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Abstract. A simple experiment of vertical upward motion had been carried out using the smartphone-based Phyphox
application (Phyphox app) and a ping-pong ball. A special feature of the Phyphox app utilized in this experiment was the
acoustic stopwatch. This feature can measure the time duration between two sound signals using the sensor in the
smartphone. This simple experiment coould be used for physics learning or practicum at the high school level. Because
of its simplicity, this experiment could be conducted in long distance learning, especially in this pandemic situation. The
objectives in this study were i) conducting an experiment of vertical upward motion using the Phyphox app and a ping-
pong ball, ii) producing a graph of the height vs time (% vs #) for the vertical upward motion of the ping-pong ball, iii)
determining the acceleration of gravity (g) from the /4 vs ¢ graph, and iv) determining the initial speed (vo) of the ping-
pong ball from the 4 vs ¢ graph. The experiment was done by flicking the ping-pong ball from a height of 4 until it hit the
surface of a book. The Phyphox app then measured the time of the ping-pong from being flicked until it hit the book. In
this case, 4 was varied and the time duration of the ping-pong ball was determined. The experiment of vertical upaward
motion of a ping-pong ball using the Phyhox app had produced a graph of 4 vs ¢. The results showed that g was obtained
with a value of 10.1 m/s? with a relative error of 3% and the v, of the ping-pong ball was 4.2 m/s.

INTRODUCTION

One of the concepts of physics that is a part of learning physics at the high school level is Mechanics. Mechanics
deal with the motion of physical objects [1]. Therefore, Mechanics are certainly essential to be mastered by students
as it connects to the movements of objects in their daily life. One part of the topics in Mechanics is Kinematics.
Kinematics study motions without discusssing the cause of the change in the motion of the object [2]. One example
of simple motions in Kinematics is the vertical upward motion or generally known as the free fall motion. The free
fall motion is a vertical motion that is only affected by the acceleration of gravity, g, either up or down. Especially
for vertical upward motion, there are three basic mathematical formulas, namely [1]:

v, =v,— gt
t 0 g ( 1 )
h= Lo
=Vl —— &t (2)
2
and
2 2
v =v, —2gh
t 0 g (3)
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Wwhere!vi, vo, &, and ¢ are the final and initial velocities, height, and time, respectively. In this study, Equation (2) is
used. The concept of vertical upward motion along with Equations (1) to (3) can be understood easily by students
[3,4]. This is because the motion itself is simple and can be used as a model for more complicated motions. Thus,
because of its simplicity, the concept of free fall motion is appropriate to be used as a smartphone-based experiment
topic in physics learning.

Physics experiments are very essential in learning physics so that students can understand the concepts of
physics. However, one of the main problems in learning physics in the midst of this COVID-19 pandemic is the
inaccessibility of laboratories in schools and universities. Therefore, alternative methods are needed in carrying out
experiments without having to be in the laboratory. One method that seems to suit this current conditions, including
long distance and/or online learning is to use natural sensors in smartphones.

One application that exploits sensors in smartphones is the Phyphox application (Phyphox app) [5]. The
Phyphox app was first developed at the Institute of Physics of the RWTH Aachen University by a group of
researchers lead by Sebastian Staacks [6]. Various advantages of the Phyphox app in supporting physics

experiments are open source (free of charge), easy to use, easy to control, and do not require electronic sensor cables
71 Tt of the Phyph. b s i s s I he Acousti Stopiatah. Tis fetoe s besed o ths ey
sensor in the smartphone and is useful for measuring the time duration between two sounds.

Based on the problems of the inaccessibility of laboratories and the ability to accommodate long distance and/or
online learning, this study reports for the first time a simple experiment
and'a ping=pong ball for the free fall motion, especially the vertical upward motion. It may be worth noting that this
yertical upward motion experiment using the Phyphox app/has never been done before so it is not available on the
https://phyphox.org site. Thus, fhe objectives of this'study'lare i) conducting an experiment of vertical upward
motion using the Phyphox app, h vs t for the vertical upward motion of the ping-pong ball,

ii) producing @ graph of
iiii) determining ¢ from v, from fhe'/ vs ¢ graph. Hence, it is hoped that students
can also conduct this simple experiment that have been carried out in this study using their own smartphones and

materials.

MATERIALS AND METHOD

The method used in this study was experimentation. The experiments were carried out on the vertical upward
sing fhe'Phyphox app. The data obtained were then processed and analyzed using MS
Excel. This study was conducted at the author's resident for two weeks.

Tools and Materials

The various tools and materials used in this study can be given as follows. The tools used in this study were i)
tall stands [2 units]; ii) a thick cover book [ unit]; iii) a ping-pong ball [1 ball]; iv) a smartphone [1 unit]; v) metal
clamps [2 units]; vi) ribbon [1 stripe]; and vii) a long ruler [1 unit]. The software used in this study were i) Phyphox
app and ii) MS Excel.

Experiment Arrangements

The apparatus arrangement in this study can be seen in Fig. 1. The ping-pong ball can be seen in Fig. 2. The
arrangement of the apparatus was given as follows: i) placing the tall stands = 50 cm apart from each other; ii)
placing each metal clamp on the top of each of the stand; iii) clamping the thick book at the width of the book such
that it is perpendicular to the stand; iv) attaching the long ruler on one of the front side of the stand [on the left stand
in Fig. 1]; v) attaching each end of the ribbon on each stand but not to tight but keep the ribbon taut and
perpendicular to the stands.
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Experimental Procedure

Downloading the Phyphox App

Submission ID trn:oid:::1:3012040525

The Phyphox app can be downloaded from the Google Play Store for free (no fee). The display of the Phyphox
application and the display of the Acoustic Stopwatch feature can be seen in Fig. 3 on the left and right, respectively.

FIGURE 2. The ping-pong ball.

Data Collection

FIGURE 1. Apparatus arrangement.

The steps of the data collection can be explained as follows: 1) assembling the arrangement of the experimental
apparatus according to Fig. 1 above; 2) opening the Phyphox app on the smartphone; 3) activating the Acoustic

ZI'j turnitin Page 7 of 11 - Integrity Submission
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h=At’ +Bt+C )
or
h—C=At* + Bt (5)
was compared with Equation (2) so that we get
1
A=—Jg=g=-24 (6)
and
B=yv, (N
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Stopwatch feature according to Fig. 3 on the right; 4) setting the Threshold value according to environmental
conditions, which is to be increased if the environment is noisy and decreased if it is quiet [in quiet conditions the
Threshold value is set at 0.01]; 5) setting the minimum delay at a value of 0.1 second; 6) pressing the play button
(triangle symbol at the top) so that the numbers appear like a stopwatch; 7) putting the smartphone on a flat surface;
8) placing the ribbon at a height of 65 cm from the surface of the thick book and ensure that it is parallel to the
surface of the book (see Fig. 1); 9) holding the ping-pong ball with the left hand in the center of the ribbon (see Fig.
2); 10) flicking the ping-pong ball using the fingers of the right hand so that it hit the book; 11) recording the time
displayed on the smartphone screen; 12) repeating steps 10) to 12) for several times; 13) repeating steps 8) to 12) for
the heights of 60 ecm, 50 cm, 45 cm, 40 cm, 35 cm, and 30 cm from the book.

@BEOR @O0Q @ D173 @EOR @308 @ % 3 17:38

W@ phyphox ®

SIMPLE  SEQUENCE  PARALLEL  MANY

Threshold 0.1

Acceleration with g
Get raw data from the accelerometer. This sen.. Minimum Delay 0.1

: Time s

ight
Get raw data from the light sensor.

Location (GPS) RESET

Get raw position data from satellite navigation

Unfortunatey

b, this won'e

com WOrk on siow

I e
‘working as expected. e, that the

Magnetometer Change the threshold to be above the environmental

Get raw data from the magnetometer noise level, but below the trigger noise (you_ can try
the audio scope experiment to check these). Also set
the minimum delay to avoid triggers shorter than that
time (for example due to echo or reverberation).

Unfortunately, this won't work on slow phones. Please
Audio Amplitude compare to a regular clock first, to make sure, that the
Get the amplitude of sounds experiment is working as expected.

Audio Autocorrelation

Measure the frequency of a single tone.
Audio Scope

Sh io data.

a

]
FIGURE 3. Phyphox app display (left), Acoustic Stopwatch feature (center), and the Phyphox app on the smartphone (right).

Data Processing and Analysis

After the data was collected, data processing and analysis were catried out. First, note that the time (¢) listed on
the Phyphox app was the time it takes for the ping-pong ball from being flicked to hitting the book. Second, the
iteration of the data ¢ for each height (%) was averaged and the standard deviation was calculated using MS Excel so
that ¢ + Af was obtained for each 4. Third, a graph of the relationship between 4 vs ¢t was made. Fourth, a trend line
was made using quadratic interpolation for the data of the 4 vs ¢ graph to obtain a quadratic equation. Fifth, the
quadratic equation resulting from the quadratic interpolation, which takes the form:

020003-4

Submission ID trn:oid:::1:3012040525

65:65:80 7202 Ae €1



zl'-.l turnltln Page 9 of 11 - Integrity Submission Submission ID trn:oid:::1:3012040525

In _Various -obtained are described. -results in this study are tables, graphs, and analysis
of the data obtained. In this case, the Acoustic Stopwatch feature in the Phyphox app is used. This feature uses the

sound sensor found in the smartphone. Based on this sound sensor, the time interval (f) between two sound events
can be calculated. Two sound occurrences in this study are the sound of the flicking when the ping-pong ball begins
to move vertically upwards, and the sound of the ping-pong ball hitting the thick book. This is also the reason that
the ping-pong ball is chosen, i.e.: it can produce a loud sound upon flicking and hitting the book. Thus, 7 in this
study is the time required for the ping-pong ball to move vertically upward at a distance 4. This is in line with the
explanation given in [5]. This may be observed in Table 1.

TABLE 1. Average of time (¢) with variation of the height (/).
No. h(m) t(s) Relative Error (%)

I. 030 0.16£0.06 38
2. 035 0.17£0.06 35
3. 040 0.19%0.06 32
4. 045 0.20%0.10 50
5. 050 0.25+£0.09 36
6. 0.60 0.34%0.01 29
7.  0.65 0.40£0.10 25

Table 1 shows the average time (7) of the upward vertical motion taken by fhe'ping=pong ball from being flicked
to hitting fhe'BOOK, It can be observed that the further the / of the ping-pong ball'is from the book, the longer

becomes. This is of course in accordance to the nature of the free fall motion, i.e.: longer distance 4 produces longer
time 7.
The graph of A vs ¢ from Table 1 can be seen in Fig. 4. It should be noted that when the experiment was
conducted, the independent variable was 4, i.e.: the height of the ping-pong ball from the book, while the dependent
. 0 variable was t. However, in Fig. 4, the opposite is done, namely: /# becomes ﬁ
-t becomes _ This .done -conform to Equation (2) above.

. 0 Furthermore, Fig. 4 shows a graph of It can be observed
that the trend line results are in the form of a quadratic equation, namely:

h=-5.0507¢" +4.1998¢ —0.2264 (8)

0.7
0.6
0.5
0.4

E

= 03
0.2 =-5.05077 + 4.1998¢ - 0.2264

2=
0.1 R*=10.99399
0 4 - - T T
0.1 0.2 03 04 0.5 0.6 0.7 0.8
L(s)
=@ FIGURE 4. Graph of hivsi#vertical motion'up the'ping=pong ball.
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By comparing Equation (8) and Equation (4), we can identify the coefficients of 4 =-5.0507; B =4.1998; and C = -
0.2264. Hence, based on Equations (6) and (7), and also the aforementioned coefficients, we obtain:

_ m
g IO.IA2 )

v, =42/ (10)

The blue data points of Fig. 4 are obtained from the measurement using the Phyphox app, whereas the red data
points are extrapolations using Equation (4). The extrapolation shows that / is quadratic with respect to ¢ and
satisfies Equation (2). This means that one may predict the maximum height of the ping-pong ball with an initial
velocity of 4.2 m/s is between 0.6 m to 0.7 m.

Thus, based on fhe'experiment of the Vertical upward motion of the coustic Stopwatch
feature in the Phyphox app, the acceleration of gravity is 10.1 m/s® and the initial velocity is

The relative error of the gravitational acceleration to the reference acceleration, which is 9.8 m/s? in [1,2] is
3%. Of course, the result of g obtained is larger than the reference result in [1,2] with a fairly small relative error.
Moreover, ¢ that is obtained in Table 1 shows a wide range of relative errors from 25% to 50%. This shows that the
relative errors of ¢ obtained from the Phyphox app are quite large [8]. Of course, this error stems from the reaction
time of the sounds of the flicking and the collision of the ping-pong ball with the book. In addition, environmental
noise can also affect the time measurement. Furthermore, the constant in the RHS of Equation (8), i.e.: -0.2264 is
considered to be a systematic error of the experiment and can be attributed to the height of the ping-pong ball.

This experiment may be used in a physics learning process using, e.g.: the project based learning (PjBL) [9]. In
this case, the project that has to be conducted by students is the above experiment assuming that students have their
own smartphones and the Phyphox app can be downloaded. It may also be possible to ask the students to modify the
experiment. This can be conducted, e.g.: by moving the book instead of the ping-pong ball or using other kind of
balls. Then students are asked to process and analyze the data obtained. It is a good exercise for the students to
discuss the errors of the measurement. The students may also be asked to provide ways in order to reduce the errors
of ¢ obtained from the Phyphox app.

and

CONCLUSION
In this study. a simple Experiment of the Verticallupward imotion ofa ping-pong ball'has been carried out using
the smartphone-based Phyphox app.

The result is obtained in the form of 4 vs ¢ graph of a quadratic extrapolation in
accordance with the theoretical equation of the free fall motion of Equation (2). Moreover, the acceleration of
gravity obtained is 10N m/s> initial velocity is
Hence, the Phyphox app can be used for physics learning, especially in the topic of Kinematics.

may be conducted |for and/or online

condition.
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