Seismographs and Seismograms

Yoshio Okamoto

yossi.okamoto@gmail.com
http://www.yossi-okamoto.net/
2025-07-25 at Hirakawa Labo.



mailto:yossi.okamoto@gmail.com
http://www.yossi-okamoto.net/

Who am | ?
c40FIRLICHIEY BRTCHFEHLUHEE (SITERE)

c CORBRKRFET Y I—, KETHELETD
HEHBFEYDITHECEAOE RS |CHER

s HEREHFOMEF Y1 NiTH

- S AR (L EE, SDERBLE, SAEE 1Y)
* Linux_E®DPrograming & HE%E8H 3

« 20125 &Y, HEAEBIRBSVIEREE CARFETHEMRE K E |, EPTEHE
b e SEE S

« 20175 &Y, E~KD25AM, 91D Y A1 TV AER (KVIS) DE3EDHhF %
YEEECHY (2019F LY3SERICOVID-19THY 1 DLEITH KR HA)

« 2022FE D HLTICH1 DY 1TV A/ER (PCSHS Mukdahan#, Loeif72 &)
(Dvisiting teacher (FERA) CREICES.




/home/seagull/Desktop/2025_Seis/OKU_2025/2025/07/17.txt M 7.3 h=20.1km 2025 Sand Point, Alaska Earthquake




/home/seagull/Desktop/2025_Seis/OKU_2025/2025/07/20.txt i







SR i n
- " S - — et o - -
ey Y T e e o v L e st e L e U i, s A s A A e s S, AR e :
; 5 Ao B e Ty e e e S iy O
B s o S e e el e e S et 2 HEE R £ = = e g w‘*‘ .
N mz.w:........, s
e o P e e e e e o X el s -
e T R o e e et e e
e e S e L e = T e e R e e B e ey S s T iy
e e a3 e s Mg e e e et e g e
St e ey

e = -
T e e e e e
L B e e s s s
S
I
R L ) RSN Y - . o
[ e Al S fer > [ T J ] J ) o i A ", 00 Ve Rl -
h: > 4 A 4 i R
. X o : 7 i ¢ = ; i s
¢ ] ; s 2 A A 2 { } . 7 G NG / A i :
o ; i ¢ ¥ N ’ v
LRI . e ¥ ¥ e e 0 % S 7 : : : ; 3
~Ry o {; ; o o 5 o ! S > DR B 2
- o y A Yy 4 N R )
: - ., i 2 T & \ % ) & 7 Ao e o
A ; 2 ]
: v - 4\' T - TRy T Tl T
) 7 R Ty ¥y AT ] | I : A o 4 ; bkl Y i v & v i
: ) ;. 2 1 ! \ Wi 0 i o { Y
¥ ' i . ! i 7 i i th
! \ / T t ey ! A . AR ? % ; AR % . 5
f I 7 ! o f ; T R ) "y i A ¢ N DU 5 .‘ e G ¢ e !
e T oot : . - & : et 5 AT i - ; A S
\ ] A A y | s ] ) Wil A 0 - o : W L v (e Vi
5y Exy VAot J f ! bV ' 7 } : RO | e, 3 s : , : : 4
N A G ; X A ; Y ANFIAL MAAA Ay X ; 2
A 1 okt 5 1% d A AN X A ! ol ; { o { YTy h
y I ! i LALH Y ) P y
v A 2 S 3 3 Do ; v # i, & 4 o A AL N
f Y 3 5 A 7 x / ; : : : 2 ;
Xy & fa o I} = fr Y /
iy, Tioedon SR ) f
’ h] o Il Vi
A 0 i
] ; ; -
A
] X i
i L L} A ) v A
| T m T || [ 1|m ]




Fun 320 bor el i 2028 Nt 2. ot 22

"

g

i
e

Vv
I

Z
s

w«w#_r-w K

&

SR T T

*

=

e

PR e Al
==

S o

Yl
[
o

e
iy
i le

: ‘w.q,r...w il

“ ww-w wﬂ‘,wwn w&mwin.ﬂm
L M@mmmwmw,
oA

1] y s
L e i
R .ww =l e .Wr
B L e
: g ? i fi il . »...'.nwm.-,i.ﬂ.w.mwmm 2
4 i /!._.a..rmw.. el vl kmw.r”.. v‘- wM ...
W .ﬁ.ww_m.f,.ﬁ e
b el e m"w.wwu&mzﬁ
] w:.xmawl mh e il e
il ﬁ ,ﬂw. MW.M f
el M s gl
mﬁ&% e
L e
Al | S ]
L L
3 AR AR e
: i xﬁfhmm,ﬁm%w
, 5 K mw‘ f.. .u.m.vu‘.,.r. ,
&Mwww ey memmmmm hmu 0
Al EX A SRR g
o %& | Wm L
m - i w mw,..mf ,.v MM M,w,m.m...ﬂm mw@mwmm%w %
| L e
| ALl e
w o % '*Me unwmﬂ,wx..g .:.WM.M%M‘M%,
I £ ww. W .»‘M.‘u)?w«..vm i nﬂ.
i s ek Sy WEW. ;
n i | WM | mﬁwwuw L
@ w .
M m el
|

AT

25

5

A

S
. R

e AT

e

o

i
s

R s
e ],
R

¢ oG 1
nmﬂvu w.wﬂuv,wk.f»
e m - NM 83 ;
mw.w Ea i m.ww%....«wM
; i

<

o

e e
s.mwww,,m"ﬁmw%m%m
gt
Rl
L

e
R v
S

%

Pt

‘Y‘

BT
Lo

vy

v

s

oA
it e §, &9
RIS
R A P e A A T A
ww' o .:
U o
e T b y
el
AT
S

Mo
PO,

I N o s V)
%

A

e,

)
Lo

ST

i

iy
e
‘-v

)
A5

FgS

b i
ST
ThE it

.w« w.mmmmuﬁw rm‘.mm M.MMMM

S5

Y,
=~ T
3
s

W TS e e
o

ARl .

A ,NJM”
.wmwmmni.
hi

s

e
Ay AT
SN v

Py e

5
ety
LR

L

=
G
W,
A CRTNT

e 5
G
e
ww. - | ut

Ty
Fidi

S

S

A RN
i

ey

=

s

o)
";

Vot

i
i

o

ATty Uy by A

TH
[
Zea

A

]

e
&

CRRRE ]
=
n

rigat:

Wwww.ﬁ
s e \...\;“, oty

=

A oo

Sl

i

by
sl

SES 0
SEcale i b,
eI
L

u:t.s
Vo

e o e o e e e A X,
A e AN ALY
et
AR %
L
oo ‘

KAy
L
TUAs
X

SRR e M&o
S
it 2 m‘mmwa«\\% s

3 & Amw.w. 7

i
RIATE 7]

£
8

i

P
=
o K
LB
A

T TR

VA

ey

i

S AR

L e e T s Tt
T
) g . Y A e D oA e o ; .
SR LA iy
e e SN
B ey e Ay A
e
i AT vk
I A
LR S Ll o 3
. S
U R N e AT T T

S,

4

m
|

i
=




OKU.3en 328y e/ gl Dositop 2025 i OKU.2025/2025/02/25

I oo Y LT o e e e A o AN ac ot W S0 o O e8 0 ) S S ol et e s Y o G P e s R oS SO o U N o0 A SV e st o e AL Y SV o9 b e L O e S e ot
G P S S oy LA KRR R R A e RS A A S A MWWWWWWMWWWW A e
T e e e FONR I S o s Soee s s e s e L L RS
P R = e e = 2 R AR s S N e s OB
A G I S NN N e o
e e S v esieied e R e P o s R ey S e O XA R R
BRI ST N SR A ALY PN A VN Sy iy SN DA PSS b, vy X X o s
S ST A A S AT AV P g Sk A A e T A G e S ol AR RIS SARORR
menw‘v‘-'m 5 e e oo oA Ay A S
= S e Y ey e AN Sy 08, . Ao s R SRR s AT e AT e R v SN
jeseas e e R T e S e e % e e
) A A i i o A YA e Ak T PPN AT Ay N e L% X I NN A AR ARAP AR,
SLCI nma‘w«m«»wwmwnw nT TR R R A AR R M N A oA T o .
B S A e oy R = = ST = <2 s
Ay 0 B
= S = . - -
AT e
DA A S i
3 | ' )
S 5 B = = = S 2RO SRR e = b 4 s 2 o S
s A
- = = - -
x A R A R o A e I R, A e S A RIS L e e S S o b v DAL PPN 3 L ] "
TR 22 A S e s At bk SRR
o2 I o oy A N S O s = TS =
E - Gk = s = = = e =
; = :

T i 1l I [ ! |
Emwm;;m“’ww AR e ) e o I T . ol SRR T 7
B A A e A A s L R SR A OO R T e S S A AN S SesY S A A e e N R M S A O sy
£ = GRS N e sanss N o e e oS PN T T aw v S SRR

B A A T I 6 108, A e AR AR A ST e R S G A St Sl O U e T o R oS e ARt e e e e Nt e ST e R S A A S e o e e e oo Siessh RIS P %

B Vo T ey XL AR IR A NS 2 MQ‘MWWW" X~ DaAs
P 4 RETEET R e AN S e e shey A e A e 2%, o SoTs T A A A AN ST R R R A e G AN S SN )
p S e e AR SN T S KA RIS oo o o Sy o
P S s TR ORGSO e K LI R R Y A X - S S A St s GRRAET PR

e e A e A A DAY AN LA Y AOONX Pl A D
o RIS s 2 = G ARSI e e s o G R
N S X < A R AN N oY SOROY 2% =
P 2 AN SN RIS AR A A i/ IS Sy P A RA=X o NN e =, ARSI AL x A '
AR PILZFAZTES e NS e ARRARAR AR X J s A . 2 O AL
. = o Sl = = = «
o A AT o SO VAR RS % EAARAN SR - % X G -
= 3 IR = B - o
i C] I S % e G 34 v RS 5 o
= N A A 3 O A Ay Xt
0 A - ( ") -
Tl J I M ) L] ) ] ! | \
A ) ] ) )
4
! % % el s
N v =~ ~ JoXE
= L = = SR AR 5 S A A= o e Ao
AR & Z . it
ave 7 A o A AN
1T I”
n o by Tl
ISYENS = CO
« % s = T
A Y
Mot AL
7 o 5 & SRty
R Watet % AR % e ,
XS
N A - CAKIAL
AN AT A
sy / = R
s o SUAS 2 o LA 3 - - v [
5 % 3 S o
4 2y ™ " oo Y .
5 . & % =
T i ) s/ i v ¢ ]
N NN \ | I | / I \ LA T/ | T I f
l ) AN AR N INGN \ | \ \i7 \\ X | 9 ) | AL f | LN Jasiaa /
% Al x A Y I A & =
w A o & e 7 7t L . y % A
% o b R % 2 TR A oy o S e o X > I 2 O Y
SR A A 5 RS b c AR X > ! Rk v % =X 3 S oK R
ge A7 5 AR (R Y AN {



/home/seagull/Desktop/2024_Seis/2023_Seis/Sayama/Sayama_2020/06/24.txt

.

P-Diff

M 7.4 h20km SE of Santa Maria Xadani, Mexico 12201km 109.7deg .
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The concept of magnitude was introduced by Richter (1935) measured with
the standard Wood-Anderson torsion seismometer (M)

Wood - Anderson
operating in TS since 1971
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Principle of:Seismometer

* Fixed mass in shaking Shaking in Latin

* Relative movements under ground shakings

* Pendulum (Vertical / Horizontal)

* Sensor + Amplifier

* >Mechanical (lever)
—Electro-magnetic
—Capacitance

* Recording system

—Historical: straw and soot

Photo paper/Galvanomete

—Modern: Computer based
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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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2017

“Welcome » ks seismographstation
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Eos,Vol. 82, No. 47, November 20, 2001 8o

Seismic Record at Palisades, NY, 34 km North of the World Trade Center Disaster . [
= 1000 | - an
 08:46:26 First impact ML=0.9 | 09:02:54 ML=0.7 = r 1 =0
12:40 UTC . =00
Yl ! = 4 N Eos, Vol. 82, No. 4, January 23, 2001
qwr'ﬂvluluthl”iJ""l Second impact sl StOLF 1
4 = 1 Fimpact 1 L Table 1. Preliminary locations of main Kursk event on August 12, 2000.
13:10 ST —— =  Source Latitude,°N  Longitude,°E Origin Time m, M,
S 1000 | ~ . : i
== dno k| University of Helsinki 69.67 L3753 - 3.0
09:59:04 First collapse ML=2.1 = r b | University of Bergen 69.58 3803 38 3.3
13:40 SR 1 NORSAR 69.67 3795 35 -
"'ﬂw nmis v 2 ' Fimpact 2 L BDG S pose 37.92 54 1%
10:28:31 =
a 1o ' 45 2o ‘25 50 3ss ® 1000 f
14:10 e A AT & E’
L; Second collapse ML=2.3 L 1
Jd L
14:40 + e FCollapset 60°
l 11:01:07 Further collapse o
£ v o e coloss & Pe0ty 1
15:10 = B ook E
r 11:29:46 EDT, Further collapse & ok -
=
1
0 min 10 min 20 min omn 2 e [Collapse2 Fig. 1. Locations of regional distance seismic stations which recorded the Kursk events. The sta-
Record start time: 09/11/2001 08:40 EDT, 12:40 UTC o 1 10 Hons are a,combinalion of short period arays, vertical shortperiod instuments, thise component
East-West component of motion at PAL, filtered 0.6 - 5 Hz Frequency (Hz) tions and error ellipses for the precursory event (E1) and the main event (E2).The actual
position (GT) of the downed sub is indicated by the star.
Fig. 1. Seismnic recordings on E-W component at Palisades for events at World Trade Center 200
(WTC) on September 11, distance 34 km. Three hours of continuous data shown starting at
08:40 EDT (12:40 UTC). Data were sampled at 40 times/s and passband filtered from 0.6 to 5 300
Hz. Tivo largest signals were generated by collapses of towers 1 and 2. Eastern Daylight Time
(EDT) is UTC minus 4 hours. Expanded views of first impact and first collapse shown in red. 400
Displacement amplitude spectra in nm-s from main impacts and collapses shown at right.
Sampling is done for 14-second time windows starting about 17 s after origin time. Note broad-
band nature of spectra for collapses 1 and 2. Their signals are similar with a correlation 500
coefficient of about 0.9 as are those for fwo impacts.
41.4°N — 600
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=
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2  g00
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NUR KBS
" w e L 2
- i T =
1300 . - »
0 100 200 300 400
Travel Time (s}
40.5°N - . . . .
74.5°W 74°W 73.5°W 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
Fig. 2. Sei: stations and for greater New York City area. Solid triangles indi- although their ratio, and the ratio of compressional to shear energy in general, has large variability.
cate stations that recorded events at WTC (solid red circle); black circle, epicenter of earthquake 7779 l‘rlSet Shows fhe re[ative SiZe Of Hoo Kursk events from an e[emen[ Of [he ARCES array

of January 17, 2001. N.B. denotes Newark Basin; H.H., Hudson Highlands; M.FP, Manhattan Prong.



WWSSN stations

v World-Wide Standardized Saismograph Network

h’ttps://link.springer. com/rwe/10.1007/978-90-481-8702-
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A simple bifilar suspension is
used for the horizontal pendulum.

An aluminum plate covering
coil is used as a “dumper”

cAr-magnetic circuit msz
two L shaped steel plz

fissing line(0.5mm) with two columnar
neodymium magnets f

a U-shaped bipolar ma
as a whole, also beco

pendulum’s weight.
& Coil

‘| bolting
Swing | L-shaped angle

32x60x4mm

Neodym-magnet _
(®22mm, /=10mm) Swing
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Hardware: Solder less

Bread board

UsSB
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Software:

seism_demo | Arduino 1.0.5

Arduing

IDE + Processing

0 seism_demo | Processing 3.0

FFAI BE RrvF Y-l ~NLT

Seism_demo

/¢ =eism_demo
const int accel pin(]l=1{0, 1,2 1;
int accel vall1=1{0,0,0%

void setup() {
Serial.besin( 9600 J;
1

void loop() {
bvte buffer[2];

A4 A0 corvert for 1-ch
for Cint 1 =05 0 <15 i+ ) {
accel_vallil = aralogRzad( accel pinlil J; /7 read pinli]

!

/¢ Data transfer: if processing send one byte character * to Arduino

it ( Serial.avallable() > 0 ) [

for Cint i =05 0 <15 iv+ ) {
buffer0] = bytel accel valli] J;
buffer[1] = bvte( accel_vallil >> & J;

Serial.writel buffer, 2 );
1

Serial.read(); // take off * character

Arduino Uno on Cl

m

JFEAI. BE A4owF Debug W—Il AT

seism_demo

12 datastr;
ng datetimestr;
tring format;

void setup() {
size{1000,720);
strokeWeight( 1 );
background{ @ };
port = new Serial(t
frameRate (100} ;
stroke(255);

'/ smooth();

Serial.

void draw() {

{/ dnitialize

it (sflg==0){
delay(1080);
port.write( '+' });
background({@);
=0
T=8;
sflg=1;
port.write{ '+' };

f file dnit.
if (x == 0){
Hatetimestr =
output =
text( datetimestr,10,35);
port.write( '+' )3

1

{ time mark

s = second()};

B console A\ Erors

'/ display size
width
car display
Tist()[1], 96@8);

!/ set up port fo

r the first seri

year()+"/"+nf(month(),2)+"/"+nf(day(),2)+"/Time="+nf(hour(},2) + "_" -
createWriter(datetimestr+".dat");




Make Your Own Seismograph!

* The recording system

: PC, Raspberry Pi, M5Stack,
etc.

* So, If you prepare your own made
pendulum + sensor, you can make your
owhn seismograph system.

* Let us show you an example made by
our student.
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My New Seismograph

* Horizontal: Pascwitz type (Swing-gate
pendulum)

Al \
) \
\ \




Natural period

* Long-period pendulum .

* Longer period -> Gain \
more oversea earthquakes i

Period [sec]

Spri Pulling Cross .
_gfg force spring\\
Mass j__

sSpring x



Structure of Electromagnetic sensor

induced voltage doubled!
Copper plate
for Damping
moving
direction




Earthquake: cause and result

e
. 3

Ground Gfound motion

_ -~ Seismic intensity
Fault
s

Focus or Hypo-center

Earthquakel
Richter scale (Magnitude)

-
f’

and S waves
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