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Fig. 1. Circuit of the amplifier.
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characteristic of the transducer. P+R
is the characteristic when the out-put
is terminated with 60 Kkilo-ohm re-
sistance, P+ A is the characteristic when
the out-put is terminated with the am-
plifier directly, and it is applied to high
frequency seismograph, P+C+ A is the
characteristic when the out-put is ter-
minated with 10 4F capacitance and the
amplifier, and it is applied to medium
frequency seismograph.

¥

Fig. 2 o ool S ta LY
F. RER T v A2 ORIV L
T, WA OTIRAEWA, Z ORENEHE
HCREELM b, HHOBRERR
HriEaThorickh, BETHIHERL
DLTEREOHBEFEHRTELZET, K
BERREFo BN s HEZI X b D
LB,

Fig. 3wz piiga 0B 0iR E R Ex
L3, FEEFICHENE NS OTHBES
ZHEER ST B, WERTHHET NN
ZLD7T.

§ 2-2
ZOWEROARL vE— X VAL, /NE
THEERED L WRIRSRICIoW LT HHBIfE

a0l bhzRL L, EHIL{FEE
LTWa 2 bITEEMIERcEe T2 BivE
LOoTHEH LickshoREEFHETS
ZENTETHA.

= e fE RS B HREEHIARIE R A 10002 DL
TCRE 0.1mm/l A B0 Thiut
EFE AR 100mm TR0 T A LR
gczh HEEhTWABRRA vy Ir S 7
7 OEET- T ORFEROBRIER L LTEE
OEATHEHIBHERO D BiRITL
=3Eo 0c/s |METF 25500, T
LOERAF v e 7 7R RERCHEALT
MERAZERTVEEREOHERNZ 5

TED.

Fig. 4 whRERTHENHE, Lird
EEEREE O X { BEIEIRIRS & UCER:
Fon Al ST A LA Hb R O SE FT i i
fED 1c/s I FEhhERER BIHRHR 85 D 28 (7 R EE
sz L3, MNP P+R) S
iz 60KQ oifpiaEkil, BT o HE
%, CoifkhrhsBHiofEHT, BR

»




349

Fig. 5. Appearance of the amplifier

and the transducer used.

magnification
S,

"-___\

1
|
| ! [

ol

Fig. 6.

. D

| H-E-S-L,

Fo Ty
15> UM

4) H. MAtumoro, Bull. Earthq. Res
5) T. HAGIWARA, Kagaku, 28 (1958), 342,

Ex H-E-S-B o}

! 10 S,
frequency 8
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graph used for high frequency obser-
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istic obtained froma 1c¢/s horizontal trans-
ducer (1.2V /kine).
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S is the characteristic of the seismograph
with the recorder having a sensitivity of
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Fig. 8. Seismograms of microseisms recorded
at Naarai on Oct. 21st 1959 by the two
seismographs of which characteristic is
indicated in Fig. 7. as D. Numerals show § 3.2
the directional angle between two trans-
ducers for the seismographs used.
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6) T.A. SANTS, Bull. Earthq. Res. Inst., 38 (1960), 241.
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Fig. 9. Seismogram obtained at a station of 290 km distance from the shot point
in the 5th Miboro explosion seismic observation by the seismograph,
characteristic of which is shown in Fig. 6..
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20. A Transistor Amplifier for Seismographs.

By Hideteru MATUMOTO,
Earthquake Research Institute.

Many seismologists realized various types of seismographs having sufficient quality
to make satisfactory observations for their special research purposes.

Neverthless, at present we find no instrument to observe satisfactorily in the seismic
high frequency band, which is important in a study of local small earthquakes or explosion
seismology from the standpoint of sensitivity, portability, and robustness for field use.

It is really important to construct an instrument that is able to be set up easily
for frequent movement in the field.

The author selected a seismograph which consists of a amplifier with a usual
galvanometric recorder and an electro-dynamic transducer for those purposes, because
they are robust and small relative to their quality and show excellent characteristics in
sensitivity, stability and internal noise.

The sensitivity of a seismograph with vacuum tube amplifier?),2),” seems to have
already reached its maximum at present.

We need higher sensitivity in order to construct an adequate seismograph for the
study stated above, and we must develop some techniques for decreasing internal noise of
the amplifier and simplification of the instrument.

Recently the author clarified® that a transistor amplifier is superior to the vacuum
tube amplifier in circuit noise, and consumption of source, and size of instrument, i.e.,

8) K. AKI, Bull. Earthq. Res. Inst., 35 (1957), 415.
S. MiYAMURA, M. TuJIuRA, Bull. Earthq. Res. Inst., 37 (1959), 359.
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as a whole, in portability and quality of the instrument.

Thus the author designed and constructed a new seismograph, making use of those
advantages in the amplifier.

The limit of the sensitivity due to the generated noise in the head tube and delicacy
of operation could be improved in this amplifier by using transistors and dry cells in-
stead of vacuum tubes and an eliminated DC source, and also could expand its frequency
characteristic more widely to a lower frequency than before.

This amplifier has its power source in the small cabinet, and consequently it seems
to be almost an ideal portable seismograph for the present.

The circuit of the amplifier is shown in Fig. 1.

The characteristics can be changed by switches according to observational purposes,
namely, it is changed by SW; from that of seismic high frequency seismograph to that
of seismic medium frequency seismograph, and SW, can change the instrument from a
back-ground noise meter to a usual seismograph.

The circuit is set up as an all push-pull connection, in order to decrease internal noise
and to increase low frequency gain or stability of the seismograph.

First and second stages of the amplifier circuit are connected as earthed emitter
circuit directly coupled to earthed collector circuit.

The noise of the amplifier referred to the input level can be compressed less than
0.5,V by this circuitry, and such an excellent value cannot be easily obtained by the
other amplifiers of existing seismographs.

This connection gives us an advantage in the input impedance, too, and most of the
transducers in common use at present can be coupled to the amplifier without any over
reaction.

As the out-put impedance of each stage in this circuit is less than 10Kaq, voltage
loss from coupling to the next stage is not induced, and consequently design of full
circuit is simplified.

Voltage gain per one stage is about 35db. It seems rather low for the number of
transistors used. )

Last stage of the amplifier is earthed collector connection. A stabilizing resistor
is put into the collector circuit in order to keep DC balance of the out-put more stable.

Source consumption of the amplifier is about 1.8 mA/6V, and life of dry-cells 4
UM-3 A cells) to keep ordinary characteristic of the amplifier is about a week.

Fig. 2. shows the frequency characteristics of the amplifier sensitivity in conduc-
tivity.

It does not seem so sensitive, when its sensitivity is represented with conductance,
but we can detect lower level signals than any other existing amplifier without trouble
from circuit noise.

Fig. 3. shows temperature effect of gain, which seems to be satisfactory within the
ordinary temperature range.

Input impedance of the amplifier was designed so high that it can be connected with
most of usual transducers without any over reaction, thus, we can immediately use most
transducers which were designed for vacuum tube amplifiers, without introducing any
change of construction.

Galvanometer for the amplifier recorder needs following conditions.

i) Internal resistance of the galvanometer must be less than 100 Q.

ii) Sensitivity of the galvanometer must be higher than 0.1 mm/uA.

We can construct a high sensitive distortionless seismograph within 100 mm ampli-
tude range on seismogram by using such galvanometer for the amplifier recorder.
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We have used Y.E.W. D type oscillograph and Safiei 30c/s oscillograph -for the
recorder, because they are suitable and convenient for the amplifier.

Fig. 4. shows the characteristic of the transducer used for the several observations
to examine the amplifier utility.

Fig. 5. shows the appearance of the amplifier and the transducer, and it clearly
illustrates the portability of the instrument. :

The characteristic of the amplifier is shown in Fig. 6., and Fig. 7. shows the
overall characteristics of the seismograph in high frequency way and medium frequency
way, when the seismograph was constructed with the preceding amplifier, transducer
and galvanometer.

It seems the highest sensitivity in medium frequency portable existing seismographs.

T. A. Santo utilized this seismograph in a observation of microseisms at a coast in
stormy weather, and succeeded to analyze the relations between microseisms and sea
wavess!.

Reproduction in Fig. 8. indicates the seismograms obtained on Oct. 21st 1959 at
Harbour Naarai, Chiba Pref., by Santo.

This result cleared the effect and uniformity of the seismographs sensitivity and
frequency characteristic for accurate observation of microseisms.

The amplifier has a meter in its cabinet to read frequency and amplitude of seismic
signals from the transducer, and we can detect weak movement of the earth without
any special recorder. The meter of 50 xA DC full scale can indicate a signal with
sensitivity of about 4 divisions/10-6cm in 1~10c/s, when the seismograph is used in
high frequency way.

We succeeded to search for a suitable place to do a temporary observation for
distant timed blast by using this back-ground noise meter.

We had formerly used vacuum tube amplifiers? for such explosion seismic obser-
vations, and we were restricted ourselves by the commercial AC source both in the
location of the observatory and in the upper limit of sensitivity owing to the circuit
noise coming from the AC source.

We had also had to carry too heavy instruments for temporary observation. But,
now we can observe equally well by small size instruments without any restriction
from commercial AC source by using this amplifier.

Fig. 9. shows the seismogram obtained at a station of 290 km distance off from a
shot point at Miboro on Nov. 20th 1959 (5th Miboro explosion) by the amplifier.

It cleared that this amplifier is superior to other vacuum tube amplifiers in sensi-
tivity of seismograph constructed with them. :

On the other hand, the frequency band of the amplifier sensitivity is so wide that
microseisms and seismic waves can be recorded similarly in a seismogram. It is
unnecessary and rather troublesome for explosion seismological study to record two kind
of waves, but we can remove disturbance due to microseisms from such seismogram by
changing capacitors C; Cy from 200 uF to 50 uF in order to cut-off low frequency waves.

Thus, we conclude that the utilization of transistor to increase portability and to
minimize internal noise of seismograph amplifiers was clarified by the amplifier, and the
technique of seismological observation will become higher and higher by introducing
transistors in future.

The author intends to develop various aspects of electronic seismometry® using
transistors for the wider field of seismology.



