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MEHHS YN DBERSBEEHERNHBNHBE K
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» Microcontroller-pased sensor data acquisition system ( MBS-
DAS)
» Angle sensor: Arduino-based, i.e. a potentiometer
o E-Lab interface: a tiny app coded with Python language
» Video-based experiment
o Simplified ripple tank

e Tracker: a free video analysis software by OSP ( Open Source Physics,
) (Brown et al., 2020)
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https://physlets.org/tracker/
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Arduino-based angle sensor

A typical

It can be rotated
between 0 and 300

degrees. Based on
this, it can be coded

to become an angle

SENsor.

300 degree

wiper

resistive strip

GND +Vcce

Output

?] / Potentiometer \@

/ Grove product

Attached by long objects
to become physical or

compound pendulums
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E-Lap Interface

¢ E-Lab
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Materials used and their setup. (A) Bob and a strong magnet, (B) aluminium plate, (C) angle sensor

(potentiometer) connection, (D) Arduino connection, (E) Computer running python script collecting
@ data from the sensor, and (F) Smartphone recording video. /
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(Hinrichsen & Larnder, 2018)
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Angle sensor data

60,|=6,.e7""* —A@Q+e"""?) (Eq.0.15)

Video analysis data

0.6 0.6
— Sl
0.4 ~Seeo 0.4 TS~
W “"""---.__ h-“""'--.
T 02 S~S—ec § 0.2 -G
= -"'"'"‘---u.._ = --.‘-""""----
£ 00 T o~ g 00 — S
< <
-0.2 0.2
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20
Half-oscillation
Half-oscillation
S o e cr S ° - ' . I*t experiment 2nd Experiment
‘rﬂﬁ’m ﬂﬁwf'vf Sﬁ Senor E;Eﬂ SmﬂﬁjULﬁjUgﬁmTﬁﬁj Damplng
2 ; 2 JIPS 2 Fact
UGN TIRUHS AR SMIh Ui o= Eq.0.15 | Eq.O.13 | Eq.0.15 | Eq.0.13
] ] o 9 (=] '
GNEINES UFHANGRTRIUN SMN{RY{RIg f_Dr_y Sensor | 8.20%+0.1 | 8§274+0.1 | 830£0.1 | 830%0.1
riction
SHAIZSNORMS A(x107) | Video | 8.50£0.1 | 8404 0.1 | 8.50%0.1 | 8.60%0.1
Viscous Sensor 61.0+ 1 62.8+2 100.0 + 3 109 + 3
7(x107°/s)
Video 60.0 + 1 62.9+2 98.0+3 107 £+ 2

~




-

Simplified ripple tank R 68| SBLIBHSS?

LED light source

(not stroboscopic lamp)

Vibrator’s arm

Vibrator




The Doppler effect and interference experiments

TN =

Experimental setup. (a) Tank, (b) LED flashlight and stand, (c) vibrator, (d) signal
@ generator, (e) white paper, (f) coin, and (g) smartphone and tripod.




FRIB SR TNEFFFTIB TS simplified ripple tank

A . Plane wave

C. Doppler effect §
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Constructive interference

o

Destructive interference

Measured Yo ® nT Yo = 42— (n1)2 Zn_ (1)’ Measured z—(Zm; dl)/“_ 0= \/4d Ez_n;(;:il_lwz
Linear Asymptotic Linear Asymptotic
approximation approximation approximation approximation
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