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Abstract — Experiment activity is an essential part of
physics learning because it engages students to interact
with real physics phenomena and develop their scientific
abilities. However, online physics learning still faces a
challenge in providing experiment access to the student.
In this paper, we propose an alternative experiment
activity to explore Ohm's Law in physics class. The
experiment incorporates Arduino and a block-based
programming language called Common-Coding Builder
(CCB). Arduino Uno is an affordable microcontroller
that can be used to measure many physics quantities.
Programming using CCB can be carried out by students
who have never learned to program before. Hence, the
combination of Arduino Uno and CCB offers engaging
and affordable experiment activities in online learning.
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1. Introduction

Open

uny.ac.id)

Distance learning has grown significantly due to
the tremendous development of communication
technology. The past main obstacle of distance
learning was the lack of interactions among students
and teachers. Nowadays, those interactions can be
facilitated through various online platforms such as
zoom and Google Meet (Lenkaitis, 2020; Mladenova
et al., 2020). However, in science class, distance
learning still faces some challenges, especially related
to experimental activities.

Experimental work plays an important role in
physics learning. Students can develop their scientific
abilities and understand the process of scientific
investigation through experiments (Etkina etal., 2002;
Karelina & Etkina, 2007). In online learning, the
challenge is to facilitate students in doing
experimental work safely and effectively. Some
alternative activities, such as demonstration through
video and computer simulation, have their limit
(Aththibby et al., 2021; Leblond & Hicks, 2020;
Pratidhina et al., 2020). They cannot bring authentic
experiment experience that allows students to practice
handling instruments safely, do the real measurement,
be aware of the uncertainty in measurement, and
model natural phenomena.

Students may perform physics experiments at
home by using an experiment kit. There are some kits
in the market, but the price may not be affordable. As
an alternative, teachers can design a cheap
experimental kit using Arduino Uno. Arduino Uno is
a low-cost microcontroller that can be used as
measurement tools and direct current source for many
practical projects (Galeriu et al., 2015; Hadiati et al.,
2019; Makan et al., 2019; Yasin et al., 2018).

Arduino Uno usually can work within C or C++
programming, whichmay be difficult for students who
have not learned the programing language before
(Silva & Carvalho, 2020). Fortunately, simple
Arduino Uno programming can be done using block-



based programming, such as Common-Coding
Builder (CCB). In CCB, all syntax is presented as
blocks. Users can construct programs by combining
some blocks, just like play puzzles. Hence, physics
experiments with Arduino Uno and CCB can also
introduce programming to students.

In this paper, we discuss Arduino Uno and CCB as
a didactic tool for online physics learning. We give an
example of how to use those didactic tools to explore
the concepts of Ohm's Law.

2. Theory of Ohm’s Law

Consider a conductor wire with a length of | and
a cross-sectional area of A (see Figure 1). Across the
wire, a potential difference of AV is applied.

« l >
f 0 ,
d Ay
} =
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Figure 1. A conductorwith a length of |, a cross-sectional
area of A, a diameter of d and a potential difference of AV.

When a potential difference is applied across a
conductor, a current density (/) and an electric field
(E) are established. In some materials, including
conductor, the current density is proportional to the
electric field (Serway & Jewet, 2015),

=gk (1)
where f, E, and o represent current density,
electric field, and conductivity, respectively. Equation
(1)is called Ohm's law. Material that follows equation
(1) is called ohmic material.

Due to the potential difference, an electric field
will be established. The magnitude of the electric
field, E, will follow:

AV = El 2)
By substituting equation (1) to (2), we will get,

AV
o= 2 ®

J

Because | = I /A, the potential difference across
the conducting wire becomes:

AVzé]:(GI—A)I:RI, )

l. : : .
a8 defined asresistance (R). Hence the resistance
of a conducting wire can be determined through:

_1l 3)
R_JA'

1/0 is also called resistivity (p). Thus,

l 6
R=pt (©)

From equation (6) above, we can conclude that
theoretically, the resistance of the conductor wire is
linearly proportional to [ and inversely proportional to
the cross-sectional area. The relationship in equation
(6) will be explored experimentally by using Arduino
Uno and CCB.

3. Experimental Set-up

3.1. Hardware setup

The goal of the experiment is to explore equation
(6) through the experiment. For investigations, we
need some components such as Arduino Uno,
breadboard, jumper wires, resistor (100 Ohm), ruler,
and pencil leads with various diameters from the same
brand and type. Typically, pencil lead is made from
graphite, and graphite is known as conductor material.
We measure the resistance of pencil lead with various
cross-sectional areas and lengths by using Arduino
Uno and CCB. The circuit design to measure
resistance can be seen in Figure 2. The experiment
setup is shown in Figure 3.

AMA- AN
r=100 ohm

Vineer

=5V

Figure 2. Circuit diagram to measure the resistance of a
component, R

According to Kirchoff rule,
Vin =i(r+R)

. 0

. . . .
Since i = R—l, equation (7) can be modified to:
.
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Where R is the resistance of pencil lead that we
want to measure, r is the resistance of a resistor in the
circuit (we use a 100-ohm resistor), V;,, is the input
voltage (V;;, = 5V), and V; is the potential difference
across 1. V4 can be yielded from the reading value of
analog pin A4 and AS.

V; = (A4 — A5)*5/1023 )
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Figure 3. Setup experiment to measure pencil lead
resistance with the variation of length

3.2. Programming

The Arduino Uno can be programmed using CCB
that can be accessed at https://common-coding.com/.
The interface of CCB is shown in Figure 4. Arduino
programming can be carried out with an extension
feature that can be added by choosing menu Ex >
Arduino for Windows. CCB can read the Arduino Uno
board connected through a USB port after running a
firmware software called ccb_connect.exe that can be
downloaded from the common-coding website. The
firmware software can be run in a Java environment.
The complete procedure to program the Arduino Uno
is shown in the link shorturl.at/kmyX8.

After the connection between Arduino and CCB
has been set up, the user can construct a block script
in Figure 5 to order Arduino Uno to measure R.
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Figure 3. Interface of CCB

Vav b fagel COM7v analog 4+ pingelvae '°/

Vb kb lagel COM7v analog 5+ pingelvae 'el@

Figure 4. Block-script to measure resistance R

4. Results and Discussions

Table 1 shows the data yield from the experiment
with various pencil lead diameters, d. The cross-
sectional area of the pencil lead canbe calculated from

2
A=m (g) . The relation between A and R is depicted
in Figure 5(a). It can be seen that R are inversely
proportional to A. Moreover, from Figure 5(b), we

also conclude that R is linearly proportional to 1/A.

Table 1. Experimental Data (Variation of cross-sectional
area)

i) d A 1/A R
= (m) (m?) m?) | (chm)
0.09 0.0005 | 1.96x 107 | 5092958 3.8




0.09 0.0007 | 3.85x 107 | 2598448 32
0.09 0.0009 | 6.36 x 107 | 1571901 2.7
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Figure 5. Relationship betweenresistance, Rwith (a) cross-
sectional area, A and (b) inverse cross-sectional area, 1/A.

Table 2 shows the data yield from the experiment
with various pencil lead lengths, . In this experiment,
pencil lead with a diameter of 2 mm is used. Figure 6
shows the relation between R and [. It can be seen that
R is directly proportional to L.

Table 2. Experimental Data (Variation of length)

d (m) [ (m) R (ohm)
0.002 0.03 So7
0.002 0.04 6.4
0.002 0.05 7.1
0.002 0.06 8.1
0.002 0.07 8.6
0.002 0.08 9.3

10

R (ohm)
[ )

0 0.02 0.04 0.06 0.08 0.1
I(m)

Figure 6. Relationship between resistance, R and length, I.

5. Conclusions

Arduino and CCB can become affordable
experiment kits to explore various physics
phenomena. In this paper, we have explained the use
of Arduino and CCB to prove Ohm's law
experimentally.  The designed  experiment
demonstrates that the conductor's resistance is
proportional to the length and inversely proportional
to the cross-sectional area. The integration of Arduino
and CCB in physics experiments may also develop
students' computational thinking and coding skills.
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Abstract — Experiment activity E&I’l essential part of
physics learning b it engag di to interact
with real physics phenomena and develop their
scientific abilities. However, online physics learning
still faces a clillllenge in providing experiment access to
the student. In this paper, we propose an alternative
experiment activity to explore Ohm'sEBaw in physics
class. The experiment incorporates uino and a
block-based programming called C

Coding Builder (CCB). Arduino Uno is an affordable
microcontroller that can be used to measure many
physics quantities. Programming using CCB can be
carried out by students who have never learned to
program before. Hence, the combination of Arduino
Uno and CCB offers engaging and affordable
experiment activities in online learning.

Keywords — online learning, physics experiment, Ohm's
law, Arduino, block-based programming.

1. Introduction

Distance learning has grown significantly due to
the tremendous development of communication
technology. The past main obstacle of distance
learning was the lack of interactions among students
and teachers. Nowadays, those interactions can be
facilitated through various online platforms such as
zoom and Google Meet (Lenkaitis, 2020; Mladenova
et al., 2020). However, in science class, distance
leaming still faces some challenges, especially
related to experimental activities.

Experimental work plays an important role in
physics leamning. Students can develop their
scientific abilities and understand the process of
scientific investigation through experiments (Etkina
et al., 2002; Karelina & Etkina, 2007). In online
leaming, the challenge is to facilitate students in
doing experimental work safely and effectively.
Some alternative activities, such as demonstration
through video and computer simulation, have their
limit (Aththibby et al., 2021; Leblond & Hicks, 2020;
Pratidhina et al., 2020). They cannot bring authentic
experiment experience that allows students to

practice handling instruments safely, do the real
measurement, be aware of the uncertainty in
mefffurement, and model natural phenomena.

Students may perform physics experiments at
home by using an experiment kit. There are some kits
in the market, but the price may not be affordable. As
an alternative, teachers can design a che
experimental kit using Arduino Uno. Arduino Uno is
a low-cost microcontroller that can be used as
measurement tools and direct current source for
many practical projects (Galeriu et al., 2015; Hadiati
et al., 2019; Makan et al., 2019; Yasin et al., 2018).

Arduino Uno usually can work within C or C++
programming, which may be difficult for students
who have not learned the programing language
before (Silva & Carvalho, 2020). Fortunately, simple
Arduino Uno programming can be done using block-
based programming, such as Common-Coding
Builder (CCB). In CCB, all syntax is presented as
blocks. Users can construct programs by combining
some blocks, just like play puzzles. Hence, physics
experiments with Arduino Uno and CCB can also
introduce programming to students.

In this paper, we discuss Arduino Uno and CCB
as a didactic tool for online physics learning. We
give an example of how to use those didactic tools to
explore the concepts of Ohm's Law.

2. Theory of Ohm’s Law

Consider a conductor wire with a length of [ and
a cross-sectional area of A (see Figure 1). Across the
wire, a potential difference of AV is applied.

l

A 7%

QU
pas e
o

AV >

Figure 1. A conductor with a length of l, a cross-sectional
area of A, a diameter of d and a potential difference of
Aav.




When a potential difference is applied across a
conductor, a current density (/) and an electric field
(E) are established. In some materials, including
conductor, the current density is proportional to the
electric field (Serway & Jewet, 2015),

J = 6k, (1
where f,E. and o represent current density,
electric field, and conductivity, respectively.
Equation (1) is called Ohm's law. Material that
follows equation (1) is called ohmic material.

2
Due to the potential difference, an electric field
will be established. The magnitude of the electric
field, E, will follow:

AV =El (2)
By substituting equation (1) to (2), we will get,

oAV
=gE = —

l

3)

Because | = I/A, the potential difference across
the conducting wire becomes:

PRTRTR

i is defined as resistance (R). Hence the

resistance of a conducting wire can be determined
through:

- ML ®
ToA

1/0 is also called resistivity (p). Thus,

L 6)
R=p 2
From equation (6) above, we can conclude that
theoretigelly, the resistance of the conductor wire is
linearly proportional to ! and inversely proportional
to the cross-sectional area. The relationship in
equation (6) will be explored experimentally by
using Arduino Uno and CCB.

3. Experimental Set-up

3.1. Hardware setup

The goal of the experiment is to explore equation
(6) through the experiment. For investigations, we
need some components such as Arduino Uno,
breadboard, jumper wires, resistor (100 Ohm), ruler,
and pencil leads with various diameters from the

same brand and type. Typically, pencil lead is made
from graphite, and graphite is known as conductor
material. We measure the resistance of pencil lead
with various cross-sectional areas and lengths by
using Arduino Uno and CCB. The circuit design to
measure resistance can be seen in Figure 2. The
experiment setup is shown in Figure 3.

G

r=100 ohm

Figure 2. Circuit diagram to measure the resistance of a
component, R

According to Kirchoff rule,
Vin =i(r+R)

R=V;:"—r

L

)
Since i = %, equation (7) can be modified to:
1

r Vi (8)
R=V; ——r=r(ﬂ—1)
lnvl Vl

Where R is the resistance of pencil lead that we
want to measure, r is the resistance of a resistor in
the circuit (we use a 100-ohm resistor), V;, is the
input voltage (V;, =5V), and V; is the potential
difference across r. V; can be yielded from the
reading value of analog pin A4 and AS.

V; = (A4 — A5)*5/1023 ©)
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Pencil Lead '

.0

Figure 3. Setup experiment to measure pencil lead

resistance with the variation of length

3.2. Programming

The Arduino Unon be programmed using CCB
that can be accessed at https://common-coding.com/.
The interface of CCB is shown in Figure 4. Arduino
programming can be carried out with an extension
feature that can be added by choosing menu Ex >
Arduino for Windows. CCB can read the Arduino
Uno board connected through a USB port after
running a firmware software called ccb_connect.exe
that can be downloaded from the commdificoding
website. The firmware software can be run in a Java
environment. The complete procedure to program the
Arduino Uno is shown in the link shorturl.at/kmyX8.

After the connection between Arduino and CCB
has been set up, the user can construct a block script
in Figure 5 to order Arduino Uno to measure R.

g

Figure 3. Interface of CCB

Vv B fagel COM7v anslog 4+ pingelvalve -01@

We b tagel COMTv mdg 5+ pnoeivabe * ()1 (D

Figure 4. Block-script to measure resistance R

4. Results and Discussions

Table 1 shows the data yield from the experiment
with various pencil lead diameters, d. The cross-
sectional area of the pencil lead can be calculated

2
from A = n(g) . The relation between A and R is
depicted in Figure 5(a). It can be seen that R are
inversely proportional to A. Moreover, from Figure

5(b), we also conclude that R is linearly proportional
to 1/A.

Table 1. Experimental Data (Variation of cross-sectional
area)

1) d A’ l/ﬂ R
(m) (m?) (m?) | (ohm)
009 | 0.0005 | 196 x107 | 5092958 | 3.8
009 | 0.0007 | 385x107 | 2598448 | 3.2
009 | 0.0009 | 636x107 | 1571901 | 2.7
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Figure 5. Relationship between resistance, R with (a)
cross-sectional area, A and (b) inverse cross-sectional
area, 1/A.

Table 2 shows the data yield from the experiment
with various pencil lead lengths, [. In this
experiment, pencil lead with a diameter of 2 mm is
used. Figure 6 shows the relation between R and . It
can be seen that R is directly proportional to [.

Table 2. Experimental Data (Variation of length)

d (m) [ (m) R (ohm)
0.002 0.03 .7
0.002 0.04 6.4
0.002 0.05 7.1
0.002 0.06 8.1
0.002 0.07 8.6
0.002 0.08 9.3

R (ohm)
[ ]

0.04
I(m)

0.06 0.08 0.1

Rolati

Figure 6. Re

hip between r e, R and length, .

5. Conclusions

Arduino and CCB can become affordable
experiment kits to explore various physics
phenomena. In this paper, we have explained the use
of Arduino and CCB to prove Ohm's law
experimentally. The designed experiment
demonstrates that the conductor's resistance is
proportional to the length and inversely proportional
to the cross-sectional area. The integration of
Arduino and CCB in physics experiments may also
develop students' computational thinking and coding
skills.
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programming language called Common-Coding Builder
(CCB). Arduino Uno is an affordable microcontroller
that can be used to measure many physics quantities.
Programming using CCB can be carried out by students
who have never learned to program before. Hence, the
combination of Arduino Uno and CCB offers engaging
and affordable experiment activities in online learning.

Keywords — online learning, physics experiment, Ohm's
law, Arduino, block-based programming.

DOI: 10.18421/TEMxxX-XX
https://doi.org/10.18421/TEMxx-XX

Corresponding author: Elisabeth Pratidhina ,
Postgraduate Program, Universitas Negeri Yogyakarta &
Physics Department, Widya Mandala Surabaya Catholic
University

Email: elisa.founda@gmail.com

Received:
Accepted: ----- A
Published: ----- :

© 2021 -——-; published by UIKTEN. This
work is licensed under the Creative Commons Attribution-
NonCommercial-NoDerivs 4.0 License.

The article is published with Access at

www.temjournal.com

Open

uny.ac.id)

1. Introduction

Distance learning has grown significantly due to
the tremendous development of communication
technology. The past main obstacle of distance
learning was the lack of interactions among students
and teachers. Nowadays, those interactions can be
facilitated through various online platforms such as
zoom and Google Meet [1], [2]. However, in science
class, distance learning still faces some challenges,
especially related to experimental activities.

Experimental work plays an important role in
physics learning. Through experiments, students can
develop their scientific abilities [3], improve their
attitude toward science [4], and understand the nature
of science, and the process of scientific investigation
[5]. In online learning, the challenge is to facilitate
students in doing experimental work safely and
effectively. Some alternative activities, such as
demonstration through video and computer
simulation, have their limit [6], [7]. They cannot bring
authentic experiment experience that allows students
to practice handling instruments safely, do the real
measurement, be aware of the uncertainty in
measurement, and model natural phenomena.

Students may perform physics experiments at
home by using an experiment kit. There are some kits
in the market, but the price may not be affordable. As
an alternative, teachers can design a cheap
experimental kit using Arduino Uno. Arduino Uno is
a low-cost microcontroller that can be used as
measurement tools and direct current source for many
practical projects, such as determining diode
characteristics [8], investigating resistor-capacitor
circuit properties [9], determining Planck constant
[10], measuringelectrical power of solarcell [11],and
so on. Using Arduino also can create interest in
physics [12].

Arduino Uno usually can work within C or C++
programming, whichmay be difficult for students who



have notlearned the programing language before [13].
Fortunately,simple Arduino Uno programming can be
done using block-based programming, such as
Common-Coding Builder (CCB). In CCB, all syntax
is presented as blocks. Users can construct programs
by combining some blocks, just like play puzzles.
Hence, physics experiments with Arduino Uno and
CCB can also introduce programming to students.

In this paper, we discuss Arduino Uno and CCB as
a didactic tool for online physics learning. We give an
example of how to use those didactic tools to explore
the concepts of Ohm's Law.

2. Theory of Ohm’s Law

Consider a conductor wire with a length of [ and
a cross-sectional area of A (see Figure 1). Across the
wire, a potential difference of AV is applied.

f R ;
d A}
| e

< AV >

Figure 1. A conductorwith a length of |, a cross-sectional
area of A, a diameterof d and a potential difference of AV.

When a potential difference is applied across a
conductor, a current density (J) and an electric field
(E) are established. In some materials, including
conductor, the current density is proportional to the
electric field [14],

j=df, (1)
where f, E, and o represent current density,
electric field, and conductivity, respectively. Equation
(1)is called Ohm's law. Material that follows equation
(1) is called ohmic material.

Due to the potential difference, an electric field
will be established. The magnitude of the electric
field, E, will follow:

AV = El (2)
By substituting equation (1) to (2), we will get,

_ v ®)

J =0E i

Because /] = I /A, the potential difference across
the conducting wire becomes:

AV=£]=(GI—A>I=R1, “)

l. : : .
—as defined asresistance (R). Hence the resistance
of a conducting wire can be determined through:

_1l 3)
R_JA'

1/0 is also called resistivity (p). Thus,

l 6
R=pt (©)

From equation (6) above, we can conclude that
theoretically, the resistance of the conductor wire is
linearly proportional to [ and inversely proportional to
the cross-sectional area. The relationship in equation
(6) will be explored experimentally by using Arduino
Uno and CCB.

3. Experimental Set-up

3.1. Hardware setup

The goal of the experiment is to explore equation
(6) through the experiment. For investigations, we
need some components such as Arduino Uno,
breadboard, jumper wires, resistor (100 Ohm), ruler,
and pencil leads with various diameters from the same
brand and type. Typically, pencil lead is made from
graphite, and graphite is known as conductor material.
We measure the resistance of pencil lead with various
cross-sectional areas and lengths by using Arduino
Uno and CCB. The circuit design to measure
resistance can be seen in Figure 2. The experiment
setup is shown in Figure 3.

AN AN
r=100 ohm

Vineer

=5V

Figure 2. Circuit diagram to measure the resistance of a
component, R

According to Kirchoff rule,
Vin =i(r+R)

. g

. . . .
Since i = R—l, equation (7) can be modified to:
1
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Where R is the resistance of pencil lead that we
want to measure, r is the resistance of a resistor in the
circuit (we use a 100-ohm resistor), V;;,, is the input
voltage (V;, = 5V), and V; is the potential difference
across 1. V; can be yielded from the reading value of
analog pin A4 and AS.

V; = (A4 — A5)*5/1023 )
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Figure 3. Setup experiment to measure pencil lead
resistance with the variation of length

3.2. Programming

The Arduino Uno can be programmed using CCB
that can be accessed at https://common-coding.com/.
The interface of CCB is shown in Figure 4. Arduino
programming can be carried out with an extension
feature that can be added by choosing menu Ex >
Arduino for Windows. CCB can read the Arduino Uno
board connected through a USB port after running a
firmware software called ccb_connect.exe that can be
downloaded from the common-coding website. The
firmware software can be run in a Java environment.
The complete procedure to program the Arduino Uno
is shown in the link shorturl.at/kmyX8.

After the connection between Arduino and CCB
has been set up, the user can construct a block script

in Figure 5 to order Arduino Uno to measure R.

Code Tab

Code Area

Figure 3. Interface of CCB

Vav B fagel COM7v analog 4+ pingelvae '°/

Vb kb lagel COM7v analog 5+ pingelvae 'el@

Figure 4. Block-script to measure resistance R

4. Results and Discussions

Table 1 shows the data yield from the experiment
with various pencil lead diameters, d. The cross-
sectional area of the pencil lead canbe calculated from

2
A=m (g) . The relation between A and R is depicted
in Figure 5(a). It can be seen that R are inversely
proportional to A. Moreover, from Figure 5(b), we
also conclude that R is linearly proportional to 1/A.

Table 1. Experimental Data (Variation of cross-sectional
area)

1@) d A 1/,_4 R
(m) (m?) (m?) | (ohm)
0.09 0.0005 | 1.96 x 107 | 5092958 3.8
0.09 | 0.0007 | 3.85x 107 | 2598448 | 3.2
0.09 | 0.0009 | 6.36x 107 | 1571901 | 2.7
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Figure 5. Relationship betweenresistance, R with (a) cross-
sectional area, A and (b) inverse cross-sectional area, 1/A.

Table 2 shows the data yield from the experiment
with various pencil lead lengths, [. In this experiment,
pencil lead with a diameter of 2 mm is used. Figure 6
shows the relation between R and [. It can be seen that
R is directly proportional to [.

Table 2. Experimental Data (Variation of length)

d (m) [(m) | R(ohm)
0.002 0.03 5.7
0.002 0.04 6.4
0.002 0.05 |
0.002 0.06 8.1
0.002 0.07 8.6
0.002 0.08 9.3

10

R (ohm)
[ )

0 0.02 0.04 0.06 0.08 0.1
I(m)

Figure 6. Relationship between resistance, R and length, .
5. Conclusions

Arduino and CCB can become affordable
experiment Kkits to explore various physics
phenomena. In this paper, we have explained the use
of Arduino and CCB to prove Ohm's law
experimentally.  The designed  experiment
demonstrates that the conductor's resistance is
proportional to the length and inversely proportional
to the cross-sectional area. The integration of Arduino
and CCB in physics experiments may also develop
students' computational thinking and coding skills.
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1. Introduction

Distance learning has grown significantly due to
the tremendous development of communication
technology. The past main obstacle of distance
learning was the lack of interactions among students
and teachers. Nowadays, those interactions can be
facilitated through various online platforms such as
zoom and Google Meet [1], [2]. However, in science
class, distance learning still faces some challenges,
especially related to experimental activities.

Experimental work plays an important role in
physics learning. Through experiments, students can
develop their scientific abilities [3], improve their
attitude toward science [4], and understand the nature
of science, and the process of scientific investigation
[5]. In online learning, the challenge is to facilitate
students in doing experimental work safely and
effectively. Some alternative activities, such as
demonstration through video and computer
simulation, have their limit [6], [7]. They cannot bring
authentic experiment experience that allows students
to practice handling instruments safely, do the real
measurement, be aware of the uncertainty in
measurement, and model natural phenomena.

Students may perform physics experiments at
home by using an experiment kit. There are some kits
in the market, but the price may not be affordable. As
an alternative, teachers can design a cheap
experimental kit using Arduino Uno. Arduino Uno is
a low-cost microcontroller that can be used as
measurement tools and direct current source for many
practical projects, such as determining diode
characteristics [8], investigating resistor-capacitor
circuit properties [9], determining Planck constant
[10], measuringelectrical power of solarcell [11],and
so on. Using Arduino also can create interest in
physics [12].

Arduino Uno usually can work within C or C++
programming, whichmay be difficult for students who



have notlearned the programing language before [13].
Fortunately,simple Arduino Uno programming can be
done using block-based programming, such as
Common-Coding Builder (CCB). In CCB, all syntax
is presented as blocks. Users can construct programs
by combining some blocks, just like play puzzles.
Hence, physics experiments with Arduino Uno and
CCB can also introduce programming to students.

In this paper, we discuss Arduino Uno and CCB as
a didactic tool for online physics learning. We give an
example of how to use those didactic tools to explore
the concepts of Ohm's Law.

2. Theory of Ohm’s Law

Consider a conductor wire with a length of [ and
a cross-sectional area of A (see Figure 1). Across the
wire, a potential difference of AV is applied.

f R ;
d A}
| e

< AV >

Figure 1. A conductorwith a length of |, a cross-sectional
area of A, a diameterof d and a potential difference of AV.

When a potential difference is applied across a
conductor, a current density (J) and an electric field
(E) are established. In some materials, including
conductor, the current density is proportional to the
electric field [14],

j=df, (1)
where f, E, and o represent current density,
electric field, and conductivity, respectively. Equation
(1)is called Ohm's law. Material that follows equation
(1) is called ohmic material.

Due to the potential difference, an electric field
will be established. The magnitude of the electric
field, E, will follow:

AV = El (2)
By substituting equation (1) to (2), we will get,

_ v ®)

J =0E i

Because /] = I /A, the potential difference across
the conducting wire becomes:

AV=£]=(GI—A>I=R1, “)

l. : : .
—as defined asresistance (R). Hence the resistance
of a conducting wire can be determined through:

_1l 3)
R_JA'

1/0 is also called resistivity (p). Thus,

l 6
R=pt (©)

From equation (6) above, we can conclude that
theoretically, the resistance of the conductor wire is
linearly proportional to [ and inversely proportional to
the cross-sectional area. The relationship in equation
(6) will be explored experimentally by using Arduino
Uno and CCB.

3. Experimental Set-up

3.1. Hardware setup

The goal of the experiment is to explore equation
(6) through the experiment. For investigations, we
need some components such as Arduino Uno,
breadboard, jumper wires, resistor (100 ohm), ruler,
and pencil leads with various diameters from the same
brand and type. Typically, pencil lead is made from
graphite, and graphite is known as conductor material.
We measure the resistance of pencil lead with various
cross-sectional areas and lengths by using Arduino
Uno and CCB. The circuit design to measure
resistance can be seen in Figure 2. The experiment
setup is shown in Figure 3.

AN AN
r=100 ohm

Vineer

=5V

Figure 2. Circuit diagram to measure the resistance of a
component, R

According to Kirchoff rule,
Vin =i(r+R)

. g

. . . .
Since i = R—l, equation (7) can be modified to:
1
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Where R is the resistance of pencil lead that we
want to measure, r is the resistance of a resistor in the
circuit (we use a 100-ohm resistor), V;;,, is the input
voltage (V;;, = 5V), and V; is the potential difference
across 1. V4 can be yielded from the reading value of
analog pin A4 and AS.

V; = (A4 — A5)*5/1023 )

&IIII|IIIILIII|IllIILIIIIIIIIILIIIIIIIII
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Figure 3. Setup experiment to measure pencil lead
resistance with the variation of length

3.2. Programming

The Arduino Uno can be programmed using CCB
that can be accessed at https://common-coding.com/.
The interface of CCB is shown in Figure 4. Arduino
programming can be carried out with an extension
feature that can be added by choosing menu Ex >
Arduino for Windows. CCB can read the Arduino Uno
board connected through a USB port after running a
firmware software called ccb_connect.exe that can be
downloaded from the common-coding website. The
firmware software can be run in a Java environment.

After the connection between Arduino and CCB
has been set up, the user can construct a block script
in Figure 5 to order Arduino Uno to measure R.

Code Tab

Code Area

Figure 4. Interface of CCB

Vav b faget COM7 v analog 4+ pingelvalve '°I

We o lagel COM7v andog 5+ pingelvae '01@

Figure 5. Block-script to measure resistance R

4. Results and Discussions

Table 1 shows the data yield from the experiment
with various pencil lead diameters, d. The cross-
sectional area of the pencil lead canbe calculated from
A=m (;) . The relation between A and R is depicted

in Figure 6(a). It can be seen that R are inversely
proportional to A. Moreover, from Figure 6(b), we
also conclude that R is linearly proportional to 1/A.

Table 1. Experimental Data (Variation of cross-sectional

area)
I d A 1/A R
™ ] @ (m?) m?2) | ©hm)
0.09 0.0005 | 1.96 x 107 | 5092958 3.8
0.09 0.0007 | 3.85x 107 | 2598448 3.2
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Figure 6. Relationship between resistance, Rwith (a) cross-
sectional area, A and (b) inverse cross-sectional area, 1/A.

Table 2 shows the data yield from the experiment
with various pencil lead lengths, . In this experiment,
pencil lead with a diameter of 2 mm is used. Figure 7
shows the relation between R and L. It can be seen that
R is directly proportional to [.

Table 2. Experimental Data (Variation of length)

d (m) [ (m) R (ohm)
0.002 0.03 5.7
0.002 0.04 6.4
0.002 0.05 7.1
0.002 0.06 8.1
0.002 0.07 8.6
0.002 0.08 9.3

10

R (ohm)
[

0 0.02 0.04 0.06 0.08 0.1
I(m)

Figure 7. Relationship between resistance, R and length, I.

5. Conclusions

Arduino and CCB can become affordable
experiment Kkits to explore various physics
phenomena. In this paper, we have explained the use
of Arduino and CCB to prove Ohm's law
experimentally.  The designed  experiment
demonstrates that the conductor's resistance is
proportional to the length and inversely proportional
to the cross-sectional area. The integration of Arduino
and CCB in physics experiments may also develop
students' computational thinking and coding skills.
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1. Introduction

Distance learning has grown significantly due to
the tremendous development of communication
technology. The past main obstacle of distance
learning was the lack of interactions among students
and teachers. Nowadays, those interactions can be
facilitated through various online platforms such as
zoom and Google Meet [1], [2]. However, in science
class, distance learning still faces some challenges,
especially related to experimental activities.

Experimental work plays an important role in
physics learning. Through experiments, students can
develop their scientific abilities [3], improve their
attitude toward science [4], and understand the nature
of science, and the process of scientific investigation
[5]. In online learning, the challenge is to facilitate
students in doing experimental work safely and
effectively. Some alternative activities, such as
demonstration through video and computer
simulation, have their limit [6], [7]. They cannot
bring authentic experiment experience that allows
students to practice handling instruments safely, do
the real measurement, be aware of the uncertainty in
measurement, and model natural phenomena.

Students may perform physics experiments at
home by using an experiment kit. There are some kits
in the market, but the price may not be affordable. As
an alternative, teachers can design a cheap
experimental kit using Arduino Uno. Arduino Uno is
a low-cost microcontroller that can be used as
measurement tools and direct current source for
many practical projects, such as determining diode
characteristics [8], investigating resistor-capacitor
circuit properties [9], determining Planck constant
[10], measuring electrical power of solar cell [11],
and so on. Using Arduino also can create interest in
physics [12].



Arduino Uno usually can work within C or C++
programming, which may be difficult for students
who have not learned the programing language
before [13]. Fortunately, simple Arduino Uno
programming can be done using block-based
programming, such as Common-Coding Builder
(CCB). In CCB, all syntax is presented as blocks.
Users can construct programs by combining some
blocks, just like play puzzles. Hence, physics
experiments with Arduino Uno and CCB can also
introduce programming to students.

In this paper, we discuss Arduino Uno and CCB
as a didactic tool for online physics learning. We
give an example of how to use those didactic tools to
explore the concepts of Ohm's Law.

2. Theory of Ohm’s Law

Consider a conductor wire with a length of [ and
a cross-sectional area of A (see Figure 1). Across the
wire, a potential difference of AV is applied.

< l
f o ,
d A,
R

< AV

Figure 1. A conductor with a length of 1, a cross-sectional
area of A, a diameter of d and a potential difference of
AV.

When a potential difference is applied across a
conductor, a current density (/) and an electric field
(E) are established. In some materials, including
conductor, the current density is proportional to the
electric field [14],

J=0E, (H
where ﬁ E and ¢ represent current density,
electric field, and conductivity, respectively.
Equation (1) is called Ohm's law. Material that
follows equation (1) is called ohmic material.

Due to the potential difference, an electric field
will be established. The magnitude of the electric
field, E, will follow:

AV =El 2)
By substituting equation (1) to (2), we will get,

EEF 3)

] =0dE 7

Because /] = I /A, the potential difference across
the conducting wire becomes:

AV=£]=(UZ—A)1=R1, @)

L 3 : 5
s defined as resistance (R). Hence the

resistance of a conducting wire can be determined
through:

_11 )
R—O'A'

1/0 is also called resistivity (p). Thus,

l 6
R=pt ©)

From equation (6) above, we can conclude that
theoretically, the resistance of the conductor wire is
linearly proportional to [ and inversely proportional
to the cross-sectional area. The relationship in
equation (6) will be explored experimentally by
using Arduino Uno and CCB.

3. Experimental Set-up

3.1. Hardware setup

The goal of the experiment is to explore equation
(6) through the experiment. For investigations, we
need some components such as Arduino Uno,
breadboard, jumper wires, resistor (100 ohm), ruler,
and pencil leads with various diameters from the
same brand and type. Typically, pencil lead is made
from graphite, and graphite is known as conductor
material. We measure the resistance of pencil lead
with various cross-sectional areas and lengths by
using Arduino Uno and CCB. The circuit design to
measure resistance can be seen in Figure 2. The
experiment setup is shown in Figure 3.

A i R
AMA- AN
r=100 ohm

Vineer

=5V

Figure 2. Circuit diagram to measure the resistance of a
component, R

According to Kirchoff rule,



Vin = i(r + R)

V.
R="2r ™

. .V ; s
Since i = R—l, equation (7) can be modified to:
1

ey ®

R =V "

lTlV1

Where R is the resistance of pencil lead that we
want to measure, r is the resistance of a resistor in
the circuit (we use a 100-ohm resistor), V;;, is the
input voltage (V;;, =5V), and V; is the potential
difference across r. V; can be yielded from the
reading value of analog pin A4 and A5.

V; = (A4 — A5)*5/1023 )

J’HIHIIIlllllI]IIIILIIIlllIIILIIIIxItIl

Pencil Lead '

Figure 3. Setup experiment to measure pencil lead
resistance with the variation of length

3.2. Programming

The Arduino Uno can be programmed using CCB
that can be accessed at https:/common-coding.com/.
The interface of CCB is shown in Figure 4. Arduino
programming can be carried out with an extension
feature that can be added by choosing menu Ex >
Arduino for Windows. CCB can read the Arduino
Uno board connected through a USB port after
running a firmware software called ccb_connect.exe
that can be downloaded from the common-coding

website. The firmware software can be run in a Java
environment.

After the connection between Arduino and CCB
has been set up, the user can construct a block script
in Figure 5 to order Arduino Uno to measure R.

Code Tab

Figure 4. Interface of CCB

Vav b faget COM7 v analog 4+ pingel vale '°I®

Vbe b flaget COM7 v analog 5+ pingelvale 'OI@

Figure 5. Block-script to measure resistance R

4. Results and Discussions

Table 1 shows the datayield from the experiment
with various pencil lead diameters, d. The cross-
sectional area of the pencil lead can be calculated

2
from A = n(g) . The relation between A and R is

depicted in Figure 6(a). It can be seen that R are
inversely proportional to A. Moreover, from Figure
6(b), we also conclude that R is linearly proportional
to 1/A.



Table 1. Experimental Data (Variation of cross-sectional
area)

I (m) d A 1/A R
(m) (m?) (m?2) (ohm)
0.09 0.0005 | 1.96 x 1077 | 5092958 3.8
0.09 0.0007 | 3.85x 107 | 2598448 3.2
0.09 0.0009 | 6.36 x 107 | 1571901 2.7
(a)
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
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Figure 6. Relationship between resistance, R with (a)
cross-sectional area, A and (b) inverse cross-sectional
area, 1/A.

Table 2 shows the data yield from the experiment
with various pencil lead lengths, [. In this
experiment, pencil lead with a diameter of 2 mm is
used. Figure 7 shows the relation between R and [. It
can be seen that R is directly proportional to [.

Table 2. Experimental Data (Variation of length)

d (m) [ (m) R (ohm)
0.002 0.03 5.7
0.002 0.04 6.4
0.002 0.05 7.1
0.002 0.06 8.1
0.002 0.07 8.6
0.002 0.08 9.3

10

R (ohm)
[ ]

0 0.02 0.04 0.06 0.08 0.1
I(m)

Figure 7. Relationship between resistance, R and length, .

5. Conclusions

Arduino and CCB can become affordable
experiment kits to explore various physics
phenomena. In this paper, we have explained the use
of Arduino and CCB to prove Ohm's law
experimentally. The  designed experiment
demonstrates that the conductor's resistance is
proportional to the length and inversely proportional
to the cross-sectional area. The integration of
Arduino and CCB in physics experiments may also
develop students' computational thinking and coding
skills.
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1. Introduction

Distance learning has grown significantly due to
the tremendous development of communication
technology. The past main obstacle of distance

learning was the lack of interactions among
students and teachers. Nowadays, those interactions
can be facilitated through various online platforms
such as zoom and Google Meet [1], [2]. However, in
science class, distance learning still faces some
challenges, especially related to experimental
activities.

Experimental work plays an important role in
physics learning. Through experiments, students can
develop their scientific abilities [3], improve their
attitude toward science [4], and understand the nature
of science, and the process of scientific investigation
[5]. In online learning, the challenge is to facilitate
students in doing experimental work safely and
effectively. Some alternative activities, such as
demonstration  through video and computer
simulation, have their limit [6], [7]. They cannot
bring authentic experiment experience that allows
students to practice handling instruments safely, do
the real measurement, be aware of the uncertainty in
measurement, and model natural phenomena.

Students may perform physics experiments at
home by using an experiment kit. There are some kits
in the market, but the price may not be affordable. As
an alternative, teachers can design a cheap
experimental kit using Arduino Uno. Arduino Uno is
a low-cost microcontroller that can be used as
measurement tools and direct current source for
many practical projects, such as determining diode
characteristics [8], investigating resistor-capacitor
circuit properties [9], determining Planck constant
[10], measuring electrical power of solar cell [11],
and so on. Using Arduino also can create interest in
physics [12].
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Arduino Uno usually can work within C or C++
programming, which may be difficult for students
who have not learned the programing language
before [13]. Fortunately, simple Arduino Uno
programming can be done using block-based
programming, such as Common-Coding Builder
(CCB). In CCB, all syntax is presented as blocks.
Users can construct programs by combining some
blocks, just like play puzzles. Hence, physics
experiments with Arduino Uno and CCB can also
introduce programming to students.

In this paper, we discuss Arduino Uno and CCB as
a didactic tool for online physics learning. We give
an example of how to use those didactic tools to
explore the concepts of Ohm's Law.

2. Theory of Ohm’s Law
Consider a conductor wire with a length of [ and a

cross-sectional area of A (see Figure 1). Across the
wire, a potential difference of AV is applied.

B l R
! o ;
d iy
|

Figure 1. A conductor with a length of |, a cross-sectional
area of A, a diameter of d and a potential difference of
AV.

When a potential difference is applied across a
conductor, a current density (J) and an electric field
(E) are established. In some materials, including
conductor, the current density is proportional to the
electric field [14],

J = oE, )

where J,E, and o represent current density,
electric field, and conductivity, respectively.
Equation (1) is called Ohm's law. Material that
follows equation (1) is called ohmic material.

Due to the potential difference, an electric field
will be established. The magnitude of the electric
field, E, will follow:

AV = El (€))

By substituting equation (1) to (2), we will get,
oAV

J=op = 3

l

Because | = i/A, the potential difference across
the conducting wire becomes:
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l Ly, )
AV—E]—(a)l—Rl,

“

1 :
s defined as resistance (R). Hence the

resistance of a conducting wire can be determined
through:

11 5)
R==>-,
gA
1/ is also called resistivity (p). Thus,
l (6)
R=p—
Pa

From equation (6) above, we can conclude that
theoretically, the resistance of the conductor wire is
linearly proportional to conductor length, [and
inversely proportional to the cross-sectional area of
the conductor, A. The relationship in equation (6)
will be explored experimentally by using Arduino
Uno and CCB.

3. Experimental Set-up
3.1. Hardware Setup

The goal of the experiment is to explore equation
(6) through the experiment. For investigations, we
need some components such as Arduino Uno,
breadboard, jumper wires, resistor (100 ohm), ruler,
and pencil leads with various diameters from the
same brand and type. Typically, pencil lead is made
from graphite, and graphite is known as conductor
material. We measure the resistance of pencil lead
with various cross-sectional areas and lengths by
using Arduino Uno and CCB. The circuit design to
measure resistance can be seen in Figure 2. The
experiment setup is shown in Figure 3.

i

<—1—> _

r=100 ohm

o~
3

|
'

Figure 2. Circuit diagram to measure the resistance of a
component, R

According to Kirchoff rule,
Vin =i(r + R)
v, (7)

RZ—,—T
2
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Since i = %, equation (7) can be modified to:

®)

Where R is the resistance of pencil lead that we
want to measure, r is the resistance of a resistor in
the circuit (we use a 100-ohm resistor), V;;, is the
input voltage (V;;, =5V), and V; is the potential
difference across r. V; can be yielded from the
reading value of analog pin A4 and A5.

Vi = (A4 — A5)*5/1023 )

J,nl|||||||l‘||||||||L|l|||||||L||||\||1|

IR 0 JI0K Do G S8 0 R T

Pencil Lead '

Figure 3. Setup experiment to measure pencil lead
resistance with the variation of length

3.2.Programming

The Arduino Uno can be programmed using CCB
that can be accessed at https://common-coding.com/.
The interface of CCB is shown in Figure 4. Arduino
programming can be carried out with an extension
feature that can be added by choosing menu Ex >
Arduino for Windows. CCB can read the Arduino
Uno board connected through a USB port after
running a firmware software called ccb_connect.exe
that can be downloaded from the common-coding
website. The firmware software can be run in a Java
environment.

After the connection between Arduino and CCB
has been set up, the user can construct a block script
in Figure 5 to order Arduino Uno to measure R.

376

Code Tab

=
— c
= Code Area
- 0 0
-0 —— |
-0 0.0 -
. = S
P -
ﬂu& » < 00
W
Figure 4. Interface of CCB
»

sl Vav b tagel COM7v andlog 4+ pingelvae '°I

w Vv b taget COMT+ maog 5+ pmoetvare * () (ED

Figure 5. Block-script to measure resistance R

4. Results and Discussions

Table 1 shows the data yield from the experiment
with various pencil lead diameters, d. The cross-
sectional area of the pencil lead can be calculated

2
from A=m (g) . The relation between A and R is
depicted in Figure 6(a). It can be seen that R are
inversely proportional to A. Moreover, from Figure
6(b), we also conclude that R is linearly proportional
to 1/A.

Table 1. Experimental Data (Variation of cross-sectional
area)

I(m) | d(m) A (m?) 1/A (m™) |R (ohm)
0.09 [ 0.0005 [ 1.96x 107 [ 5092958 | 3.8
0.09 [ 0.0007 [ 3.85x107 | 2598448 | 3.2
0.09 [ 0.0009 | 6.36 x107 [ 1571901 27
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Figure 6. Relationship between resistance, R with (a)
cross-sectional area, A and (b) inverse cross-sectional
area, 1/A.

Table 2 shows the data yield from the experiment
with various pencil lead lengths, [. In this
experiment, pencil lead with a diameter of 2 mm is
used. Figure 7 shows the relation between R and [. It
can be seen that R is directly proportional to [.

Table 2. Experimental Data (Variation of length)

d (m) [ (m) R (ohm)
0.002 0.03 5.7
0.002 0.04 6.4
0.002 0.05 7.1
0.002 0.06 8.1
0.002 0.07 8.6
0.002 0.08 9.3
10
9 Y.
.
_. 8 [ S
B 7 i
« o d
6 o
5
4
0 0.02 0.04 0.06 0.08 0.1

/(m)

Figure 7. Relationship between resistance, R and length, |
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5. Conclusions

Arduino and CCB can become affordable
experiment kits to explore various physics
phenomena. In this paper, we have explained the use

of Arduino and CCB to prove Ohm's law
experimentally. The designed experiment
demonstrates that the conductor's resistance is

proportional to the length and inversely proportional
to the cross-sectional area. The integration of
Arduino and CCB in physics experiments may also
develop students' computational thinking and coding
skills.
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