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33. Transistor Pre-amplifier for a Seismograph.

By Hideteru MATUMOTO,

Earthquake Research Institute.

In order to construct a high sensitive electronic seismograph, the author designed
a transistor pre-amplifier.

At present, we have only low sensitive seismographs, source power for which is
supplied exclusively by commercial A.C. mains, owing to the restriction of practical
operating conditions in observations.

There are two kinds of troubles in the multi-stage high gain E.L.F amplifier
which is supplied with eliminated D.C. source. One of the troubles comes from high




HAEEEAL b 5 v 2 2 2 — T AR 529

level noise which is generated in a head vacuum tube or included primarily in the
source, and the quality of amplifier is limited by it. The other trouble is poor stabil-
ity of the eliminated D. C. source itself, and the quality of amplifier is also limited by
the disturbances coming from motorboating or other fluctuation in the source.

Of course, these defects can be removed by making use of D.C. source from a sec-
ondary battery, using it in a condition of lower voltage than usual, but this will be
only possible in well-equipped stations.

In higher frequencies we can easily get a higher gain amplifier with high stability,
. putting a transformer between transducer and amplifier in order to step up voltage or

current and to take matching between transducer and amplifier. But we can not design
such a transformer that can serve satisfactorily in our frequency band, 1~30 Hz.

Thus the author decided to adopt transistor pre-amplifier which can serve in satis-
factory condition without any restrict of main amplifier or its eliminated D. C. source,
and shows excellent characteristics in noise, frequency, gain and temperature effect,
with a low consumption of small dry cell D.C. source. Total consumption of source is
6V, 200 xA, and in this condition life of dry cell (4 units of UM-3A 1.5V) is about
6 months.

Circuit noise of the pre-amplifier is less than 10V, which is equivalent to the
input voltage less than 0.1 .V, and consequently, the limit of amplifier sensitivity due
to the generated noise is 10 mm/uV, which cannot be obtained easily by vacuum tube
amplifier.

In general, the characteristics of transistor are deviated by temperature fluctuation
but the author succeeded to stabilize temperature characteristic in gain by a choice of
circuit construction. Deviation of gain is restricted within 4+ 2db in 0 ~40°C tempera-
ture range.

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

In order to decrease noise generation and to increase input impedance, all resistan-
ces were chosen as large as possible, and the current flowing in each part of the cir-
cuit is limited in the smallest condition for the transistor 2T-65 (Sony).

Fig. 2 and Fig. 3 show the characteristics of gain-frequency and input impedance-
frequency. They are not sufficient for our purpose, but we can only get satisfactory
stability, high gain and low noise in sacrificing their characteristics. Fig. 4, 5 and 6
are frequency characteristics of the transducer and amplifier outputs. Fig. 5 shows an
. effect of the input impedance, but in case of using other low sensitive transducer,

this effect does not appear so clearly.

In our observations we put transducers a good distance off from the main.amplifiers
to keep out of the artificial ground motions or to set up a small tripartite station, and
consequently, we had to stretch several hundred meters of wire between the transducer
and the main-amplifier, which circumstance, hereto-fore, often gave us much trouble
by disturbances of A.C. influence induced from the wire and transducer itself. But
now the disturbances of A.C. influence was decreased by push-pull phase composition
in the circuit and suppression by the high level output resulting from amplification of
weak signals by the pre.amplifier, and thus we have not to care about in the operation
of wire stretch.

Moreover, the delicacy in practical operation of a high gain amplifier owing to the
complex adjustment required was removed by using this pre-amplifier to make up defi-
cit gain for higher sensitivity which had to be lowered to increase stability of main-
amplifier and its power source.

Fig. 7 shows the appearance of the pre-amplifier and the transducer, the character-
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istics of which are shown on the preceding page.

Reproductions in Fig. 8 indicate the seismograms obtained by the two kinds of
seismographs. One is recorded by H.E.S. short period, and the other is obtained by
an electronic seismograph which consists of the transducer, the pre-amplifier and a
main-amplifier with lowered sensitivity of 2 mm/mV.

Thus we conclude that, by introducing the pre-amplifier, the stability and sensitivity
for minor shock observations would become higher than those which have been so far
attained by ordinary electronic seismographs.
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