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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. The module is suitable for both male and female first year learners. This module is designed to enable the learner to acquire necessary knowledge, skills, attitudes and competence in electromagnetism.

	Instructions to learners
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	Dear learners, welcome to the third module in physics for technologists.  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 be best of your ability and post the answers in your e-portfolio.

	Learning module description
	The module consists of four sections that cover the concept of electrostatics, magnetostatics, electrodynamics and applications.
KEY CONCEPTS IN THIS MODULE ARE
1. Principles of electromagnetism, such as Coulomb's Law, Gauss's Law, Ampere's Law, and Faraday's Law.
2. Magnetostatics including magnetic fields, magnetic forces, and the Biot-Savart law
3. Electric and magnetic fields, including calculating the induced electromotive force (EMF) and understanding the behavior of electromagnetic waves
4. Problem Solving in electric field and electric potential due to point charges, line charges and surface charges using Coulomb's law and Gauss's law.


	Module objectives:

	The module seeks to facilitate learner in learning about: - 
1.	Electromagnetism
2.	Magnetostatics 
3.	Electrodynamics
4.	Electromagnetic devices

	Module learning outcomes:


	By the end of the module, learner should be able to
1. Explain fundamental principles of electromagnetism
2. Demonstrate magnetostatics 
3. Analyze time-varying electric and magnetic fields
4. Solve problems involving electric field and electric potential 

	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: - Prepare a video with the following outline

Hello and welcome! In this video, we'll be exploring the fascinating subject of magnetism. Magnetism is a force that attracts or repels certain materials, such as iron or steel.

Magnets have two poles, called the north and south poles. Like poles repel each other, while opposite poles attract. This property of magnets is used in many applications, from compasses and refrigerator magnets to electric motors and generators.

The force of magnetism is created by the motion of charged particles, such as electrons. When an electric current flows through a wire, it creates a magnetic field around the wire. This is the basis for electromagnets, which are devices that use electricity to create magnetism.

The strength of a magnetic field depends on several factors, including the distance from the magnet, the size of the magnet, and the material of the magnet. Some materials, such as iron, can be easily magnetized, while others, such as copper, are not magnetic.

The Earth also has a magnetic field, which is created by the motion of charged particles in the Earth's core. The Earth's magnetic field is important for many reasons, including protecting us from harmful radiation from the sun and helping birds and other animals navigate.

One of the most important contributions to the study of magnetism is the concept of magnetic fields, which are regions of space where magnetic forces are present. Magnetic fields can be visualized using magnetic field lines, which show the direction of the magnetic force at each point in space.

Maxwell's equations are a set of equations that describe the behavior of electric and magnetic fields. They are fundamental to our understanding of magnetism, as well as electromagnetism, which is the interaction between electric and magnetic fields.

In conclusion, magnetism is a fascinating subject with many applications in everyday life and modern technology. We've covered the basics of magnets and magnetic fields, as well as electromagnets and the Earth's magnetic field. We've also discussed the importance of Maxwell's equations in the study of magnetism and electromagnetism. I hope this video has given you a better understanding of this important topic. Thanks for watching

	
	Watch the attached video and answer questions that follows
https://www.youtube.com/watch?v=4BW-3Z_nHVs&ab_channel=Tension-FreePhysics
· Two point charges Q1 and Q2 are separated by a distance of 2 meters. If Q1 is 3 microCoulombs and Q2 is 5 microCoulombs, calculate the magnitude of the force exerted on each other by the two charges.
· Two identical point charges are placed at a distance of 1 meter apart. If the force of repulsion between them is 0.2 Newtons, what is the magnitude of the charge on each of the point charges?
· If the distance between two point charges is doubled, by what factor does the magnitude of the force between them change?
· Can two charged objects attract each other? Explain your answer using Coulomb's Law.
· An electric field of 100 N/C is experienced by a point charge of 2 microCoulombs. What is the distance between the point charge and the source of the field?


	ACTIVITY 2: READING
READING MATERIAL 1
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	Read the following book chapters make a summary of concepts learnt

1.  Griffiths, D. J. (2017). Introduction to Electrodynamics. Cambridge University Press.
         Chapter 1, "Vector Analysis," pages 1-25.

2. Jackson, J. D. (1998). Classical Electrodynamics. John Wiley & Sons.
              Chapter 5, "Magnetostatics," pages 143-211.

3. Guru, B. S., & Hiziroğlu, H. R. (2004). Electromagnetic Field Theory Fundamentals. Cambridge University Press.
Chapter 4, "Magnetic Fields and Forces," pages 113-155.

4. Purcell, E. M. (2013). Electricity and Magnetism. Cambridge University Press.
           Chapter 4, "Magnetic Fields and Forces," pages 141-190.

5. Kraus, J. D., & Fleisch, D. A. (1999). Electromagnetics. McGraw-Hill.
           Chapter 7, "Magnetic Fields and Forces," pages 277-330.

	
	Main concepts covered in electromagnetism
I. Introduction

Electromagnetism is a branch of physics that deals with the study of electric and magnetic fields, their interactions with each other and with charges and currents.
It is one of the fundamental forces of nature, along with gravity and the strong and weak nuclear forces.
Electromagnetism plays a key role in many areas of science and technology, including electrical engineering, electronics, telecommunications, and medicine.
II. Electric Fields

Electric fields are created by charged particles and exert a force on other charged particles in the vicinity.
The electric field at a point is given by the Coulomb's law, which states that the electric field strength is proportional to the inverse square of the distance between the charges.
Electric fields are vectors, meaning they have both a magnitude and a direction.
Electric fields can also be represented by electric potential, which is a scalar quantity that describes the amount of work required to move a charge from one point to another in the field.
Electric fields can be visualized using field lines, which indicate the direction of the field at each point.
III. Magnetic Fields

Magnetic fields are created by moving charges or currents and exert a force on other moving charges or currents in the vicinity.
The magnetic field at a point is given by the Biot-Savart law, which states that the magnetic field strength is proportional to the magnitude of the current, the distance between the current and the point, and the angle between the current and the line connecting the current and the point.
Magnetic fields are also vectors and can be visualized using magnetic field lines.
Magnetic fields have several applications, including in electric motors and generators.
IV. Electromagnetic Waves

Electromagnetic waves are waves that consist of oscillating electric and magnetic fields.
They travel through space at the speed of light and do not require a medium to propagate.
Electromagnetic waves have a frequency and wavelength, and their energy is directly proportional to their frequency.
The electromagnetic spectrum is a range of frequencies that includes radio waves, microwaves, infrared radiation, visible light, ultraviolet radiation, X-rays, and gamma rays.
Electromagnetic waves have many applications, including in radio communication, medical imaging, and materials science.
V. Maxwell's Equations

Maxwell's equations are a set of four equations that describe the behavior of electric and magnetic fields and link them to charges and currents.
They are named after James Clerk Maxwell, who first formulated them in the 19th century.
Maxwell's equations are a cornerstone of modern physics and electromagnetism.
VI. Applications of Electromagnetism

Electromagnetism has many applications in science and technology, including in electrical engineering, electronics, telecommunications, and medicine.
Some examples of electromagnetism applications include electric motors, generators, transformers, power transmission systems, magnetic resonance imaging (MRI), and radio communication.
Electromagnetism also plays a role in the behavior of materials, including their magnetic and electrical properties. 

	ACTIVITY 3:  Comprehension questions:
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	Attempt the following questions
1. Derive an expression for the force experienced by a charged particle moving in a magnetic field. Explain how this force can be used to determine the charge-to-mass ratio of the particle.
2. A conducting rod of length 0.2 m is moved at a constant velocity of 5 m/s perpendicular to a uniform magnetic field of magnitude 0.5 T. If the resistance of the rod is 5 Ω, what is the magnitude of the emf induced across the rod?
3. Derive the expression for the electric field due to a point charge. How does the electric field vary with distance from the point charge?
4. A spherical conductor of radius 10 cm has a charge of 4 µC distributed uniformly on its surface. What is the electric field at a point located 5 cm away from the center of the sphere?
5. Two identical metal spheres, each with a radius of 5 cm, are placed 20 cm apart in vacuum. If one sphere is charged with a charge of +1 µC and the other is charged with a charge of -1 µC, what is the force of attraction between the two spheres?
6. Derive an expression for the magnetic field due to a straight current-carrying wire. How does the magnetic field vary with distance from the wire?
7. A circular loop of wire with a radius of 10 cm carries a current of 5 A. What is the magnetic field at the center of the loop?

8. Two long parallel wires are separated by a distance of 5 cm and carry currents of 2 A and 3 A in opposite directions. Determine the magnitude and direction of the magnetic field at a point located 10 cm from the wires.
9. Derive an expression for the force experienced by a current-carrying wire in a magnetic field. How does the force depend on the magnitude and direction of the current and the magnetic field?
10. Derive Faraday's law of electromagnetic induction. How does this law relate the change in magnetic flux to the induced emf?
11. A circular loop of wire with a radius of 5 cm is placed perpendicular to a uniform magnetic field of magnitude 0.2 T. If the magnetic field is then reduced to zero in 0.1 s, what is the magnitude of the induced emf in the loop?
12. Derive an expression for the self-inductance of a solenoid of length L and N turns of wire. How does the self-inductance depend on the geometry of the solenoid?
13. A circuit consisting of a resistor and an inductor in series is connected to a battery of emf 10 V. If the resistance of the resistor is 5 Ω and the inductance of the inductor is 2 H, what is the time constant of the circuit?
14. Derive the wave equation for electromagnetic waves. How does this equation relate the electric and magnetic fields in a propagating electromagnetic wave?


	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	Read the following book chapter and answer the questions below
This chapter introduces electric fields and potentials, starting with Coulomb's law and the principle of superposition. It covers topics such as electric field lines, electric flux, Gauss's law, electric potential energy, and the relationship between electric potential and electric field. The chapter also includes discussions on conductors, electric dipole moments, and the electric field of a charged disk.

APA Reference:
Young, H. D., & Freedman, R. A. (2015). Electric fields and potentials. In University physics with modern physics (14th ed., pp. 658-691). Pearson Education.

Revision Questions: 
Answer the questions from the book chapter
1. What is Coulomb's law? How does it relate to the principle of superposition?
2. Define electric field and electric potential. How are they related to each other?
3. What are electric field lines and how are they drawn?
4. What is Gauss's law and how is it used to find electric fields?
5. What is the electric potential energy of a system of charges?
6. Describe the behavior of conductors in the presence of an electric field.
7. What is an electric dipole moment and how is it related to electric fields and potentials?
8. What is the electric field of a charged disk?

	CASE 1:
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	Case study. Read the following case and attempt the questions that follows.

One real-life case study on electromagnetism is the design and construction of the MRI (magnetic resonance imaging) machine.

MRI machines use powerful magnetic fields and radio waves to produce detailed images of the inside of the body. The basic principle of MRI is that when the body is placed in a strong magnetic field, the hydrogen atoms in the body's tissues align themselves in the direction of the magnetic field. Radio waves are then used to excite the hydrogen atoms, causing them to emit signals that can be detected and used to create images.

The design of MRI machines involves a complex understanding of electromagnetism. The main component of an MRI machine is a superconducting magnet, which produces a very strong magnetic field of up to 3 Tesla (30,000 times the strength of the Earth's magnetic field). The superconducting magnet consists of a coil of wire made of superconducting material that is cooled to very low temperatures using liquid helium.

The design of the superconducting magnet involves a complex understanding of electromagnetic theory, including the design of the coil shape and size, the calculation of the current density and magnetic field strength, and the use of shielding to protect the patient and medical staff from the strong magnetic field.

In addition to the superconducting magnet, MRI machines also use a variety of other electromagnetic components, including gradient coils and radio frequency coils, which are used to produce the radio waves needed for imaging.

The development of MRI technology has revolutionized medical imaging, allowing doctors to see detailed images of the inside of the body without the need for invasive procedures. MRI machines are now widely used in hospitals and clinics around the world, and have become an essential tool in medical diagnosis and research.

In conclusion, the design and construction of MRI machines is a prime example of the importance of electromagnetism in real-life applications. The complex understanding of electromagnetic theory required for the development of MRI technology has allowed for the creation of an invaluable medical tool that has saved countless lives and improved the quality of healthcare for millions of people worldwide.
Questions from the case study

1. What is the basic principle behind MRI technology, and how does it use electromagnetic fields to produce images of the body's tissues?
2. What is the superconducting magnet, and how does it work to produce the strong magnetic field required for MRI imaging?
3. How is electromagnetic theory used in the design of the superconducting magnet for an MRI machine, and what are some of the key considerations in this design process?
4. What other electromagnetic components are used in MRI machines, and how do they contribute to the imaging process?
5. How has the development of MRI technology impacted the field of medical imaging, and what are some of the key benefits of this technology for patients and healthcare providers?
6. What are some of the challenges and limitations associated with MRI technology, and how are researchers and engineers working to address these issues?
7. How might the principles of electromagnetism and MRI technology be applied to other fields or applications beyond medical imaging?

	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 
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	Task: Write a blog post on the importance of electromagnetism in modern technology
Electromagnetism is a fundamental aspect of physics that plays a crucial role in modern technology. From everyday devices like cellphones and computers to cutting-edge technologies like MRI machines and particle accelerators, electromagnetism is at the heart of many of the technological innovations that shape our lives.
In your blog post, you should explore some of the key ways in which electromagnetism is used in modern technology, and highlight some of the most important advancements that have been made in this field. Consider discussing the following topics:
· The basic principles of electromagnetism, including the relationship between electricity and magnetism, and the role of electromagnetic waves in modern communication technologies.

· The ways in which electromagnetism is used in everyday devices, such as electric motors, generators, and transformers, and how these technologies have transformed modern life.

· The use of electromagnetism in advanced technologies like MRI machines, which rely on powerful magnetic fields to produce detailed images of the body's tissues, and particle accelerators, which use magnetic fields to control the movement of subatomic particles.

· The role of electromagnetism in modern communication technologies, including cellphones, Wi-Fi networks, and satellite communication systems.

· The importance of electromagnetism in the development of renewable energy technologies, such as wind turbines and solar panels, which rely on magnetic fields to generate electricity.

· The potential future applications of electromagnetism in fields like robotics, nanotechnology, and quantum computing, and the ways in which these technologies could transform our world in the years to come.

In your blog post, you should aim to provide a clear and engaging overview of the importance of electromagnetism in modern technology, and help readers understand why this field is so crucial to the advancement of science and technology. You might consider using real-world examples and anecdotes to illustrate your points, and providing links to additional resources for readers who want to learn more about this fascinating field of study


	ACTIVITY 6: ONLINE DISCUSSION
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	Designer:- Create an online discussion forum for the question below
Discuss the difference between electric potential and electric potential energy. How are they related to each other and to the electric field? Provide examples to illustrate your answer. 

	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 
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	Using the principles and equations of electromagnetism that you have learned in class, design an experiment to measure the magnetic field of a bar magnet. Outline the materials and equipment you would use, the steps of the experiment, and the calculations required to determine the strength and direction of the magnetic field.

In your answer, you should include the following:

A detailed description of the materials and equipment required for the experiment, such as a compass, ruler, and a bar magnet.
A step-by-step procedure for conducting the experiment, including how to align the compass and measure the angle of deflection.
An explanation of how to calculate the strength and direction of the magnetic field based on the measurements taken during the experiment.
A discussion of any sources of error or uncertainty in the experiment and how they might be minimized

	
ACTIVITY 7: Learner practice sessions
	

	ASSESSMENT OF PRACTICAL SKILL:

	

	LEARNING OUTCOME 4: KEY/TRANSFERABLE SKILLS
	Summarize the key concepts and principles covered in an introductory course on electromagnetism. Include a description of the fundamental laws and equations governing electric and magnetic fields, their interactions with matter, and the properties and behavior of electromagnetic waves.

	ACTIVITY 8
	

	QUIZZ: 
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	Attempt the following questions to the best of your ability
Which of the following statements is true about an electric field?
A. It is a vector field
B. It always points in the same direction as the electric charge
C. It is always perpendicular to the direction of motion of a charged particle
D. It is always perpendicular to the surface of a conductor

Answer: A. It is a vector field

Which of the following statements is true about a magnetic field?
A. It always points in the same direction as the magnetic pole
B. It is always perpendicular to the direction of motion of a charged particle
C. It is always parallel to the surface of a conductor
D. It is always perpendicular to the surface of a conductor

Answer: B. It is always perpendicular to the direction of motion of a charged particle

Which of the following is the correct relationship between magnetic field strength and the current in a wire?
A. The magnetic field strength is directly proportional to the current
B. The magnetic field strength is inversely proportional to the current
C. The magnetic field strength is not related to the current
D. The magnetic field strength is proportional to the square of the current

Answer: A. The magnetic field strength is directly proportional to the current

Which of the following is the correct relationship between the electric field strength and the distance from a point charge?
A. The electric field strength is directly proportional to the distance from the point charge
B. The electric field strength is inversely proportional to the distance from the point charge
C. The electric field strength is not related to the distance from the point charge
D. The electric field strength is proportional to the square of the distance from the point charge

Answer: B. The electric field strength is inversely proportional to the distance from the point charge

Which of the following is true about electromagnetic waves?
A. They require a medium to travel through
B. They are transverse waves
C. They travel faster in a vacuum than in a medium
D. They cannot be produced by an oscillating electric charge

Answer: B. They are transverse waves

Which of the following is the correct formula for calculating the force on a charged particle in an electric field?
A. F = qE
B. F = qB
C. F = qvB
D. F = qE + qvB

Answer: A. F = qE

Which of the following is the correct formula for calculating the magnetic force on a charged particle moving in a magnetic field?
A. F = qE
B. F = qB
C. F = qvB
D. F = qE + qvB

Answer: C. F = qvB

Which of the following materials is most commonly used to create a magnetic field in an electromagnet?
A. Copper
B. Iron
C. Aluminum
D. Gold

Answer: B. Iron

Which of the following is the correct formula for calculating the magnitude of the magnetic field produced by a long straight wire carrying a current I at a distance r from the wire?
A. B = (μ₀/2π) (I/r)
B. B = (μ₀/4π) (I/r)
C. B = (μ₀/2π) (I/r²)
D. B = (μ₀/4π) (I/r²)

Answer: A. B = (μ₀/2π) (I/r)

Which of the following is the correct formula for calculating the electric field strength produced by a point charge q at a distance r from the charge?
A. E = (1/4πε₀)

	TAKE HOME MESSAGE
	Can you imagine a world without electromagnetism? How would our daily lives be affected if electric and magnetic fields did not exist or behave differently? Consider the impact on technology, communication, and even our physical environment.

	Reference list
	Jain, P. K., & Nkoma, J. S. (2019). Introduction to Classical Mechanics: Kinematics, Newtonian and Lagrangian. Mkuki na Nyota Publishers.
Celozzi, S., Araneo, R., Burghignoli, P., & Lovat, G. (2023). Electromagnetic Shielding: Theory and Applications. John Wiley & Sons.
Knight, R. D. (2022). Physics for scientists and engineers. Pearson Education, Limited.
Meriam, J. L., Kraige, L. G., & Bolton, J. N. (2020). Engineering mechanics: dynamics. John Wiley & Sons.
Boothroyd, G., & Poli, C. (2018). Applied Engineering Mechanics: Statics and Dynamics. Routledge.
Fitzpatrick, R. (2018). Oscillations and waves: an introduction. CRC Press.
Lambourne, R. (2019). Predicting motion. CRC Press.
Stutzman, W. L. (2018). Polarization in electromagnetic systems. Artech house.
DiLisi, G. A. (2019). Classical Mechanics, Volume 5: Conservation laws and rotational motion. Morgan & Claypool Publishers.
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