PAGE  
6

Unit Expectations

Ministry Expectations
BB2.01•
Explain the laws of physics as they relate to movement (e.g., Newton’s 


laws related to inertia, acceleration, and action–reaction).
BB2.02•
Describe biomechanical principles (e.g., stability, the relationship between 

force and movement, angular motion) and joint mechanics (e.g., types of 


joints, range of motion).

BB2.03•
Use the appropriate laws of physics and biomechanical principles to 


analyze human performance (e.g., in running or jumping).

Other Expectations

(
Develop an awareness of the goals of biomechanics and how biomechanics is 


used to improve athletic performance.

(
Use biomechanical principles to describe and demonstrate how athletes improve 


performance.

(
Understand the types and causes of motion as they relate to objects or athletes.

(
Draw human body models using scalar and vector quantities to illustrate the 


application of 
forces.

(
Calculate moment of force and its effect on objects or athletes.

(
Understand the effects of training principles and technology on human 



performance.


(
Develop an awareness of the principles of biomechanics in relation to human 


movement.

(
Learn how the application of force, impulse, velocity, momentum, lift, and drag 


affect moving objects.

(
Understand the factors and conditions that influence linear and angular motion.

(
Research and examine specific physics and sport issues related to equipment 


design and technology.

(
Observe and analyze performance through error detection and correction.

(
Use biomechanical principles to make quantitative and qualitative analysis of 


human motion.

Introduction

The purpose of this unit is to introduce students to the field of biomechanics. The science of mechanics and biomechanics is often taught from an algebra, trigonometry and calculus perspective. However, for the purposes of this course we have tried to reduce the abstract mathematical concepts and replace them with concrete and practical non-mathematical examples and descriptions that make the science of biomechanics more interesting.  

The unit begins by justifying the study of biomechanics and continues with a description of the fundamental concepts and principles of mechanics. Early lessons focus on internal and external forces and their effect on the body and movement. Later lessons apply the principles of biomechanics to linear motion, fluid dynamics, and angular motion. A knowledge of mechanics will help students analyze human movement and the effects of training and equipment design on performance.  
Understanding how physical laws influence sport performance will help students learn to observe, analyze, and correct errors in performance; assess the effectiveness of sport equipment research design and technology; and evaluate innovations in the way sport skills are performed. Students will conclude the unit by making quantitative and qualitative analyses of human movement in relation to observing, detecting, and correcting errors in performance.

Instructional Activity Time Allocations

During the first 30 minutes, a good lead-in activity for this chapter would be to ask questions What is biomechanics? Why should one be interested in biomechanics? and How does biomechanics work?  Ask the students to be specific with their answers and examples. This could be done in either a large group or small group discussion format.

Introduction (Definition and Goals of Biomechanics)
30 minutes
Slides 1-5

Introduction (Kinematics and Kinetics)
30 minutes
Slides 6-8

Type of Motion (Causes of Motion)
60 minutes
Slides 13-19

Levers
60 minutes
Slides 20-22

Laws of Motion
60 minutes
Slides 29-36

Stability and Balance
120 minutes
Slides 25-30 and 64-69

Newton’s Second Law: Acceleration
120 minutes
Slides 31-35

Newton’s Third Law: Action–Reaction
120 minutes
Slides 36-43

Fluid Dynamics: Drag Forces
120 minutes
Slides 44-50

Fluid Dynamics: Lift Forces
60 minutes
Slides 51-57

Angular Motion: Angular Kinetics
120 minutes
Slides 70-72

Angular Motion: Angular Velocity/Momentum
60 minutes
Slides 73-74

Qualitative Analysis of Human Motion 
180 minutes 
Slides 75-82

Teaching Methodologies/Chapter Lesson Plan

The following suggestions are offered for your consideration. The recommended format is consistent with the teaching and learning strategies available in course profiles offered by the Ministry of Education. Teachers should select a teaching methodology that works for him or her personally, providing the best fit with class demographics and personal teaching style.

Introduction (Definition and Goals of Biomechanics) (30 minutes)


A good lead-in activity for this chapter is to present the students with a chart comparing the evolution of Olympic and world records in swimming or track and field events since 1900 and have them brainstorm regarding the possible reasons why performances have improved. Compare times, distances, and skill techniques. Discuss how biomechanical analysis and application have improved the results and level of accomplishment over time. Summarize student observations with a discussion about the goals of biomechanics.  

Introduction (Kinematics and Kinetics) (30 minutes)


This module benefits from a lecture and demonstration format accompanied by a PowerPoint presentation highlighting important concepts and examples. Demonstrate static and dynamic mechanics and describe how dynamic mechanics is further divided into kinematics and kinetics. Allow ample time for questions and discussion. An alternative approach would be to have students discuss the concept in pairs and then report back to the larger group. Slides 6-8 will support this presentation.

Type of Motion (Causes of Motion) (60 minutes)

This module benefits from an initial lecture and demonstration format accompanied by a PowerPoint presentation highlighting important concepts and examples. Demonstrate the various types of motion and highlight the difference between internal and external forces. Introduce and demonstrate scalar and vector force diagrams, and describe how they are used to illustrate force application and motion. An alternative approach would be to have students discuss the concept in pairs and then report back to the larger group. After discussion is complete, allow students to complete worksheet activities using scalar and vector diagrams to indicate the application of force and resulting motion that occurs. Slides 13-19 will support this presentation.

Levers (60 minutes)

Utilizing a metre stick, a fulcrum, and a weighted object, students can demonstrate the three different types of levers and their mechanical advantages. Allow students to brainstorm how levers are used in everyday life and sports performance. Using a variety of sports implements and techniques, demonstrate and experience the advantages that a lever will provide given the varying length of the force arm and resistance arm. Follow up the brainstorming session by defining the characteristics of each type of lever, highlighting the mechanical advantage gained (an increase in speed or increase in force/strength). Define and describe the concept of moment of force in relation to human movement. Slides 20-22 will support this presentation.

Laws of Motion (60 minutes)


This module benefits from a lecture and demonstration format accompanied by a PowerPoint presentation highlighting important concepts and examples. Introduce and discuss Newton’s three laws of motion and their relationship to human movement. Introduce the concepts of force, acceleration, and velocity in relation to maximum effort and force. Allow ample time for questions and discussion. Students can then complete worksheets that use Newton’s laws to analyze skill performance (e.g., use Newton’s three laws of motion to analyze the skills demonstrated by a speed skater in motion). An alternative approach would be to have students discuss the concept in pairs and then report back to the larger group. Slides 29-36 will support this presentation.

Stability and Balance (120-180 minutes)  

A good lead-in activity for this module is a centre of gravity lab allowing students to experience concepts related to balance. After completion of the lab, lead a discussion on the concepts of statics and stability, mass and inertia, centre of gravity, and base of support. Follow the discussion with completion of a dynamic balance lab. This lab will present students with the opportunity to prepare, analyze, and adjust their base of support based on changing criteria. Have students work in pairs and complete notes based on findings from the lab. Summarize the concepts of the height of the centre of gravity, the area and position of the base of support, and the position of the centre of gravity relative to the base. Compare the results of the discussion to Newton’s first law of motion (the law of inertia). Have students complete stability and performance worksheets as prepared by the teacher. Worksheets should include diagrams of athletes performing skills and ask students to respond to questions related to the base of support, the position of the centre of gravity, and adjustments that can/should be made to maintain stability. Slides 25-30 and 64-69 will support these presentations 
Newton’s Second Law: Acceleration (120-180 minutes)  

This module benefits from a lecture and demonstration accompanied by a PowerPoint presentation highlighting important concepts and examples. Review Newton’s law of acceleration and its relationship to human movement. Demonstrate and discuss the skills of maximum force, the skills of maximum velocity, and the combination skills Demonstrate and discuss the importance of backward swing, force-producing movement, critical instant, and follow-through. Follow the discussion with a lab that allows students to investigate how the number of joints and continuity of joint movement is responsible for producing maximum force and velocity. In this lab, students will complete a number of sport skills (e.g., basketball foul shot) from different positions (e.g., sitting and standing) and observe how their body moved to complete the skill and how the motion determined the desired result. Have students work in pairs and complete notes based on findings from the lab. Have students complete a combination skills worksheet as prepared by the teacher. The worksheet should include a number of sequential drawings of athletes performing sports skills (e.g., golf swing) and use colour codes to indicate the backswing movements, force-producing movements, critical instant and follow-through. Slides 31-35 will support this presentation 
Newton’s Third Law: Action–Reaction (120-180 minutes)  

A good lead-in activity for this module is the completion of a lab on the principle of impulse. This lab will have four different students sprint for a distance of 50 metres. The 50-metre distance is divided into five 10-metre sections. Students who do not run will record the time it takes for each student to run through each 10-metre section and the number of steps that each student takes in each section. Results should conclude that the time and number of steps taken decrease until maximum speed is achieved. Students will record notes and present them to the larger group for analysis. Follow this lab with a discussion focusing on Newton’s law of action–reaction. Discuss the concept of linear motion in relation to momentum, impulse, joint range of motion, and streamlining. During the module students should complete Workbook activities #3 and #7. The module is completed with the students working in pairs and investigating a specific sport innovation (e.g., using aluminum bats versus wooden bats, the design of equipment for streamlining in cycling or skiing) and reporting back to the larger group about their findings. Slides 36-43 will support the presentations.

Fluid Dynamics: Drag Forces (60-120 minutes)

A good lead-in activity for this module is the completion of a lab on fluid dynamics and buoyancy. Students will go to a local swimming pool and complete a number of activities to experience the factors affecting buoyancy, propulsion, and movement in a fluid environment. The lab will allow students to identify each parameter of human performance in a fluid medium and understand how the laws of fluid mechanics are manipulated to improve performance. Students in the pool will complete each activity while those on the deck will record notes and present them to the larger group for analysis. Following the lab, discuss the concepts of fluid drag forces, skin-friction drag, profile drag, and overcoming drag. Have students research and give reports on the concept of streamlining, using examples in sport that require streamlining techniques and equipment for improved performance. During this module students should complete Workbook activity #6. Conclude the module with a discussion about the mechanical principles applied to swimming. Review Newton’s third law and apply it to the concepts of fluid dynamics as a swimmer moves through the water. Discuss the innovations that have occurred in swimming pool design to improve performance. Slides 44-50 will support the presentations.

Fluid Dynamics: Lift Forces (60 minutes)


This module benefits from a lecture and demonstration accompanied by a PowerPoint presentation highlighting important concepts and examples. Introduce and discuss the concept of lift force and its effect on athletes or objects in motion. Discuss the Magnus force and its effect on baseballs, tennis balls, or golf balls. Allow ample time for questions and discussion. Slides 51-57 will support these presentations.  

Angular Motion: Angular Kinetics (80-120 minutes)

This module benefits from a lecture and demonstration accompanied by a PowerPoint presentation highlighting important concepts and examples. Introduce the effects of off-centre forces on objects and discuss the concepts of angular kinetics, rotary inertia, and angular velocity. Describe how athletes make themselves rotate by overcoming and manipulating rotary inertia to complete twists and rotations in the air. Use concepts from the previous module (Fluid Dynamics: Lift Forces) and have students research and report on topics such as how a pitcher throws a curve ball or why a quarterback wants to throw a spiral. Slides 70-72 will support these presentations.
Angular Motion: Angular Velocity/Momentum (40-60 minutes)


This module benefits from a lecture and demonstration accompanied by a PowerPoint presentation highlighting important concepts and examples. Use several examples of airborne athletes (divers, aerial skiers, trampolinists, gymnasts) to illustrate the effects of angular velocity and momentum. Describe how athletes can control the rate of spin in activities such as diving and figure skating and how they transfer angular momentum between somersaults and twists by changing the axis of rotation in the air. Have students complete a teacher-prepared worksheet on the off-centre effects of angular motion. Introduce the concepts of centripetal and centrifugal forces and discuss how athletes must manipulate them in sports such as hammer throw, downhill skiing/snowboarding, and short track speedskating. Slides 73-74 will support these presentations.

Qualitative Analysis of Human Motion (120-180 minutes)


This concluding module allows students to draw all of the concepts together through observation and critical analysis. Begin the module with a discussion about the qualitative and quantitative analysis of human movement. Describe the process of observing a performance, analyzing a skill, detecting errors, and making corrections in skill performance. Following the discussion, allow students to observe a grade 9 physical education class or team practice and use a checklist or rubric to analyze the performance of skills. Students should work in pairs and prepare a written report of their observations. At the conclusion of the module, the students should prepare a practice plan for an elementary school or community group. The practice plan should include skill objectives and a description of observation and skill analysis by the “leader. The plan is a good portfolio activity. If conditions allow, students may actually put their plan into practice – however, this will take a great deal of coordination and planning. Slides 75-82 will support this presentation.

