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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 seventh module and cover the fundamental concepts modern physics. You are motivated to learn the concept of modern physics to lay a foundation for your future studies in technology field.

	Instructions to learners
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	Dear learners, welcome to the seventh module in electrical 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 Bohr's theory and Heisenberg's quantum concept, atomic spectra, X‑rays and structure of the nucleus. 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. Atomic spectra
2. Bohr’s atomic model
3. Electromagnetic spectrum
4. X-ray generation

	Module objectives:

	This module seeks to facilitate learning about: -
1. Bohr's model
2. Atomic spectra
3. Electromagnetic spectrum
4. X-rays generation


	Module learning outcomes:


	By the end of the module, learner should be able to
1. Explain predictions and limitations of Bohr model
2. Define nature of atomic spectra and electromagnetic spectrum
3. Analyze the Principles of X-ray generation
4. Demonstrate applications of electromagnetic spectrum


	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.
[image: Shape

Description automatically generated with low confidence]
	Designer: - Develop a video with the course facilitator narrating the following

[Introduction]

Narrator: Welcome to this video on Bohr's theory, atomic spectra, X-rays, and the structure of the nucleus. These concepts have revolutionized our understanding of the atom and its properties, and have led to numerous applications in science and technology.

[Bohr's theory]

Narrator: The classical model of the atom proposed that electrons orbit the nucleus in a continuous manner, much like planets orbit the sun. However, this model was incomplete and failed to explain the properties of atoms observed in experiments. In 1913, Danish physicist Niels Bohr proposed a new model of the atom that incorporated key concepts of quantum mechanics. Bohr's theory proposed that electrons can only exist in certain discrete energy levels, and that they move between these levels by absorbing or emitting energy in the form of light.

[Atomic spectra]

Narrator: When atoms absorb or emit light, they do so at specific wavelengths, producing what is known as an atomic spectrum. These spectral lines are unique to each element and can be used to identify them. For example, when white light is passed through a prism, it produces a continuous spectrum of colors. However, if the light is passed through a gas, it produces a series of discrete lines at specific wavelengths. These lines correspond to the energy transitions of electrons in the gas atoms.

[X-rays]

Narrator: X-rays are a form of electromagnetic radiation with high energy and short wavelengths. They were discovered by Wilhelm Conrad Röntgen in 1895, and have since been used in a variety of applications, such as medical imaging and materials analysis. X-rays are produced when high-energy electrons are accelerated and collide with a target material. The collision causes the electrons to release energy in the form of X-rays.

[Structure of the nucleus]

Narrator: The nucleus is the center of an atom and is composed of protons and neutrons. Protons have a positive charge, while neutrons have no charge. The number of protons in an atom determines its atomic number and its position on the periodic table. The number of protons and neutrons together determines its mass number. Some atoms have unstable nuclei, which can undergo nuclear reactions such as radioactive decay.

[Conclusion]

Narrator: In summary, Bohr's theory, atomic spectra, X-rays, and the structure of the nucleus are key concepts in atomic physics. They have revolutionized our understanding of the atom and its properties, and have led to numerous applications in science and technology. We hope this video has provided a useful introduction to these concepts. Thank you for watching.

	
	Module outline 
I. Bohr's theory
Explanation of the classical model of the atom
Introduction of Bohr's theory and its key concepts
Discussion of how Bohr's theory contributed to our understanding of atomic structure
II. Atomic spectra
Explanation of the concept of atomic spectra
Introduction of spectral lines and their significance
Discussion of how spectral lines can be used to identify elements
III. X-rays
Explanation of the properties and applications of X-rays
Introduction of X-ray generation and its principles
Discussion of how X-rays are used in medical imaging and materials science
IV. Structure of the nucleus
Explanation of the composition of the nucleus
Introduction of the concepts of atomic number and mass number
Discussion of the stability of the nucleus and nuclear reactions
V. Electromagnetic spectrum
The electromagnetic spectrum is a range of all possible frequencies of electromagnetic radiation. Electromagnetic radiation is a type of energy that travels through space at the speed of light, and includes different types of waves, such as radio waves, microwaves, infrared radiation, visible light, ultraviolet radiation, X-rays, and gamma rays.

Each type of electromagnetic radiation has a different wavelength and frequency, which determines its energy and properties. The wavelength is the distance between two successive peaks or troughs of the wave, while the frequency is the number of oscillations of the wave per second. The energy of the electromagnetic radiation is directly proportional to its frequency, and inversely proportional to its wavelength.

Different types of electromagnetic radiation have different uses and properties. For example:

Radio waves: used in broadcasting, radar, and communication systems.

Microwaves: used in cooking, communication systems, and radar.

Infrared radiation: used in heating and sensing systems, and for remote control devices.

Visible light: the only part of the electromagnetic spectrum that is visible to the human eye, and is used in vision and illumination systems.

Ultraviolet radiation: used in sterilization, fluorescence, and tanning devices.

X-rays: used in medical imaging, material analysis, and radiation therapy.

Gamma rays: used in radiation therapy, nuclear medicine, and space exploration

Watch the following video on Bohr’s atom and note the concepts learnt

https://www.youtube.com/watch?v=S1LDJUu4nko&ab_channel=InfinityLearnClass9%2610

Watch the following video on x-ray production, characteristics and application and note the key points highlighted

https://www.youtube.com/watch?v=49IQTu5ocWo&ab_channel=NoorAcademy



	ACTIVITY 2: READING
READING MATERIAL 1
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	Read the following materials and give a summary of concepts learnt
Bohr, N. (1913). On the constitution of atoms and molecules. Philosophical Magazine, 26(151), 1-25.

Herzberg, G. (1945). Atomic spectra and atomic structure. In Atomic Spectra and Atomic Structure (pp. 1-34). Dover Publications.

Rutherford, E. (1911). The scattering of α and β particles by matter and the structure of the atom. Philosophical Magazine, 21(125), 669-688.
Bhattacharya, P. K., & Ghosh, S. K. (2017). X-rays: production, characteristics, and application. In Introduction to Medical Physics (pp. 175-198). Springer.

	
	

	ACTIVITY 3:  Comprehension questions:


[image: Shape

Description automatically generated with low confidence]
	Answer the following questions 
1. Discuss Bohr's theory of the atom, including its key assumptions and predictions. How did Bohr's theory contribute to the development of modern atomic theory?

2. Describe the different types of atomic spectra and explain their origins. What information can be gained from studying atomic spectra?

3. Explain how X-rays are produced, including the role of X-ray tubes and synchrotron radiation. What physical properties of X-rays are important for their use in medical imaging?

4. Discuss the structure of the atomic nucleus, including the evidence that led to its discovery. How does the nuclear structure of an atom influence its chemical properties?

5. What are some common applications of X-rays in medicine and industry? How can X-rays be used to identify the composition of materials?

6. Describe the different types of radiation emitted by atomic nuclei, including alpha, beta, and gamma radiation. How are these types of radiation produced, and what are their properties?

7. Explain how the properties of X-rays and atomic spectra are related to the quantum nature of matter. How has our understanding of quantum mechanics changed our understanding of atomic and nuclear physics?

8. Discuss the safety considerations associated with the use of X-rays and other forms of ionizing radiation. What measures can be taken to minimize exposure to ionizing radiation?

9. Compare and contrast the properties of radio waves, microwaves, and X-rays. Give an example of a practical application for each type of electromagnetic radiation.
10. What is the visible spectrum and how does it relate to the electromagnetic spectrum? How does the human eye perceive different colors of light?
11. Describe the uses and properties of ultraviolet radiation. How is it different from visible light and why is it important for our health?
12. What are metamaterials and how are they used to manipulate electromagnetic waves? Give an example of a practical application of metamaterials.

	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	Watch the attached video on electromagnetic spectrum and summarize key concept learnt

https://www.youtube.com/watch?v=cfXzwh3KadE&ab_channel=Best0fScience
Answer the following questions
1. Which of the following is not part of the electromagnetic spectrum?
a) Radio waves
b) X-rays
c) Sound waves
d) Gamma rays

2. Which type of electromagnetic radiation has the highest frequency?
a) Microwaves
b) Ultraviolet radiation
c) Infrared radiation
d) Gamma rays

3. Which of the following electromagnetic waves has the longest wavelength?
a) Gamma rays
b) Ultraviolet radiation
c) Infrared radiation
d) Radio waves

4. Which part of the electromagnetic spectrum is used for medical imaging?
a) Gamma rays
b) X-rays
c) Ultraviolet radiation
d) Radio waves

5. Which type of electromagnetic radiation is used in communication systems such as mobile phones and Wi-Fi?
a) Radio waves
b) X-rays
c) Ultraviolet radiation
d) Gamma rays

6. Which type of electromagnetic radiation is absorbed by the ozone layer in the Earth's atmosphere?
a) Infrared radiation
b) Ultraviolet radiation
c) Gamma rays
d) X-rays

7. Which of the following electromagnetic waves has the highest energy?
a) Radio waves
b) Visible light
c) X-rays
d) Infrared radiation

8. Which type of electromagnetic radiation is used in remote sensing to study the Earth's surface and atmosphere?
a) Gamma rays
b) X-rays
c) Ultraviolet radiation
d) Microwave radiation

9. Which part of the electromagnetic spectrum is used for cooking food in a microwave oven?
a) Radio waves
b) Infrared radiation
c) X-rays
d) Gamma rays

10.Which type of electromagnetic radiation is used in photosynthesis?
a) Gamma rays
b) Ultraviolet radiation
c) Visible light
d) Infrared radiation
Answers
1. c) Sound waves
2. d) Gamma rays
3. d) Radio waves
4. b) X-rays
5. a) Radio waves
6. b) Ultraviolet radiation
7. c) X-rays
8. d) Microwave radiation
9. a) Radio waves
10. c) Visible light



	CASE 1:
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	CASE: -
In 2013, scientists at CERN, the European Organization for Nuclear Research, announced the discovery of a new subatomic particle known as the Higgs boson. The discovery was made using the Large Hadron Collider (LHC), a particle accelerator that collides protons together at high energies to study the fundamental building blocks of matter.

The Higgs boson is an essential component of the Higgs field, a theoretical concept that explains how particles acquire mass. According to the Standard Model of particle physics, which is based on quantum mechanics, the Higgs field permeates the universe and gives particles mass by interacting with them.

The discovery of the Higgs boson was a significant breakthrough in particle physics and confirmed the existence of the Higgs field, which had been predicted by Peter Higgs and several other physicists in the 1960s. The discovery was made possible by the use of X-ray crystallography, a technique that allows scientists to study the atomic structure of molecules and crystals by analyzing the way X-rays are diffracted by their atoms.

X-ray crystallography played a critical role in the discovery of the Higgs boson because it allowed scientists to study the atomic structure of the LHC detectors and analyze the patterns of X-rays produced by the collisions of protons. By carefully analyzing these patterns, scientists were able to identify the telltale signature of the Higgs boson, which confirmed its existence and provided new insights into the fundamental nature of matter.

This case study illustrates the importance of understanding the structure of matter at the atomic and subatomic level and the role of X-rays and other forms of radiation in studying these structures. It also highlights the connection between quantum mechanics, atomic spectra, and the structure of the nucleus, as these theories provide the framework for understanding the fundamental properties of matter.

	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 
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	Task: 
Imagine you are a physicist working at CERN and you have been tasked with explaining the role of X-ray crystallography in the discovery of the Higgs boson to a group of students. Prepare a presentation that explains the basic principles of X-ray crystallography and how it was used in the discovery of the Higgs boson.

Your presentation should include:

An explanation of the basic principles of X-ray crystallography, including how X-rays are diffracted by atoms in a crystal lattice.

A description of the LHC detectors and how they were designed to detect subatomic particles.

An explanation of the role of X-ray crystallography in analyzing the atomic structure of the LHC detectors and identifying the signature of the Higgs boson.

A discussion of the significance of the discovery of the Higgs boson and its impact on our understanding of the fundamental nature of matter.

	ACTIVITY 6: ONLINE DISCUSSION
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	Designer: - Create a discussion forum 

 Task: Imagine you are part of a group of scientists discussing the implications of recent advances in atomic and nuclear physics. Engage in a discussion about the following questions:

What are the most significant implications of Bohr's theory of the atom and how has it contributed to our understanding of atomic and nuclear physics?

How have recent advances in X-ray technology impacted medicine and other fields, and what are some of the ethical considerations associated with the use of X-rays and other forms of ionizing radiation?

How has our understanding of the structure of the atomic nucleus evolved over time, and how has this knowledge been used to develop new technologies such as nuclear reactors and medical imaging devices?

What are some of the most promising areas of research in atomic and nuclear physics, and how might these developments impact society in the future?

	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 
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	Carry out the following practical, record the video and post on e-portfolio

Title: X-ray Crystallography of a Crystal Lattice

Objective: To understand the basic principles of X-ray crystallography and how it can be used to determine the structure of a crystal lattice.

Materials:
Laser pointer
Diffraction grating
Flat glass plate
Graph paper
Crystal structure model kit

Procedure:

Set up the diffraction grating and the flat glass plate so that the laser beam passes through the grating and produces a diffraction pattern on the glass plate.

Use the graph paper to measure the spacing between the diffraction spots on the pattern.

Use the crystal structure model kit to build a simple crystal lattice.

Shine the laser pointer through the crystal lattice and onto the diffraction grating.

Observe the diffraction pattern produced by the crystal lattice on the flat glass plate.

Measure the spacing between the diffraction spots on the pattern produced by the crystal lattice and compare it to the spacing measured in step 2.

Use the measured spacing to determine the spacing between atoms in the crystal lattice, based on the principles of X-ray crystallography.

Discuss the implications of these results for our understanding of atomic and nuclear physics

	
ACTIVITY 7: Learner practice sessions
	Learner practices the learnt skills. Learner to be given task to demonstrate mastery of the skill.

	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
	Provide reading material which emphasizes reinforcement of topic learnt. How to communicate or share acquired knowledge


	ACTIVITY 8
	Learner to engage in communication, collaboration, problem solving, research, leadership activities. Examples, preparation of a poster to communicate new knowledge acquired, written essay, debate, audio recording …etc.

	QUIZZ: 
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	Answer the following questions
1.The energy of an electron in the nth energy level of a hydrogen atom is given by:

E = -13.6/n^2 eV

If an electron jumps from the third to the first energy level, how much energy is emitted or absorbed?

A) 3.4 eV
B) 6.8 eV
C) 10.2 eV
D) 13.6 eV

Answer: A) 3.4 eV

Calculation:
The energy of the electron in the third energy level is -13.6/3^2 = -1.51 eV
The energy of the electron in the first energy level is -13.6/1^2 = -13.6 eV
The energy change is (-13.6) - (-1.51) = -12.09 eV
Since the electron is jumping down to a lower energy level, energy is emitted. Therefore, the answer is 3.4 eV.

2.  A hydrogen atom is excited to the n = 4 energy level. What is the energy of the photon emitted when the atom returns to its ground state?
A) 2.04 eV
B) 4.10 eV
C) 6.13 eV
D) 8.20 eV

Answer: C) 6.13 eV. This can be calculated using the equation E = hc/λ, where λ is the wavelength of the emitted photon. The energy difference between the n = 4 and n = 1 energy levels is 6.13 eV.

3. An X-ray tube produces X-rays with a wavelength of 0.01 nm. What is the energy of these X-rays?
A) 0.12 keV
B) 1.24 keV
C) 12.4 keV
D) 124 keV

Answer: C) 12.4 keV. This can be calculated using the equation E = hc/λ, where λ is the wavelength of the X-ray. The energy of X-rays with a wavelength of 0.01 nm is approximately 12.4 keV.

4. How many protons and neutrons are present in the nucleus of an atom with a mass number of 40 and an atomic number of 20?
A) 20 protons, 20 neutrons
B) 20 protons, 40 neutrons
C) 40 protons, 20 neutrons
D) 40 protons, 40 neutrons

Answer: A) 20 protons, 20 neutrons. The atomic number of an element corresponds to the number of protons in the nucleus, and the mass number corresponds to the sum of protons and neutrons. Therefore, an atom with a mass number of 40 and an atomic number of 20 must have 20 protons and 20 neutrons.

5. A radioactive isotope has a half-life of 10 days. If the initial activity of the isotope is 1000 Bq, what is the activity after 30 days?
A) 125 Bq
B) 250 Bq
C) 500 Bq
D) 1000 Bq

Answer: A) 125 Bq. The activity of a radioactive isotope decays exponentially with time, according to the equation A = A0 (1/2)^(t/T), where A0 is the initial activity, t is the elapsed time, and T is the half-life. After 30 days, the isotope will have undergone three half-lives, so the activity will be A = 1000 Bq * (1/2)^(30/10) = 125 Bq.

6. An electron is in the n = 2 energy level of a hydrogen atom. What is the maximum number of spectral lines that can be emitted when the electron returns to the ground state?
A) 1
B) 2
C) 3
D) 4

Answer: B) 2. When an electron in a hydrogen atom returns from the n = 2 energy level to the ground state, it can emit a photon with a wavelength corresponding to the difference in energy between the two levels. This corresponds to a spectral line in the emission spectrum. There are two possible transitions from the n = 2 energy level to the ground state, corresponding to the emission of photons with wavelengths of 121.6 nm and 102.6 nm, respectively, so the maximum numbe

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