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and ready to be tested. The purpose of this research is to develop a
prototype of basic physics teaching aids on the subject of Ohm's law. The
method used in this research is the research and development method.
The results obtained in this study are that the Arduino uno-based
automatic light control circuit can be used as a basic physics teaching aid
for Ohm's law material. This trainer uses 4 lights that are assembled in
series and parallel. In addition, this trainer is accompanied by Bluetooth
to connect with an Android smartphone as a light switch controller.
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INTRODUCTION

The development of technology that is increasingly advanced makes a lot of
progress that is so fast that it must be utilized, studied, as well as applied in everyday
life. One of the advances that can be felt in the field of education today is being able
to develop various combinations of learning media used (Kurniadi & Fitriyani,
2015). In addition to explaining the material, learning media as one of the supports
in the learning process can be in the form of laboratory tools and materials. In other
words, tools and materials can be an important device to be included in the learning
process. The selection of tools and materials becomes a basic construction in
finding precise data, such as in practicum. Through this learning process,
experiments in higher education require several supporting tools to achieve the
objectives of the desired material concept (Susanti & Asmoro, 2019). This is in
line with research conducted by Subekti & Ariswan (2016) explaining that the
experimental method is a way of presenting subjects that involve students being
able to actively learn and prove the material they learn themselves so that they can
prove and draw conclusions related to objects that can later be applied, especially
in physics.

Current developments in the instrumental field can be in the form of
sensors, microcontrollers, and computers that make it possible to build a simple
instrument that is more accurate and portable (Kadir, 2013). In addition, the
important thing that needs to be done from the existence and availability of this
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sensor is to be able to combine existing sensors and be able to operate them to be
applied with instrument modules such as the application of infrared sensors and
Arduino Uno for simple teaching aids on the subject of free fall motion to detect
the frequency of vibration of objects (Qomariyah et al., 2020).

Among the courses in the Physics Education Study Program, University of
Jember, one of them is the Basic Physics Experiment course. As the name implies,
the course does direct practice to prove some of the previous theories that already
exist. One of the materials discussed in the basic Physics experiment course is the
ohm's law experiment. The concept developed in this experiment is to train skills
in using physics measuring instruments and to understand the concepts put forward
by George Simon Ohm (March 16, 1789 - July 6, 1854), a physicist from Germany.
So as to support the implementation of this course, a teaching aid is needed.
Teaching aids are tools whose function is used to visualize the concept of physics
or can be as a measuring tool in conducting practicum activities. The use of teaching
aids in learning can certainly optimize to increase the effectiveness of learning by
seeing, feeling, and using it logically (Widiyatmoko & Pamelasari, 2012). In
addition, the existence of teaching aids can help clarify a physics concept with a
deeper understanding during direct learning. This is in line with the research of
Nuvitalia, et al (2016) which states that the function of teaching aids is to facilitate
the objectives of implementing learning. Where teaching aids must be able to
channel messages and stimulate thoughts so that they can encourage learning. Of
course, the use of creative teaching aids will be easier to improve the quality of
learning.

Ohm's Law discusses the relationship between electric current, resistance,
and voltage. Before understanding the relationship between these two physical
quantities, it is necessary to know the definition of electric current and voltage.
Electric current is the amount of electric charge that flows unit time. while the
direction of the electric current can be interpreted as the direction of the movement
of positive charges or protons. In metals made from conductors, the moving charge
IS negative so that the direction of the electric current is opposite to the direction of
movement of the electric charge (Saefullah et al., 2018). The movement of electric
charge occurs when there is a potential difference so that electrons will move from
low potential to high potential. Where in a circuit a voltage is needed to produce
the electric current itself by installing a power supply or battery. The existing
electric charge moves through the wires of the circuit from one battery terminal to
another terminal. The experiment conducted by George Simon Ohm is the amount
of electric current in a conductor is directly proportional to the resulting voltage.
The ease with which electric current flows in an electrical conductor depends on
the type of conductor. Where the conductor's ability to flow electric current is called
conductivity, the opposite of resistivity can be referred to as resistance (R). Where
the greater the resistivity of a conductor, the more difficult it will be for electric

current to pass through (1-%). In other words, the relationship between voltage,
electric current, and resistance can be written mathematically as follows.

I =—
R
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Some research related to Ohm's law using microcontrollers, namely research
conducted by (Aslam et al., 2016) can show a graph of the relationship between
voltage and current directions in the discussion of "Development of graph-based
Ohm's Law Practical Tools Using Microcontrollers on Physics Teacher
Candidates™. According to (Aslam et al., 2016), the ability to illustrate graphs here
can be a requirement demanded in physics learning because it can display and help
analyze the relationship between existing variables. Not only that, but graphs can
also explain a concept practically and more efficiently so that it will make it easier
to understand physics concepts from existing measuring instruments. Other
research related to Ohm's law is research conducted by Djatmiko (2017) which
states that a voltage divider circuit with 2 resistors connected to the Arduino uno
R3 board can be utilized as a digital resistance meter. So that the resistance value
can be known through Arduino sketch-based calculations in the form of resistance
data from the reading of one resistor displayed on the 20x4 character LCD module.

In line with this, the use of teaching aids in the ohm law circuit can be used
to improve understanding of existing material concepts. So in other words, learning
innovations in the development of teaching aids need to be further developed so
that educators can easily convey material. Learning updates are needed to keep up
with the times by maintaining the main mission of educating the nation's life. Of
course, the development of information technology in the current global era has a
major impact on all areas of life, including the field of education itself (Muchlis &
Toifur, 2017). Based on this, the researchers developed teaching aids for basic
physics learning on Ohm's law in Arduino Uno-based automatic light control.

METHODS

The method used in this research is the research and development method.
This method aims to produce knowledge, applications, and products with the latest
innovations. In research and development (R&D) research, the method of designing
tools is done starting with field studies to find existing problems. Then proceed with
designing the tool through the design of the props that have been made, after which
it begins at the stage of preparing the series of props. At the last stage of this
research, the props were tested. This research has the following flow.
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Figure 1. Research flow

a. Preparation

At this stage, the researcher identifies the problem, then proceeds to
formulate the problem. In addition, prepare the tools and materials needed. The
components used in making the design of teaching aids are as follows.
1) Arduino UNO, functions as an electronic program maker component
2) 2 channel relay module, functions as a switch to turn on the lights
3) HC-05 Bluetooth module, functions as a connector for props to smartphones in
controlling lights automatically
4) Jumper cable, which serves as a connector for electronic components other than
Arduino to the breadboard
5) Light fittings, serves as a link between lights and electricity
6) 5V lamp, serves as an indicator of circuit output
7) Box X6, serves as a container for the Arduino circuit board and other components
8) Project board, serves as the basis for the construction of a circuit prototype
9) Male/female cable, serves as an electrical conductor to connect the electrical
circuit
10) AC line cable, serves as a link between electrical equipment and an AC power
source that comes from the PLN electricity network or an electric generator.
b. Literature Study

At this stage, researchers conduct literature reviews from various sources
such as journals, books, and other sources related to this research.
c. Design of Props

Before entering the stage of designing/assembling the hardware
components, researchers made a software design first to see the schematic design
using the Proteus application. The design in the Proteus application is as shown
below.
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Figure 2. Design layout in proteus application

In this Proteus application, there are several component deficiencies such as the
unavailability of a 4-channel relay module, so you have to use relay modules one
by one. Then for the Bluetooth HC-05 module, there is already a library installed
in the proteus application, but because there are still some limitations in connecting
the wire/cable, then here for the temporary design can only connect two wires.

After making the design of the tool design in the proteus application, the
next step is to make a schematic design of the components used assembled into one

as shown below.
Relay 2CH
r.mm;l'g!;i:nmn Lo ArdunoUNO ~|i

Relay 2CH _l
Lampu 4

Figure 3. Schematic design of automatic light control system
After the schematic design has been made, the next step is to make a circuit
design using the tools and materials as needed as shown below.
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Figure 4. Design of the trainer circuit
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d. Assembly of the Teaching Aid
At this stage, the components that have been prepared are then assembled according
to the design that has been made. In addition, the automatic light control system
program is made by creating a program listing on Arduino Uno using the Arduino
IDE software and Proteus software to create a schematic design. Furthermore, the
program listing that has been made is uploaded to the Arduino board so that the
program can run.
e. Test of Props
At this stage, testing the program listing that has been made, then testing the
Bluetooth connection to the smartphone, and after that testing the circuit. In the
Arduino Bluetooth application on a smartphone, there is a display of several buttons
used to turn on lights in series and parallel circuits. If button 1 is pressed, the series
lights will appear to be lit or not lit. If button 2 is pressed, the parallel circuit on
lamp 1 looks lit or not. Furthermore, if button 3 is pressed, the parallel circuit on
lamp 2 looks lit or not. The test results will be shown in the following table:
Table 1. Observation Results

Testing Circuit Lights Testing Result Remarks

Button 1 Series Lamp

Button 2 Parallel Lamp 1

Button 3 Parallel Lamp 2

RESULTS & DISCUSSION
Results of the Teaching Aid

The Arduino uno-based automatic light control circuit as a basic physics
teaching aid on Ohm's law using series and parallel electrical circuits is made based
on Figures 1 and 2. At this stage, the product is made in the form of a board as a
lamp holder with a description of the lights in series or parallel as in Figure 3. The
use of smartphones functions as an automatic light control with the Arduino
Bluetooth 4 CH application. Arduino Bluetooth 4 CH is an application on an
Android smartphone that functions to control the lights that are assisted by the
Bluetooth HC-05 module.

BB, , [\ 4 L

Figure 5. Propscircui board
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Figure 6. Bluetooth 4 CH app view
Then, the program listing uploaded to the Arduino board which is adjusted
to the design of the props circuit in Figure 2 can be written as follows.

#define
#define
#define
#define

lampul AO
lampu2 Al
lampu3 A2
lampu4 A3

// Parameters for Bluetooth interface

char incoming;

void setup () {
// put your setup code here,
Serial.begin(9600) ;

OUTPUT) ;

pinMode (lampul, )

OUTPUT) ;
)
)

(
pinMode (lampuZ2,
pinMode (lampu3,
pinMode (lampu4,

4

OUTPUT
OUTPUT

14

digitalWrite
digitalWrite
digitalWrite
digitalWrite

lampul,
lampu?2,
lampu3,
lampu4,

P

Serial.println("The device started,
it with bluetooth!");

}

void loop () {
// put your main code here,
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if (Serial.available())

{

incoming = Serial.read(); //Read what we receive

// separate button ID from button value -> button ID
is 10, 20, 30, etc, value is 1 or O
// int button = floor (incoming / 10);

)

// int value = incoming % 10;
Serial.println(incoming) ;

switch (incoming) {
case '1':
digitalWrite (lampul, LOW);
break;
case 'A':
digitalWrite (lampul, HIGH);
break;

case '2':
digitalWrite (lampu2, LOW) ;
break;

case 'B':
digitalWrite (lampu2, HIGH) ;
break;

case '3':
digitalWrite (lampu3, LOW);
break;

case 'C':
digitalWrite (lampu3, HIGH) ;
break;

case '4':
digitalWrite (lampu4, LOW) ;
break;

case 'D':
digitalWrite (lampu4, HIGH) ;
break;

case '9':
digitalWrite
digitalWrite
digitalWrite
digitalWrite
break;

case 'I':

lampul, LO
lampu2, LO
lampu3, LO
lampu4, LO

P
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digitalWrite (lampul, HIGH)
digitalWrite (lampu2, HIGH)
digitalWrite (lampu3, HIGH) ;
digitalWrite (lampu4, HIGH)
break;

Tool Test Results

The results of testing the Arduino Uno-based automatic light control tool as
a basic physics teaching aid on Ohm's law are shown in table 2 and figure 4. Based
on testing the lights are successfully controlled with the 4 CH Bluetooth application
using an android smartphone. Lights with a series circuit will light up if button 1 is
pressed. Lights with parallel circuit 1 will turn on if button 2 is pressed. Lights with
parallel circuit 2 will light up if button 3 is pressed.

Table 2. Observation Results

Testing Circuit Lights Testing Result Remarks
Button 1 Series Lamp Lit Work
Button 2 Parallel Lamp 1 Lit Work
Button 3 Parallel Lamp 2 Lit Work

a. series lights b. parallel 1 light turns on c. parallel 2 light turns on
turn on if pressing when pressing button 1 when pressing button 2
button 1
Figure 7. Props Test Result
Based on the test results of this props, it can be seen that all lights can be lit
normally, with the information that the lights assembled in series are dimmer than
the lights assembled in parallel (brighter). There are 2 lights connected in series and
2 lights connected in parallel. In the series circuit the lights can be turned on
simultaneously while in the parallel circuit the lights are turned on alternately
according to the program listing commands that have been set and by pressing
different buttons on the bluetooth 4 CH application on android.
Discussion
Ohm's Law discusses the relationship between electric current, resistance,
and voltage. Before understanding the relationship between these two physical
quantities, it is necessary to know the definition of electric current and voltage. An
electric current is a moving electric charge, but not all moving charges are electric
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currents. It is said to be an electric current if the net electric charge flows through a
part of the moving charge [10]. Voltage is a measure of the potential difference
between two points in the electrical circuit. VVoltage can also be interpreted as the
amount of energy required to move electric charge from one location to another.
The unit of electrical voltage is Volt or Voltage (V) (Hanafiah, 2023). The use of
props in Ohm's law circuits can be used to improve understanding of existing
material concepts. The existence of teaching aids can help clarify an abstract
physics concept with a deeper understanding during direct learning.

The Arduino uno-based automatic light control circuit can be used as a basic
physics teaching aid for Ohm's law material. In this teaching aid, there are two kinds
of circuits, namely series circuits and parallel circuits. To run the circuit, a program
listing is needed on Arduino Uno using Arduino IDE software and Proteus software
to create a schematic design. This trainer uses 4 lights that are assembled in series
and parallel. In addition, this prop is accompanied by Bluetooth to connect with a
smartphone that functions as a medium to control automatic lights with the Arduino
bluetooth 4 CH application. This Ohm's law teaching aid is designed to be as easy
as possible so that users can easily operate it as a learning medium.

On the smartphone screen display, there will be 4 buttons that are used to
turn on the lights according to the program's listening commands. Based on the test
results, it can be seen that if you press the first button on the top left, the lights in
the series circuit will turn on with a dim light intensity, while if you press the second
button on the top right and the third button on the bottom left, the lights in the series
circuit will turn on alternately with bright light intensity. So, it can be said that the
lights can turn on normally only differentiated by the intensity of light produced by
the type of circuit. Therefore, it can be concluded that the circuit can affect the
intensity of light produced by the lamp. This Ohm's Law automatic light trainer is
made so that users can find out how to combine Ohm's Law material with Arduino
uno as a media system. In addition, this tool can also be used to train the thinking
and analysis skills of users, especially students who are learning about electrical
material.

CONCLUSION

Ohm's law discusses the relationship between electric current, resistance,
and voltage. The implementation of Ohm's law can be associated with the
microcontroller on the Arduino UNO. The design of Ohm's law props based on
Arduino UNO with series and parallel circuits has been successfully made and used.
In this props can be connected to a smartphone to control the lights automatically
using Bluetooth. In addition, the program listing has an important role so that this
series-parallel light circuit can be operated properly. In addition, the series of lights
made can light up normally but have different light intensities. It is hoped that this
teaching aid can facilitate students who are taking basic physics. As for suggestions
for the development of this Arduino-based Ohm's Law teaching aid, you can add
the number of lights to make it more varied.
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