head and freed from wave distor-
tions, a part of the current pulse of modulated waves are shunted to
the amplifier circuit for the preservation magnetic tape recorder unit.
The amplified current of the pulse width modulated seismic signals are
then applied to the recording head of the preservation unit.

The mechanism by which the recording is made on a preservation
magnetic tape is the same as that of the recording part of the endless tape.
In this part too an erasing head is placed directly before the recording
one. The driving mechanism of the preservation tape is the wind-up sys-
tem, not the endless system. In this case too special care must be taken
for the geometrical configurations of the relative position of the two
banks of magnetic heads. In practice, careful calibrations on the time
difference of the two different banks will eliminate any remarkable error
in the reading of the seismic phases. The operation of this part is con-
trolled in the same way as with the recording oscillograph. The starting
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of the winding up of the tape reel is triggered by the seismic pulse,
and its stopping is effected by the function of the control unit.

h) Delay unit. The memorizing capacity, one of the greatest ad-
vantages of the magnetic tape recorder seismograph, is attained by
the recording of seismic signals on the magnetic tape. The length of
the time during which the memory capacity will last is controlled by
the delay unit. In this delay unit the delay time is given by the run-
ning time of the tape from the recording head to the playback head.
In the former equipment, MATS-1, there was a special storing box
of magnetic tape prepared for the purpose of giving a long delay
time. In the present equipment, however, on the one hand, the tape
is twice as broad as the former one and, on the other hand, the
tape speed too is twice as fast as that of the former one, so that the
storing box is no longer applicable. For the purpose of elongating the
running course of the endless tape, as will be seen in Fig. 2, a simpler
but surer mechanism consisting of twelve rollers is employed. By this
mechanism we can have the delay time of forty seconds successfully.
In such a mechanism the rotation friction of the rollers must be made
extremely small in order to have the tape run smoothly.

There may be varying opinions as to what is the proper length of
the delay time. The driving of the motor of the recording camera of
the oscillograph and of that of the preservation magnetic recoder, rea-
ches its full force less than a few seconds after the trigger circuit is
closed. The delay time might be made very short, provided the trigger
starts exactly at the beginning of the P waves of seismic signals. How-
ever, as is well known, the beginning of the P is in some cases so small
in amplitude that if we adjust the trigger level so high as to be sen-
sitive enough to catch it, a false start may frequently be caused by the
ground noises that are so common especially in large cities. In order
to avoid this confusion it would be safe so to design the trigger circuit
that it will start at the beginning of the large S phase. For this rea-
son the delay time should be made longer than the P-S time of the
earthquakes to be recorded. In designing this equipment we at first
aimed at recording near-by earthquakes and chose a delay time of about
40 seconds. It will not be difficult to elongate the delay time by more
than 509 by adjusting the locations of one or two rollers.

i} Control unit.

(i) Trigger amplifier. The input voltage to the trigger amplifier is
derived from a seismometer installed side by side with the recording seismo-
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meters. As soon as the input voltage from the trigger seismometer ex-
ceeds some definit level, a pulse is sent out from this amplifier (Fig. 6).
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Fig. 6. Trigger circuit diagram.

In order to avoid the false starting due to ground noises the trigger
level is carefully adjusted. With respect to the seismometer used, the
input level that makes the trigger start is adjusted at about 3mV,
at 10 cps, namely, 0.5 gals at 10 cps of ground accelerations (Fig. 7). The
clectric pulse issuing from the trigger amplifier puts the following circuits
into action : (1) It makes the electric
circuit of the motor that drives the
recording camera of the oscillograph
close. (2) It makes the circuit of
the driving unit of the preservation
magnetic recorder close. (3) It
makes the electric circuit of the re- |
cording time controller close. (4) It
makes the counter and alarm cir-
cuits close.

(ii) Recording time controller T D
circuit. This unit controls the time | 10 00
during which the recording camera Fig. 7. Diagram indicating the trigger
and the preservation magnetic tape level. Indicator points the graduation
recorder are in full operation. The out- D; No. 4, C; No. 6, B; No. 8,
put pulse from the trigger amplifier A; No. 10 (maximum sensitivity).
makes start the delay circuit consisting of the tubes, the circuits consist-
ing of the mechanical relays, and the combinations of these cireuits,
and as a result of such operation the driving of the motors of the
camera and of the tape recorder are made to stop automatically. The
operation time is adjusted at 1, 2, 3 and 4 minutes respectively. As

soon as the recording is completed the whole equipment is reset for the
next recording.
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(iii) Auxiliary devices. Besides these units mentioned above, some
auxiliary devices such as the counter for the number of recorded earth-
quakes and other indicators such as the level meter are also contained
in the controller parts (Nos. 2 and 8 in Fig. 2).

J)  Time marker circuit. Two kinds of time-marking devices are
employed. One is the system relying on the JJY time signals fixed
directly on the seventh channel of the tape-recording head. As will be
seen in the photographic record in Fig. 10, the JJY time signal is re-
corded on the fifth line of the 13 channels. By correlating this time
signal line with the lines of seismic waves recorded side by side on the
same paper, it is easy to have the accurate commencement time of the
recorded earthquake with reference to the second. There is no know-
ing, however, what minute and what hour of the day this second mark
or even the minute mark due to the JJY time signal left on the record
represents, since it is only for three or four minutes that seismic re-
cordings usually last. For the purpose of giving the standard minute
and hour of the day on record, a standard clock is employed which
sends out special signals of seconds, minutes, and even hours unceas-
ingly, marking the hour and minute of the day. These marks are re-
corded through the 1st, 2nd, 8rd and 4th channels of the galvanometers
of the recording oscillograph, and, at the same time, to give a good
and accurate comparison with the time mark of JJY, a part of this spe-
cial time signals is superposed to the JJY time mark on the seventh
channel of the magnetic recording head.

k) Power supply. The MATS-2 type magnetic tape recorder equip-
ment is constructed for use in the routine observation of earthquakes,
so that the power of the equipment needs to be supplied entirely from
the commercial AC 100-volt 50 cps, for otherwise it would be very
inconvenient. We were able to overcome successfully every disadvan-
tage originating from the use of the AC 100-volt, such as fluctuations
of the voltage of the source power, the residual ripples which are apt
to remain on the rectified heater current of the tubes etc, by some
means or other. ‘

When the main switch of the power supply is closed artificially, all
the circuits are closed one by one automatically in due order and all the
conditions are automatically fulfilled for the next recording of seismiec
signals, as long as the power is supplied. These processes are shown
in Table 1.
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4, Overall characteristics

Overall performance characteristics of the pulse-width modulated
magnetic tape recorder are illustrated in Figs. 8a and b. When a known
sinusoidal voltage of a constant frequency from a test oscillator is applied
to an input of the preamplifier of one of the channels, it passes through
“ amplifier—modulator—recording head—magnetic tape—playback head—
demodulator—oscillograph ” and then it is recorded photographically in
a form of sinusoidal waves. In Fig. 8-a is shown the relation between
the input voltage and the recorded amplitude of the sinusoidal waves
with respect to different frequencies. From this figure we see that the
difference in the frequencies exerts little effect on the output amplitude
within the range from 14 to 50 cps, while for higher frequencies it
appears that the sensitivity begins to decrease. With respect to any
other of the seven channels, as will be seen in Fig. 8-b, a like curve is to
be obtained.

Then in the next place has been studied the relation between the
input current and the amplitude of the final output current, with the
frequency of the input signals fixed at a definite cycle say 14 cps. The
relation has been studied with each of the seven channels, with the
result illustrated in Fig. 9. From the figure it is seen that there is
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some difference 209 at the maximum, in the sensitivity of the seven
channels. This difference, however, seems to originate not from any
system of the magnetic tape recorder, namely modulation, magnetic tape,
) 1 or demodulation parts, but
mm mA from the difference of sensi-
301 153 tivity or of frequency charac-
teristics of galvanometers.
As the examples, the re-
cords of a test oscillator and
of ground noises photographed
on a bromide paper are repro-
duced respectively in Fig. 10 a,
b, as the final product of the
magnetic rape recorder equip-
ment. In preparing the records,
e the output voltage from a test
0 0204 06 08 1.0 2 1.4 .6 my oscillator and a seismometer
Fig. 9. Relation between the input voltage and due to ground noises were ap-

the recorded amplitude of different channels at plied in parallel to the inputs
a fixed cycle, 14 cps.

of the preamplifier of the
seven channels, and then the input signals were passed through every
unit of tape recorder devices including the magnetic tape, and finally
they were photographed on the bromide papers.

With this equipment MATS-2 here described, a very low wow was
achieved by introducing the PWM system. The wow was reduced as
low as 0.395, but the tape noise was somewhat larger than in the case
of the former type MATS-1, in which a FM system was employed. In
this case the tape noise had an amplitude of +0.5mm on the photo-
graphic record at the highest gain of the amplifier. In future, we hope
to reduce the tape noise further by making the tape speed twice as
fast as the present one and by improving the configuration of the re-
cording heads.

5. Concluding remarks

In 1955 our Institute was awarded an Institutional Research Iund
by the Ministry of Education for the construction of the Tele-recording
Seismic Observation Equipment. The MATS-2 magnetic tape recorder
seismograph described in this paper has been constructed as a recording
part of the said equipment, The wireless part was constructed by
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Miyamura and others® as reported in the preceding Bulletin.

By means of this MATS-2 the behaviour of the ground vibration
due to seismic shocks is now recorded through six seismometers. The
seismometers are now installed so as to register the earth movement in
terms of three components at two different locations.

The photographic record to be obtained by the MATS-2 has a great
advantage over other types of seismic records in that the paper speed
is more than ten times as fast as in ordinary types of seismometers,
while the consumption of bromide paper is only as little as one-tenth or
even one-hundredth of the amount consumed on other typed.

The seismic signal recorded on tape will be of unlimited usefulness.
It is permanently available in the same live electrical form in which it
was recorded. A played-back record coupled with a filtering circuit will
be especially advantageous for the further analysis of seismic waves.
Moreover the reproducible seismic signals recorded on a magnetic tape
will be found ready for repeated analyses by whatever new analytical
techniques that may be evolved in future.
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[Fig. 10-a. Fidelity test record of the tape recorder system. An alternating
voltage is applied in paralell to the seismometer terminal of respective
seven channel. (1/4 the actual)

A; a record passing through the entire units, including the magnetic
delay unit,

B; a direct record through the amplifier without passing through the
magnetict tape. (B is recorded on a bromide paper 1.2m ahead to A
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Fig. 10-b. An example of a record of the ground noise. The output voltage from

a seismometer is fed in paralell to the seven channels of the magnetic tape re-
corder. (2/3 the actual)

o Traces 1-4; time marks for second, minute and hour.

5; time mark from JJY time signal,

1 6-12; records of ground noise.

i3 13; a direct record of ground noise, skipping the magnetic tape unit.
-




