A Handmade Saismograph System and its Sesmograms

-Make Your Own Seismogr aph!-

Yoshio Okamoto (Osaka Prefectural Education Center, Japan)

1. Preface
The sasmogragph isafundamentd indrument
in geosdence. However, the sssmomees tha
can record naturd earthquakes are developed very
few (eg. Waker, 1979) for the usein school as a
teaching todl. Thisis quite different from the other
fidd of science such asastronomy or meteorology,
where insruments for school use are common. In
this regards, dnce the firgd prototype of our
sagmograph system in 1989, we have devel oped
and improved the system for easy operation and
more precise sasmic obsarvation & schoal or
home (Okamato, 1991). Now, our sysem can
detect locd earthquakes of M>2 within 50km and
fordgn eathquekes of M>7 dsawhere (M:
magnitude). In this paper, we describe the ddtalls
of our sdsmograph sysem, example of
sagmograms, and summary of our new smplified
sensor which iseasy to make a low-cos.

2. Sdsmometer and rdlated devices
Our system condgts of three parts (Fig.1):

1) Sasmometer (sensor), i) Amplifier + A/D
converter + 1/O interface drcuit, and iii) Persond
computer (data logger). A Software for auto
logging isdso required. Three sssmometerswere
made, one is a veticd type, and others ae
horizontd type.
<Sagsmometer (Fig.2)>

[Electro-magnetic sensor + pendulum] Sted
body and pendulum with brass mass is used for
both vertica and horizontal sssmometers. But the
pendulum design is quite different between two
types. The vertica pendulum is desgned for the
modified “Ewing type’ usng a ged coil spring,
which has 3s=c free period, on the other hand the
horizontal type is designed for the “Paschwitz
type’ which has 5sec free period. Both types

employ a magnet removed from a goeeker and a
wounded coil on a acrylic pipe as a dedro-
magnetic sensor. To avoid friction, a thin bronze
sheet isused instead of apivat of the pendulum.
<Builtin amplifier>

Two types of 1C based amplifier are d o built
in the sasmometer. Oneis abroad band amplifier
for locd earthquakes, and the other is a low-pass
amplifier having cut off of 20 sec for the detection
of foregn earthquakes (efter Danid, 1979).

3. PC basad autologging sysem
Automatic logging (recording) systemis
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Fg.1 Block diagram of our system.

Fg.2 Three component sasmometers



desrable for the daily observation of earthquakes.
Many logging systems are consdered up to now.
The old-fashioned sdsmometer employs a
anoked pape on a dock-driving drum.
Nowadays, the digitd computer changes the
recording system dramdicdly. So our sysem
employs the persond computer (PC) for both
control of A/D dircuit and auto logging.
<A/D converter>
16-ch 8hit A/D conveter ADCO817 is
employed (only 3-ch are now using).
<I/Ointerface>
Pardld inteface IC 8255 is employed. Both
A/D convete and 1/O interface are built in an
extensgond boad for NEC-PC with a
programmabletimer |C 8253.
<Software>
The driving software is written in BASIC
language for the NEC-PC (Jgpanese domedtic PC).
Themainfunctionisasfallows,
1) 1-ch9gnd display on CRT a red time.
i) Auto detection of eventswith arbitrary
trigger levd.
iii) Auto save of the sgnd inthehard disk.
Because the saved daa ae not only of
earthquakes but dso of traffic noises etc., the

sdection of natura earthquake data is need. This
processis auitable for the routine work in schoal.
Hg.3 showsan example of sgnd on CRT.
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Fg.3 An aftershock of 1995 Kobe earthquake
digplayed on CRT (timemark intervd is1[se] ,
traffic noisesare seen & later)

4. Sasmogramsof local earthquakes
Sncethefirg trid in 1989, more than 5000
earthquakes are recorded with previous sysem a
our house in Hashimoto dty, Weakayama
prefecture (Westen  Jgpan). Especidly,
aftershocks of the 1995 K obe earthquake has been
recorded throughout day and night, because the
digance between our obsarvatiion Ste and the
focus region is only about 60km. FHg.4 shows
someexamplesof locd earthquake sasmograms.
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Fg .4 Sasmogramsof locd earthquakes. (P and S phases are clearly seen.)
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Fig5 ééishogka%sof fdegn earthquakes (Upper: Eqypt MW7.0  Lower: ChileMw7.5).

5. Sagmogramsof foregn earthquakes
Detected waves from foreign earthquake
have longer period, especidly in the surface wave.
In order to record these waves, the low-pass
amplifier is employed. These sasmograms ae
shown in Hg.5. Many phases relate to the earth's

inner sructure are dlearly seen.

6. “Film case sasmometer” (Make your own
saismometer!)

Our seismogrgph system has high potentid for
seigmic observation though it is fully handmade.
However, production of these system requires
precdise <kill through the making process
concerned with meta devices, dectronics and PC
software. In this regard, now we propose a new
easy making sensor worked as a sasmometer and
a new recording dreuit, usng only three IC,
which is connectable through the PC's pardld
port (Ito, 1991 and Okamoto, 1997) .
<*Filmcasg’ sensor (Fig.6) >

The veticd pendulum condsts of serid
connected rubber bands and a dnico bar magnet.
The hanging bar magnet is placed in afilm case
wounding urethane coated coil as a sensor. To
damp the fluctuation of bar magnet, sdad ail is
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Fg6. HIm case sensor

hdf filled in thefilm case,
<Signal processing unit (Fig.7) >

OPR07 and TLO72 amplify theinput Sgnd asa
integrator. MB4052 isasarid 8-bit A/D converter.
Digitized sgnds are led into the PC through a



pardld port (printer port).
< Softwarefor sgnal display and auto logging >
The softwarewhich drivesthissasmometer is
introduced with some modification of the
previous system.
<Improved sensor (Fig.8)>
A modified sensor using asamplebattleand a
copper pipe damper ingeed of afilm case and all
is devdoped for more precise measurement.
Comparison of sasmograms of this sensor and
that of film case sensor isshownin Fg.9.
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F 9.9 Saismograms recorded by film case sensor and improved sensor.
(Upper two records. film casesensor  Lower two records: sample bottle sensor)



