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Abstract—This study was designed to produce an experimental device for
measured the coefficient of kinetic friction of material through magnetic induc-
tion using Audacity application. The material which is going to be measured is
rough acrylic with rough acrylic and wood with rough acrylic. The experimental
setup was performed on the motion system of the mass of objects m1 and m2
that were connected through a pulley on a table and three solenoids are put un-
der a table as the Electromagnetic Field (EMF) sensor. Analysis of the calcula-
tion of kinetic friction coefficient used two concepts, i.e. the kinematics concept
to identify the load acceleration and the concept of the dynamic to find the ki-
netic friction coefficient. The results of the measurement of kinetic friction co-
efficient in this study have a match with the results obtained in the other studies.
Hence, the tools and experimental approaches generated in this study are excel-
lent for use in the learning activities so that teachers can teach physics applica-
tively.
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1 Introduction

Physics studies should be a very interesting study for students to learn in the learn-
ing process because the discussion is directly related to natural phenomena that are
close to students’ daily lives. In fact, many students, however, consider physics to be
a difficult subject [1]. This is because in general, physics discusses concepts, equa-
tions, and complex topics that make students unable to associate those physical con-
cepts with everyday life phenomena [2-5]. The effort to overcome this problem is to
carry out experiments conducted in learning [2]. Carrying out experiments in the
classroom or laboratory to study physics, however, is not a solution without problems.

There are many factors that cause the suboptimal of experimental activities in sup-
porting students' understanding of physics. One of the factors is the method of record-
ing data manually which causes the slow process of data collection [6-7], the low
level of accuracy of the data obtained, and ineffective use of time. To overcome this
issue, new methods such as computer application-based data logging need to be ap-
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plied. The use of computer applications as ICT products allows students to explore
and understand the concepts of physics that are in a close relationship with everyday
life easier [8]. One of the applications that can be utilized for data logging in physics
experiments is Audacity.

Audacity application is Open Source Audio Processor (OSP) software that can be
obtained free of charge on the official page. The main function of using Audacity is to
record, edit and analyze sound waves [9-13]. The output of the recording using Au-
dacity is in the form of audio files, either .wav, .aiff or .mp3 [9]. Audacity also func-
tions to analyze the frequency of the recorded signal, search for the largest frequency
record and record/detect EMF (Electromagnetic Field) signals [14-18]. Many experi-
ments the data of which can be collected using Audacity, such as measuring Earth’s
gravitational acceleration [14], studying the Doppler effect [10], measuring the speed
of sound [13], comparing the effects of factors in electromagnetic induction [15],
experimenting resonance tube [11], and so on.

In this study, the discussion focuses on the measurement of the Audacity based ki-
netic friction coefficient that can be used in learning. Audacity application that can
read EMF signals from magnetic induction on solenoid is used as a data logging
method for measuring kinetic friction coefficient experiments. The kinetic friction
coefficient is analyzed from the data generated by the mass motion system of objects
ml and m2 that are connected to each other by a rope through a table pulley. The
solenoid is placed below the trajectory of the table, while the mass m1 that is attached
by a magnet moves along the path (Figure 1).

Fig. 1. The experimental setup consists of a trajectory table made of rough acrylic

The equation used in the calculation of the kinetic friction coefficient measurement
results in this study is explained in the theory section after this introduction. After
that, it will be explained in detail about the experimental setup that is performed when
running an experiment. Measurement results and calculations from experimental data
are presented and discussed in the results and discussion section. Then in the conclu-
sions section the results of this study were concluded.



2 Theory

The concept of determining the value of the kinetic friction coefficient through
magnetic induction can be observed in Fig. 1. There are two systems of object mass
m1l and m2 that are connected to each other by a rope. The system of mass m1 is on a
path that will move when it receives the force from m2. The decrease of kinetic fric-
tion coefficient equation according to Fig. 1 uses two concepts, which are the concept
of kinematics and the concept of dynamics.

2.1  The concept of kinematic

The concept of kinematics is used to determine the acceleration (a) that is experi-
enced by the system. The acceleration experienced by the system is assumed to be
constant because the force given by mass m2 does not change. The initial position
equation (s0) with v0=0 is
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By subtracting equation (3) and (2), the result is
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Therefore, the value of acceleration is determined by the equation of
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The value of a which is influenced by the measurement results of s1, s2, t1, and t2
causes the error calculation used to be error propagation [19], the value of which is
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With 7@ 75" 7% Ty % respectively are the error calculation of the accelera-

tion value of the system of the object mass, error measurement of the 1st distance,
error measurement of the 2nd distance, error measurement of the 1st time and error
measurement of the 2nd time.

2.2 The concept of dynamics

The concept of dynamics is used to derive equations in the system of object mass
m1 and m2 to obtain the equation of Kinetic friction coefficient with the assumption
that the slippery pulley is perfect.

System of mass m1

D> F=m.a
i=1
T,-fi=m.a (fk=:ukN)
T—-uN=m.a (6)

System of mass m2

> F=ma
i=1
w,-T,=m,.a (w, =m,g)
m,g-m,a=T (7)

From the substitution of equation (6) to equation (7), the kinetic friction coefficient
with the following equations obtained.
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His the kinetic friction coefficient, m1 is the object mass of 1 (kg), m2 is the ob-
ject mass of 2 (kg), a is the acceleration of the object mass system (m/s2), and g is the
acceleration of the Earth’s gravity (g=10 m/s2)

Error calculation of kinetic friction coefficient uses the following equation

2 2 2
shk = % sml + % Sm2 + (% Sa j (9)
om, om, oa
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With “#k? Tml? “m2 a respectively are the error calculation of kinetic friction

coefficient values, error measurement of mass 1, error measurement of mass 2, and
error calculation of acceleration value.

3 Methods

The setup of experimental devices for measuring the Kinetic friction coefficient
through magnetic induction using Audacity application consists of a trajectory table
made of rough acrylic with the size of 90x15 cm (Fig. 1).

Object m1 which is attached by a magnet is placed on the table of the track. The
surface of object m1 and the surface of the table of the track is made of rough acrylic.
Object m1 also has a wooden surface on the other side to be utilized as a variation in
the measurement of the Kkinetic friction coefficient values between wood and rough
acrylic.

The load m1 is connected to the object m2 using a rope through a pulley at the end
of the table (Fig. 2). At the bottom of the track table, there are three solenoids which
function as EMF signal sensors when the object m1 moves. The distance of solenoids
1 and 2 is s1, while solenoid 2 and 3 are separated by the distance of s2. When mass
m1 and magnet move across the solenoid, it will trigger the emergence of a magnetic
field signal (EMF) the time data of which can be recorded by Audacity.

N

F,

Fig. 2. Free diagram of the motion system in the experiment
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In conducting the experiment, the solenoids are connected in series and at both
ends of the circuit are connected to the TS (Tip-Sleeve) audio jack. This type of audio
jack has two conductors, one for audio signals and the other for ground. TS audio jack
is suitable to be employed in this study because EMF signal input comes from a single
channel (mono).

The audio jack is then connected to a USB Sound card. The use of a USB sound-
card can overcome the problem of unreadability of the EMF signal which generally
occurs when using a laptop with only one audio jack that is stereo and joins the mi-
crophone with the speaker. After all the tools and materials are assembled (Fig 2), the
retrieval of experimental data to determine the kinetic friction coefficient on the table
pulley system can be carried out.

4 Result and Discussion

In this study, to measure the kinetic friction coefficient, the first thing to do was to
determine the acceleration of motion m1 and m2 using equation (4). Next, the kinetic
friction coefficient was calculated using equation (8). Variables that contributed to
equation 4 and 8 were taken repetitively for 20 data retrieval times. The results of the
measurement and error calculation data are presented in Table 1.

Table 1. Results of measurements of load mass and the distance between solenoids

Material object Mass (kg) Solenoid distance (m)
.. _ m; (0.453+0.004) s (0.402+0.004)
Acrylic with acryl
crylic with acrylic m, (0.202+0.004) S (0.201%0.003)
_ _ m; (0.479+0.003) st (0.402+0.004)
Wood with acrylic m, (0.202+0.004) 5 (0.2010.003)

After obtaining the measuring results of m1, m2, s1, and s2, then the EMF signal
data was taken 20 times using Audacity for each friction object of acrylic with acrylic
(Fig. 3 left) and wood with acrylic (Fig. 3 right).
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Fig. 3. Display of EMF signals on Audacity output for each friction object of acrylic with
acrylic (left) and wood with acrylic (right)

According to the number of solenoids, there were three EMF signals that were cap-
tured by Audacity. The three signals were analyzed to obtain time data (Table 2). The



measurement and EMF sensor response time data when the solenoid was crossed by a
magnet in each distance of s1 and s2 were used in the calculation of the acceleration
value of the friction object using equation (4).

Table 2. Measurement data from EMF signals

Material object Time (s)
Lo . ty (0.568+0.002)
Acrylic with acrylic 5 (0.183 20001
) . t (0.553 +0.013)
Wood with acrylic . (0.174 2 0.005)

The time required by the friction objects of wood and acrylic in the distance of s1
and s2 was shorter than the friction objects of acrylic with acrylic. From the results of
these measurements, students are going to understand that the acceleration of wood
and acrylic friction objects is greater than that of acrylic and acrylic friction objects.
Based on the results of calculation with equation (4), the acceleration of wood and
acrylic friction object is equal to (1.185+0.053) m/s2. Meanwhile, the acceleration of
acrylic with acrylic is equal to (1.041+0.048) m/s2. By substituting the acceleration
value into equation (8), the value of the kinetic friction coefficient is determined ex-
perimentally and the results are shown in Table 3.

Table 3. Data of the kinetic friction coefficient calculation

Material object Kinetic friction coefficient
Acrylic with acrylic (0.296 + 0.011)
Wood with acrylic (0.253 £0.011)

Referring to the results of study by Blau [20], Coban and Erol [2], Gratton and De-
francesco [21], and Sari [7], the values obtained in this study can be considered as
excellent results for the kinetic friction coefficient values for the materials of acrylic
with acrylic and wood with acrylic.

5 Conclusion

Analysis of the calculation of kinetic friction coefficient used two concepts, i.e. the
kinematics concept to identify the load acceleration and the concept of the dynamic to
find the kinetic friction coefficient. Referring to the results from other studies, the
values obtained in this study can be considered as excellent results for the kinetic
friction coefficient values for the materials of acrylic with acrylic and wood with
acrylic. The use of Audacity application allows students to explore and understand the
concepts of physics that are in a close relationship with everyday life easier. The ap-
plication of the concept of data logging with this magnetic induction method can be
further developed under different conditions, for example measuring the coefficient of
kinetic friction on the motion of objects in the incline, on the motion of objects with a
pulley system, or by varying various kinds of test material.
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