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

	Instructions to learners
[image: Shape

Description automatically generated with low confidence]
	Dear learners, welcome to the sixth module in electrical measurements and fault diagnosis.  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 key concepts and practices related to Quantum Mechanics including: - Wave-particle duality, the Heisenberg uncertainty principle, Schrödinger equation and postulates of Quantum Mechanics
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-particle duality
2.  Heisenberg uncertainty principle
3. Schrödinger equation
4. Postulates of Quantum Mechanics
5. Quantum Operators and Observables

	Module objectives:

	This module seeks to facilitate learning about: -
1. 1. Wave-particle duality
2. 2. Heisenberg uncertainty principle
3. 3. Schrödinger equation
4. 4. Quantum Operators and Observables


	Module learning outcomes:


	By the end of the module, learner should be able to
1. Explain Wave-particle duality
2. Discuss Heisenberg uncertainty principle
3. Derive from first principles Schrödinger equation
4. Demonstrate applications of quantum mechanics 


	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
Welcome to this introductory video on quantum mechanics! In this video, we will cover four important topics that form the foundation of quantum mechanics: wave-particle duality, Heisenberg uncertainty principle, the Schrödinger equation and applications of quantum mechanics.
First, let's discuss wave-particle duality. In classical physics, we typically think of objects as either particles or waves. However, in the quantum world, particles such as electrons and photons exhibit both particle-like and wave-like behavior. This means that they can act like particles, with definite positions and momenta, but they can also act like waves, with wavelengths and frequencies. This duality is a fundamental aspect of quantum mechanics, and it plays a crucial role in understanding the behavior of quantum systems.
Next, we'll discuss the Heisenberg uncertainty principle. This principle states that it is impossible to simultaneously know the exact position and momentum of a particle. The more precisely we know the position of a particle, the less precisely we can know its momentum, and vice versa. This principle is a consequence of the wave-particle duality of quantum systems and has important implications for the behavior of particles on the quantum scale.
We will derive the Schrödinger equation from first principles. The Schrödinger equation is the fundamental equation of quantum mechanics, and it describes how the wave function of a quantum system evolves over time. By solving the Schrödinger equation, we can predict the behavior of quantum systems and calculate the probabilities of different outcomes. We will start with the classical Hamiltonian and use the principles of quantum mechanics to derive the Schrödinger equation.

Quantum mechanics has many applications in modern science and technology. These involves quantum computing, quantum cryptography, quantum sensors, quantum optics and quantum simulation among many others. 

Watch the attached video on wave particle duality 
Title: Wave Particle Duality - Basic Introduction
https://www.youtube.com/@TheOrganicChemistryTutor

Task : Summarize  the keys concepts learned from the video you watched on Wave Particle Duality - Basic Introduction




	
	Read the following book chapters. Make a summary of the key concepts 

Sakurai, J. J., & Napolitano, J. (2017). Modern quantum mechanics (2nd ed.). Pearson.

Wave-Particle Duality: Chapter 1 (pp. 1-26)
Postulates of Quantum Mechanics: Chapter 2 (pp. 27-67)
The Schrödinger Equation: Chapter 3 (pp. 68-105)
Superposition: Chapter 4 (pp. 106-150)

	ACTIVITY 2: READING
READING MATERIAL 1
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	Read the following book chapters and make notes

Griffiths, D. J. (2005). Introduction to quantum mechanics (2nd ed.). Pearson Prentice Hall.

Wave-Particle Duality: Chapter 1 (pp. 1-23)
Postulates of Quantum Mechanics: Chapter 2 (pp. 24-63)
The Schrödinger Equation: Chapter 3 (pp. 64-106)
Superposition: Chapter 4 (pp. 107-140)

	
	

	ACTIVITY 3:  Comprehension questions:
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	Answer the following questions to the best of your ability

1. Discuss the wave-particle duality of matter and its implications in quantum mechanics. Give examples of experiments that demonstrate this duality.

2. Describe the postulates of quantum mechanics and explain how they differ from classical mechanics. Discuss the role of observables and eigenstates in quantum mechanics.

3. Derive the time-independent Schrödinger equation for a particle in one-dimensional potential well and solve it for simple cases. Discuss the physical significance of the wave function and its properties.

4. Explain the concept of operators in quantum mechanics and discuss their algebraic properties. Give examples of common operators in quantum mechanics.

5. Describe the hydrogen atom in quantum mechanics and solve the Schrödinger equation for the hydrogen atom. Discuss the energy levels of the hydrogen atom and their physical significance.

6. Discuss the theory of scattering in quantum mechanics and derive the scattering cross-section. Explain the concept of the Born approximation and give examples of its applications.

7. Discuss the quantum mechanics of identical particles and distinguish between bosons and fermions. Derive the wave function for two identical particles and discuss its properties.

8. Explain the concept of entanglement in quantum mechanics and its implications in quantum computing and cryptography. Discuss the concept of Bell's inequalities and their violations in experiments.

9. Discuss the role of symmetry in quantum mechanics and its applications. Give examples of symmetry in quantum mechanics and discuss its implications for energy levels and wave functions.

10. Discuss the concept of decoherence in quantum mechanics and its implications for the measurement problem. Describe the role of the environment in decoherence and give examples of its effects on quantum systems.


	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	Learner is required to use factual knowledge acquired to answer question “Why”?
The Case Method, (E-Case or written case) role play or any other visual aid to be used. An E-Case of a situation for the learner to solve possible problems using facts acquired.
Learners will engage in online discussion either live or on forum to answer ‘Why’ questions.

	CASE 1:
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	Read the following case study and answer the question which follows.
Case Study: The Double-Slit Experiment
In the early 19th century, physicists were puzzled by the behavior of light. Some experiments showed that light behaved like a wave, while others showed that it behaved like a particle. This was known as the wave-particle duality. In the 20th century, physicists began to study the behavior of other subatomic particles, such as electrons, and found that they also exhibited wave-particle duality.
One of the most famous experiments demonstrating wave-particle duality is the double-slit experiment. In this experiment, a beam of electrons or photons is directed at a screen with two small slits in it. Behind the screen, a detector records the pattern of the particles that pass through the slits.
The results of the experiment are surprising. When particles are fired one at a time through the slits, they appear to form a pattern of interference on the detector, as if they were waves. However, when the particles are observed as they pass through the slits, they behave like particles and form two distinct patterns on the detector.

	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 
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	Watch the attached video

Video  title:  Heisenberg's Uncertainty Principle Explained & Simplified - Position & Momentum - Chemistry Problems 
https://www.youtube.com/@TheOrganicChemistryTutor 

Task : Summarize  the key concepts learned from the video you watched on Heisenberg's Uncertainty Principle Explained & Simplified - Position & Momentum - Chemistry Problems above


	ACTIVITY 6: ONLINE DISCUSSION
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Designer: Create a discussion forum activity on the LMS

Topic: Applications of Quantum Mechanics in Modern Technology

Task: As a group of ten, research and discuss applications of quantum mechanics in modern technology.
 
Discussion questions to consider:

1. How does the application work, and what problem does it solve?
2. What are the key principles of quantum mechanics that enable this application to function?
3. How does the application compare to existing technologies, and what are its advantages and disadvantages?
4. What are some of the challenges associated with developing and implementing this application, and how might these challenges be overcome?
5. What are the potential implications of this application for science, technology, and society as a whole?



	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 
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	Watch the following video on application of quantum mechanics and point out what you learn.

https://www.youtube.com/watch?v=rlTYHRDuxrY&ab_channel=ArvinAsh

	
ACTIVITY 7: Learner practice sessions
	Carry out the Practical described here
Topic: Quantum Tunneling

Task: In this practical task, you will simulate quantum tunneling using an online tool, such as the Quantum Tunneling applet on the PhET Interactive Simulations website. You will use the tool to explore the behavior of a quantum particle as it encounters a barrier, and to calculate the probability of the particle tunneling through the barrier.

Instructions:

Go to the Quantum Tunneling applet on the PhET Interactive Simulations website (https://phet.colorado.edu/en/simulation/quantum-tunneling).

Follow the instructions on the page to set up the simulation. This will involve selecting the energy of the particle, the height and width of the barrier, and the location of the particle relative to the barrier.

Run the simulation to observe the behavior of the particle as it encounters the barrier. Take note of any interesting patterns or behaviors you observe.

Use the simulation to calculate the probability of the particle tunneling through the barrier. You can do this by measuring the amplitude of the wave function on either side of the barrier and using the transmission coefficient formula (T = |B/A|^2) to calculate the probability of transmission.

Write up your findings in a short report, including a description of the simulation setup, your observations and calculations, and a discussion of the implications of your results.


	ASSESSMENT OF PRACTICAL SKILL:

	
Record the practiced skill and uploads video on E-Portfolio


	LEARNING OUTCOME 4: KEY/TRANSFERABLE SKILLS
	Read the following chapters and make a summary of concepts learnt

Cohen-Tannoudji, C., Diu, B., & Laloe, F. (2005). Quantum mechanics (Vol. 1). Wiley.
Wave-Particle Duality: Chapter 1 (pp. 1-39)
Postulates of Quantum Mechanics: Chapter 2 (pp. 41-102)
The Schrödinger Equation: Chapter 3 (pp. 103-176)
Superposition: Chapter 4 (pp. 177-233)


	ACTIVITY 8
	Task: - Essay writing

Essay prompt: Quantum Mechanics

Quantum mechanics is a fundamental theory that describes the behavior of matter and energy at the atomic and subatomic level. It is a field of physics that has revolutionized our understanding of the universe and has led to numerous technological advances. In this essay, you will explore the principles and concepts of quantum mechanics, its applications, and its impact on our modern world.

Essay guidelines:

Introduction:
Begin your essay with a brief introduction to the topic of quantum mechanics. Explain its importance and how it has transformed our understanding of the universe.

Principles and Concepts:
Discuss the fundamental principles and concepts of quantum mechanics. This should include the wave-particle duality, uncertainty principle, superposition, and entanglement. Explain each of these concepts in detail and provide examples of how they are observed in the natural world.

Applications:
Explore the applications of quantum mechanics in various fields such as quantum computing, cryptography, and medicine. Discuss how these applications are changing the world and how they may continue to do so in the future.

Impact:
Explain the impact of quantum mechanics on our modern world. How has it transformed our understanding of the universe, and how has it led to technological advancements that have changed the way we live?

Challenges:
Finally, discuss the challenges that quantum mechanics presents. What are the obstacles to further advancement in this field, and what are the ethical considerations that must be taken into account as we continue to explore the mysteries of the quantum world?

Conclusion:
Wrap up your essay with a strong conclusion that summarizes your key points and emphasizes the importance of continued exploration and research in the field of quantum mechanics.

Essay requirements:

Your essay should be 1000-1500 words in length.
You should use at least 3 credible sources to support your arguments.
Your essay should be well-organized and clearly written, with proper grammar and spelling.
You should cite your sources using a recognized citation style (such as APA or MLA).

	QUIZZ: 
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	Answer the following question 

1. Which of the following statements best describes wave-particle duality?
a.	Particles can only exhibit particle-like behavior
b.	Particles can only exhibit wave-like behavior
c.	Particles can exhibit both particle-like and wave-like behavior
d.	Particles can exhibit neither particle-like nor wave-like behavior
Answer: C
2.	Which of the following is an example of wave-particle duality?
a.	An electron behaving as a wave
b.	A photon behaving as a particle
c.	A proton behaving as a wave
d.	All of the above
Answer: D
3.	Which of the following experiments demonstrated wave-particle duality?
a.	The double-slit experiment
b.	The photoelectric effect
c.	The Compton effect
d.	The Stern-Gerlach experiment
Answer: A
4.	What is an example of a particle-like property of a quantum system?
a.	Wavelength
b.	Frequency
c.	Position
d.	Interference
Answer: C
5.	Which of the following is not a consequence of wave-particle duality?
a.	The uncertainty principle
b.	Quantum entanglement
c.	Superposition
d.	The Schrödinger equation
Answer: B
6.	What is wave-particle duality?
a)	The concept that objects can either be waves or particles
b)	The idea that particles can exhibit both particle-like and wave-like behavior
c)	The principle that it is impossible to simultaneously know the position and momentum of a particle
d)	The equation that describes the evolution of a quantum system's wave function
Answer: B
7.	What is the Heisenberg uncertainty principle?
a)	The concept that objects can either be waves or particles
b)	The idea that particles can exhibit both particle-like and wave-like behavior
c)	The principle that it is impossible to simultaneously know the position and momentum of a particle
d)	The equation that describes the evolution of a quantum system's wave function
Answer: C
8.	What is the Schrödinger equation?
a)	The concept that objects can either be waves or particles
b)	The idea that particles can exhibit both particle-like and wave-like behavior
c)	The principle that it is impossible to simultaneously know the position and momentum of a particle
d)	The equation that describes the evolution of a quantum system's wave function
Answer: D
9.	What is the fundamental equation of quantum mechanics?
a.	Wave-particle duality
b.	Heisenberg uncertainty principle
c.	Schrödinger equation
d.	None of the above
Answer: C
10.	What can the Schrödinger equation be used to predict?
a.	The behavior of quantum systems
b.	The position and momentum of particles
c.	The principle of wave-particle duality
d.	The behavior of classical systems
Answer: A


	TAKE HOME MESSAGE
	Task 
1. How does the double-slit experiment demonstrate the wave-particle duality?
2. What is the significance of the Heisenberg uncertainty principle in the double-slit experiment?

	Reference list
	Reference

1. Nielsen, M. A., & Chuang, I. L. (2000). Quantum computation and quantum information. Cambridge University Press.

2. Ekert, A. K. (1991). Quantum cryptography based on Bell's theorem. Physical Review Letters, 67(6), 661-663. doi: 10.1103/PhysRevLett.67.661

3. Schrödinger, E. (1926). An undulatory theory of the mechanics of atoms and molecules. Physical Review, 28(6), 1049-1070. doi: 10.1103/PhysRev.28.1049


 


image3.png
L1




image4.png




image5.png




image6.png




image7.png




image8.png




image1.png




image2.png




