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Abstract 
Introductory course in physics such as mechanics, electricity and magnetism is one of the main 
courses that is mainly important to engineering student. Student must deeply understand such these 
topics to proceed in his advance courses. A teaching methodology is very important in this case and 
need be implemented in the class. 

A case study has been designed to show the effect of conceptual exercises on the overall 
understanding of certain topics in introductory physics. The topic that we chose is the concept of the 
time constant in RC circuits.  

RC circuits are part of every introductory physics class in the electricity and magnetism. Students 
usually struggle to grasp the idea of the time constant. A conceptual exercise has been designed to 
help students develop a deeper understanding of its physical meaning. A sample of engineering 
students in physics class have been chosen to perform this methodology. Pre- and post-exercise 
results are compared to show the overall effectiveness of the process. Students’ performance will be 
studied and analyzed to see how effective this methodology is on the undergraduate engineering 
students. 
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1 INTRODUCTION 
Educational tools are essential to delivering scientific concepts to the students when teaching 
elementary science courses. Many teachers and researchers in scientific education are always 
motivated to find new techniques and technologies to support their educational tools and to attract the 
student to be more engaged in the subject matter [1], [2], [3], [4]. In particular, a physics course is one 
of the most important courses for students that could pave their way for their future as scientists or 
engineers. Technology has been widely adopted in experiments [5], [6], simulations [7], [8], and to 
assist students in understanding the basic scientific concepts. Beside the technology, the education 
process and the way in which the teachers deliver the information to the student is also very important. 

Simply, the most traditional way is to have the teachers with their slides or whiteboard and the lecture 
will end without any interaction between the teachers and their students. Other techniques have been 
proven effective and are used currently in education. Some of the teaching techniques that are used in 
a classroom are [9]: 

1 Flipped Classroom. 
In this technique, the students are asked to prepare the lesson before they come to class. A 
classroom becomes more interactive by allowing the student to participate in the lecture. 

2 Design Thinking. 
This technique is based on real life cases, where a lesson can be projected on a real case in 
their life for the purpose of analysis and brainstorming. 

3 Self-learning. 
The way of delivering this technique is to let the student looking into something interest for them 
and then they will learn about it by themselves. 
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4 Gamification. 
This technique is based on learning while playing a game. It is mostly used in elementary and 
preschool education. This technique will let the students to learn without even realizing. 

5 Social Media. 
Students are connected to many social network and social media can play such main role in 
teaching students. For example, students can get into one of their interest social network and 
correcting the English grammar in the way to improve their English language. 

6 Free Online Learning Tools. 
In this technique, technology has been widely used to spread information to the students; and to 
let them deeply understand the targeted subject. Such examples are, Online quizzes, online 
homework, and using software such as Algodoo© in the learning process. 

In the current work, we are presenting a technique that combines between the traditional way of 
teaching and the peer instruction technique. In this technique, the student will prepare for the subject 
during the class time and the teacher will be used as a guidance. More details and discussion are 
presented in the rest of this paper. 

2 METHODOLOGY 
Our methodology consists of forming two groups, a control group and a normal group. Each group 
consists of 30 students. In both groups, pre-test and post-test were given to the students in a 
conceptual subject in electrodynamics such as RC-circuit. This was done to get the start point of 
comparison between the performances of the students in both methods.  

In the normal group, a traditional lecture, regular lecture, was given to the students by explaining all 
details of the subject; and a post-test was given to the normal group. On the other hand, the control 
group was managed by explaining the outlines of the target subject, RC-circuit in this case, and then 
the students were divided into six groups and each group consists of five students. In each group an 
open discussion were given between the students of the same group. At the end of the class time, a 
post-test was given to the students and all results of students in both group were discussed and 
compared. 

2.1 Theoretical Description of RC-Circuit 
Fig. 1 shows the RC-circuit that consists of Resistance (R), Capacitor (C), battery of potential 
difference 𝜀, and switch (S). 

 
Figure 1. RC-circuit consists of battery, switch, resistance, and capacitance. 

The purpose of this circuit to observe the charging and discharging of the capacitor within a certain 
time (t) and time constant (𝜏 = 𝑅𝐶). All theoretical equations are discussed in details in introductory 
physics textbook [10]. 

At t=0 and when the switch is closed, the capacitor has no charge and the current is maximum. The 
charge start collected gradually on the sides of the capacitor and the current start decreasing over the 
time while the capacitor charging and the potential difference of the capacitor is also increasing. When 
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the capacitor fully charged the current in the circuit reach to zero and the charge on the capacitor is 
maximum (Qmax = Cε). The time constant of the circuit 𝜏 is unique for each circuit and constant as long 
as the resistance and capacitance not changing. The time constant of the circuit is directly proportional 
with the resistance and capacitance. It is known that, at the first time constant the charge is 0.632 of 
its maximum charge. Fig. 2 shows a sketch of the charge versus time in the capacitor charging 
process. 

 
Figure 2.Charge of the capacitor versus time. At the first time constant,  

the charge is 0.632 of its maximum value. 

The purpose of existing the resistance in the circuit to let the student observe the charging process of 
the capacitor and to keep the capacitor safe and unbroken under any unexpected condition. 

3 RESULTS 
The results in this section where collected and analysed based on the test given to the normal and 
controlled group, the main concepts of this test are: 

1 The voltage of the capacitor. 
2 The relation between the resistance and the time of the capacitor charging. 
3 The relation between the capacitance and the capacitor charging. 
4 The behaviour of the current as long as the capacitor is getting fully charged. 
5 The effect of the time constant value on the estimated time of the charging process. 

Table 1 lists the average values of the students’ results for both control group and normal group. 

Table 1. The average values of the students’ performance in control and normal group. 

 Pre-test Average Post-test Average 

Control group 38.1% 90.5% 

Normal group 35.5% 58.7% 

Based on the results in Table 1 the results of the pre-test for both groups are mostly close to each 
other, which indicates that both group have the same background about the subject. However, the 
results of the control group has showed a big improvement in comparison with the normal group. 

As of our knowledge and based on the current results, we believe that this educational method will 
enforce the students to deeply understand the introductory physics subject. 

4 CONCLUSIONS 
A learning technique in education has been introduced and discussed. The technique was based on 
preparing the subject during the class based on group discussion. The discussion of the groups was 
controlled by the instructor during the class. The subject was chosen from an introductory course in 
physics and in particular electrodynamics. The chosen subject for the purpose of this paper is the 
charging process of RC-circuit. Using this technique in our classroom showed a significant 
improvement in the control group over their counterpart in the normal group. This is a promising 
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technique which is a hybrid between the peer instruction and the classical method of instructor-based 
learning.  
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