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	Audience description
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	Instructions to learners
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	Dear learners, welcome to the first 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 be best of your ability and post answers on the e-portfolio.

	Learning module description
	This module covers the fundamental concepts of classical mechanics. This includes the study of motion, forces, and energy, as well as the mathematical tools and techniques used to describe and analyze these physical phenomena.
THE KEY CONCEPTS COVERED IN THIS MODULE ARE: 
1. Kinematics: The study of motion, including position, velocity, and acceleration, and the relationships between these quantities.
2. Dynamics: The study of forces and their effects on motion, including Newton's laws of motion, and the concept of momentum.
3. Energy: The study of the different forms of energy (such as kinetic, potential, and work) and how they are related to motion and forces.
4. Circular motion: The study of motion in a circular path, including centripetal and centrifugal forces.


	Module objectives:

	This module seeks to facilitate learning about: -
1. Newton's laws of motion
2. Energy and its conservation
3. Analyzing and interpreting data
4. Developing problem-solving skills

	Module learning outcomes:


	By the end of the module, learner should be able to
1. Describe concepts related to rotational, kinematics and dynamics.
2. Explain the basic concepts of laws of motion, such as Newton's laws of motion, force, and energy, 
3. Applying mathematical concepts and formulas to solve problems related to motion, forces, and energy.
4. Analyze data from experiments, graphs and tables to draw conclusions about the motion and behavior of objects.

	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 using the following content
· Hello and welcome to our mechanics course! My name is [insert name] and I will be your instructor for this semester. In this course, we will explore the fascinating world of mechanics and learn about the fundamental principles that govern the motion of objects.

· Mechanics is the study of how objects move and interact with each other under the influence of various forces. It is a broad field that encompasses everything from the motion of planets and galaxies to the design and operation of everyday machines and vehicles.

· Throughout this course, we will cover a wide range of topics, including kinematics and dynamics of particles and rigid bodies, circular motion, rotational motion, and work-energy relationships. We will also explore the behavior of fluids and the principles of fluid mechanics.

· By the end of this course, you will have developed a deep understanding of the fundamental principles of mechanics and their applications to real-world problems. You will also have gained practical skills in problem-solving, mathematical modeling, and engineering design.

· I am excited to have you as a student in this course and look forward to working with you throughout the semester. If you have any questions or concerns, please don't hesitate to ask. Let's get started on this exciting journey into the world of mechanics!

Designer: - create a video with the following description
Script: Forces and Newton's Laws of Motion

Presenter: Hello and welcome to our introduction to mechanics! Today, we're going to be talking about forces and Newton's laws of motion. Let's start by defining what we mean by force.

Slide: Definition of Force

Presenter: A force is any interaction that can change the motion of an object. This can include pushing, pulling, twisting, or any other action that changes the object's velocity or direction.

Slide: Newton's First Law of Motion

Presenter: Now, let's move on to Newton's first law of motion. This law states that an object at rest will stay at rest, and an object in motion will stay in motion at a constant velocity, unless acted upon by an external force.

Slide: Newton's Second Law of Motion

Presenter: Newton's second law of motion gives us a way to quantify the effect of a force on an object's motion. This law states that the acceleration of an object is directly proportional to the net force acting on it, and inversely proportional to its mass.

Slide: Newton's Third Law of Motion

Presenter: Finally, we have Newton's third law of motion, which states that for every action, there is an equal and opposite reaction. This means that if one object exerts a force on another object, the second object will also exert an equal and opposite force on the first object.

Slide: Examples of Forces

Presenter: So, let's look at some examples of forces in action. Here, we have a block sitting on a table. The force of gravity is pulling the block down, while the table exerts an equal and opposite force upwards, keeping the block in place.

Slide: Free Body Diagrams

Presenter: To analyze forces more systematically, we can use free body diagrams. These diagrams show all the forces acting on an object and the direction in which they act.

Slide: Solving Problems with Newton's Laws

Presenter: To solve problems using Newton's laws, we start by identifying all the forces acting on an object and drawing a free body diagram. We then use Newton's second law to find the net force and solve for the object's acceleration. Finally, we can use the object's acceleration to find its velocity and position as it moves.

Presenter: And that's a brief introduction to forces and Newton's laws of motion. Thanks for joining us!

Mechanics
Mechanics is the branch of physics that studies the motion of objects and the forces that cause motion. Mechanics is one of the fundamental areas of physics and has applications in many other areas of science and engineering. In this module, the following is covered

· Kinematics: Describing Motion
· Dynamics: Understanding Forces
· Work and Energy: The Relationship Between Force and Motion
· Momentum and Collisions: Conservation Laws
· Rotational Motion: Describing Rotational Kinematics and Dynamics

Kinematics is the study of motion without considering the forces that cause the motion. This focus on how to describe motion using position, velocity, and acceleration. There are also concepts of displacement, speed, and time.

Areas covered include:
· Position, displacement, and distance
· Velocity and speed
· Acceleration
· Projectile motion
· Uniform circular motion
Dynamics: Understanding Forces
Dynamics is the study of how forces cause motion. 
Here we introduce the concept of force and how to calculate the net force acting on an object. There are also concepts of mass and weight and the difference between them. Additionally, we discuss the three laws of motion.
Areas covered include:
· Force and Newton's laws of motion
· Free-body diagrams
· Friction
· Tension
· Centripetal force
Work and Energy: The Relationship Between Force and Motion. Work and energy are two related concepts that describe the relationship between force and motion. In this section, we introduce the concept of work and how to calculate it. We also introduce the concept of energy and the difference between kinetic and potential energy. Additionally, we introduce the principle of conservation of energy.
Areas covered include:
· Work and power
· Kinetic energy and potential energy
· Conservative and non-conservative forces
· Conservation of energy
Momentum and Collisions: Conservation Laws
Momentum and collisions describe the behavior of objects during collisions. In this section, we introduce the concept of momentum and discuss how to calculate it. We also introduce the principle of conservation of momentum and its applications in collisions.
Areas covered include:
· Momentum and impulse
· Conservation of momentum
· Elastic and inelastic collisions
· Recoil
Rotational Motion: Describing Rotational Kinematics and Dynamics. Rotational motion is the study of motion around an axis. In this section, we introduce the concept of angular velocity and acceleration and how to calculate them. We also introduce the concept of torque and how it relates to rotational motion. Additionally, we discuss the moment of inertia and its relationship to rotational motion.

Topics to be covered include:
· Angular velocity and acceleration
· Torque
· Rotational equilibrium
· Moment of inertia


	
	

	ACTIVITY 2: READING
READING MATERIAL 1
([image: Shape

Description automatically generated with low confidence]
	Watch the attached video on work, energy and power and answer the questions that follows
https://www.youtube.com/watch?v=_MR1Dp8-F8w&ab_channel=TheOrganicChemistryTutor

1. What is the work-energy theorem?
2. Explain the concept of power and how it relates to work and energy.
3. How does the energy transferred by a force depend on the displacement of the object?
4. What is the difference between conservative and non-conservative forces?
5. Explain the concept of elastic potential energy.
6. How do you calculate the gravitational potential energy of an object?
7. How does the kinetic energy of an object change when its speed is doubled?
8. How does the work done by a force depend on the angle between the force and the displacement of the object?

	
	Watch the attached video on newtons laws of motion and answer the questions that follows

https://www.youtube.com/watch?v=BCnWQrXoHeo&ab_channel=ManochaAcademy

1.	What are the Newton's three laws of motion?
2.	Describe how Newton's first law of motion applies to objects at rest and in motion.
3.	How does mass affect an object's acceleration, according to Newton's second law of motion?
4.	What is the relationship between force, mass, and acceleration, according to Newton's second law of motion?
5.	What is the relationship between force and acceleration, according to Newton's second law of motion?
6.	How does Newton's third law of motion explain action and reaction forces?
7.	Describe the principle of conservation of momentum.
8.	What is the difference between elastic and inelastic collisions?
9.	What is the relationship between impulse and momentum?
10.	Explain how air resistance affects the motion of falling objects.
11.	How does centripetal force affect the motion of objects in circular motion?
12.	Explain the concept of gravitational force and how it relates to Newton's laws of motion


	ACTIVITY 3:  Comprehension questions:
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	Answer the following questions 
1. A block is placed on an inclined plane that makes an angle of 30° with the horizontal. If the coefficient of kinetic friction is 0.2, what is the acceleration of the block as it slides down the plane?

2. A 2 kg object is moving at a speed of 5 m/s. If a force of 10 N is applied in the opposite direction of motion, how long will it take for the object to come to a complete stop?

3. A mass of 1 kg is attached to a spring with a spring constant of 10 N/m. If the mass is pulled down 0.2 m and released, what is the frequency of oscillation of the spring-mass system?

4. A car of mass 1200 kg is moving with a velocity of 30 m/s. If the brakes are applied, and the car comes to a stop in 4 seconds, what is the force applied by the brakes?

5. A ball is thrown horizontally from the top of a building with a speed of 10 m/s. If the building is 20 m tall, how far away from the building will the ball land?

6. A person stands at the edge of a cliff and throws a rock horizontally with a speed of 20 m/s. If the cliff is 50 m tall, how far from the base of the cliff will the rock land?

7. Two masses, 5 kg and 10 kg, are connected by a rope that passes over a pulley. If the 5 kg mass is on a table and the 10 kg mass is hanging freely, what is the acceleration of the system? Assume the pulley is frictionless.

8. A rocket of mass 1000 kg is moving with a velocity of 5000 m/s. If the engines are turned off and the rocket drifts in space, what will be its final velocity after 10 seconds? Assume there is no external force acting on the rocket.

9. A wheel of radius 0.5 m is rotating at a speed of 10 rad/s. What is the linear velocity of a point on the edge of the wheel?

10. A cannon fires a projectile at an angle of 30° above the horizontal with a velocity of 50 m/s. If the cannon is on a cliff 100 m high, how far away from the base of the cliff will the projectile land?

	LEARNING OUTCOME 2: Conceptual knowledge


ACTIVITY 4: Video to be used.

	Read the following book chapter and answer the following questions to the best of your ability.

Book Chapter: "Newton's Laws of Motion" from "Physics for Scientists and Engineers with Modern Physics" by Douglas C. Giancoli

Questions:
1.	A 10 kg box is initially at rest on a frictionless surface. A force of 20 N is applied to the box for 5 seconds. What is the final velocity of the box?
2.	A 2 kg block is pushed along a horizontal surface with a force of 10 N. The coefficient of kinetic friction between the block and the surface is 0.2. What is the acceleration of the block?
3.	A 5 kg object is suspended from a string. If the object is at rest, what is the tension in the string? If the object is given an upward acceleration of 2 m/s^2, what is the tension in the string?
4.	A 500 kg car is traveling at a constant speed of 20 m/s. If the force of friction acting on the car is 500 N, what is the driving force of the car?
5.	A 1000 kg elevator is supported by a cable. If the elevator accelerates upward at 2 m/s^2, what is the tension in the cable? If the elevator accelerates downward at 2 m/s^2, what is the tension in the cable?

	CASE 1:
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	Case Study: Designing a Suspension Bridge
· The design of a suspension bridge involves several principles of mechanics, including force analysis, equilibrium, material properties, and structural stability.
· To design a suspension bridge, engineers must consider the loads that the bridge will be subjected to, such as the weight of the bridge deck, the weight of traffic and pedestrians, and wind loads. They must also consider the materials that will be used in the bridge, such as steel cables, concrete pillars, and steel beams.
· The engineers must analyze the forces acting on the bridge, including the tension forces in the cables and the compression forces in the pillars. They must also ensure that the bridge is in a state of equilibrium, meaning that all forces acting on the bridge balance each other out
· In addition to these static considerations, engineers must also consider the dynamic behavior of the bridge, such as its response to wind and other environmental factors. They must also ensure that the bridge is stable and will not collapse or sway excessively under normal loads.
Questions
1. What are the different types of forces acting on a suspension bridge, and how are they analyzed in the design process?
2. How do engineers ensure that a suspension bridge is in a state of equilibrium?
3. What are the different types of materials that can be used in a suspension bridge, and how are their properties analyzed in the design process?
4. What is the difference between static and dynamic loads on a suspension bridge, and how are they accounted for in the design process?
5. What is the role of computer simulation and testing in the design and safety of suspension bridges?
6. How does the geometry of a suspension bridge, such as the length and height of the cables, affect its strength and stability?
7. What is the role of cable tension in a suspension bridge, and how is it controlled and maintained?
8. What are the different types of suspension bridges, and how do their designs differ?
9. How does the shape and design of the bridge deck affect the performance and safety of a suspension bridge?


	[bookmark: _Hlk131239802]ACTIVITY 5: READING MATERIAL 
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	Read the attached book chapter and answer the question below
Book Chapter: "Kinematics of a Particle" from "Engineering Mechanics: Statics and Dynamics" by R.C. Hibbeler

Question: A particle moves along a straight line with an initial velocity of 5 m/s. If the acceleration of the particle is given by a = 2t m/s^2, where t is in seconds, determine the particle's velocity and position when t = 4 seconds, assuming that its initial position is x = 0

	ACTIVITY 6: ONLINE DISCUSSION
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	Designer: - Create a discussion forum
Discussion question: Why is it important to consider both translational and rotational motion in mechanics, and how can this understanding be applied to real-world engineering problems? 

	 LEARNING OUTCOME 3: PRACTICAL SKILLS
VIDEO 3: 
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	Show video which displays practical use of knowledge acquired.

	
ACTIVITY 7: Learner practice sessions
	Task: - practical

Choose a simple pendulum or a spring-mass system as your system of study. A simple pendulum consists of a mass suspended from a string, while a spring-mass system consists of a mass attached to a spring.

Using a computational physics software, such as VPython, construct a simulation of your chosen system. The simulation should include the equations of motion and the relevant parameters, such as the mass of the object, the spring constant, and the amplitude of the motion.

Run the simulation and observe the behavior of the system over time. Record the motion of the object as it oscillates back and forth.

Calculate the period and frequency of the motion using the recorded data. The period is the time taken for one complete oscillation, while the frequency is the number of oscillations per unit time.

Change the parameters of the system, such as the mass, spring constant, or amplitude, and observe how it affects the motion of the object.

Compare the results of the simulation with theoretical predictions and experimental observations. This will help to validate the accuracy of the simulation and provide insights into the behavior of the system under different conditions learnt skills. 

	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 outlining the application of mechanics to real life situation. Post on the e-portfolio

	QUIZZ: 
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	Answer the following questions

Which of the following is an example of a vector quantity?
a. Temperature
b. Volume
c. Time
d. Velocity

A car is moving with a constant speed of 60 km/h. Which of the following statements is true?
a. The car has a zero acceleration
b. The car has a constant acceleration
c. The car has a varying acceleration
d. The car has no displacement

The force required to keep an object moving at a constant velocity in the absence of friction is called:
a. Gravitational force
b. Tension force
c. Normal force
d. Inertial force

A ball is thrown straight up into the air. At the highest point of its trajectory, its velocity is:
a. Zero
b. Maximum
c. Minimum
d. Constant

A block of mass 5 kg is pulled along a rough surface with a force of 10 N. If the coefficient of friction between the block and the surface is 0.4, what is the acceleration of the block?
a. 5 m/s²
b. 2 m/s²
c. 1 m/s²
d. 0.5 m/s²

Answers:

d
a
d
a
c

	TAKE HOME MESSAGE
	A projectile is launched at an angle of 30 degrees above the horizontal with an initial velocity of 50 m/s. Ignoring air resistance, calculate the maximum height reached by the projectile and the time taken for it to reach the maximum height.
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