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	Audience description
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	Instructions to learners
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	Dear learners, welcome to the second 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.

	Learning module description
	The module consists of four sections that cover the concept of thermodynamics basics, heat, work, ideal gas law and thermodynamics cycles. 
KEY CONCEPTS IN THIS MODULE ARE: -
1.The basics of thermodynamics: This includes an introduction to the concept of energy, the difference between heat and work and the different types of thermodynamic systems.
2. The laws of thermodynamics
3. Heat and work: An understanding of the relationship between heat and work is essential, as these are the two ways in which energy can be transferred in a system
4. The ideal gas law: The ideal gas law is a fundamental equation in thermodynamics, and learners should learn how to use it to calculate properties such as pressure, volume, and temperature.


	Module objectives:

	This module seeks to facilitate learning about
1. The laws of thermodynamics
2. Heat and work
3. The ideal gas laws
      4. Thermodynamic cycles

	Module learning outcomes:


	By the end of the module, learner should be able to
1. Explain the laws of thermodynamics
2. Describe the relationship between heat and work
3. Use the ideal gas law and its applications in various thermodynamic systems
4. Compare and contrast different thermodynamic cycles, systems, and processes in terms of their properties and performance

	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 content
[Opening shot of a laboratory with beakers and test tubes on a table]
Voiceover: "Have you ever wondered how energy works and how it interacts with matter? Thermodynamics has the answers."
[Cut to a shot of a textbook on thermodynamics]
Voiceover: "Thermodynamics is the study of the behavior of energy and its interactions with matter. It provides a framework for understanding the natural world and designing more efficient technologies."

[Cut to a shot of a scientist measuring the temperature of a liquid]
Voiceover: "One of the key concepts in thermodynamics is temperature. Temperature is a measure of the average kinetic energy of the particles in a substance."
[Cut to an animation showing the movement of particles at different temperatures]
Voiceover: "As the temperature of a substance increases, the particles move faster and collide more frequently, resulting in an increase in kinetic energy."
[Cut to a shot of a steam engine]
Voiceover: "Thermodynamics also has practical applications. The principles of thermodynamics are used to design more efficient engines and power plants."
[Cut to an animation of the first law of thermodynamics]
Voiceover: "The first law of thermodynamics states that energy cannot be created or destroyed, only transformed from one form to another. This law has important implications for the way we use energy in our everyday lives."
[Cut to a shot of solar panels]
Voiceover: "Renewable energy sources like solar and wind power rely on the principles of thermodynamics to generate electricity."
[Cut to an animation of the second law of thermodynamics]
Voiceover: "The second law of thermodynamics states that all energy transfers or transformations are accompanied by an increase in the overall entropy, or disorder, of the system. This law helps us understand why certain processes are irreversible and why certain energy sources are more efficient than others."
[Cut to a shot of a wind turbine]

Voiceover: "Understanding the principles of thermodynamics is critical in designing more efficient and sustainable technologies that can help us address the challenges of climate change and energy security."
[Closing shot of the laboratory]
Voiceover: "So if you're interested in understanding the natural world and designing more efficient technologies, thermodynamics is the subject for you."

	
	Watch the attached video and answer questions below 

https://www.youtube.com/watch?v=1OFlW8OXN64&ab_channel=TheRoyalInstitution

1.	Explain the first law of thermodynamics and its significance in engineering and science. Provide examples.
2.	A gas is compressed adiabatically and reversibly. Derive the equation that relates the work done, the change in internal energy, and the final and initial volumes of the gas.
3.	A piston-cylinder device contains a gas at a pressure of 200 kPa and a volume of 0.05 m³. The gas is then compressed to a volume of 0.025 m³, while the pressure is held constant. Calculate the work done by the gas during the compression process.
4.	State and explain the difference between an isothermal process and an adiabatic process. Provide examples of each.
5.	Two identical containers, A and B, each contain 1 kg of air at the same pressure and temperature. Container A is insulated, while container B is not. If the air in container B expands adiabatically until its volume is twice that of container A, what is the final temperature of the air in each container?


	ACTIVITY 2: READING
READING MATERIAL 1
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	Watch the video attached and write short notes 
https://www.youtube.com/watch?v=WTtxlaeC9PY&ab_channel=Lesics
https://www.youtube.com/watch?v=mGDJO2M7RBg&ab_channel=TheRoyalInstitution


	
	Main concepts in thermodynamics

Thermodynamics is the branch of physics that deals with the study of heat and its transformation to other forms of energy. In thermodynamics, we study the relationship between heat, work, and energy, and how they affect the behavior of matter.

Thermodynamics is divided into two branches: classical thermodynamics and statistical thermodynamics. Classical thermodynamics deals with macroscopic properties of matter, such as temperature, pressure, volume, and internal energy, and their relationships to each other. Statistical thermodynamics, on the other hand, deals with the microscopic properties of matter, such as the behavior of individual molecules, and how they contribute to the macroscopic properties of matter.

Thermodynamic Systems

A thermodynamic system is a quantity of matter that is studied in thermodynamics. It can be as simple as a gas inside a cylinder or as complex as the entire Earth's atmosphere. The system can be classified as an open system, closed system, or an isolated system.

An open system is one that can exchange both energy and matter with its surroundings. An example of an open system is a pot of boiling water.

A closed system is one that can exchange energy, but not matter with its surroundings. An example of a closed system is a sealed container with a gas inside.

An isolated system is one that cannot exchange either energy or matter with its surroundings. The universe is considered an isolated system.

Thermodynamic Processes

A thermodynamic process is a change that takes place in a thermodynamic system. These processes can be categorized into four types: isothermal, adiabatic, isobaric, and isochoric.

Isothermal processes occur at constant temperature. During an isothermal process, the internal energy of the system remains constant.

Adiabatic processes occur with no heat transfer between the system and the surroundings. During an adiabatic process, the internal energy of the system changes.

Isobaric processes occur at constant pressure. During an isobaric process, the work done by or on the system is equal to the change in the internal energy.

Isochoric processes occur at constant volume. During an isochoric process, the work done on or by the system is zero, and the change in internal energy is equal to the heat transferred to or from the system.

Thermodynamic Laws

There are three laws of thermodynamics that govern the behavior of thermodynamic systems.

First Law of Thermodynamics: The first law of thermodynamics, also known as the law of conservation of energy, states that the total energy of an isolated system is constant. Energy cannot be created or destroyed, only transferred or transformed from one form to another.

Second Law of Thermodynamics: The second law of thermodynamics states that the total entropy of an isolated system will always increase over time. Entropy is a measure of the degree of disorder or randomness in a system.

Third Law of Thermodynamics: The third law of thermodynamics states that it is impossible to reach absolute zero, the temperature at which all matter would have zero entropy.



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

1. A heat engine operates between two reservoirs at temperatures of 800 K and 300 K. The engine extracts 1500 J of heat from the high-temperature reservoir and rejects 1000 J of heat to the low-temperature reservoir during each cycle. Determine the thermal efficiency of the engine.
2. An ideal gas undergoes a process where its volume doubles, and its internal energy increases by 100 J. Determine the work done and the heat added during this process.
3. Explain the difference between heat and work in thermodynamics. Provide examples of each.
4. A heat engine operates between 400 K and 800 K. During one cycle, the engine absorbs 500 J of heat from the high-temperature reservoir and performs 300 J of work. Determine the heat rejected to the low-temperature reservoir during the cycle.
5. Derive the equation that relates the change in internal energy, the heat added, and the work done during a process for an ideal gas. Explain how this equation applies to the first law of thermodynamics.

	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	Read the following book chapter
Title: "Thermodynamics: An Introduction"
Book: "Chemical Engineering: A Molecular Approach" by Stanley I. Sandler
Chapter: 2

Summary:
This chapter provides a comprehensive introduction to the principles of thermodynamics, including the basic concepts of energy, heat, work, and the laws of thermodynamics. The chapter also covers the properties of matter and their relationship to thermodynamic processes, including temperature, pressure, and specific heat. The ideal gas law is introduced, and its applications in various thermodynamic systems are discussed. The chapter also explores the concept of entropy and the second law of thermodynamics, and how they relate to the behavior of thermodynamic systems. Finally, the chapter concludes with an overview of thermodynamic cycles, such as the Carnot cycle and the Rankine cycle, and their applications in practical systems.

Key concepts:

Energy, heat, and work
Laws of thermodynamics
Properties of matter, such as temperature, pressure, and specific heat
Ideal gas law and its applications
Entropy and the second law of thermodynamics
Thermodynamic cycles and their applications
Reference:
Sandler, S. I. (2018). Chemical Engineering: A Molecular Approach. John Wiley & Sons.

	CASE 1:
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	Read the following case study and answer the questions that follows
A power plant operates using a Rankine cycle with steam as the working fluid. The power plant has a turbine, a pump, a boiler, and a condenser. The turbine generates 500 MW of electricity, and the pump requires 5 MW of electricity to operate. The boiler operates at a pressure of 10 MPa and a temperature of 500°C, while the condenser operates at a pressure of 10 kPa. The efficiency of the power plant is 40%.

Questions:

1.	What is the thermal efficiency of the Rankine cycle?
2.	How much heat is transferred to the working fluid in the boiler?
3.	What is the mass flow rate of the working fluid through the Rankine cycle?
4.	How much heat is rejected to the surroundings in the condenser?
5.	What is the net power output of the power plant?
6.	What is the exergy destruction rate in the turbine?
7.	How much heat is lost to the surroundings due to the inefficiency of the power plant?




	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 
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	Read the following book chapter and summarize the important points
Chapter 5: The Second Law of Thermodynamics

5.1 Introduction

The second law of thermodynamics is a fundamental principle that governs the behavior of energy in natural and engineered systems. It provides a criterion for determining the direction of energy flow and the efficiency of energy transformations. This chapter will discuss the statement and implications of the second law of thermodynamics, as well as its applications in various fields.

5.2 Statement of the Second Law of Thermodynamics

The second law of thermodynamics can be stated in various ways, but the most common form is:

" In any process, the total entropy of a closed system and its surroundings always increases or remains constant, but never decreases."

This statement implies that there are limitations to the efficiency of energy transformations, as some energy will always be lost to the surroundings in the form of waste heat. The second law also provides a criterion for the direction of spontaneous processes, as these processes always result in an increase in the total entropy of the system and its surroundings.

5.3 Entropy

Entropy is a thermodynamic property that measures the degree of disorder or randomness of a system. It is often described as a measure of the number of possible microstates of a system, or the degree of uncertainty about the system's state. The second law of thermodynamics is based on the concept of entropy, as it implies that any spontaneous process must result in an increase in the total entropy of the system and its surroundings.

5.4 Carnot Cycle and Efficiency

The Carnot cycle is a theoretical thermodynamic cycle that provides a maximum limit on the efficiency of heat engines. It consists of four reversible processes: two isothermal processes and two adiabatic processes. The efficiency of a Carnot engine is given by:

η = 1 - Tc/Th

where η is the efficiency, Tc is the temperature of the cold reservoir, and Th is the temperature of the hot reservoir. This equation implies that the efficiency of a heat engine is limited by the temperature difference between the hot and cold reservoirs, and that the efficiency approaches 100% as this temperature difference approaches zero.

5.5 Applications of the Second Law

The second law of thermodynamics has many practical applications, including:

Refrigeration and air conditioning: The second law implies that these processes require the input of external work to transfer heat from a cold reservoir to a hot reservoir, as they violate the criterion of spontaneous processes.
Power generation: The second law implies that the efficiency of power generation processes, such as turbines and generators, is limited by the temperature difference between the hot and cold reservoirs.
Biological systems: The second law provides a criterion for the direction of biochemical reactions and the efficiency of energy transformations in biological systems.
5.6 Conclusion

The second law of thermodynamics is a fundamental principle that governs the behavior of energy in natural and engineered systems. It provides a criterion for determining the direction of energy flow and the efficiency of energy transformations. The Carnot cycle and the concept of entropy are key elements in understanding the second law and its implications. The second law has many practical applications in various fields, including refrigeration, power generation, and biology.

Reference:

Çengel, Y. A., & Boles, M. A. (2019). Thermodynamics: An Engineering Approach (9th ed.). McGraw Hill

	ACTIVITY 6: ONLINE DISCUSSION
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	Task: online discussion
Designer: -Create an online discussion forum
Welcome to the online discussion on thermodynamics in physics! let's dive into the world of thermodynamics and explore its principles, laws, and applications. Use the following discussion topics to get us started:

1. What are the fundamental concepts of thermodynamics, and how do they relate to the behavior of matter and energy?
2. How do we define the thermodynamic state of a system, and what are the different types of thermodynamic processes?
3. What are the first and second laws of thermodynamics, and how do they govern the behavior of energy in a system?
4. What is entropy, and how does it relate to the second law of thermodynamics?
5. What are some real-world applications of thermodynamics, and how do we use these principles to solve practical problems?
Feel free to share your thoughts, ask questions, and engage in a lively discussion with your peers. Remember to keep an open mind, respect each other's opinions, and cite reliable sources to support your arguments. 

Note the key concepts from the discussion

	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 
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	Watch the following video on first and second law of thermodynamics

https://www.youtube.com/watch?v=4i1MUWJoI0U&ab_channel=CrashCourse

Note the concepts learnt from it

	
ACTIVITY 7: Learner practice sessions
	Practical task on thermodynamics 

Welcome to the practical task on thermodynamics! In this task, you will conduct an experiment to study the relationship between the temperature and pressure of a gas.

Materials needed:

A gas cylinder
A pressure gauge
A thermometer
A heating source
A container of water
A stirrer
A stopwatch
Procedure:

Attach the pressure gauge to the gas cylinder and measure the initial pressure of the gas at room temperature.
Place the gas cylinder in a container of water and heat the container using a heating source. Stir the water continuously to ensure uniform heating.
Measure the temperature of the gas using a thermometer at regular intervals (e.g., every 30 seconds).
Record the pressure of the gas using the pressure gauge at each temperature measurement.
Repeat the experiment for different initial pressures of the gas (e.g., 1 atm, 2 atm, 3 atm, etc.).
Plot a graph of pressure versus temperature for each initial pressure of the gas.
Analyze the data and draw conclusions about the relationship between the temperature and pressure of the gas.

Discussion questions: 
1. What is the relationship between the temperature and pressure of the gas, based on your experimental results?
2. How does this relationship relate to the ideal gas law?
3. What factors affect the behavior of gases, according to the principles of thermodynamics?
4. How can we apply the principles of thermodynamics to real-world situations, such as power generation or refrigeration?
Remember to record your data accurately, and to cite reliable sources to support your conclusions. Have fun exploring the fascinating world of thermodynamics!

	ASSESSMENT OF PRACTICAL SKILL:

	Record the practiced skill and uploads video on E-Portfolio


	LEARNING OUTCOME 4: KEY/TRANSFERABLE SKILLS
	Provide reading material which emphasizes reinforcement of topic learnt. How to communicate or share acquired knowledge


	ACTIVITY 8
	Write a short essay on the benefits of thermodynamics in real life situations. Post to your e-portfolio.

	QUIZZ: 
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	Answer the following questions

1. Which of the following is an example of an isothermal process?
a. A gas expands rapidly and cools down
b. A gas is compressed slowly and heats up
c. A gas expands slowly and heats up
d. A gas is compressed rapidly and cools down

2. The first law of thermodynamics states that:
a. Energy cannot be created or destroyed, only transferred or converted
b. The entropy of an isolated system always increases over time
c. The pressure and volume of a gas are inversely proportional at constant temperature
d. The heat absorbed by a system equals the work done by the system plus the change in internal energy

3. A heat engine operates on a Carnot cycle between two temperatures. The efficiency of the engine is:
a. Independent of the temperature difference between the heat source and the heat sink
b. Inversely proportional to the temperature difference between the heat source and the heat sink
c. Proportional to the temperature difference between the heat source and the heat sink
d. Equal to the ratio of the heat absorbed by the engine to the work done by the engine

4. The second law of thermodynamics states that:
a. Energy cannot be created or destroyed, only transferred or converted
b. The entropy of an isolated system always increases over time
c. The pressure and volume of a gas are inversely proportional at constant temperature
d. The heat absorbed by a system equals the work done by the system plus the change in internal energy

5. A gas is compressed adiabatically. If the initial temperature of the gas is 300 K and the final pressure is twice the initial pressure, what is the final temperature of the gas? (Assume the gas is ideal.)
a. 600 K
b. 450 K
c. 400 K
d. 350 K

Answers:

1. c
2. d
3. c
4. b
5. c

	TAKE HOME MESSAGE
	· Some key take-home messages 

· The first law of thermodynamics tells us that energy is always conserved, and that it can be transferred or converted between different forms, but not created or destroyed.
· The second law of thermodynamics tells us that the entropy of an isolated system always increases over time, and that not all energy can be converted into useful work.
· The Carnot cycle provides a theoretical framework for understanding the efficiency of heat engines, and how it depends on the temperature difference between the heat source and the heat sink.
· The behavior of gases can be described by the ideal gas law, which relates the pressure, volume, and temperature of a gas, and provides a basis for understanding how gases behave in different thermodynamic processes.
· Computational simulations and experimental studies can be used to gain a deeper understanding of thermodynamic systems, and how they can be optimized for various applications.
In summary, thermodynamics provides a powerful framework for understanding the behavior of energy in different systems, and how it can be transformed and optimized for various applications.

	Reference list
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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.
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