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Connected rubber bands

Alnico bar magnet

Copper wire belt
// for pick up
a
soaked /

Half or more filled with oil

—> Amplifier
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Fig 6. Film case sensor




Sensor Coil

Integrating Arduino Uno

Op Amp. A/D conversion

Wave display & USB Port
Recording

Fig.1 System over view
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A simplebifilar suspensioms used
for the horizontal pendulum.

The aluminum plate covering coill
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Ceiling or Wall

A magnetic circuit made of
two L shaped steel plates
with two columnar
neodymium magnetforms
aU-shaped bipolar magnet
as a whole, also become a

pendulum's weight.
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Amplifier circuit (parts: 10USD)

1st amp. gain nd Zmp. gain
x200Te=6sec-6dB/oct)  x20~50

Integrating Head Amp. SW1 2nd. Amp + Level Shift Low Pass + Limitter(+5V)
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' . & , Integrating Amp. for 1ck
_® amen and A/D converter:
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The signal generated in the coil, which is
proportional to ground velocity, is at first
amplified and integrated with GBmp
circuit, then digitalized with Arduino(10 k
A/D micrachip, 30 USD), and finally guic
into a PC via a USB port.

const int accelpind={0,1,2 }

int accelvald=1{0,0,01; _
—— Arduino IDE" for

_.,_.,_:. ___________ P y Serialbesinl 6600 signal processing

T e S void loop() {
7 e w10 e € ‘ byte buffer(2];

e 3 // AD convert for 3—ch

' ' 7 .onmouv o v . :
\ -o-' [ ; for(inti=0;i<1;i++ )1{
s tONN % ,..uﬁ M D) R accel_valli] = analogRead( accel_pinli] ); // read pinli]
Y L

(~HMd) V1iT9I0 :

: // Data transfer: if processing send one byte character * to Arduino
if ( Serialavailable() > 0 ) {

for(inti=0;i<1;i++){

buffer[0] = yte( accelvalli] );

buffer(1] = byte( accel_valli] >> 8 );

Serialwrite( buffer, 2 );

Arduino '

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



Recording Program: 8 Ay 3 at NPOS&aaAy3aéy W ! o6l aSR
ThePC displays signals as wave lines at real time and can save the signals both as a scre

shot and/or a text data file for later analysis. The saved data are 10 minutes length each a
their sampling rate is adjusted
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import processing.serial.*;
Serial port;
Printiiriter output;

int i

int t

int tt
int ttt
int ch =
float x[]
float y[]
int hase[] = |{

float px[
float py[
int data
int data
int data
int data

int tn = 0;
int twax = 1000 * BO;
int sflz=0;

String datastr;
Strinz datet imestr;
String format;

void setup() {
size (1000,720];
strokefeight ( 1 J;
backeround( 0 )3
port = new Serial (this, Serial.list(J[0], 9600);
franeRate (100];

}
void drar() |

if (sflg==0){
delay (1000];
part.write( "x7 13
background (0);

t=0;

tt=0;

sfle=l;

port.write( "%’ ):

if (t ==10){

datetinestr = wear (J+"/“+nf (month (},2)+7/“+nf (day (},2)+"/Tine="+nf thour (J,2) + “:7 + nf(ninute(),2) + “:7

nf(second(),2)+7_iF8";

output = createlfriter(datetimestr+”.dat”);
text( datetimestr,10,35);
port.writel "#' );

s = second();

(s == ps)
tm = 03
else if (s % 10 == 0)
tm = 85
else
tm = 53

pe = &°

ch=0;

stroke (B0, 180, 255);

x[ch] = tt;

y[ch] = datalch] + haselch] + tit10 - tm;

PF ((t==0) || (tt == 01)
point (x[chl, y[chl):
el

se

line (pxlchl, pylchl, xlchl. ¥lchl);
px[ch] = x[ch]l;

py[ch] = ylchl;

format = String.format ("804d ¥04d %04d”, datal0],datall].datalZ]);
output .print In(farmat);

tto= b ¥ (widthl;
bttt = int(t/width)
b= el

if (trtmax){

tt o= 0

save( datetimestr+”.pne” J;

output . flush();
output.close();

backeround (0);
1

woid keyPressed() {

if (key == 's’ ) {

port.uritel *7 )5

background (0);

t=0;

tt=0;

text ( vear (J+7/"+nf (nonth (), 2)+"/"+nf (day (J,2)+7/Time="+nf (hour (},2)+":"+nf (minute(),2)+":"+nf (second

(Ji2),10,35);

if (key == v )
save ( vear U+7/ 7 +nf (month (), 23+7/ +nf (day (). 20+ Tine="+nf thour (),2)+":"+nf (ninute (), 23+ "4nf (second (), 2]
+7F87+ " png” )3

H
if (key == "¢’ )
ch = ch +1;
if (ch > 2)
ch=0;

1
}

woid serialEvent( Serial p ) |
if ( port.availahle() > 13 |
for (0 =05 1 < 1; i++ ) |

datali] = port.readl) + port.read(}) * 256 ;

part.write( *7 ];



Test observation at my house
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Software

A The PGoft-waresused here are written by
"Arduino IDE" for signal processiagd
"Processing" for signal display and data
recording bothfreely down-loadable from
their web sites. Also they can raum Windows,
Mac OS, Linux or even Android tabl€he
Processing language Is based on JAVA and
more simplified for programing beginners. The
total cost is around 100 USdnd easy to
assemble at school or home use.
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At Utsunomiya University

The PC uses Linux as its OS
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- A modified horizontal sensor
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If the alrconditionarturns on------



