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	Audience description
	The module is intended for first-year undergraduate students who are pursuing degrees in technology education field or diploma holders upgrading to degree or any equivalent qualification recognized by OUK. This is fifth module and cover the concepts of waves and oscillations. You are motivated to learn the unit to lay a foundation for your future studies in technology field.
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	Dear learners, welcome to the fifth module in basic physics.  You are expected to watch the videos lined up for you. You are also expected to read all book chapters and articles suggested for you. At the end of each video there are questions. Answer the questions to the best of your ability and post on your e-portfolio

	Learning module description
	The module consists of four sections that cover the concept of wave Properties, types of waves, waves interference, standing waves, harmonic motion, damped oscillations, resonance and wave equations. This module is designed to enable the learner to acquire necessary knowledge, skills, attitudes and competence that can be utilized in electrical, electronics and instrumentation work. 
KEY CONCEPTS IN THIS MODULE ARE

Wave Properties: Understanding the fundamental properties of waves such as wavelength, amplitude, frequency, and speed is crucial for grasping the concept of waves.

Types of Waves: There are two major types of waves - mechanical and electromagnetic. Understanding the differences between these two types of waves is essential.

Wave Interference: When two waves meet, they can interfere with each other in various ways. Learning about wave interference is important for understanding wave behavior.

Harmonic Motion: Harmonic motion refers to the repetitive motion of an object about a fixed point. Understanding the concepts of oscillation, period, frequency, and amplitude is essential in harmonic motion.

Damped Oscillations: Damped oscillations refer to oscillations that gradually decrease in amplitude over time. Learning about the factors that affect the damping of an oscillation is crucial.

Resonance: Resonance occurs when an object is forced to vibrate at its natural frequency. Understanding the concept of resonance is important in many applications such as musical instruments, bridges, and buildings.

Wave Equation: Learning about the mathematical equations that describe wave behavior is crucial for understanding the physics of waves and oscillations.


	Module objectives:

	This module seeks to facilitate learning about: -
1. Fundamental properties of waves
2. Mechanical and electromagnetic waves 
3. Constructive and destructive interference.
4. Harmonic motion and calculation of period, frequency, and amplitude of an oscillating system.


	Module learning outcomes:


	By the end of the module, learner should be able to
1. Define fundamental properties of waves
2. Explain types of Waves 
3. Analyze wave motions
4. Apply mathematical equations that describe wave behavior


	Planned Learning Resources
	1. [bookmark: _Hlk133125586]Online resources: Video lectures, interactive tutorials and educational websites
2. Case studies and real-world examples
3. Software and simulation tools such as LabVIEW, MATLAB, and Simulink
4. E-books, course textbooks, journal articles and learning modules

	ACTIVITY 1: INTRODUCTION
VIDEO 1: Pre-recorded lecture on topic emphasizing LEARNING OUTCOME 1:
 Factual knowledge.
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	Watch the attached introductory video on waves and oscillations
[Introduction]
Hello and welcome to our video on Waves and Oscillations for University students. In this video, we will be exploring the fundamental concepts of waves and oscillations, their properties, and applications. Waves and oscillations are essential concepts in many fields of science and engineering, including physics, optics, electromagnetism, and more. By the end of this video, you will have a good understanding of the principles of waves and oscillations, and their practical applications.

[What are Waves?]
Waves are disturbances that travel through a medium, or space, without the transfer of matter. They can be classified into two major types: mechanical and electromagnetic waves. Mechanical waves require a medium to travel through, such as sound waves or water waves. Electromagnetic waves, on the other hand, do not require a medium and can travel through a vacuum, such as light waves.

[Wave Properties]
Waves have a few fundamental properties: wavelength, amplitude, frequency, and speed. The wavelength is the distance between two consecutive points in a wave that are in phase. Amplitude is the maximum displacement of a particle from its rest position. Frequency is the number of waves that pass a given point in one second. The speed of a wave is the product of its wavelength and frequency.

[Wave Interference]
When two or more waves meet, they can interact with each other in different ways. This is known as wave interference. There are two types of wave interference: constructive and destructive. In constructive interference, waves add up and produce a larger amplitude. In destructive interference, waves cancel each other out and produce a smaller amplitude.

[Oscillations]
Oscillations are repetitive motions about a fixed point. Harmonic motion is a special type of oscillation where the motion repeats itself in equal intervals of time. The period is the time taken for one complete cycle, while frequency is the number of cycles per second. Damped oscillations refer to oscillations that gradually decrease in amplitude over time.

[Resonance]
Resonance is a phenomenon that occurs when an object is forced to vibrate at its natural frequency. This can result in a large amplitude of vibration, and it is important in many applications such as musical instruments, bridges, and buildings.

[Applications of Waves]
Waves and oscillations have numerous practical applications in fields such as medicine, engineering, and physics. In medicine, ultrasound waves are used for diagnostic imaging. In engineering, waves and oscillations are used in the design of bridges, buildings, and other structures. In physics, waves and oscillations are fundamental concepts in many areas, including acoustics, optics, and electromagnetism.

[Conclusion]
In conclusion, waves and oscillations are fundamental concepts in many areas of science and engineering. Understanding the principles of waves and oscillations is crucial in many applications, and it provides a foundation for further studies in physics and engineering. We hope that this video has helped you to understand the fundamental concepts of waves and oscillations and their applications. Thank you for watching.



	
	Waves and oscillations:
Welcome to this lecture on Waves and Oscillations. This topic is fundamental to many branches of physics, including mechanics, electromagnetism, and quantum mechanics. In this lecture, we will cover the key concepts and properties of waves and oscillations.
1. Introduction to Waves and Oscillations
Waves and oscillations are fundamental concepts in physics and are present in a wide range of natural phenomena and human-made systems. Understanding waves and oscillations is crucial in many fields, including mechanics, optics, acoustics, electronics, and quantum mechanics.
A wave is a disturbance that travels through space or a medium, transferring energy from one point to another without a net movement of matter. Waves can be classified into two types: mechanical waves and electromagnetic waves.
Mechanical waves are waves that require a medium to propagate, such as sound waves, water waves, and seismic waves. Electromagnetic waves, on the other hand, can propagate through a vacuum and do not require a medium to travel, such as light waves, radio waves, and X-rays.
Oscillations, on the other hand, are periodic motions that repeat themselves over time. A simple harmonic oscillator is a system that oscillates with a constant frequency and amplitude, such as a mass attached to a spring or a pendulum.
2. Properties of Waves
Waves have several important properties, including amplitude, wavelength, frequency, velocity, and phase. 
Amplitude is the maximum displacement of a wave from its equilibrium position. It is a measure of the wave's energy.
Wavelength is the distance between two adjacent points on a wave that are in phase. It is denoted by the symbol λ.
Frequency is the number of cycles of a wave that occur in one second. It is denoted by the symbol f and is measured in hertz (Hz).
Velocity is the speed at which a wave travels. It is denoted by the symbol v and is equal to the product of the wavelength and frequency: v = λf.
Phase is a measure of the position of a wave relative to a reference point. Waves that are in phase have the same phase angle, while waves that are out of phase have different phase angles.
3. Types of Waves
Transverse waves are waves in which the particles of the medium vibrate perpendicular to the direction of wave propagation. Examples include light waves and water waves.
Longitudinal waves are waves in which the particles of the medium vibrate parallel to the direction of wave propagation. Examples include sound waves and seismic waves.
Standing waves are waves that do not appear to propagate but instead oscillate in place. They are formed when two waves with the same frequency and amplitude travel in opposite directions and interfere with each other.
Interference in waves
Interference occurs when two or more waves overlap, and their amplitudes add together.
Constructive interference occurs when the waves are in phase and adds to the amplitude of the resulting wave. 
Destructive interference occurs when the waves are out of phase and cancels out the amplitude of the resulting wave.
4. Simple Harmonic Motion
Simple harmonic motion is a special type of oscillation that occurs when the restoring force on an object is directly proportional to its displacement from its equilibrium position. Examples of simple harmonic motion include a mass attached to a spring and a pendulum.
The displacement of an object undergoing simple harmonic motion can be described by the equation x = A cos(ωt + φ), where x is the displacement, A is the amplitude, ω is the angular frequency, t is time, and φ is the phase angle.
The period T of simple harmonic motion is the time taken for one complete cycle and is given by T = 2π/ω. The frequency f is the reciprocal of the period and is given by f = 1/T.
5. Damped and Forced Oscillations
Damped oscillations occur when an object undergoes oscillation but loses energy over time due to friction or other dissipative forces. The amplitude of the oscillation decreases over time until it eventually comes to a stop.
Forced oscillations occur when an external force is applied to an object undergoing oscillation. The frequency of the external force must match the natural frequency of the object for resonance to occur.


	ACTIVITY 2: READING
READING MATERIAL 1
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	Read the following book chapter and make a summary of the key point
Young, H. D., & Freedman, R. A. (2015). University Physics with Modern Physics (14th ed.). Pearson. (Chapter 16 - Waves, Page 572-641)


	
	

	ACTIVITY 3:  Comprehension questions:
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	Questions are based on the lecture and reading material.
1. Define wavelength, amplitude, and frequency of a wave. How are they related to each other?
2. What is the speed of a wave? How is it related to the wavelength and frequency of the wave?
3. What is the difference between transverse and longitudinal waves? Give examples of each.
4. What is the principle of superposition? How is it applied to waves?
5. What are standing waves? How are they formed?
6. Define resonance. What is its significance in the context of waves and oscillations?
7. What is simple harmonic motion? Give examples of systems that exhibit simple harmonic motion.
8. What is the relationship between simple harmonic motion and waves? How are they related to each other?


	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	
Watch the attached videos and give a summary of concepts learnt

https://www.youtube.com/watch?v=H0ga_Hvc_MY&ab_channel=ENGINEERINGTUTORIA



	CASE 1:
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	CASE STUDY
One real-life example of waves and oscillations is the phenomenon of resonance in the Tacoma Narrows Bridge disaster. On November 7, 1940, the Tacoma Narrows Bridge in Washington State, USA, collapsed in a spectacular fashion just four months after its opening. The collapse was caused by strong winds that caused the bridge to vibrate, leading to resonance, which eventually caused the structure to fail.

The bridge was designed with a low natural frequency, which made it susceptible to wind-induced oscillations. When the wind started blowing that day, it generated a steady-state vibration in the bridge. As the amplitude of the vibration increased, it reached the point where it matched the natural frequency of the bridge, causing resonance. This resonance led to a significant increase in the amplitude of the oscillations, eventually causing the bridge to fail and collapse.

Task:

1. Research and learn more about the Tacoma Narrows Bridge disaster and the role of resonance in its collapse.
2. Analyze the factors that contributed to the disaster and the engineering lessons learned from it.
3. Discuss the measures that could have been taken to prevent the collapse of the bridge.
4. Use the case study to illustrate the importance of understanding the principles of waves and oscillations in engineering design and how they can affect the safety and stability of structures.
5. Consider other real-life examples of resonance and the consequences of not understanding its effects, such as the collapse of the Millennium Bridge in London in 2000.
6. Describe case here.

	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 
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Reading the attached material and highlight the main points

Baysal, O. (2017). Waves and Oscillations: A Conceptual Approach. Springer International Publishing.



	ACTIVITY 6: ONLINE DISCUSSION
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	Activities based on reading Material 5.  

Use chats, discussion forum, question/answer, message my teacher to engage others.

Show how participation will be assessed.

 

	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 
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	Show video which displays practical use of knowledge acquired.

	
ACTIVITY 7: Learner practice sessions
	Title: "Wave Interference Simulation"

Objective: To simulate and observe the interference of waves using an online simulation tool.

Tools Needed: A computer with internet access, and an online wave interference simulation tool such as PhET Interactive Simulations.

Task Description:

Go to the PhET Interactive Simulations website and find the "Wave Interference" simulation.

Familiarize yourself with the simulation interface, including the controls for adjusting the frequency, amplitude, and wavelength of the waves.

Use the simulation to create and observe interference patterns produced by waves of different frequencies and wavelengths.

Experiment with different wave parameters to observe how they affect the interference pattern.

Use the simulation to explore different interference scenarios, such as two waves of equal amplitude and frequency interfering at different phases, or waves of different amplitudes interfering.

Take screenshots of the interference patterns you observe and use them to create a report or presentation explaining the principles of wave interference.

Reflect on your experience using the simulation and describe what you learned about wave interference.


	ASSESSMENT OF PRACTICAL SKILL:

	Learner records practiced skill and uploads video on E-Portfolio
OR
Learner engages in original creative /design activity to demonstrate practical application of knowledge. 
Assessment of tasks described.


	LEARNING OUTCOME 4: KEY/TRANSFERABLE SKILLS
	Interact with the attached reading material and share what you learn with your fellow learners 

Chrenko, P. A. (2018). Introduction to waves. Springer.

	ACTIVITY 8
	Write an essay with the following guidelines

Title: "Applications of Waves and Oscillations in Modern Technology"

In recent years, waves and oscillations have become increasingly important in modern technology, playing a key role in fields such as telecommunications, medicine, and materials science. Write an essay exploring the various applications of waves and oscillations in modern technology, discussing the underlying principles, and providing examples.

In your essay, you should address the following points:

A brief overview of waves and oscillations, including their properties and behavior.

A discussion of the various applications of waves and oscillations in modern technology, including examples from fields such as telecommunications, medical imaging, and materials science.

An explanation of the underlying physical principles and mathematical models that are used to understand and predict the behavior of waves and oscillations in these applications.

An assessment of the potential impact of waves and oscillations on future technological developments, including potential new applications and areas of research.

Your essay should be well-organized and clearly written, with appropriate references and examples to support your arguments. You should also take care to explain any technical terms or concepts that may be unfamiliar to your reader. Finally, your essay should demonstrate a strong understanding of the fundamental principles of waves and oscillations and their importance in modern technology, research and leadership activities. 

	QUIZZ: 

[image: Shape

Description automatically generated with low confidence]

	Attempt the following questions
1. A 10 cm long string is fixed at both ends and vibrates at a frequency of 100 Hz. What is the wavelength of the wave produced on the string?
a) 0.01 m
b) 0.1 m
c) 1 m
d) 10 m
Answer: b) 0.1 m
Explanation: The wavelength of a wave can be calculated as the speed of the wave divided by its frequency. In this case, the speed of the wave on the string depends on the tension and the mass per unit length of the string. Assuming the string is under constant tension, the speed of the wave is given by v = sqrt(T/μ), where T is the tension and μ is the mass per unit length. For simplicity, let's assume the mass per unit length is constant along the entire length of the string. Then, the wavelength can be calculated as λ = v/f = sqrt(T/μ) / f. Plugging in the given values, we get λ = sqrt((T/0.1)/(0.01)) / 100 = 0.1 m.

2. A sound wave of frequency 440 Hz travels through air with a speed of 340 m/s. What is the wavelength of the sound wave?
a) 0.773 m
b) 1.534 m
c) 2.481 m
d) 3.119 m
Answer: a) 0.773 m
Explanation: The wavelength of a sound wave can be calculated as λ = v/f, where v is the speed of sound in the medium and f is the frequency of the wave. In air at room temperature and standard atmospheric pressure, the speed of sound is approximately 340 m/s. Plugging in the given values, we get λ = 340/440 = 0.773 m.

3. A guitar string has a fundamental frequency of 440 Hz. If the tension in the string is increased by a factor of 4, what is the new frequency of the fundamental mode?
a) 220 Hz
b) 440 Hz
c) 880 Hz
d) 1760 Hz
Answer: c) 880 Hz
Explanation: The fundamental frequency of a vibrating string is proportional to the square root of the tension and inversely proportional to the length and mass per unit length of the string. If the tension in the string is increased by a factor of 4, the new fundamental frequency is given by f' = f * sqrt(T'/T), where T' is the new tension and T is the original tension. Plugging in the given values, we get f' = 440 * sqrt(4) = 880 Hz.

4. A water wave travels through a shallow lake with a speed of 2 m/s. The wavelength of the wave is 4 m. What is the period of the wave?
a) 0.5 s
b) 1 s
c) 2 s
d) 4 s
Answer: b) 1 s
Explanation: The speed of a wave can be calculated as the product of its wavelength and frequency. In this case, we know the speed and wavelength, so we can solve for the frequency: f = v/λ = 2/4 = 0.5 Hz. The period of the wave is simply the reciprocal of the frequency, so T = 1/f = 1/0.5 = 2 s.
5. A pendulum of length 1 meter swings back and forth with a period of 2 seconds. What is the frequency of the pendulum's motion?
A. 0.25 Hz
B. 0.5 Hz
C. 1 Hz
D. 2 Hz
Answer: B. 0.5 Hz

Explanation: The frequency of an oscillation is equal to the reciprocal of its period. In this case, the period of the pendulum's motion is 2 seconds, so its frequency is 1/2 = 0.5 Hz.

6. A guitar string vibrates with a frequency of 440 Hz. What is the wavelength of the sound wave produced by the string if the speed of sound in air is 340 m/s?
A. 0.77 m
B. 0.79 m
C. 0.82 m
D. 0.85 m
Answer: A. 0.77 m

Explanation: The wavelength of a sound wave can be calculated using the formula λ = v/f, where v is the speed of sound and f is the frequency of the wave. Substituting the given values, we get λ = 340/440 = 0.77 m.

7. A wave has an amplitude of 2 cm and a wavelength of 20 cm. What is the maximum displacement of a particle in the medium?
A. 2 cm
B. 4 cm
C. 6 cm
D. 8 cm
Answer: B. 4 cm

Explanation: The maximum displacement of a particle in a wave is equal to its amplitude. In this case, the amplitude is given as 2 cm, so the maximum displacement is also 2 cm. However, this is only half of the total distance that the particle travels during one complete wave cycle. The particle moves from its maximum displacement to its minimum displacement and back again, so its total displacement is 2 × 2 = 4 cm.

8. Which of the following statements about standing waves on a string is true?
A. Standing waves are formed by the interference of two waves traveling in opposite directions.
B. The frequency of a standing wave is equal to the frequency of the wave that produces it.
C. The nodes of a standing wave are the points of maximum amplitude.
D. The fundamental frequency of a standing wave on a string is equal to twice the length of the string.
Answer: A. Standing waves are formed by the interference of two waves traveling in opposite directions.

Explanation: Standing waves on a string are formed by the interference of two waves traveling in opposite directions. The points where the waves interfere constructively (forming a standing wave) are called nodes, and the points where they interfere destructively are called antinodes. The frequency of a standing wave is determined by the length, tension, and mass per unit length of the string, and is not necessarily equal to the frequency of the wave that produces it. The nodes of a standing wave are points of zero displacement, while the antinodes are points of maximum amplitude. The fundamental frequency of a standing wave on a string is equal to the speed of the wave divided by twice the length of the string.

9. An electromagnetic wave has a frequency of 6 × 10^14 Hz. What is the wavelength of the wave in vacuum (speed of light = 3 × 10^8 m/s)?
A. 0.5 m
B. 0.6 m
C. 0.7 m

	TAKE HOME MESSAGE
	Key take homes for you
Waves and oscillations are everywhere in the natural world and are an essential part of our everyday lives. From sound waves and light waves to the vibrations of atoms and molecules, waves and oscillations are fundamental to our understanding of the physical world.

Waves and oscillations can be modeled mathematically using a variety of equations and formulas, but it is also important to develop a conceptual understanding of these phenomena. Learning how to visualize and think about waves and oscillations in terms of their physical properties and behavior can help deepen your understanding and improve problem-solving skills.

Waves and oscillations can exhibit a wide range of interesting and complex behavior, including interference, resonance, and chaos. Understanding these phenomena can lead to new insights and discoveries in many areas of science and engineering.

Waves and oscillations have a variety of practical applications, from medical imaging and communications technology to music and entertainment. By studying waves and oscillations, you can gain insights into these applications and potentially contribute to the development of new technologies in the future.

Finally, waves and oscillations are beautiful and fascinating phenomena that can inspire wonder and awe. As someone interested in the natural world, there is always more to learn and discover about these amazing phenomena. So, keep exploring, keep researching and keep learning!
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