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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 fourth module that covers the concepts of geometrical optics, wave optics, optical instruments and optoelectronics. You are motivated to learn the fundamentals of optics to lay a foundation for your future studies in technology field.

	Instructions to learners
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	Dear learners, welcome to the fourth 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 concepts of geometrical optics, wave optics, optical instruments and optoelectronics. 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. Geometrical optics: This area deals with the behavior of light in terms of rays and is concerned with the principles of reflection, refraction, and image formation. you should learn about the laws of reflection and refraction, Snell's law, and the behavior of lenses and mirrors.

2. Wave optics: This area deals with the behavior of light in terms of waves and includes topics such as interference, diffraction, and polarization. You should learn about Huygens' principle, interference patterns, diffraction gratings, and polarization of light.

3. Quantum optics: This area deals with the interaction between light and matter at the quantum level. Yous should learn about the nature of photons, the photoelectric effect, and the concepts of coherence and entanglement.

4. Optical instruments: This area deals with the design and use of optical instruments such as microscopes, telescopes, and cameras. You should learn about the principles of these instruments and how they are used in scientific research.

5. Optoelectronics: This area deals with the use of light in electronic devices such as lasers, fiber optics, and solar cells. You should learn about the principles of these devices and their applications in industry and technology.


	Module objectives:

	This module seeks to facilitate learning about: -
1. Properties of light waves
2. Reflection and refraction
3. Lenses
4. Optical instruments


	Module learning outcomes:


	By the end of the module, learner should be able to
1. Explain Properties of light waves
2. Describe Reflection and refraction of light waves
3. Discuss the application of Lenses in optics
4. Carry out experiment involving the use of optical instruments


	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: Provide a video with the course facilitator narrating the following:
Welcome to this exciting journey into the world of optics! In this video, we will explore the fascinating science of light and its interaction with lenses and mirrors.
Our journey begins by examining a pair of eyeglasses, and we discover that optics is the study of light and its behavior. We will learn about the different properties of light, including its speed, wavelength, and frequency, as well as the various types of light waves.
We will then delve into the basics of reflection and refraction, using real-world examples and animated diagrams to explain how light interacts with surfaces. We will also explore the laws of reflection and refraction that govern the behavior of light.
Next, we will explore how lenses work, both in eyeglasses and in more complex optical systems. We will see how concave and convex lenses can be used to magnify or shrink images, and how they can correct vision problems like nearsightedness and farsightedness.
Finally, we will look at some of the practical applications of optics, such as in telescopes, microscopes, and cameras. We will learn how these devices use lenses and mirrors to capture and magnify images, allowing us to see the world in new and exciting ways.
Throughout the video, you will be treated to stunning visuals and animations that will bring the concepts of optics to life. By the end of this journey, you will have a deeper understanding of the science of light and the amazing things we can do with it. So, let's begin our exploration of optics!

Introduction to Optics

Optics is the branch of physics that deals with the study of light and its behavior. It is concerned with the production, transmission, manipulation, and detection of light. In this lecture, we will cover the basic concepts of optics, including the nature of light, reflection, refraction, and lenses.

Nature of Light

Light is a form of electromagnetic radiation that travels in a straight line with a constant speed of 299,792,458 meters per second (often abbreviated as c). It is composed of oscillating electric and magnetic fields, which are perpendicular to each other and to the direction of propagation. The wavelength of light determines its color, with shorter wavelengths corresponding to colors on the blue end of the spectrum and longer wavelengths corresponding to colors on the red end of the spectrum.

Reflection

Reflection is the process by which light bounces off a surface. The angle of incidence (i) is equal to the angle of reflection (r). 
The law of reflection can be mathematically expressed as follows:

Sin i = sin  r

Refraction

Refraction is the process by which light bends as it passes through a medium of different refractive index. The amount of bending depends on the angle of incidence and the refractive indices of the two media. 

The angle of refraction (r) can be calculated using Snell's law, which states that:

n1 sin(i) = n2 sin(r)

where n1 and n2 are the refractive indices of the two media.

Lenses

Lenses are transparent objects that refract light in order to form an image. They come in two basic types: converging (or convex) lenses and diverging (or concave) lenses.

A converging lens is thicker in the middle than at the edges, and it causes light rays to converge at a focal point. 
A diverging lens is thinner in the middle than at the edges, and it causes light rays to diverge as if they were coming from a focal point. 
Conclusion

Optics is a fascinating branch of physics that has many applications in our everyday lives, from the glasses we wear to the cameras we use to take pictures. By understanding the behavior of light, we can create new technologies and better understand the world around us

Applications of Optics

Optics has numerous applications in various fields such as medicine, engineering, telecommunications, and more. In this lecture, we will cover some of the most common applications of optics.

Microscopy
Optical microscopy is a commonly used tool in biology and materials science. It involves the use of lenses to magnify the object being observed. There are several types of microscopy techniques including brightfield, darkfield, phase-contrast, and fluorescence microscopy. Each technique has its own advantages and limitations, and researchers choose the appropriate one depending on the specific application.

Lasers
Lasers are used in a variety of applications, including cutting, welding, and engraving. They are also used in medical procedures, such as laser eye surgery. Lasers are highly focused and precise, making them useful in a wide range of industrial and scientific applications.

Fiber Optics
Fiber optics is a technology that uses thin fibers made of glass or plastic to transmit light signals over long distances. It is commonly used in telecommunications to transmit data at high speeds. Fiber optic cables are also used in medical applications such as endoscopy and surgical procedures.

Spectroscopy
Spectroscopy is the study of the interaction between light and matter. It is used to analyze the composition of substances, identify unknown compounds, and determine the concentrations of various elements. Spectroscopy is used in a wide range of fields, including chemistry, physics, and astronomy.

Holography
Holography is a technique that uses the interference patterns of light waves to create three-dimensional images. It is used in security applications, such as holographic ID cards and banknotes, and in artistic and entertainment applications, such as holographic displays and art installations.

Optical Sensors
Optical sensors are devices that detect changes in light intensity, wavelength, or polarization. They are used in a wide range of applications, including temperature sensing, pressure sensing, and chemical sensing. Optical sensors are highly sensitive and can detect small changes in the environment.

Conclusion

The applications of optics are numerous and diverse, and new applications are being developed all the time. By understanding the principles of optics, scientists and engineers can continue to develop new technologies that have the potential to revolutionize many different fields



	
	Watch the attached video on properties of light
 
https://www.youtube.com/watch?v=OA0olojnkGw 
Source:  
.
Task: Summarize the keys concepts learned from the video you watched 

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

1. Hecht, E. (2017). Optics (5th ed.). Pearson.

              Chapter 2, pp 35-98
               Chapter 3, pp 99-188
               Chapter 6, pp 275-360
               Chapter 9, pp 519-574
2. Saleh, B. E. A., & Teich, M. C. (2007). Fundamentals of photonics (2nd ed.). John Wiley & Sons.
          Chapter 4, pp 109-156


	
	Answer the following questions to the best of your ability
1. What is the difference between reflection and refraction of light?
2. How does the index of refraction of a medium affect the speed of light?
3. What is the difference between a convex and concave lens?
4. How does the focal length of a lens affect the image formed by the lens?
5. How does the human eye form an image?
6. What is the difference between a real image and a virtual image?
7. How does the size of the aperture affect the amount of light entering a camera or telescope?
8. What is the difference between chromatic aberration and spherical aberration?
9. What is total internal reflection and what are some practical applications of it?
10. How does polarization of light work and what are some real-life applications of it?

	ACTIVITY 3:  Comprehension questions:
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	Answer the following questions
Geometrical Optics:
a. A concave mirror has a radius of curvature of 15 cm. An object is placed 30 cm in front of the mirror. Find the position and size of the image.
b. A converging lens has a focal length of 10 cm. An object is placed 20 cm in front of the lens. Find the position and size of the image.
c. A prism with a refractive index of 1.5 is used to deviate a beam of light by 30 degrees. Calculate the angle of incidence and angle of emergence.

Wave Optics:
a. A double-slit experiment is performed using a red laser (wavelength = 632.8 nm). The distance between the slits is 0.1 mm and the distance between the screen and the slits is 1 m. Calculate the distance between the central maximum and the first-order maximum on the screen.
b. A monochromatic light source emits light of wavelength 500 nm. Calculate the number of fringes produced by a Michelson interferometer when one of the mirrors is moved by 1 µm.
c. A beam of unpolarized light is incident on a polarizing filter. If the intensity of the incident light is 10 mW, calculate the intensity of the transmitted light.

Quantum Optics:
a. Calculate the energy of a photon of light with a frequency of 5 × 10^14 Hz.
b. A laser emits light of wavelength 632.8 nm with a power of 10 mW. Calculate the number of photons emitted per second.
c. A cavity with two mirrors has a length of 10 cm. Calculate the frequency of the standing wave that can form in the cavity.

Optical Instruments:
a. A microscope has an objective lens with a focal length of 2 cm and an eyepiece with a focal length of 5 cm. Calculate the magnification of the microscope.
b. A Michelson interferometer is used to measure the thickness of a transparent film. The distance between the mirrors is 20 cm and the film is placed on one of the mirrors. If the wavelength of the light used is 500 nm, calculate the thickness of the film.
c. A telescope has an objective lens with a diameter of 10 cm and a focal length of 100 cm. Calculate the resolving power of the telescope.

Optoelectronics:
a. A semiconductor laser has a threshold current density of 100 A/cm^2 and a cavity length of 1 mm. Calculate the threshold current required to achieve lasing.
b. A fiber-optic communication system uses a light source with a wavelength of 1550 nm and a bandwidth of 10 GHz. Calculate the bit rate of the system.
c. A photovoltaic cell has an efficiency of 20% and a surface area of 10 cm^2. If the cell is exposed to sunlight with an intensity of 1000 W/m^2, calculate the power output of the cell.



	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	
Read the following case study and answer the question which follows.
Case Study 1: Designing a Camera Lens
You work for a company that specializes in manufacturing high-quality camera lenses. Your boss has asked you to design a new lens that will provide clear, sharp images for both still and video photography. Your budget is limited, so you will need to balance cost with performance.

Explain how you will accomplish the task

	CASE 1:
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	Task: - Case study 2
Title: - design of an optical system for a solar concentrator.
A solar concentrator is a device that focuses sunlight onto a small area, such as a solar cell, to increase its efficiency. The design of a solar concentrator requires an understanding of the properties of light, including its wavelength and polarization, as well as the principles of optics, such as refraction and reflection.

Task: Design a solar concentrator that maximizes the amount of light that is focused onto a given area. 
Follow the following guidelines;
1. Selecting an appropriate optical material for the concentrator that has a high index of refraction and is transparent to the desired wavelengths of light.

2. Choosing a shape for the concentrator that minimizes the amount of light that is lost due to reflection or absorption.

3. Designing a system of lenses or mirrors that can focus the sunlight onto a small area with minimal distortion or aberration.

4. Calculate the amount of energy that can be collected by the concentrator, taking into account factors such as the angle of the sun and the efficiency of the solar cell.

5. Analyze the cost and feasibility of the design, including factors such as the availability of materials, the ease of manufacturing, and the potential for scalability.

6. Use computer simulations and modeling tools to test their designs and optimize their performance. 


7. Consider the environmental and social impacts of the technology, such as its potential to reduce carbon emissions and increase access to renewable energy sources
Record the task and post on e-portfolio

	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 

[image: Shape

Description automatically generated with low confidence]
	Watch the attached video

Video  Title:   GCSE Physics - Intro to Waves - Longitudinal and Transverse Waves 
https://www.youtube.com/watch?v=aCu4VRKMstA 
Source:  Cognito
Duration:  6 minutes

Task: Summarize the keys concepts learned from the video you watched on functional groups above



	ACTIVITY 6: ONLINE DISCUSSION
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	Designer: - Create a discussion forum
In group of six, discuss the following question. Post your key takeaways on e-portfolio

How does the refractive index of a material affect the speed of light, and what implications does this have for optical phenomena such as reflection, refraction, and dispersion?


	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 
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	Watch the attached video

Video  title:   Physics - Reflection and Refraction
https://www.youtube.com/watch?v=bxaUEKDJZww 
Source: Mr Sai Mun Academy
Task : Summarize  the keys concepts learned from the video you watched on reflection and refraction above





	
ACTIVITY 7: Learner practice sessions
	
Task: Identifying Design Requirements
Before you can begin designing the lens, you need to identify the design requirements. Consider the following questions:
What type of camera will the lens be used for?
What is the desired focal length?
What is the maximum aperture?
What is the desired image quality?
What is the budget?
Task 2: Lens Design
Now that you have identified the design requirements, it is time to start designing the lens. You will need to consider the following factors:
Lens Elements: The number of lens elements affects the quality and cost of the lens. More elements typically provide better image quality, but also increase cost and weight.
Focal Length: The focal length of the lens determines the magnification and angle of view. Longer focal lengths are ideal for portrait and telephoto photography, while shorter focal lengths are better suited for landscapes and wide-angle shots.
Aperture: The maximum aperture determines how much light the lens can gather, which affects image quality and the camera's performance in low light conditions.
Lens Coating: Coating the lens elements can help reduce glare and improve contrast, which leads to better image quality.
Task 3: Lens Manufacturing
Once you have designed the lens, you need to consider how it will be manufactured. The manufacturing process can affect the cost, quality, and performance of the lens. Consider the following factors:
Materials: The type of glass used to make the lens can affect the image quality and cost. Higher quality glass is more expensive, but provides better results.
Manufacturing Tolerances: The manufacturing tolerances for the lens affect how precisely the lens can be made. Tighter tolerances are more expensive, but can provide better image quality.
Assembly: The way the lens is assembled can affect its performance. Dust and debris inside the lens can cause image quality issues, so it is important to ensure that the lens is assembled in a clean environment.
Task 4: Testing
Once the lens has been designed and manufactured, it needs to be tested to ensure that it meets the design requirements. Consider the following tests:
Image Quality: The lens should be tested for sharpness, distortion, and color accuracy.
Low Light Performance: The lens should be tested in low light conditions to ensure that it performs well in these situations.
Mechanical Tests: The lens should be tested for durability and resistance to wear and tear.
Task 5: Iteration
After testing, it is likely that some design changes will need to be made. The lens should be modified and tested again until it meets the design requirements.
Task : Design a new lens that will provide clear, sharp images for both still and video photography


	ASSESSMENT OF PRACTICAL SKILL:

	Record the practiced skill and uploads video on E-Portfolio


	LEARNING OUTCOME 4: KEY/TRANSFERABLE SKILLS
	Read the following book chapter on applications of optics in medicine field
Hecht, E. (2017). Optics (5th ed.). Pearson
Chapter 19, pp 1177-1234


	ACTIVITY 8
	Write an essay from the book chapter above not exceeding 1000 words

	QUIZZ: 
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Answer the following questions

1.	When light waves bounce off a surface, this is called:
a)	Refraction
b)	Reflection
c)	Diffraction
d)	Transmission
Answer: b) 
2.	Which of the following laws governs the behavior of light when it is reflected?
a)	Law of Reflection
b)	Law of Refraction
c)	Law of Absorption
d)	Law of Diffraction
Answer: a) Law of Reflection
3.	What happens to light when it passes from air to water?
a)	It speeds up
b)	It slows down
c)	It disappears
d)	It bends
Answer: b) It slows down
4.	Which type of lens is used to correct farsightedness?
a)	Convex lens
b)	Concave lens
c)	Plano-convex lens
d)	Biconvex lens
Answer: a) Convex lens
5.	When light waves bend as they pass through a medium, this is called:
a)	Reflection
b)	Refraction
c)	Diffraction
d)	Transmission
Answer: b) Refraction
6.	What is the study of optics concerned with?
a.	The study of sound and its behavior
b.	The study of light and its behavior
c.	The study of electricity and its behavior
Answer: b) The study of light and its behavior
7.	Which of the following is NOT a property of light?
a.	Speed
b.	Wavelength
c.	Sound
d.	Frequency
Answer: c) Sound
8.	What do the laws of reflection and refraction govern?
a.	The behavior of sound
b.	The behavior of light
c.	The behavior of electricity
Answer: b) The behavior of light
9.	What do concave and convex lenses do?
a.	They shrink images
b.	They magnify images
c.	They have no effect on images
Answer: b) They magnify images
10.	What are some practical applications of optics?
a.	Telescopes, microscopes, and cameras
b.	Musical instruments, televisions, and radios
c.	Cars, planes, and trains
Answer: a) Telescopes, microscopes, and cameras
.

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

	Reference list
	Reference materials

1. Textbook:
Hecht, E. (2017). Optics (5th ed.). Pearson.

2. Journal article:
Saleh, B. E., & Teich, M. C. (1989). Fundamentals of photonics. Journal of Modern Optics, 36(4), 673-674. https://doi.org/10.1080/09500348914550641
3. Conference proceeding:
Lakshminarayanan, V., & Chung, Y. C. (Eds.). (2016). Frontiers in optics: Proceedings of the International Conference on Frontiers in Optics 2016 (Vol. 9959). SPIE.
4. A book chapter
Born, M., & Wolf, E. (1999). Principles of optics. In E. Wolf (Ed.), Progress in optics (Vol. 39, pp. 283-284). Elsevier.
5. Online resource:
The Optical Society. (n.d.). Optics and photonics: Essential technologies for our nation. https://www.osa.org/en-us/about_osa/optics_and_photonics_essential_technologies_for_our/
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