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Abstract 

The STEM (Science, Technology, Engineering, and Mathematics) 
approach significantly enhances practice-based learning in vocational 
high schools. This study aims to analyze the working principles, 
performance, and average voltage of three types of rectifiers: half-wave, 
full-wave center-tapped, and full-wave bridge rectifiers using NI 
Multisim 13.0 simulation software. Through the STEM approach, 
students can visualize the working principles of rectifiers, analyze 
simulation results, and understand the performance differences between 
each type. The simulation results show that full-wave rectifiers produce 
more stable DC voltages compared to half-wave rectifiers. This study 
also provides graphical representations of the input and output 
waveforms for each type of rectifier, supporting the enhancement of 
students' critical thinking and technological literacy skills. These findings 
are expected to serve as relevant teaching materials for STEM-based 
learning in Vocational High School, particularly in the topic of rectifiers. 
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INTRODUCTION 

The development of the world marked by the emergence of an era known as the industrial era 
4.0 has various impacts on human life (Mourtzis et al., 2022). Globalization and internationalization 
of the economy and science, for example, require those in the world of education (higher education) 
to take it seriously (Tran et al., 2023).  In the context of vocational education, especially in Vocational 
High Schools, STEM-based learning (Science, Technology, Engineering, and Mathematics) is a 
relevant approach to support the strengthening of teachers' literacy and numeracy skills (Huang et 
al., 2022; Mäkelä et al., 2022). The term STEM was coined by the National Science Foundation (NSF) 
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of the United States in the 1990s, representing “Science, Technology, Engineering, & Mathematics” 
(Beals, 2021). The STEM approach can provide a practical foundation in understanding scientific 
concepts that are relevant to industrial needs, one of which is wave rectifier material which consists 
of a rectifier circuit (Hamad et al., 2022). A rectifier circuit is an attempt to change the direction of an 
AC circuit that moves back and forth, into a DC circuit that moves in one direction by providing 
obstacles that specifically block the current and voltage from one direction only (Miao et al., 2019). 
Wave rectifiers, as important elements in power electronics systems, have a wide range of 
applications in the technology and industrial sectors, especially in converting AC electric current 
into DC to support the needs of electronic devices (Kotb et al., 2023; Yu et al., 2023).  

Wave rectifiers are divided into two, namely half-wave rectifier and full-wave rectifier (Li et al., 
2020). The half-wave rectifier circuit is a circuit that has simple components because it only has one 
diode (Golod & Krasnov, 2022). Meanwhile, the full-wave rectifier utilizes both sides of the AC wave 
to produce a more stable direct current. There are two main types of full-wave rectifier 
configurations, namely the center-tapped transformer type and the bridge type (bridge rectifier). In 
the center-tapped type, a center-tapped transformer is used along with two diodes to process each 
half-wave cycle. Meanwhile, the bridge type uses four diodes arranged in a bridge shape without 
the need for a center tap.   

In the pedagogical context, there is a gap between the theory taught in class and students' ability 
to understand and apply the concepts in a practical context (Furman Shaharabani & Yarden, 2019). 
For example, students often struggle to identify the performance and efficiency differences between 
half-wave rectifiers and full-wave rectifiers (Nawaz et al., 2020). In addition, the lack of simulation 
and experimentation facilities in some vocational schools results in learning focusing more on 
memorization rather than deep understanding (Lytvyn et al., 2019). Pedagogical competence is key 
to the success of a teacher which involves the ability to plan and implement effective learning, 
understand various teaching models and methods, and be able to adjust learning strategies 
according to student needs (Fakhrutdinova et al., 2020; König et al., 2021). Until now, no articles 
have been found that discuss the analysis of wave rectifier circuits by utilizing NI Multisim 13.0 
software, which has the potential to become STEM-based learning material for vocational students.. 

A STEM approach can be a solution to bridge this gap. By integrating technology-based 
simulations and experiments, students can more easily visualize the working principles of wave 
rectifiers, analyze performance differences, and relate them to industry needs (Hirakawa & 
Shinohara, 2021; Magrabi, 2022). In addition, this approach encourages critical thinking and 
collaboration skills, which are important aspects in 21st century learning.  This research aims to 
analyze the working principle, performance differences, and efficiency of the three types of wave 
rectifiers based on simulation testing. In addition, this research will also provide an overview of the 
input and output waveforms for each type of rectifier. These findings are expected to be relevant 
teaching materials to support STEM learning in vocational schools, especially in improving students' 
conceptual understanding of wave rectifier material. 
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METHOD 

This research uses the STEM (Science, Technology, Engineering, and Mathematics) approach as 
the main framework in analyzing the simulation results of wave rectifiers using NI Multisim 13.0 
software. The STEM approach is applied to evaluate the performance of the rectifier through the 
following stages. 

The first thing that needs to be done is to study the basic theory of wave rectifiers, including the 
working principle of diodes and the conversion of AC current to DC. In its application, the diode 
works like a blockade on a highway that makes current and voltage only flow in one direction and 
cannot move in the opposite direction, but if the pressure of current and voltage is too high and 
exceeds the capacity of the diode, the diode will be damaged and the rectifier function will be lost 
(Agna et al., 2023). This stage is a theoretical basis for understanding the simulation results. 

The next stage is to design a series of wave rectifiers which are divided into three types, namely 
half-wave rectifiers, center-tapped full-wave rectifiers, and four-bridge full-wave rectifiers. The 
design is done by utilizing simulation software, namely NI Multism 13.0. The circuit designed in NI 
Multism 13.0 will produce a visualization of the input and output waveforms to facilitate analysis 
and understanding of the wave rectifier concept. The following is a picture of three kinds of wave 
rectifier circuits in NI Multism 13.0 software. 

 

 
Figure 1. Half-wave circuit 

 

 
Figure 2. Center-Tapped Full Wave Circuit 
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Figure 3. 4-Bridge Full-Wave Circuit 

 

The last stage, which is to analyze the circuit that has been made then perform mathematical 
calculations to determine the average voltage of the wave rectifier circuit. The following is the 
average voltage equation of the half-wave rectifier circuit. 

 

𝑉!"# =
𝑉$
𝜋

 
 

With 𝑉$ = √2 × 𝑉%$& =	√2 × 120 = 169,706	𝑉, then 𝑉!"# =
'(),+,(
-,'.

= 54,0465	𝑉. Pada The full 

wave rectifier circuit uses a different equation, namely: 

 

𝑉!"# =
2𝑉$
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Therefore, 𝑉!"# =
/	('(),+,()

-,'.
= 108, 09299	𝑉. For a full-wave rectifier circuit with a capacitor 

filter, the following equation can be used. 

 
𝑉!"# ≈ 𝑉$ − ∆𝑉 

RESULTS AND DISCUSSION 

This research produces teaching materials in the form of a learning PowerPoint with a STEM 
(Science, Technology, Engineering, and Mathematics) approach to help students understand basic 
operational amplifier circuit material. This PowerPoint is designed using Canva, so that it can be 
accessed via the web or application, and once downloaded, it can be used offline on various devices 
such as PCs, computers, smartphones, or tablets. With easy access and features that support 
learning, this teaching material is designed to provide an interactive and effective learning 
experience for students. This teaching material is specifically made to support the process of material 
exposure in the classroom by presenting various main components as follows. 

 

(1) 

(2) 

(3) 
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Figure 4. Learning Media with PowerPoint 
      
 

Table 1. STEM Implementation on Wave Rectifier Material 
Science Explain the basic concepts of wave rectifiers 
Technology Apply to Software with NI Multism 13.0 
Engineering Discuss circuit design and performance 
Mathematics Calculating the average voltage 

 

This development of this teaching material paved the way for the interactive PowerPoint 
presentation based on the STEM (Science, Technology, Engineering, and Mathematics) approach. 
This learning material aims to assist vocational high school students in comprehending the 
fundamental concepts of wave rectifiers. The content is designed to facilitate step-by-step learning, 
starting from the fundamentals of rectifier theory to its application. Through the inclusion of the 
STEM approach, the content ensures a comprehensive learning experience that connects theoretical 
knowledge and practical applications. The teaching content covers three major types of rectifiers: 
half-wave rectifiers, center-tapped full-wave rectifiers, and bridge full-wave rectifiers. Each type is 
covered in line with its circuit arrangement, working principles, and output characteristics. 
Furthermore, the material presents a complete explanation of diode operation, illustrating how 
diodes regulate current flow in all rectifier types. To further supplement student understanding, an 
efficiency analysis is included to compare the performance of each rectifier circuit in terms of voltage 
stability and power conversion. 

Under the STEM approach, science forms the basis of rectifier theory, explaining their operation 
in electrical circuits. The technology aspect is enhanced through the running of NI Multisim 13.0 
simulations, allowing students to graphically display waveforms and examine circuit behavior 
dynamically. Engineering is introduced through circuit design and performance analysis, forcing 
students to critically compare the advantages and disadvantages of each rectifier type. Mathematics 
is also essential in the calculation of average output voltage and efficiency, affirming students' 
problem-solving capabilities in the analysis of circuit performance. This cross-disciplinary process 
not only strengthens students' conceptual understanding but also their problem-solving and critical 
thinking abilities. By simulation learning, students get to experience first-hand circuit behavior 
analysis in real-time, and this develops a deeper appreciation of rectifiers' operation in electronic 
systems. The following section addresses the key elements incorporated in the PowerPoint teaching 
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material, ensuring that vocational high school students are exposed to a balanced and interesting 
learning experience in wave rectifiers. 

The results obtained from the making of this teaching material are in the form of PowerPoint 
whose learning uses the STEM (Science, Technology, Engineering, and Mathematics) approach to 
help students understand the concept of wave rectifiers. The material presented includes types of 
rectifiers, namely half-wave rectifiers, center-tapped full-wave rectifiers, and four-bridge full-wave 
rectifiers. Equipped with diode working principles and efficiency analysis of each circuit. In the 
STEM component, science explains the theoretical basis of rectifiers, technology is realized through 
interactive PowerPoint media and NI Multism 13.0 simulations, engineering discusses circuit design 
and performance, while mathematics is used to calculate the average voltage. This approach not 
only strengthens student understanding, but also trains critical thinking and problem-solving skills. 
The following are the components contained in the PowerPoint of Wave Rectifier Teaching Materials 
for Vocational Schools using the STEM approach. 

CONCLUSION 

Learning with this STEM learning approach is very effective for discussing the concept of wave 
rectifier circuits for learning materials in vocational schools. Students can learn the design and 
analysis of half-wave rectifier circuits, center-tapped full-wave rectifiers, and 4-bridge full-wave 
rectifiers through simulations on NI Multism 13.0 software. In addition to strengthening students' 
theoretical understanding of the basic concepts of wave rectifiers, this STEM approach learning 
method can also hone practical skills, such as designing circuits, analyzing, and calculating average 
voltage. 

The development of STEM-based teaching materials in the form of PowerPoint presentations 
supports the learning process by presenting theory, application, and worksheets to measure 
students' level of understanding. Through the integration of science, technology, engineering, and 
mathematics elements, the STEM approach is able to improve students' analytical skills, creativity, 
and innovation, making them better prepared to face the demands of the industrial revolution 4.0 
era. 
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