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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 the nineth module and cover the fundamental concepts sound. You are motivated to learn the fundamentals of sound to lay a foundation for your future studies in technology field.

	Instructions to learners
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	Dear learners, welcome to the nineth module in sound.  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 properties, propagation and application of sound waves.
This module is designed to enable the learner to acquire necessary knowledge, skills, attitudes and competence that can be utilized in technology field. 
KEY CONCEPTS IN THIS MODULE ARE
1. Wave properties of sound
2. Sound propagation
3. Sound interference and resonance
4. Applications of sound

	

	This module seeks to facilitate learning about: -
1. Nature of sound waves and their properties
2. Propagation of sound through different media
3. Interference and resonance, and how they affect the propagation of sound.
4. Practical applications of sound in various fields


	Module learning outcomes:


	By the end of the module, learner should be able to:-
1. Explain the nature of sound waves, including their properties such as frequency, amplitude, wavelength, and velocity.
2. Describe how sound travels through different media, including gases, liquids, and solids, and identify factors that affect sound propagation.
3. Analyze the concepts of interference and resonance, and apply them to solve problems related to sound waves.
4. Identify practical applications of sound in various fields, including music, medicine, engineering, and communication.

	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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	Designer: - Develop a video with the course facilitator narrating the following

Introduction:
Hey there, in this video, we'll be discussing the fascinating topic of sound in physics. Understanding the principles of sound waves and their properties is crucial in various fields such as engineering, communication, medicine, and music. Let's dive in!

Body:
Sound is a form of energy that travels in waves, and it can be described by four main properties: frequency, amplitude, wavelength, and velocity. The frequency of a sound wave refers to the number of oscillations it makes in one second, and it's measured in Hertz (Hz). The amplitude is the height of the sound wave, and it determines the loudness or intensity of the sound. The wavelength is the distance between two consecutive points of the same phase on a sound wave, and velocity refers to the speed of sound in a particular medium.

Sound waves can travel through different media such as gases, liquids, and solids. The speed of sound varies depending on the medium, and it's affected by various factors such as temperature, humidity, and pressure. For instance, sound travels faster in solids than in gases because the particles in solids are more tightly packed.

The intensity of a sound wave can be calculated using the equation I = P/A, where I is the intensity, P is the power, and A is the surface area. The unit for measuring sound intensity is the decibel (dB), which is a logarithmic scale that compares the intensity of a sound to a reference intensity.

Sound waves can interact with different surfaces and materials in various ways. When a sound wave strikes a surface, it can be reflected, absorbed, or transmitted. Reflection occurs when a sound wave bounces back from a surface. Absorption occurs when a material soaks up the sound wave, reducing its intensity. Transmission occurs when a sound wave passes through a surface, and it can be affected by the thickness and properties of the material.

Interference and resonance are two critical concepts in sound physics. Interference occurs when two or more sound waves overlap, resulting in constructive or destructive interference. Resonance occurs when an object vibrates at its natural frequency in response to a sound wave.

The human ear is a remarkable organ that can detect and process sound waves. The ear consists of three parts: the outer ear, the middle ear, and the inner ear. The outer ear collects sound waves, the middle ear amplifies them, and the inner ear converts them into electrical signals that the brain can interpret. The ear can distinguish between different frequencies, which allows us to perceive pitch.

Sound has numerous practical applications in various fields. For example, sound is used in ultrasound imaging in medicine, communication systems such as telephones, and music production. However, exposure to loud sounds can have negative effects on human health, and noise control is crucial in preventing such effects.

Conclusion:
In summary, understanding the principles of sound waves and their properties is essential for university students. We've discussed various aspects of sound physics, including the properties of sound waves, their interaction with different media and materials, interference, resonance, the human ear, and practical applications of sound. I hope you found this video informative, and thank you for watching


	
	Watch the following video and highlight the key takeaways

https://www.youtube.com/watch?v=2mlBh5d1IUY&ab_channel=FuseSchool-GlobalEducation

	ACTIVITY 2: READING
READING MATERIAL 1
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	Read the attached book chapter and nightlight the key points

Young, H. D., & Freedman, R. A. (2016). University Physics with Modern Physics. Pearson.
Chapter 16: Waves
Page numbers: 553-609


	
	Introduction:

Sound is a form of energy that is produced by vibrations or disturbances in a medium, such as air or water. It is a longitudinal wave, meaning that the vibration of the particles in the medium is parallel to the direction of the wave. In this lecture, we will discuss the properties of sound, how it travels through different mediums, and how it is perceived by the human ear.

Properties of Sound:

Sound waves can be characterized by several properties, including wavelength, frequency, amplitude, and velocity.

Wavelength is the distance between two consecutive points on a sound wave that are in phase with each other. It is denoted by the symbol λ and is measured in meters (m). The wavelength of a sound wave can be calculated using the following equation:

λ = v/f

where v is the velocity of the sound wave and f is its frequency.

Frequency is the number of complete cycles of a sound wave that occur in one second. It is denoted by the symbol f and is measured in hertz (Hz). The frequency of a sound wave can be calculated using the following equation:

f = v/λ

where v is the velocity of the sound wave and λ is its wavelength.

Amplitude is the maximum displacement of a particle in the medium from its equilibrium position. It is denoted by the symbol A and is measured in meters (m). The amplitude of a sound wave determines its loudness, with larger amplitudes corresponding to louder sounds.

Velocity is the speed at which the sound wave travels through the medium. It is denoted by the symbol v and is measured in meters per second (m/s). The velocity of sound depends on the properties of the medium through which it is traveling. In air at room temperature, the velocity of sound is approximately 343 m/s.

Propagation of Sound:

Sound waves can travel through different mediums, including air, water, and solids. The speed of sound varies depending on the medium through which it is traveling. In general, sound travels faster through solids than through liquids, and faster through liquids than through gases.

The propagation of sound can be described by two types of waves: longitudinal and transverse waves. Longitudinal waves are waves in which the particles in the medium vibrate parallel to the direction of the wave. Sound waves are examples of longitudinal waves. Transverse waves are waves in which the particles in the medium vibrate perpendicular to the direction of the wave. Examples of transverse waves include light waves and waves on a string.

The intensity of a sound wave decreases as it travels farther away from its source. This is known as the inverse-square law, which states that the intensity of a sound wave decreases with the square of the distance from the source. In other words, if you double the distance from the source of a sound, the intensity of the sound will decrease by a factor of four.

Perception of Sound:

The human ear is the organ responsible for the perception of sound. It is composed of three main parts: the outer ear, the middle ear, and the inner ear.

The outer ear consists of the pinna, which is the visible part of the ear, and the ear canal. The pinna helps to collect sound waves and direct them into the ear canal.

The middle ear consists of the eardrum and three small bones called the ossicles. The eardrum vibrates in response to sound waves and causes the ossicles to vibrate as well. The ossicles then transmit the vibrations to the inner ear.

The inner ear consists of the cochlea, which is a fluid-filled organ that contains tiny hair cells. When the vibrations from the ossicles reach the cochlea, they cause the hair cells to bend. This bending generates electrical signals that are sent to the brain via the auditory nerve.

	ACTIVITY 3:  Comprehension questions:
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	Attempt the following questions
1. What is the difference between a transverse wave and a longitudinal wave?
2. What is the relationship between frequency and wavelength for a wave?
3. What is meant by the amplitude of a wave?
4. Can a wave exist without a medium to propagate through?
5. What is meant by the principle of superposition for waves?
6. What is the difference between constructive interference and destructive interference?
Answers

1. A transverse wave is one in which the motion of the particles is perpendicular to the direction of wave propagation, while in a longitudinal wave, the motion of the particles is parallel to the direction of wave propagation.
2. The relationship between frequency and wavelength for a wave is given by the formula: v = fλ, where v is the speed of the wave, f is the frequency, and λ is the wavelength.
3. The amplitude of a wave is the maximum displacement of the particles from their rest position.
4. No, a wave cannot exist without a medium to propagate through.
5. The principle of superposition for waves states that the total displacement of a medium at any point in space and time is the sum of the individual wave displacements at that point.
6. Constructive interference occurs when the waves are in phase and add together to produce a larger amplitude, while destructive interference occurs when the waves are out of phase and cancel each other out.


	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	Watch the following video on application of sound waves and give a summary of key points

https://www.youtube.com/watch?v=argVRiFZtWk&ab_channel=myhometuition

	CASE 1:
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	Case study: 
Sound waves in medical imaging.

Sound waves can be used to create images of the inside of the body, a technique known as medical ultrasound. Medical ultrasound is a non-invasive imaging technique that uses high-frequency sound waves to create images of internal structures such as organs, blood vessels, and fetuses.

The principles of sound physics are fundamental to the functioning of medical ultrasound. The ultrasound machine emits sound waves that travel through the body and bounce off different tissues and organs, producing echoes that are detected by the machine. The echoes are then processed by a computer to create a two-dimensional or three-dimensional image of the internal structures.

The properties of sound waves, such as frequency and amplitude, play a crucial role in medical ultrasound. The frequency of the sound waves determines the depth of penetration into the body and the resolution of the image, while the amplitude of the sound waves determines the strength of the echoes produced and the contrast of the image.

Understanding the physics of sound waves in medical imaging has many real-world applications. Medical ultrasound is widely used in the diagnosis and monitoring of various medical conditions, such as pregnancy, heart disease, and cancer. It is a safe and non-invasive imaging technique that can provide valuable information about the structure and function of internal organs and tissues.

In addition, the use of sound waves in medical imaging has led to the development of new technologies and techniques, such as contrast-enhanced ultrasound and elastography, which allow for even greater accuracy and specificity in diagnosis and treatment.

Overall, the study of sound waves in medical imaging provides an excellent example of the practical applications of sound physics in the real world, and highlights the importance of understanding the principles of physics in a wide range of fields and industries.

	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 
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	Task: 
Write a blog post that explains the physics of sound to university students. Your blog post should be around 800-1000 words, and it should cover the following topics:

1. What is sound, and how is it produced?
2. How does sound travel, and what are the properties of sound waves?
3. How do we measure sound, and what is the decibel scale?
4. How do our ears detect sound, and how do we perceive different frequencies and amplitudes?
5. What are some real-world applications of sound 
N.B. Your blog post should be written in a clear and engaging style, using examples and analogies where appropriate to help explain complex concepts. Be sure to include diagrams or images to illustrate your points, and provide references to any sources you use.


	ACTIVITY 6: ONLINE DISCUSSION
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	Designer: - Create an online discussion forum

Topic: "Exploring the Physics of Sound Waves"

Instructions:

· Form groups of 10 learners
· Each group should appoint a moderator who will guide the discussion.
· Research and review the basic concepts of sound waves, including frequency, wavelength, amplitude, and speed.
· Discuss how sound waves are created, transmitted, and detected.
· Share examples of how sound waves are used in everyday life
· Discuss the factors that affect the behavior of sound waves, 
· Consider the differences between sound waves and other types of waves
· Each group should prepare a short summary of their discussion and share it with the larger group.

Evaluation criteria:
· Depth of understanding of the physics of sound waves.
· Quality of contributions and discussion by each group member.
· Clarity and organization of the group summary.
· Engagement and participation in the group discussion.

Note: Students can use various resources, such as textbooks, scientific articles, and online resources, to prepare for the discussion. They can also conduct experiments or simulations related to sound waves to deepen their understanding.
 

	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 

[image: Shape

Description automatically generated with low confidence].
	Watch the video attached on demonstration of sound waves

https://www.youtube.com/watch?v=De1J2V0Cta4&ab_channel=ArborScientific

	
ACTIVITY 7: Learner practice sessions
	Task: Measuring the speed of sound in air

Objective: To measure the speed of sound in air using the resonance method.

Materials needed:
A tuning fork
A rubber mallet or hammer
A ruler or meter stick
A stopwatch or timer
A calculator

Procedure:
1. Strike the tuning fork with the rubber mallet or hammer to set it into vibration.
2. Hold the tuning fork near the end of the ruler or meter stick, so that the prongs are suspended over the edge of the table.
3. Bring your ear close to the tuning fork and listen for the sound.
4. Adjust the position of the ruler or meter stick until you find the point at which the sound is loudest and clearest. This is the point of resonance.
5. Measure the distance from the end of the ruler or meter stick to the point of resonance.
6. Repeat steps 1-5 for different tuning forks of known frequencies.
7. Record the frequency of each tuning fork and its corresponding distance to the point of resonance.
8. Use the equation v = fλ, where v is the speed of sound in air, f is the frequency of the tuning fork, and λ is the wavelength of the sound wave, to calculate the speed of sound for each tuning fork.
9. Take the average of the calculated values to get the final value for the speed of sound in air.
Discussion:
· Compare your results to the accepted value of the speed of sound in air, which is about 343 m/s at room temperature. 
· Discuss any sources of error or uncertainty in your measurements, and how they might have affected your results. 
· Consider ways to improve the accuracy of your measurements, such as taking multiple measurements for each tuning fork and calculating an average


	ASSESSMENT OF PRACTICAL SKILL:

	Record the practical task and uploads video on E-Portfolio
Write a report and answer the discussion questions 


	LEARNING OUTCOME 4: KEY/TRANSFERABLE SKILLS
	Read the attached chapter and summarize the key points

Smith, W. F. (2010). Waves and vibrations: A prelude to quantum mechanics. Oxford University Press.
Chapter 2: Sound Waves and Simple Oscillations (pp. 17-43)

	ACTIVITY 8
	Task: - Essay 

Topic: The Physics of Sound and Its Real-World Applications

Prompt: Write an essay on the physics of sound and its real-world applications.
 In your essay, address the following:
1. The properties of sound waves and how they relate to the physics of sound.
2. The real-world applications of the physics of sound, including in music, speech, and technology.
3. The challenges and limitations of working with sound waves, and how these can be addressed through technological advancements.
4. The future of the physics of sound and its potential for further advancements and applications.
Instructions: 
· Your essay should be 1500 words long and should be written in clear, concise, and professional language appropriate for an academic audience. 
· You should support your arguments and claims with relevant and credible sources, including peer-reviewed articles and academic textbooks. 
· Your essay should be properly formatted with a title page, a table of contents, and appropriate headings and subheadings. You should also include in-text citations and a reference list in APA style. 
· Your essay should demonstrate your understanding of the physics of sound and its real-world applications, and should be well-organized and easy to follow.

	QUIZZ: 
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	Answer the following questions
1. If a wave has a frequency of 100 Hz and a wavelength of 3 m, what is its speed?
2. What is the wavelength of a wave with a frequency of 500 kHz and a speed of 1500 m/s?
3. If a wave has an amplitude of 2 cm and a wavelength of 1 m, what is its maximum displacement?
4. If two waves with the same frequency and amplitude interfere constructively, what is the resulting amplitude of the wave?
5. If a wave has an amplitude of 5 cm and a frequency of 10 Hz, what is its maximum velocity?
Answers
1. The speed of the wave is given by the formula: v = fλ, where v is the speed, f is the frequency, and λ is the wavelength. Therefore, v = 100 Hz × 3 m = 300 m/s.
2. The wavelength of the wave is given by the formula: λ = v/f, where v is the speed and f is the frequency. Therefore, λ = 1500 m/s ÷ 500 kHz = 3 m.
3. The maximum displacement of the wave is equal to its amplitude, which is 2 cm.
4. When two waves interfere constructively, their amplitudes add together. Therefore, the resulting amplitude of the wave would be twice the amplitude of each individual wave, or 2A.
5. The maximum velocity of the wave is given by the formula: vmax = 2πAf, where A is the amplitude and f is the frequency. Therefore, vmax = 2π × 5 cm × 10 Hz = 314 cm/s.


	TAKE HOME MESSAGE
	State a take home message from your learning experience in this module

	Reference list
	Reference books

Halliday, D., Resnick, R., & Walker, J. (2018). Fundamentals of Physics. Wiley.
Chapter 16: Waves
Page numbers: 539-584

Giancoli, D. C. (2014). Physics: Principles with Applications. Pearson.
Chapter 14: Sound
Page numbers: 480-518

Serway, R. A., & Jewett, Jr, J. W. (2017). Physics for Scientists and Engineers with Modern Physics. Cengage Learning.
Chapter 16: Waves I
Page numbers: 571-614

Tipler, P. A., & Mosca, G. (2017). Physics for Scientists and Engineers: Volume 1. W. H. Freeman.
Chapter 17: Sound Waves
Page numbers: 479-525
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