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“Off course these system are too old
fashioned!
However old. system is completely.
visible and comprehensive! A
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My Film case Seismometer 1997

Pendulum *Rubber band + magnet
*Sensor *Magnet + coil
Damper « Aluminum pipe
Amplifier «OP amp. circuit

*Recording unit «Arduino + PC
eSoftware  Arduino IDE + Processing



MASS MASS

..\ __—RECORDING PEN

RECORDING DRUM

THREADED AXLE -
HORIZONTAL

VERTICAL

Figure 2—The horizontal seismograph (above left moves only in the
horizontal plane. Vertical seismographs ((Figure 1 and above right)
use a “soft” link between the earth-anchored instrument and the
suspended mass. In this design, the mass hangs from a spring,
which absorbs some of the motion and causes the mass to lag

behind actual motion. (From USGS.gov.)
http://www.iris.edu/hq/files/programs/education_and_outreach/aotm/8/Seismograph_Background.pdf



A simple bifilar suspension
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My New Seismograph

o Horizontal: Pascwitz type (Swing-gate pendulum)




Natural period

o Long-period pendulum

« Longer period -> Gain

more oversea earthquakes
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Structure of Electromagnetic sensor

induced voltage doubled!

Copper plate
for Damping
moving
direction
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Left : Kahgku_VVeb
Right : Osaka-Kafiku observz
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Epicenter and Magnitude (Righter scale) (courtesy by Ms.Sayoko Furuta, JMA) 30th Sep.2017
Yoshio Okamoto (visiting teacher of KVIS) vossi.okamoto@gmail.com

Purpose: Learn how to locate the epicenter and calculate magnitude!

Read arrival times of P- and S-waves and maximum amplitudes from the seismograms recorded by the JMA-59 type
seismographs, and determine the epicenter and earthquake magnitude (Richter scale) from these values.

<Ref.1>. The JMA-59 type seismograph: standard seismograph for routine observations conducted by the Japanese
Meteorological Agency (JMA) from the 1960s to 1990s using an analog recording system (see right figure).

Preparation: Ruler, Compass

Overview of seismograms:

Fig.1, 2 and 3 are displacement seismograms of an earthquake that occurred on June 28, 1994 in the Kinki district Japan.
The seismograms were recorded by pen recorders of seismographs installed in Hikone, Osaka and Toyo-oka observatories,
respectively.

Each seismograph recorded three components (NS, EW and UD) of a ground —
motion: NS indicates north-south, EW indicates east-west and UD indicates up- : =
down. > »..",ﬁlf‘.ﬁy‘.{?;
Seismograms were recorded from left to right in chronological order. And also continues to next line.

The right figure marls are stamped every minute. The time mark span is 60 mm and then 1 mm of the record corresponds to
1 second. Also the amplification of seismograms is just 100 times. So the Imm amplitude on a seismogram corresponds to

0.01lmm ground motion.

Procedure:

Step 1.
Read arrival times of P- and S-waves by 0.1 second in Fig.1, 2 and 3 and write them down in Table 1.
It will be easier to work using a ruler. The time with a mark (O) is for reference.
Pick P-wave arrival in the vertical (UD) component and pick S-wave in the horizontal (NS and EW) components.
The arrival time of the S-wave should be read the earlier pick between the two components.

Step 2.
Read maximum amplitudes of horizontal (NS and EW) components by 0.1 mm and write them down in Table 1.

Step 3.
Calculate each duration of preliminary trends of the earthquake (S-P time): 7 sec. and calculate each hypo-central
distance: Dkm in Table 1. Round them off to a decimal place and write them down in Table 1. The Omori coefficient k& is
fixed to 8.75 here.

Step 4.
Obtain each amplitude of three seismograms: A mm from the maximum half-amplitudes of the two components (NS and
EW) in order to determine magnitude: M. To be simple, obtain this value by drawing a figure: halve the maximum
amplitudes read in Step 2 and draw a right triangle whose sides adjacent to the right angle are of lengths of the maximum
half-amplitudes (see Fig.4).
Read the value of 4 using a ruler, and write them down to a decimal place in Table 1.

<Ref.2>
The formula to calculate A/in this exercise is A=1og(4) + 1.73*log(Z) - 0.83; this is used by JMA for earthquakes shallower
than 61 km (Tsuboi, 1954).

The term A is the maximum horizontal amplitude obtained from the two components (NS and EW).

Step 5.
Draw three circles from each observation station at its center and with a radius of the hypo-central distance D and find
the location of the epicenter, as shown in Fig.5.

<Ref.3>

Three or more common chords that link the points of intersection of the circles with a radius of the hypo-central distances
always intersect at a point. This is the epicenter.

Step 6.
Fig.6 is a nomogram, which shows the logarithmic scale of amplitude A on the left, the logarithmic scale of hypocentral
distance Don the right, and the scale of magnitude M between them. A value of Mat an intersection of the scale of M and
a line connecting points of A and D becomes a magnitude of an earthquake with the amplitude A at a location with the
hypo-central distance .
Draw a line for the earthquake and read the magnitude for each observation station. Write the values in Table 1.

Let’s consider the following discussions.

1) Compare the location of the epicenter determined in this exercise and the epicenter determined by JMA.

2) Let the value of the magnitude of the earthquake in this exercise be the average of the three magnitudes in Table 1.
Write the value in the right ( ) and compare with the value determined by JMA ( ).

3) Use the nomogram and see how the magnitude changes with 10 times of Dwhile keeping A.
Also, see how it changes with 1/10 of A keeping D fixed.

http/iwww.wikiwand.com/ja/
59type horizontal Seismographs in my house

Table 1 : Values to obtain in this exercise

HIKONE | OSAKA [ToYo-OKA

A arrival time of P-wave

A arrival time of S-wave

S-Ptime : T

A hypocentral distance:D =k xT'(k=8.7)

Maximum amplitude (NS)

Maximum amplitude (EW)

Maximum half-amplitude (NS)

Maximum half-amplitude (EW)

Amplitude | 4

Magnitude




HIKONE (Shiga pref.)

TOYO-OKA (Hyogo Pref.)

q MJ‘*&L_{H@‘ ]i‘l‘.‘ﬂL\r A IWAAMIAAPAA AN 3 N
— |
— s
_,_ = .
l l“l”r AJ sl _’J_J‘P:‘ﬂ M AarlvAAAn w
— — — _— = - — ——— U 'y ——

- = "
= E—
——
: : BI - et P 3
] = o
. S—
¢ ~ \ w
= S T l T ‘ 3 ; S B |
= D o e
ISh== e =
N S———
L~ — M—-—;—J‘
= n
|- } -
|- I o= 8 n
—n = ~i--——1 > e oo 8 = 5 n T
2 ec— == +- A4 Nﬁwnm Wl nimpl_\ﬂ W
i g -
|
|-
-y
5=
- . i s 7
- 1*"‘1 SR R R B R L
-, SN N ‘ne n
D)




HIKONE (Shiga pref;)

1mm=1sec TOYO-OKA (Hyogo Pref.)
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Magnitude

- Amplitude C.F.Richter
» Distance

M ~log A + log D
 Richter Scale (original definition)
= \\QOd ANnderson Seismometer

Torsion Pendulum
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How to use
Nomogram
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Application o
Nomogram
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logarithmic scaling

Multiple or divide
=add or subtract

aype]

oll

a0

20

Amp. ||

a0

101

300

M =log{A) + 1.73 % log(D) — 0.83
Mag.

=1

LYk

1200
1100
1000

Hoa

SO0

00

GO0

]

PS5 — timne| sec|
r—14h 0

140
130
120
110
100
an

sl




Earthquake: cause and result
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What is the Okazaki Quake?
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Awesome #1TheOneShow stat - Leicester fans
cheering Okazaki's goal caused earth tremor
measuring 0.5 on Richter scalel Go Foxesl
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UNIVERSITY OF
LEICESTER

University Home University A-Z M

News and Events
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Home / News and Events / News / 2016 Archive / March / Leicester shaking up the Premier League
Leicester shaking up the Premier League
Posted by apB07 at Mar 07, 2016 04:15 PN | Permalink

Geology students observing the Foxes' impact through equipment used to monitor earthquakes

Leicester City Football Club has been making a big impact on the Premier League this
season, and their success is sending shockwaves, quite literally, through the city of
Leicester.

Geology students have been monitoring large seismic signals detected by earthguake
monitoring equipment installed at Hazel Community Primary School near the King Power
Stadium. The students discovered that the equipment was actually measuring small

earthquakes produced by the sudden energy release by the elated Leicester fans when
their team scored a goal at home matches.

Working with Paul Denton, a seismologist working for the
British Geological Survey, the project, involving 20
students studying Geology and Geophysics at the
University of Leicester, started off as an outreach project.

The students installed earthguake monitoring equipment
at Hazel Community Primary School enabling them to
detect, record and calculate the magnitudes of seismic
signals coming from earthquakes around the world.

By measuring small earthquakes using this equipment,

The most powerful signal so far detected was produced during the LCFC the students are then able to calibrate the calculation for

Vs Norwich game when LCFC scored the only goal of the match at the

the Leicester-goal-quakes.
90th minute, winning them the game.
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Okazaki & Vardy quake!

Seismic recordings made at
Hazel Community Primary School,
500m from King Power stadium

Leicester vs Norwich
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Indonesia M6.3 1st September 2017 at KVIS
500

400 EW component has some proble, so no signals.

g 300 W NS component has large surface? waves.
— UD component has an emargent P and somewhat late S wave
(T 200
©
100
=g, N
—_— 0 i f 1. (AR |
S 0y 5 | N 150 200 250
o ®oo .
>
:l -200
©
cC.D-aoo U " - R
=" .400 o :
n D
-500
-600 .
Time [seC]
00 North Korea Nuclea Test signal at KVIS —VUubD
3rd September 2017 N-S
—EW
B
]
;2 Only P-wave
g
2 150
[
=
3
T 100
5
2
50
0
0 50 100 150 200 250 300

Time [sec]



Search Google Maps

INNER
M'OXNGOLIA




SEISMIC SIGNATURES

Figure 2. Seismograms of the Indian nuclear test (top) and a representative



Eos, Vol. 82, No. 47, November 20, 2001

Seismic Record at Palisades, NY, 34 km North of the World Trade Center Disaster
08:46:26 First impact ML=0.9 09:02:54 ML=0.7
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Fig. 1. Seismic recordings on E-W component at Palisades for events at World Trade Ci
(WTC) on September 11, distance 34 km. Three hours of continuous data shown stari
08:40 EDT (12:40 UTC). Data were sampled at 40 times/s and passband filtered fron
Hz.Tiwo largest signals were generated by collapses of towers 1 and 2. Eastern Daylig
(EDT) is UTC minus 4 hours. Expanded views of first impact and first collapse showr
Displacement amplitude spectra in nm-s from main impacts and collapses shown at i
Sampling is done for 14-second time windows starting about 17 s after origin time. Ni
band nature of spectra for collapses 1 and 2. Their signals are similar with a correlati
coefficient of about 0.9 as are those for two impacts.

745°'W

Na

short-period i
tions and error ellipses Ior the precursory event (E1) and the main event (E2). The actual
position (GT) of the downed sub is indicated by the star.

iy

74°'W

1000 Fig. 2 Seismograph stations and topography for greater New York City area. Solid triangles indi-
cate stations that recorded events at WTC (solid red circle); black circle, epicenter of earthquake
100 of January 17, 2001. N.B. denotes Newark Basin; H.H., Hudson Highlands; M.P, Manhattan Prong.

Fig. 1. Locations of regional distance seismic stations which recorded the Kursk events, The sta-
tions are a combination of shortperiod arrays, wmml 3hor11x'nod instruments, three component

Eos, Vol. 82, No. 4, January 23, 2001

Table 1. Preliminary locations of main Kursk event on August 12, 2000.
Source Latitude,°N Longitude,’E OriginTime  m, M,
University of Helsinki ~ 69.67 3753 07:30:41.9 g
University of Bergen 6958 3803 0730426 38 33
NORSAR 69.67 37.25 0730420 35 -
PIDC 69.58 3792 0730422 34 42
200 . : y : r
APA main event
73.5°W 300 i i
400 (KEV
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500 &
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£ goo | MSF 100 0 100 200 -
\é, 700 OuL ]
g 800 JOF |
K]
(a] 900 + SUF _
VA_i -
1100  pvrF I l I | ;
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Travel Time (s)

300 400

Fig. 2.Vertical component record section of the main Kursk event. Each trace has been highpass
filtered and normalized to a common scale. P, and L, phases are clearly visible at all distances
although their ratio, and the ratio of compressional to shear energy in general, has large variability.
The inset shows the relative size of two Kursk events from an element of the ARCES array.
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« Simplified rules -> complicated but use
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