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Physics lectures for engineering students are often given in a canonical order and using a 
traditional lecture format which might not always be the best choice. In this article we present 
a restructured curriculum that focuses on the understanding of oscillations and waves and 
enriches lectures with hands-on experiments and tutorials. 
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INTRODUCTION 
Physics lectures for undergraduate students are typically structured in a traditional way: 

They start out with a discussion of Newtonian kinematics and dynamics in one or two 
dimensions and progress through topics like energy, momentum and rigid body dynamics. This 
approach, while foundational, has some shortcomings when teaching non-physics majors.  

Classical mechanics, while necessary for the understanding of more advanced concepts, has 
limited direct relevance in engineering subjects such as Information Technology which makes 
it hard to present students with applications relevant to their field of study. Inclusion of more 
advanced topics like oscillations and waves or even modern physics is often difficult due to 
time constraints as it leads to an over-full curriculum and, consequentially, to a lack of depth in 
the topics discussed. Thus, physics teaching in tertiary education is usually structured 
classically. Being a repetition of the same concepts of secondary education context and only 
differing in the presented methods and depth, the lecture is perceived as boring and as a setback 
especially by good (and initially motivated) students. 

Starting from this premise we restructured our first semester physics curriculum focusing 
on a deep understanding of the properties of oscillations and waves, topics particularly 
important to students of Information Technology. Necessary concepts from classical mechanics 
are taught specifically in the context of oscillations and waves. A special focus is given to 
dedicate at least one third of the available time to active learning methods [1-3] such as hands-
on experiments, tutorials [4] and group exercises with calculation problems and peer-instruction 
[5] to discuss central but crucial concepts such as driven oscillations, resonance or wave 
impedance in order to facilitate a deeper understanding of these concepts. In contrast to the 
SCALE-UP concepts promoted by e.g. Beichner et al. [1], all sessions including the hands-on 
experiments were limited to being carried out in a tiered lecture hall. The course presented in 
this paper comprises of 14 weeks with three times 90 minutes of lecture time per week. The 
course was given for the first time in the fall term 2023/24 to two independent groups of students 
(about 35 and 50 students, respectively) at the department of Information Technology at 
Mannheim University of Applied Sciences.  
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CURRICULUM 
The curriculum was developed looking for a good balance between highly relevant topics for 
the students’ field of study and seemingly boring but needed physics background. Wherever 
possible, examples are chosen according to the students’ field of study. For a start, the following 
structure was tested: 
1. Introduction 

1.1. Relevance of Oscillations and Waves in Information Technology 
1.2. Physical Quantities and Units 

2. Kinematics of the Oscillation 
2.1. Kinematics in One Dimension 
2.2. Motion of the Free Harmonic Oscillator 

3. Dynamics of the Oscillation 
3.1. Newton’s Laws of Motion 
3.2. Free-body Diagrams 
3.3. Differential Equation of the Free Harmonic Oscillator 
3.4. Complex Pointer Representation and Superposition 

4. Energy Balance of Oscillations 
4.1. Work and Energy 
4.2. Energy Balance of Oscillations 

5. Damped Oscillations 
5.1. Friction 
5.2. Damped Harmonic Oscillations 

6. Driven Oscillations and Resonance 
7. Waves 

7.1. Wave Function of the Harmonic Wave 
7.2. Physical Quantities of Different Mechanical Waves 
7.3. Standing Waves 
7.4. Doppler Effect 

For orientation, we provided students with a commented curriculum: For each section the 
learning goals, specific references to textbook chapters, the relevant exercises and the most 
important experiments were listed. 
 

HANDS-ON EXPERIMENTS AND TUTORIALS 
While most of the concepts presented are illustrated using demonstration experiments 

within the lectures, some concepts are especially challenging for students and require more 
discussion. From our experience with prior courses the following topics were identified as 
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especially challenging: Motion diagrams, forces and free-body diagrams, formulating 
differential equations for (harmonic) oscillators, driven oscillation and resonance, and wave 
impedance. For those topics it was decided that in addition to lectures more active teaching 
formats like tutorials [4] and hands-on experimentation in groups of up to 5 students should be 
employed to facilitate the students’ learning experience [2,3]. Where possible we adapted 
existing ideas, e.g. for the discussion of motion diagrams [4] and free-body diagrams [4] while 
we designed the experiments for driven oscillation and resonance in harmonic oscillators (E1) 
and for wave impedance (E2) ourselves.  

The hands-on experiments were designed in such a way that they discuss the specific topic 
through a series of small experimental tasks. The whole experiment with all tasks and 
discussions should not take longer than one lecture block of 90 minutes. The experimental setup 
should consist only of commonly available (i.e. cheap and easy to get) materials and the 
experiment can be built and carried out in a standard, tiered lecture hall with fixed tables. While 
most experimental tasks focused specifically on qualitative observations small quantitative 
measurements where included where possible. 

The primary learning goal of E1 is a qualitative understanding of the relation between the 
driving frequency of the pendulum and its oscillation frequency, its amplitude and its phase 
shift with regard to the driving force. To approach this goal,  a simple pendulum was constructed 
by the students from a piece of string of 𝑙𝑙 ≈ 30 cm length with an M10 nut attached to one end.  

In a first step students were asked to measure the eigenfrequency of the free pendulum and 
compare it to the theoretical value derived in an earlier group exercise. They were then asked 
to drive the pendulum by a small horizontal motion of the hand holding the string with various 
frequencies starting from about 10 % and up to a factor of two times the eigenfrequency. To 
ensure a consistent motion a metronome app set to the desired frequency gave an audible 
rhythm. Students were tasked to observe the amplitude, the frequency and the phase shift 
relative to the driving force for each driving frequency and estimate the relative change from 
frequency to frequency. Results should be sketched in diagrams of amplitude versus driving 
frequency and phase shift versus driving frequency. 

There are two main learning goals for E2. On the one-hand students should gain experience 
for the different influences on the wave propagation and address common misconceptions such 
as the nature of a wave pulse or the influence of the excitation amplitude [6]. On the other hand, 
the seemingly abstract but to Information Technology strongly relevant concept of wave 
impedance should be made tangible. 

To address these goals a simple transversal wave machine was constructed by the student 
groups using a 2 m strip of duct tape with wooden shashlik sticks as oscillators attached to the 
tape at regular intervals, see Fig. 1. The tape acts as a torsion spring and provides coupling 
between the individual oscillators. Gummy bears are placed on both ends of the sticks in order 
to increase the moment of inertia of the individual oscillators. A second layer of tape is attached 
from the top for stability reasons. Similar designs can be found online [7].  
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Fig.1. Construction of a wave machine in progress 

The properties of this wave medium can be adjusted in a couple of ways. More tension in 
the tape provides greater torque to the individual oscillators while adjusting the position of the 
gummy bears leads to different moments of inertia, thus providing different wave impedances 
for the whole medium or for parts of the wave machine. 

First, the students were tasked to excite wave pulses on the machine and observe the 
dependence of the propagation speed on the tension of the tape and the position of the gummy 
bears. They were also asked to observe the behavior of the pulses on both ends of the wave 
machine were reflections are taking place. Discontinuity of the wave medium was simulated by 
placing the gummy bears in one half of the wave machine on the outer ends of the sticks while 
in the other half of the wave machine they were placed right next to the tape. Students were 
asked to discuss the behavior of the pulses on the boundary between the two halves and find a 
solution for the partial reflection of the pulses, leading naturally to impedance matching, c.f. 
Fig. 2. 

 

Fig.2. Completed wave machine set up for the demonstration of impedance matching 
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RESULTS FROM COURSE EVALUATION 
Students were asked to evaluate the new course elements as part of the overall course 

evaluation at the end of the semester. The evaluation was carried out ad libitum and 
anonymously via an online questionnaire in moodle. N=41 Students out of about 85 that 
participated in the subsequent exam evaluated the lecture. The students came from two different 
courses (N=19 and N=22 respectively) given by different lecturers, therefore some accounting 
for different teaching styles is given. There is, however, no significant difference between the 
two groups observable in the data. Some percentage of students (about 20%) repeated the course 
due to a previously failed attempt and have therefore experienced a more classical curricular 
structure in the past. 

Some of the questions and answers concerning the new course structure is summarized in 
Table 1. Overall, the majority of students found that the new course had a consistent and 
motivating structure and that they benefited from the hands-on experiments.  This is consistent 
with our observations in the classroom, where we perceived especially the more active course 
elements as benefitting with regards to the overall learning process of the students. All students 
engaged actively in physics discussions during group work including those that were less active 
during classical lecture periods. During the wave machine session, several students 
spontaneously shared their thanks for this lively and descriptive experience. 

Additionally, we asked students about the perceived relevance of the physics topics 
discussed to their field of study, as this is a recurring theme when discussing the need for 
physics education for engineering students with students and colleagues with an engineering 
background alike. The great majority of the students (about 78%) perceived relevance of the 
lecture content to their field of study as clearly identifiable or identifiable, while only 17% 
answered that they could see only little or no relevance at all (no answer 5%). 

The great majority of 83% would prefer the course given in the same way again rather than 
in a more classical approach if they were given the choice. Whether this is mainly due to the 
changed curriculum or to the increased use of active teaching methods is not easy to evaluate. 
While it is surely possible to implement more active learning methods without changing the 
curriculum, in our case, only the change in the curriculum gave room to more in-depth 
discussions and an intensified use of active learning methods concerning the topics relevant to 
the students’ field of study. 

One point of interest is the students perceived learning success in the course. Students are 
asked to rank their perceived success on a five-point scale equivalent to the German grading 
system from very good to insufficient. Fig. 3 shows the results from the two courses given in 
the new format. Students report an overall good perceived learning success. While this question 
is part of the overall course evaluation that is being performed every semester, the results cannot 
easily be compared to answers from different student populations. Moreover, from the literature 
it is unclear if perceived learning success is a good variable for lecture evaluation as it seems 
to correlate with the perceived effort but not with the actual learning success of the students [8]. 
Given the high variability in the students’ responses and the difficulty in controlling 
confounding variables such as variations in students’ educational background between different 
student populations, more research is needed to draw conclusions. 
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Table 1. Results from course evaluation 

 
 
 

 

Fig.3. Perceived learning success of students  
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OPEN QUESTIONS AND FURTHER IDEAS  
The exam results showed that most students still had major difficulties to formulate a correct 

differential equation of motion by using free-body diagrams even for a simple set-up with two 
springs. To address this topic, we will add an additional tutorial session using the tutorial 
“harmonic oscillations” [4]. As the students had great fun with the experiments while struggling 
with interpretation and calculation, an additional experiment for the Doppler effect could be 
added to the curriculum, e.g. basing on the phyphox set-up with a smartphone on a pendulum 
[9,10]. Ideally, in future every larger topic will include a tutorial or experimental session as 
well as a session with group exercises (calculation problems and peer instruction [5]). Hands-
on experiments and tutorials would be even easier to implement in a setting like a scale-up room 
[1]. Unfortunately, this setting conflicts limited resources and large course sizes currently found 
at many universities. 

CONCLUSIONS 
Overall, our experiment to use a restructured curriculum with more focus on slightly 

advanced topics using a hands-on approach showed some relevant points of success:  
During the hands-on experiments all students engaged in vivid discussion about physics – 

independent from their regular behavior in classroom. While outwardly discussing the more 
complex but new concepts like wave impedance, students started to delve deeper into the 
underlying basics like e.g. the eigenfrequency of a free oscillator, as the discussions quickly 
turned to the basic physics behind the observed phenomena. This indicates that students gain a 
deeper understanding than during other lectures – which was the main goal of our teaching 
intervention. We expect students to dive into the physical backgrounds more easily once they 
experienced such discussions. 

The stronger focus of the curriculum on more advanced topics right from the beginning, did 
not lead to any complaints about the increasing level of difficulty throughout the course, which 
were not uncommon in the more classical structure. One can assume that students could indeed 
see more relevance for their field of study in the restructured curriculum and thus were also 
willing to tolerate more difficult topics. 

At least in the course evaluation most students opted for the adapted course compared to a 
course with a classical curriculum. As also we as lecturers enjoyed these discussions much more 
than the usual scarce questions during demonstration experiments, future plans are to intensify 
and promote the use of hands-on experiments even in settings with larger student groups in 
tiered lecture halls. 
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