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Experiments have been carried out on determining the value of the moment
of inertia of a hollow cylinder. This study aims to analyze the value of the
moment of inertia with variations in the radius of the hollow cylinder using
the Phyphox Application (Physical Phone Experiment). This research is
experimental. The tools and material used are a 1-meter longboard, three
hollow cylinders with different radius sizes but the same mass, smartphone,
laptop, caliper, and balance. The experiment of rolling motion on a hollow
cylinder on an inclined plane is assisted by data processing in a Phyphox
application. From the experiment, the result of the moment of inertia value
from data processing is 4.89 x 10%kg.m?, 9.82 x 10* kg.m?, 12.4 x 10
4kg.m?2. This research can be used as a teacher reference in teaching the topic
of moments of inertia in physics learning at school. This is highly
recommended for distance learning during the pandemic so that mastery of
concepts is maximized. Further research is suggested that it can be tried to
use other materials with other types of rigid bodies to find the moment of
inertia. Further references on digital application media to assist learning are
also needed considering the dynamic development of technology.

© 2021 Physics Education Department, UIN Raden Intan Lampung, Indonesia.

INTRODUCTION

Cylindrical motion down an inclined
plane is an example of rigid body dynamics
in physics concepts studied in high school
(Saputra & Pramudya, 2019). The dynamic
motion of a cylinder that rolls on an inclined
plane are an exciting topic. The rolling
motion is found in a landslide and other
rolling phenomena (Ariefka & Pramudya,
2019). An example of rigid body dynamics
is the movement of a rigid ball down an
inclined plane. In this example, the ball
undergoes rotational and translational
motion (Riswanto & Suharno, 2014).

The moment of inertia is one factor that
affects an object's rotational motion
(Mulhayatiah et al., 2018; Ariefka &
Pramudya, 2019). The moment of inertia is
a derived quantity that is affected by the
radius of an object. If an object has a radius,
then the object will have an angular velocity
and rotate (Riswanto & Suharno, 2014;
Jumini & Muhlisoh, 2013). In the analogy
of translational motion, rotation measures
are angular position, angular velocity, and
angular acceleration (Schmelzbach et al.,
2018). If the moment of inertia is
significant, the object will be challenging to
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rotate from rest and more difficult to stop
when in a rotating state (Rivia et al., 2016).
The moment of inertia of a rigid body can
be determined by its mass and physical
dimensions, both  mathematically and
experimentally (Hara et al., 2012).

Experiments rolling cylinders on an
inclined plane are carried out using
smartphones as science and technology
advance. Smartphones play a crucial role in
increasing students' interest in physical
concepts and the motivation to study them
further, facilitating various calculations and
measurements, reducing data acquisition,
and time doing experiments (Nurfadilah et
al., 2019). Currently, the most popular
gadget owned by about 93% of students is a
smartphone (Olga, 2017), which creates
conditions for access to educational
programs, scientific materials, and mobile
applications for field experiments.

Mobile applications assist several
studies on experimental physics. For
example, research conducted by Yusuf
(2015) by measuring the moment coefficient
of inertia of solid balls using Tracker
software and researching the moment
coefficients of inertia of hollow cylinders
(PVC pipes) and solid cylinders (coins)
using Logger Pro software. Another
researcher, Vieyra et al, (2015),
investigated the relationship between action
force and body acceleration using the
Physics Toolbox Sensor Suite. Then Parsons
(2016) and Algahtani (2017) also research
mobile applications in university education
and future specialist training. There is also a
study on the development of mobile
applications for processing data from
smartphone sensors and several examples of
techniques for using the Physics Toolbox
Sensor Suite and Phyphox conducted by
Sukariasih et al. (2019). Lastly, the issue of
implementing and using mobile devices in
physics teaching was investigated by Kaps
& Stallmach (2020).

An essential role in research on
smartphone use is played by dedicated
mobile applications, which have
transformed from digital sensors to open
platforms that process and analyze
experimental data over the years. However,
this research shows that the mobile analysis
explained from scientific and pedagogical
sources shows that it is now very relevant to
research and systematize the application's
method as a practical tool for educational
research during the study of physics.
Instrumental innovation has been created by
smartphones containing sets of sensors and
related software; they are suitable for full-
sized academic research, particularly for
distance learning in times of pandemic or
supporting learning innovation in the digital
age.

One of the mobile smartphone
applications used in physics learning is
Phyphox. Phyphox has been used by
Pierratos & Polatoglou (2020) to study
uniforms using an optical stopwatch based
on the action of smartphone photosensors.
This app is free to download and has so
many features that are very helpful in this
time of distance learning (Carroll &
Lincoln, 2020). Phyphox works for both
Android and Apple phones, and there are
plenty of experiments already available for
it online and built-in (Phyphox, 2020).

The Phyphox app takes advantage of the
sensors already on the smartphone and
generates data and graphs in real-time. This
is unusual for a mobile physics app;
experiments are usually available and very
numerous (Fig. 1). Phyphox has been cited
as beneficial in several of these journal
articles (Sukariasih et al., 2019; Stampfer et
al., 2020; Kaps & Stallmach, 2020).
Phyphox is open source, and its applications
are not limited to the experiments it
contains. Students and teachers can be
creative and inventive. This application is
even compatible with Arduino can also be
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connected remotely to a PC to provide live
data, so it is flexible, not stand-alone. It can
be adapted to needs and all conditions
(Carroll & Lincoln, 2020). There are several
simulations in the Phyphox application, so
one of them is the Roll simulation. Roll
simulation tracks speed using a gyroscope to
determine angular velocity (Nisa et al.,
2019). The angular velocity data generated
from Phyphox will later be processed to find
the moment of inertia value.

Based on experience in the field, the
problem that occurs to most high school
students when learning the moment of
inertia is that it is not easy to distinguish
constants and lack of understanding of
concepts. To determine the value of the
moment of inertia and include the factors
that affect the object when it rolls, it can be
seen from the object's motion review
processing. However, the motion of the
object must be constant. This is intended so
that the resulting data has a high level of
accuracy and precision (Setyawan et al.,
2017). Some of these obstacles can be
minimized using Phyphox. During the
experiment, Phyphox also anticipated
several risks in direct practice in the lab,
such as faulty equipment, tools that are
prone to damage, and cleanliness that must
be maintained; which these things can cause
experimental data to be less accurate (Nisa
et al., 2019). There has been no experiment
to determine the moment of inertia of a
hollow cylinder using Phyphox in previous
studies, either using a logger pro (Yusuf,
2015) or other applications that tend to be
complicated. This study uses Phyphox,
which is considered more accurate and easy
to use for high school students. Therefore,
the purpose of this study is to analyze the
value of the moment of inertia with
variations in the radius of a hollow cylinder
using the Phyphox and to demonstrate a
suitable mobile application technology to do
effective educational research using actual

experiments so that students understand
better about the moment of inertia and its
constants because they can learn directly
from experiments, not just reading and
memorizing material.

METHODS

This study uses a direct experimental
approach assisted by the Phyphox. The
speed generated by each track is not
constant. This is due to the rolling motion
on an inclined plane (15°) accelerating the
object's speed. Therefore, the translational
motion of a solid cylinder applies with the
general equation:

KE = KE translation + KE rotation
KE = Yomv2 + % 10w2 Q)

It proves the theory that velocity represents
the translational motion of a solid cylinder
(Riswanto & Suharno, 2014). Figure 1
shows that the home screen of the Phyphox
indicates that there are many experiments
and data sources that are available for
creative students to try out.

@ phyphox

onstant (g=9.81m/s
v ds
Au tion Spring
s e tone Analyze the frequency and period of a spri

Figure. 1. The Home Screen of the Phyphox App

This research was conducted at the
practitioner's house in May 2021. The
research subjects studied were solid
cylinders with variations in the radius of 4
cm, 5 cm, and 6 cm. The three research
subjects can be seen in Figure 2, and a
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schematic of the research procedure carried
out on an inclined plane can be seen in
Figure 3.

(a) (b) (©

Figure 2. Research Subjects studied were solid
cylinders with a radius of 4 cm (a), 5 cm (b),
and 6 cm (c).

Figure 3. Schematic of Research Procedures

Figure 4. Research Procedures

The procedure of this research shows in
Fig 4. The data obtained from this study are
the mass of a solid cylinder that is fixed, the
radius of a solid cylinder, time, linear
velocity, and angular velocity when rolling
obtained from the Phyphox application.

According to Jati (2013), the moment of
inertia in a continuous rigid body is written:

I = J r?dm (2)
then through the equation:

I = YmR? (3)
So, the angular momentum equation is:

L=1w 4

L = mvr (5)

From the two equations above, the next
equation is obtained, namely:

mur = lw (6)

Based on equation (6), the moment of
inertia can be calculated as follows:

I =22 (7)

w

Where m is the mass of the object
(kg), v is the linear velocity (m/s), r is the
radius of the cylinder (m), w is the angular
velocity (rad/s), and | the moment of inertia

(kgm?).

RESULTS AND DISCUSSION

Based on measurements using a digital
balance on each solid cylinder consisting of
a 0.13 kg smartphone and 0.18 kg pipe, the
mass as a fixed variable is 0.31 kg. Roll
simulation was carried out for data
collection with a radius of 4 cm 3 times, as
presented in Figure 5.
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Figure 5. Simulation Result Data 1, 2, and 3

After three repetitions on a 4cm diameter
pipe, the Phyphox tracking data is obtained
in graphical form, as shown in Figure 5.
This data is then exported into Ms. Excel,
and the average is sought. Obtained an
average velocity (v) is 0.06 m/s, 0.01 m/s,
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Roll radius 5.0

and 0.11 m/s. while the angular velocity (w)
is 0.152 rad/s, 0.42 rad/s, and 2.93 rad/s.

Followed by data collection 3 (three)
times at a radius of 5¢cm, the data results are
presented in Figure 6.
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Figure 6. Simulation Result Data 4, 5, and 6

After three repetitions on a 5 cm diameter
pipe, the Phyphox tracking data is obtained

in graphical form, as shown in Figure 6.
This data is then exported into excel, and the
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average is sought. obtained an average
speed of 0.06 m/s, 0.02 m/s, and 0.04 m/s.
while the angular velocity is 1.21 rad/s, 0.54
rad/s, and 0.91 rad/s.
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The last data collection with a radius of
6cm is the same as the previous data
collection, which was carried out 3 (three)
times. The data results are shown in Figure
7.

VELOCITY ~ RAW DATA
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& Velocity

0,00
Q
£ -0.200

>
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0,00

VELOCITY ~ RAWDATA

& Gyroscopey

Figure 7. Simulation Result Data 7, 8, and 9

After three repetitions on a 6¢cm diameter
pipe, the Phyphox tracking data is obtained
in graphical form, as shown in Figure 7.
This data is then exported into excel, and the
average is sought. obtained an average
speed of 0.01 m/s, 0.04 m/s, and 0.37 m/s.
while the angular velocity is 0.21 rad/s, 0.72
rad/s, and 6.22 rad/s.

After obtaining data from each
simulation, then the moment of inertia is
calculated. Then the results are compared
with the manual practicum, which is
calculated using the formula for the moment
of inertia of a solid cylinder, namely: I =
Y'mR?2. Here is the tabulation of the data:

Table 1. Moment of Inertia Calculation Data

Manual Practicum

m & Phypox Assisted
No 7 (m) v (m/s) —

(kg) (rad/s) -, .= _a 2 I+ AI (X RE

+ : 9
I + AI(x 10~*kg.m?) RE (%) 10-*kg, m?) (%)

1. 0.04 0.31 0.06 1.62 4.17 +2.86x 107° 0.69x 10~° 4.96 + 0.00 0
2. 0.05 0.31 0.07 1.57 6.75 + 6.48x 107° 0.96 x 10~° 7.76 £ 0.00 0
3. 0.06 0.31 0.14 2.38 10.09 + 2.85% 10~° 0.28 x 107° 11.16 £ 0.00 0

RE = Relative Error (%)

Based on the data tabulation (Table 1),
the researcher then made a graph to show
the differences in manual and Phyphox-

assisted practicum analysis results (see
Figure 8).
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Graph of the Moment of Inertia of Manual and Phyphox-
Assisted Practicum
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Figure 8. Graph of the Moment of Inertia of Manual and Phyphox-Assisted Practicum.

Based on the graph in Figure 8, it can be
seen that the value of the moment of inertia
is linear with the pipe diameter. The
moment of inertia of the manual practicum
results tends to be greater than the moment
of inertia assisted by Phyphox. This can be
caused by the value of I for manual
practicum using the multiplication between
the mass and the square of the radius of the
pipe. At the same time, I for the Phyphox
load, v speed data is taken from tracking
using a more accurate smartphone sensor.

In this experiment, the relative error of |
using Phyphox is also minimal, ranging
from 0,28 x 107™°% up to 0,96 x 107°%
smaller compared to the relative error results
of the manual practicum, which is worth
0%. So, it can be said that the Phyphox-
assisted | results are more accurate because
the smaller the percentage of measurement
error, the more precise the result data
(Respati, & Rahardjo, 2017).

Past research that underlies this research
includes research on finding angular
velocity and velocity with Phyphox media
on rolls in physics learning technology (Nisa
et al., 2019) which is then used to calculate
the value of the moment of inertia,
determine the moment of inertia of solid
cylindrical objects with integral and tracker

(Chusni et al, 2018). The next is the
investigation of the rolling motion of a
hollow cylinder using a smartphone's digital
compass (Wattanayotin et al., 2017). Of
several digital application media used in
previous studies, Phyphox is one of the
easiest and can be accessed by all students.
Phyphox can be used in the classroom or
while studying from home during a
pandemic as an alternative option when lab
facilities are inaccessible.

Kristiyani et al. (2020) applied the
Phyphox app to research where the
application plays a significant role during
the learning process, like ty practicum and
discussion activities. Those activities require
students to solve the problem presented so
that students can improve their learning
process skills.

In a study conducted by Sunaryo (2014),
this application can form a discussion
process and problem-based teaching
materials. These two things become
supporting aspects in improving students'
critical thinking skills. Phyphox can also
assist students in recording and analyzing
experimental data that can be shared in MS.
Excel format.

The Phyphox application as an
experimental  physics  application is
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considered to solve problems in learning
physics. It is interesting for students during
this learning period, especially the
development of student skills. The
experiment in this study was successful
because the experiment with the Phyphox
application had high accuracy. It was
necessary to pay attention to the practicum
tools used in good condition so that no
sensor error was read in the Phyphox
application. The most critical factor in using
this application is that the sensor must be
appropriately read.

So, the advantages of Phyphox For
example, in this study, the Phyphox
application can be used for physics learning
because  the sensor results  from
experimental data are read on a laptop or
smartphone screen. The data is displayed
graphically and equipped with various
innovative features, so Phyphox will be very
good and easy to learn.

CONCLUSION AND SUGGESTION

From the results of research and data
processing, the value of the moment of
inertia of Phyphox data processing is 4.89 x
10"*kg.m2 with a radius of 4 cm, 9.82 x 10*
kg.m2 with a radius of 5 cm, 12.4 x 10°
*kg.m2 with a radius of 6 cm. While in
manual practicum, namely:4.96x 10*kg.m2,
7.76 x 10*kg.m2, and 11.6 x 10*kg.m2.
Both methods show almost the same
moment of inertia results.

This research can be used as a teacher
reference in teaching the topic of moments
of inertia in physics learning at school. It is
highly recommended for distance learning
during the pandemic so that mastery of
concepts is maximized and students are also
not bored because they tend to have a lot of
tasks.

The author suggests that further research
can be conducted using other materials with
other types of rigid bodies to find the
moment of inertia. Additional references on

digital application media to assist learning
are also needed considering the dynamic
development of technology.
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