
Comprehensive Lesson Plan: Mechanics & Relativity 

This lesson plan outlines a 60-hour course covering fundamental concepts in 
Mechanics and Relativity. 

Overall Learning Objectives: 
• Knowledge: Students will be able to:  
o Define and distinguish between scalars and vectors. 

o Perform vector operations (addition, subtraction, dot product, cross product). 

o Understand and apply Newton's Laws of Motion. 

o Define and calculate work, energy, and power. 

o Understand and apply the principles of conservation of momentum and energy. 

o Describe the concepts of rotational motion, torque, and angular momentum. 

o Understand the laws of gravitation and their applications. 

o Describe the characteristics of simple harmonic motion. 

o Understand the concepts of stress, strain, and elastic moduli. 

o Explain the postulates of special relativity and their implications. 

• Skills:  
o Solve problems involving vector algebra and calculus. 

o Apply Newton's Laws to analyze the motion of particles and systems. 

o Solve problems involving work, energy, and power. 

o Analyze rotational motion and solve problems involving torque and angular 
momentum. 

o Solve problems involving gravitation and orbital motion. 

o Analyze simple harmonic motion and solve related problems. 

o Solve problems involving stress, strain, and elastic moduli. 

o Perform calculations related to relativistic effects. 

 
 



Materials and Resources: 

• Whiteboard or projector 

• Markers or pens 

• Rulers 

• Graph paper 

• Handouts with practice problems 

• Textbook (relevant chapters) 

• Physics simulations (e.g., PhET simulations) 

• Calculator (optional) 

• Laboratory equipment (if applicable for elasticity experiments) 

 
Lecture 1-4: Vectors 

• Learning Objectives:  
o Define scalars and vectors. 

o Represent vectors graphically and algebraically. 

o Perform vector addition, subtraction, scalar and vector products. 

o Understand and apply the properties of vector operations. 

o Determine the derivative of a vector with respect to a parameter. 

• Content:  
o Introduction to scalars and vectors. 

o Vector representation (graphical and component form). 

o Vector addition and subtraction (graphical and analytical methods). 

o Scalar and vector products (dot product and cross product). 

o Applications of vectors in physics. 

o Derivatives of vector functions. 

• Activities:  



o In-class exercises on vector operations. 

o Group work: Solving vector problems. 

o (Optional) Use geometry software to visualize vector operations. 

 
Lecture 5-10: Ordinary Differential Equations 

• Learning Objectives:  
o Define ODEs and classify them by order and linearity. 

o Solve first-order homogeneous ODEs. 

o Solve second-order homogeneous ODEs with constant coefficients. 

• Content:  
o Definition and classification of ODEs. 

o First-order homogeneous ODEs: Separation of variables. 

o Second-order homogeneous ODEs with constant coefficients: Auxiliary equation, 
solutions for distinct real roots, repeated real roots, and complex conjugate roots. 

• Activities:  
o Problem-solving on solving various types of ODEs. 

o Applications of ODEs in simple physical systems (e.g., spring-mass system). 

 
Lecture 11-20: Laws of Motion 

• Learning Objectives:  
o Define frames of reference and understand their role in describing motion. 

o State and explain Newton's three laws of motion. 

o Define and calculate the center of mass of a system of particles. 

o Understand the concept of linear momentum and its conservation. 

o Apply Newton's laws to analyze the motion of single particles and systems of 
particles. 

• Content:  
o Frames of reference (inertial and non-inertial). 



o Newton's first law: Law of inertia. 

o Newton's second law: Force and acceleration. 

o Newton's third law: Action-reaction pairs. 

o Applications of Newton's laws (friction, inclined planes). 

o Systems of particles: Center of mass, motion of the center of mass. 

o Linear momentum and conservation of linear momentum. 

• Activities:  
o Problem-solving on Newton's laws and applications. 

o Group work: Analyzing real-world scenarios involving forces and motion. 

 
Lecture 21-25: Momentum and Energy 

• Learning Objectives:  
o Define work and energy (kinetic and potential). 

o State and explain the law of conservation of mechanical energy. 

o Understand the concept of power. 

o Describe the principles of rocket propulsion. 

• Content:  
o Work and energy: Work-energy theorem, kinetic energy, potential energy 

(gravitational and elastic). 

o Conservation of mechanical energy. 

o Power and its calculation. 

o Rocket propulsion: Principles of rocket motion, conservation of momentum. 

• Activities:  
o Problem-solving on work, energy, and conservation of energy. 

o Discussion on applications of rocket propulsion. 

 
 



Lecture 26-30: Rotational Motion 
• Learning Objectives:  
o Define angular velocity and angular acceleration. 

o Understand the concept of torque. 

o Define and understand angular momentum. 

o State and explain the law of conservation of angular momentum. 

• Content:  
o Rotational motion: Angular displacement, angular velocity, angular acceleration. 

o Torque: Definition, calculation, and applications. 

o Angular momentum: Definition, calculation, and conservation of angular 
momentum. 

o Applications of rotational motion (e.g., rotating bodies, gyroscopes). 

• Activities:  
o Problem-solving on torque, angular momentum, and conservation of angular 

momentum. 

o (Optional) Simple experiments demonstrating rotational motion and conservation 
of angular momentum. 

 
Lecture 31-38: Gravitation 

• Learning Objectives:  
o Understand Newton's law of universal gravitation. 

o Analyze the motion of a particle in a central force field. 

o Understand Kepler's laws of planetary motion. 

o Analyze satellite motion, including circular orbits and geosynchronous orbits. 

o Understand the concept of weightlessness. 

o Understand the basic principles of GPS. 

• Content:  



o Newton's law of universal gravitation. 

o Motion in a central force field: Circular orbits, Kepler's laws (statement only). 

o Satellite motion: Circular orbits, geosynchronous orbits. 

o Weightlessness and its implications. 

o Basic principles of GPS. 

• Activities:  
o Problem-solving on gravitational forces and orbital motion. 

o Discussion on applications of satellites and GPS. 

 
Lecture 39-44: Oscillations 

• Learning Objectives:  
o Define simple harmonic motion (SHM). 

o Derive and solve the differential equation of SHM. 

o Understand the concepts of kinetic energy, potential energy, and total energy in 
SHM. 

o Understand the concept of damped oscillations. 

• Content:  
o Definition and characteristics of SHM. 

o Differential equation of SHM and its solutions. 

o Kinetic energy, potential energy, and total energy in SHM. 

o Damped oscillations. 

• Activities:  
o Problem-solving on SHM and damped oscillations. 

o (Optional) Simple experiments demonstrating SHM (e.g., mass-spring system, 
pendulum). 

 



Lecture 45-52: Elasticity 
• Learning Objectives:  
o Understand the concepts of stress and strain. 

o Understand Hooke's law and the stress-strain diagram. 

o Define and understand elastic moduli (Young's modulus, shear modulus, bulk 
modulus). 

o Understand the relationship between elastic constants. 

o Understand Poisson's ratio and its expression in terms of elastic constants. 

o Understand the concepts of work done in stretching and twisting a wire. 

o Determine the rigidity modulus by static torsion and by using a torsional 
pendulum. 

• Content:  
o Stress and strain: Types of stress and strain. 

o Hooke's law and the stress-strain diagram. 

o Elastic moduli: Young's modulus, shear modulus, bulk modulus. 

o Poisson's ratio. 

o Work done in stretching and twisting a wire. 

o Determination of rigidity modulus by static torsion and by using a torsional 
pendulum. 

• Activities:  
o Laboratory experiments (if applicable) to determine elastic moduli. 

o Problem-solving on stress, strain, and elastic moduli. 

 
Lecture 53-59: Special Theory of Relativity 

• Learning Objectives:  
o Understand the concept of the constancy of the speed of light. 

o Understand the postulates of special relativity. 



o Understand the concepts of length contraction and time dilation. 

o Understand the relativistic addition of velocities. 

• Content:  
o The Michelson-Morley experiment and the constancy of the speed of light. 

o Postulates of special relativity. 

o Length contraction. 

o Time dilation. 

o Relativistic addition of velocities. 

• Activities:  
o Discussion on the implications of special relativity. 

o Problem-solving on length contraction and time dilation. 

 
Lecture 60: Review and Exam 

• Content:  
o Review of key concepts and problem 
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