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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

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 𝑙 and a 

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

 

 
 

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

𝛥𝑉. 
 

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

 

𝐽 ൌ 𝜎𝐸ሬ⃗ , (1) 
 

where 𝐽, 𝐸ሬ⃗ ,  and 𝜎 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: 

 

Δ𝑉 ൌ 𝐸𝑙 (2) 
 

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

𝐽 ൌ 𝜎𝐸 ൌ
𝜎Δ𝑉

𝑙
 

(3) 

 

Because 𝐽 ൌ 𝑖/𝐴, the potential difference across 
the conducting wire becomes: 

 

Δ𝑉 ൌ
𝑙
𝜎

𝐽 ൌ ൬
𝑙

𝜎𝐴
൰ 𝑖 ൌ 𝑅𝑖, 

(4) 

 

௟

ఙ஺
 is defined as resistance (𝑅). Hence the 

resistance of a conducting wire can be determined 
through: 

𝑅 ൌ
1
𝜎

𝑙
𝐴

, 
(5) 

 

1/𝜎 is also called resistivity ሺ𝜌ሻ. Thus,  
 

𝑅 ൌ 𝜌
𝑙
𝐴

 
(6) 

 

From equation (6) above, we can conclude that 
theoretically, the resistance of the conductor wire is 
linearly proportional to conductor length, 𝑙 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. 

 

 
 

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

 
According to Kirchoff rule,  

 

𝑉௜௡ ൌ 𝑖ሺ𝑟 ൅ 𝑅ሻ 
 

𝑅 ൌ
𝑉௜௡

𝑖
െ 𝑟 

(7) 
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Since 𝑖 ൌ
௏భ

௥
, equation (7) can be modified to: 

 

𝑅 ൌ 𝑉௜௡
𝑟
𝑉ଵ

െ 𝑟 ൌ 𝑟 ൬
𝑉௜௡

𝑉ଵ
െ 1൰ 

(8) 

 

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௜௡ ൌ 5 Vሻ, and 𝑉ଵ is the potential 
difference across 𝑟. 𝑉ଵ can be yielded from the 
reading value of analog pin 𝐴4 and 𝐴5.  

 

𝑉ଵ ൌ ሺ𝐴4 െ 𝐴5ሻ*5/1023 (9) 
 

 
 

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.   

 

 
 

Figure 4. Interface of CCB 

 
 

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 

from 𝐴 ൌ 𝜋 ቀௗ

ଶ
ቁ

ଶ
. 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) 
 

l (m) d (m) A (m2) 1/A (m-2) R (ohm) 

0.09 0.0005 1.96 x 10-7 5092958 3.8 
0.09 0.0007 3.85 x 10-7 2598448 3.2 
0.09 0.0009 6.36 x 10-7 1571901 2.7 
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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, 𝑙. 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 𝑙.  

 
Table 2. Experimental Data (Variation of length) 
 

d (m) l (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 

 

 
 

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

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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