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Each chapter is preceded by a section that provides
background information. These ‘Key point
summaries’ relate to concepts identified in the
ATAR Units 1 and 2 Physical Education Studies
curriculum.

The authors acknowledge that content related to
‘Developing physical skills, strategies and tactics’
is best defined and delivered by the expert class
teacher. Teachers are best placed to embed these
concepts into the specific sports undertaken in the
practical components of the course. However, when
evaluating skill technique, the ‘motion analysis
procedural format’ and ‘video analysis’ sections in
the Biomechanics and Motor Control and Learning
Chapters provides structured methods for a
qualitative evaluation.

A similar approach is followed for each section of
the ATAR Units 3 and 4 Physical Education Studies
curriculum. Sections start with textbook-related
learning outcome statements, followed by a dot-
point box identifying the ‘Content that follows’
and the theory and application for each content
area. Suggested class tasks and practical activities
can be found within the sections of the text. A
‘Key point summary’ box is presented at the end
of each section. Local and contemporary research
is presented under the headings ‘UWA research
snapshot’.

Two practical investigations are included as
Appendix B1 (ATAR Unit 3 content) and Appendix

B2 (ATAR Unit 4 content). A format for report
writing can be located at the end of each chapter
(Appendix A), to assist students with their
preparation of the practical investigation. Marking
matrices are also included in Appendices B1 and
B2. A test related to one of practical investigations
offered in each chapter has also been prepared.
Answers for both the practical investigation
questions and the test questions are provided for
teachers and these can be found in the Physical
Education Studies ATAR Units 3 and 4: A Textbook
for Teachers.

Revision questions (with answers) are included near
the end of each chapter (Appendix C).

Two ‘Personalised projects’ are included in the
textbook. These assessment tasks are framed by
the principles of Bloom’s taxonomy. The first
project can be located at the end of Chapter 3,
and a second project can be found at the end of
Chapter 5. The first project requires students

to display knowledge and understanding from
Biomechanics, Functional Anatomy and Exercise
Physiology (Chapter 3: Appendix D), while the
second project focuses on ‘Sport Psychology
and Motor Learning and Coaching’ (Chapter

5: Appendix D). Even if these tasks are not
undertaken for assessment purposes, they are a
valuable tool for revision.

A “Glossary of key terms’ appears on the final pages
of each chapter (Appendix E).
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Domain specific chapters: Colour coded for
each chapter

Chapter 1: Biomechanics
Prof Bruce Elliott, Dr Jacqueline Alderson
and Dr Peter Whipp

Chapter 2: Functional Anatomy
Dr Grant Landers, Dr Peter Whipp and Dr
Kym Guelfi

Chapter 3: Exercise Physiology
Dr Kym Guelfi, Dr Peter Whipp and Dr
Peter Peeling

Chapter 4: Sport Psychology
Dr James Dimmock, Dr Peter Whipp and
Ms Monica Leslie

Chapter 5: Motor Learning and Coaching
Dr Brendan Lay and Dr Peter Whipp

Background information: ‘Key point
summaries’ related to concepts identified in
the ATAR Units 1 and 2 Physical Education
Studies curriculum.

ATAR Units 3 and 4 course specific content,
with identification of content specific to Units
3 and 4.

Text learning outcomes: Statements that
identify what students, on completion of
engaging in class-related activities and
studying the unit content, should be able to
do. These are consistent with the needs of the
course, as defined by the School Curriculum
and Standards Authority and PES Course
Syllabus of Western Australia.

Content that follows: Identifies the specific
content that defines the section of work that
follows within a chapter.

Key point summary: Statements that revise
key content covered in each section of the
chapter.

UWA research snapshot: Identifies recent
research findings from experiments undertaken
in the School of Sport Science, Exercise and
Health.

Class task: A class-based task that facilitates
students to access the concepts identified and
requires no equipment.

Practical activity: A class-based or homework
experiment that facilitates students to access
the concepts identified. A list of the equipment
required is provided.



Features of this textbook

Practical investigation: An in-depth, class- ATAR Units 3 and 4: A Textbook for Teachers
based experiment that facilitates students to contains answers to the practical investigation
access the concepts identified. Each task is questions. The teachers' editions also contains

differentiated for ATAR Unit 3 or ATAR Unit test questions and answers that are offered as
4 content. Questions, with allocated marks, are  an in-class alternative to students completing a
presented to access both the experimental data  practical investigation report.

and to extend students through application of

their learning to alternative movement and Updates and revised content
sporting contexts. A format for report writing At the time of publication, many of the
and marking matrices are also included. A authors of this textbook are active researchers
test related to one of practical investigations at the School of Sport Science, Exercise
offered in each chapter has also been prepared. and Health at The University of Western
Answers for both the practical investigation Australia. They are constantly seeking new
questions and the test questions are provided knowledge and to clarify our understanding
for teachers and these can be located in the through experimentation. When additional
Physical Education Studies ATAR Units 3 understanding of the content in this book
and 4: A Textbook for Teachers. A list of the is defined, it will be publicised through
equipment required is provided. the UWA student revision seminars held
on-campus each year, the teacher professional
Revision questions (with answers): Are development seminars and the Physical
included near the end of each chapter. Links Education Studies Teachers’ Association

to content-specific questions are identified in (PESTA) website.
each chapter.
Things you should do in preparation for the

Personalised project: Two ‘Personalised theory examination

projects’ are included in the text. These Whilst this book serves primarily as a
assessment tasks are framed by the tool for teaching and learning, ultimately
principles of Bloom’s taxonomy. These tasks it is important that students develop an
require students to display knowledge and awareness of how to best represent their

understanding from multiple content domains.  learning outcomes. This will require written
examination. The following are some

Glossary of key terms: Definitions of the considerations for responding to written
words and concepts are provided. questions.

» Set yourself a realistic study timetable—
PowerPoint slides: A PowerPoint slideshow for all of your subjects.
that summarises all of the key concepts + Confirm what content is examinable—
provides a valuable teaching and learning tool. use a summary page and list the key

words or concepts (content) that you

The Teachers’ edition: have covered.
The teachers’ edition of: Physical Education + Use the ‘Key point summary’ boxes
Studies ATAR Units I and 2: A Textbook for that are embedded in each chapter
Teachers; and Physical Education Studies as a guide to the important content

_ Features of this textbook 16




Features of this textbook

and concepts. Consider copying the
content in each summary box and
placing it on your study wall.

* Identify and clarify the content that
you do know and that which you
need to further revise.

Create summary notes. These should

be all in the same format. Use

HEADINGS, Sub-Headings and dot-

points. Also use small graphs and

diagrams to reinforce content. As part
of your preparation try and visualise
what is on the page of summary notes.

Visualisation and mental imagery can

be useful when trying to remember!

Revise the content and use exam-style

questions to reinforce how the content

is applied as part of your revision.

Maintain a personal exercise schedule.

Consider a writing warm-up prior to

going in to the written examination.

Prepare to write with well formed

legible handwriting.

What is the external examiner thinking?

The course content being examined
has come from the ATAR Units 3 and 4
PES Syllabus as defined by the School
Curriculum and Standards Authority
and PES Course Syllabus (http://www.
scsa.wa.edu.au). The examiners will
have used it to determine their choice
of content to be examined.

The examiners will have ensured that
the questions require that you write a
specific answer. They will know what
information they are seeking in the
answer. Therefore, you must answer
the question — don’t forget to revisit the
question as you record your answer so
that you stay on track.

What will the external marker do?

The external marker will most likely
not have written the question or the
answer. They will be given the answer
key and required to assign a mark for
every time you make an appropriate
point in your answer. Make it easy for
them:

* Record answers on the lines and
within the space provided. This
may need you to write with smaller
letters than normal.

» Ifyou need additional space, try and
fit it in under the lines provided.

* Don’t use faint pencil; a pen is far
easier for the marker to read.

« If you wish to cross something out,
keep it as neat as possible and direct
the marker with arrows or words to
where your answer is located.

Things you should do in the examination
Use the reading time to:

Affirm yourself and build self-
confidence by reading to identify what
you do know—not what you don’t know.
Decide what optional essay questions
you will answer.

If you need to write down acronyms of
content cue words, do this as soon as
the writing time begins.

Answering questions:

Write an answer that, at minimum,
matches the marks on offer. Generally,
there is one mark on offer for each
content area or point covered in your
answer. For example, in an extended
answer worth fifteen marks that requires
five areas to be covered, you could be
expected to record three different pieces
of information under each area.

Features of this textbook

17




Features of this textbook

 Definitions: You can choose to write the position taken by the coach and
the word to start the answer but don’t identify two different self-reflective
use the word you are defining in your methods that the athlete could use. (6
answer. marks)

List: Normally just a dot-point will
suffice. List is often accompanied by
the word ‘explain’. In that case you
need to give more than a dot-point.
Identify: Avoid just a list here. A
sentence is required rather than just a
one- or two-word dot-point.

Suggest: There is generally more than
one answer to this question. Each
suggestion will need a definition and
explanation.

Explain: Often needs an application to
a specific example. You should identify
how the suggestion is useful or applied
to the specific question or a problem.
Describe: Similar to ‘explain’.
Discuss: With each point that you
raise, you need to define, explain and
justify your response. A discussion
brings together facts and considers or
examines by providing a comment or
argument.

Re-read every answer you have given.
Consider using a highlighter—when

Don’t repeat the question

Poor answer: For example,

‘The athlete is seeking answers, but the

coach said that they would be better to sort

it out for themselves. The coach said this
so they would use reflective learning like

thinking it through and watching a video so

they don’t rely too much on the coach.’

These methods and the proposed
rationale recorded in the poor
answer above are described

with general language. Use
language that reflects that you
have studied the topic and have
an understanding. Also, try and
respond in a logical order, that is,
provide a rationale to explain the
position taken by the coach first.

you have finished answering all of the
questions on the paper to reinforce
your key points or words in your

Secondly, provide two very clearly
identified self-reflective learning

AnSWer. methods.
* The question: Save space and time
by not writing the question in your Good answer: For example,

answer. For example: Sometimes learners become dependent on

the augmented feedback from the coach and
Q4. An athlete is seeking answers from  will not utilise task-intrinsic feedback or

the coach to assist future learning, reflective learning to improve. For augmented

but the coach said that they will be a feedback to be most effective, it is important

better athlete in the long term if they to allow learners to try to problem-solve
firstly try reflective learning strategies  for themselves. This is why the coach is
to sort it out for themselves. Explain encouraging the athlete to self-reflect and

Features of this textbook 18




Features of this textbook

self-learn. Two self-reflective learning
methods include:

1. Reflective journal — to reflect on error
detection using their own task-intrinsic
visual, auditory and proprioceptive
feedback.

2. Video self-analysis — comparing
their own performance with previous
performances, others, and an expert.

Features of this textbook




Physical Education Studies ATAR Units 3 and 4 - Biomechanics

—
S
<)

wd
=
4-)

-
>

\

Biomechanics




The following dot-points provide a revision of

Biomechanics

Dr Bruce Elliott (Emeritus Professor), Dr Jacqueline Alderson (Associate Professor)

and Dr Peter Whipp (Associate Professor)
BACKGROUND INFORMATION

the key concepts from ATAR Units 1 and 2.

Linear kinematics

When running on a treadmill, although
you are covering a distance, your

displacement is zero because you have
not ‘gone anywhere’. If the speed of
the treadmill belt is not increased you
will run at a constant velocity and your
acceleration will be zero.

Projectile motion 1

Gravity does NOT influence horizontal
motion; it only applies vertically and
affects all objects at a constant rate of 9.8
m-s=,

Two objects of a similar surface area and
shape, (a shot put and a softball), although
of 2 different masses, when dropped

from a height of 10 m, would both hit the

ground at a similar time.

Projectile motion 2

There are three features in projectile motion
(projection velocity, angle and height of take-
off/release); however, the key concepts are:

» Optimal take-off velocity varies for each
sport.

Horizontal velocity is lower in vertically
oriented sports (spike in volleyball) and
higher for horizontally oriented activities
(long jump).

Angle of release is also critical for
success in most examples of projectile
motion and should be matched with

the requirement of the activity (angle

of projection is lower for a golf 3-iron
versus a 9-iron, as the 9-iron is designed
to produce height and the 3-iron is
designed for gaining distance — length).

When the release height is greater than the
landing point, the optimal projection angle
(release angle) is generally lower than 45°.

Optimal projection angle (release angle)
is generally greater than 45° when the
landing point (or target in basketball) is
higher than the release height.

Biomechanics
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Angular kinematics Newton’s Law

When linking linear and angular motion, Key point summary:
there are four things to consider when
building speed of the hand or foot:

* Newton 1: A body remains in its state of
motion unless aced on by an external force

How fast is the body moving forward at the
time of impact or release (run-up velocity)?

How quickly do you rotate the segment(s)
involved in the movement (remember
you may need to consider more than one
segment)?

The number of body parts that contribute.

What is the length of the segment (in a
kicking example, the linear velocity of
the ankle/instep compared with the knee
would be calculated using the distance
(length) between the knee joint (the point
of rotation) and the instep of the foot)?

Centre of gravity & balance

The centre of gravity (C of G) represents
the ‘weight centre’ of the body and is
determined by the positioning of all the
parts of the body.

The C of G may lie outside the body itself.

When you want to be very stable (static
balance), position your C of G, such that
it is central to your base of support.

When you are required to continually
move, such as in football or soccer you

position your C of G so that it is close
to the edge of your base of support and
generally lower than in the static situation.

Newton 2: Force equals the mass
multiplied by the acceleration

Where you are stopping the momentum
of an object (mass multiplied by velocity)
it is important to do so over as long a
time period as is practical. That is: F = (m
V,-mV)/torF=m (V,- V)i

Any increase in time will reduce the
value of the peak force required to stop
the motion, as Ft (referred to as impulse)
will be constant

Newton 3: Every action has an equal and
opposite reaction.

Coordination & movement

If maximum velocity is required then
segments should be added sequentially,
when the previous segment has reached its
maximum speed. The concept of summation

of velocity involves the following principles:

Incorporate as many body parts as
possible moving through their maximum
range of motion.

Develop force over the longest period of
time possible.

Sequential movement of the largest and
strongest body parts first.

Biomechanics




Physical Education Studies ATAR Units 3 and 4 - Background Information

Sequentially stabilise each segment, so that
the next accelerates around a stable base.

Follow through to ensure no deceleration
before release.

Ensure all forces are directed toward the
target. That is, step to the target and

follow through to the target.

If accuracy is the key to success then
movement of involved segments
(typically less than in movements
sequenced for maximum velocity) should
be added at approximately the same time

— simultaneously.

Biomechanics:
ATAR Units 3 and 4

Sections start with textbook-related learning
outcome statements, followed by a dot-point
box identifying the ‘Content that follows’ and
the theory and application for each content
area. Suggested class tasks and practical
activities are embedded within the sections
of the text. A ‘Key point summary’ box is
presented at the end of each section.

Two practical investigations are included
as Appendix B1 (Unit 3 content: The
principles of linear momentum and angular

momentum) and Appendix B2 (Unit 4 content:

The principles of spin, Magnus effect and
Bernoulli). A format for report writing can be
located at the end of this chapter (Appendix
A) to assist students with their preparation of

a practical investigation. Marking matrices are

also included in Appendices B1 and B2, with
answers provided for teachers.
Revision questions (with answers) are

included near the end of this chapter, as
Appendix C. A ‘Glossary of key terms’
appears on the final pages of the chapter
(Appendix E).

At the end of the Chapter titled Exercise
Physiology is a ‘Personalised project’,
which requires students to apply knowledge
and understanding from ‘Biomechanics,
Functional Anatomy and Exercise
Physiology’ (Appendix D). Even if this task
is not undertaken for assessment purposes, it
provides a valuable tool for revision.

Introduction

The material within this chapter builds on that
presented in the Biomechanics Section from the
‘Physical Education Studies ATAR Units 1 and
2: A Textbook for Teachers and Students’. The
chapter in the previous book set the scene for an
understanding of the role biomechanics plays
in sport, everyday life and a clinical setting, by
enabling the reader to describe motion (linear
and angular kinematics) within an analytical
framework (5-step analysis process). It also
provided discussion of the causes of motion
(Newton’s laws).

This chapter provides a deeper insight
into the mechanisms that cause and alter
motion. This approach, which begins with an
expansion of linear kinetics, then explores the
topic of angular kinetics, an area critical to the
understanding of the mechanics of movement.
A number of issues associated with fluid
mechanics are then presented from an applied
perspective. Students are challenged to re-visit
the biomechanical analysis approach presented
in ATAR Units 1 and 2 (Figure 1.1), such
that it can be applied to movement, showing
a greater understanding of the relationship
between mechanical principles and manoeuvres
commonly seen in sport and exercise.

Biomechanics
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Step 1: Preparation
e Understand the skill to be analysed,
identifying the critical variables
associated with ‘ideal performance’.

Step 2: Observation
* Remember, you will need to observe the
action from different locations to assess
different variables.
* Observe performance under varied
situations (fatigued vs non-fatigued;
match vs practice).

<>

Step 3: Evaluation
e Compare critical variables of your ‘ideal

performance’ with observed performance.

* Prioritise practice time with regards to
strengths in performance and observed
weaknesses.

<~

Step 4: Intervention
e Select the appropriate intervention to
rectify weakness in performance.
* Provide feedback on the mechanical
variables being practised.

Step 5: Re-observe
* Check that intervention strategies
have been successful in modifying the
movement.

Figure 1.1: The 5-step analysis framework

Biomechanics

An understanding of the material in ATAR Units
1 and 2 enabled you to describe the tennis serve
(Figure 1.2) from the following perspectives:
¢ The types of motion observed during the
service action.
* How balance varies during the different
phases of the action.
¢ The displacement, velocity and
acceleration profiles of the racquet.
¢ The coordination of the various body
segments from the foot to the racquet.
e Newton’s three laws, as they apply to
this action.
¢ How the various segments of the body
co-ordinate to create optimum velocity
summation.

An understanding of this chapter will
permit you to broaden your appreciation for
biomechanics in movement and expand on
concepts, such as how:

¢ Ball momentum is altered in the tennis
serve.

¢  Moment of inertia and angular
momentum play a role in the
development of racquet velocity.

¢ The force-time profile (impulse) is
developed as you push against the
ground during the ‘leg-drive’.

¢ The momentum of the ball changes from
vertical to horizontal directions.

e The varying spin profiles applied to
the ball cause different ball flight and
rebound pathways.
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Figure 1.2: Roger Federer, the world's greatest tennis player hitting a
serve (series of pictures published with permission of the International
Tennis Federation)

Linear Kinetics Content that follows:

Linear kinetics (Unit 3)

Text outcomes: Linear kinetics
(Unit 3)

Linear momentum

Conservation of linear momentum
Define and show an understanding of

biomechanics principles relating to:

Impulse-momentum

e Linear momentum Coefficient of restitution

Conservation of linear momentum
(Newton’s 2" Law)

Impulse-momentum relationship Linear Momentum (m-v)
Linear momentum is the product
Coefficient of restitution (multiplication) of mass (m) and velocity (v).

Remember velocity is a vector that has size
(for example, 10 m-s™' (m/s) and direction (for
example, 45° to the horizontal, either forward
or back. Let’s consider animals that build
linear momentum primarily through their
mass or velocity.

Biomechanics

No calculations are required.
However, some are included
in the text where applicable
to improve understanding of
selected topics.
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*  Mass: The elephant in Figure 1.3 has
a mass of ~5,000 Kg, which when
combined with the ability to run at
moderate speed (e.g. 10 m-s! directly
toward the person taking the picture),
produces a huge linear momentum
(50,000 kg-m-s). Imagine preparing
yourself for impact as this elephant
charged toward you!

Linear momentum (p) = mass - velocity
=5,000 kg x 10 m-s™
= 50,000 kg-m-s’!

e Velocity: The cartoon character Sonic the
Hedgehog (Figure 1.4) with a mass of
~20 kg is able to build linear momentum
based on ‘blistering’ velocity (for
example, 100 m-s™).

Linear momentum (p) = mass - velocity
=20kg x 100 m-s™!
=2,000 kg-m-s!

With respect to linear momentum, the question
may then be asked as to whether the key
element in the equation is mass or velocity?

Figure 1.3: The large
mass and moderate
running speed of

an elephant create

a very high linear
momentum

Figure 1.4: Sonic
the Hedgehog from
cartoon fame

Certainly the elephant relies more on mass,
although it is quite capable of also running with
moderate velocity, whereas Sonic the Hedgehog
obviously has a clear bias to velocity. Hence the
key elements; mass and velocity, vary for any
given scenario.

What about humans and understanding
linear momentum as it relates to your
course outcomes? Let’s look at Usain
Bolt, the fastest man in the world in 2014,
who has a mass of approximately 95 kg.
When running at his maximum velocity of
approximately 12 m-s™' (directly toward the
finish line) he produces a linear momentum
of 1,140 kg-m-s™! (mass-velocity). This is
still a relatively small number compared
with the elephant; however, he compares

26
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quite favourably with Sonic the Hedgehog.
Think of the linear momentum created by
rugby players; a winger builds momentum
through velocity, whereas the momentum
of a very large forward is created more by
his mass (weight) — hopefully he can also
run quickly.

An appreciation of the force required to
generate movement (the linear momentum
discussed above) or stop an object (person or
ball) that possesses a given linear momentum,
requires an understanding of the principle of
‘conservation of linear momentum’ discussed
below.

Conservation of Linear
Momentum
Newton’s 2" Law (F = m-a) relates to the
behaviour of objects when all forces are
unbalanced, resulting in the development of
acceleration. That is, the acceleration of a ball
may be increased by:
e applying more force for a consistant
mass; or
e applying less force but increasing the
mass of the bat.

F=m-a
F = the force applied
m = the mass of the object to which the force is
applied (remember, this is not the weight of the
object but the weight divided by gravity)

a = change in velocity/time (v, - v )/t
That is, F = m-a becomes
F=m(@v,-v, )/t
(change in momentum over time)

v, = velocity at the end of a movement
v, = velocity at the start of a movement
t = time from v, to v,

Biomechanics

Practical activity: Assessing the impact of mass on the
resultant acceleration

Experiment by using a series of standard cricket bats that have a variety
of weights taped to the back.

* Have a partner feed a series of tennis balls at a variety of speeds (slow
to fast), whilst attempting to hit a conventional front-foot drive.

* Try the varying weighted bats.

» Discuss the impact on the batter’s ability to accelerate the ball.

Equipment:

¢ Series of cricket bats (at least 3).

* Variety of weights (for example, 500 g, 2 kg, 5 kg).
* Tennis balls.

* Electrical tape.

To create a change in momentum (m-v) force
must be applied. Consider hitting a ball in
tee-ball (Figure 1.5). In this situation, which

is discussed in depth below, force is provided

by the swinging bat. The momentum of the
stationary ball, which is initially zero, as it sits on
the tee, is increased following impact.

Now let’s look at how the momentum of an
object (or objects) is influenced by such a
collision. Newton’s 2™ Law may be re-stated as:

Force is equivalent to the
time rate of change of
linear momentum.

The collisions between two objects may be
perfectly elastic, in which case the total
momentum of the ‘system’ (all objects
combined) remains constant — it is conserved.
This is the Law of Conservation of (Linear)
Momentum. When two bodies collide, the
momentum before the collision remains the
same as the momentum after the collision and

Figure 1.5: Tee-baller
changing the momentum of a
stationary ball
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therefore momentum is conserved.

The cue ball impacting another ball in a game
of pool is a situation where momentum post-
impact is conserved (Figure 1.6a — perfectly
elastic collision). Conversely, attempting to
bounce a ball in a sand pit is an example of
a perfectly inelastic collision — there is no
bounce and therefore linear momentum is not
conserved (Figure 1.6b). In most situations,
where the collision is an imperfect elastic
collision (for example, golf drive, tennis
forehand or bouncing a ball on the hard
playground; discussed below) the total system
momentum is not conserved and some energy is
‘lost’ to the collision, as exemplified by sound,
heat and change of shape of the objects.

Figure 1.6a & b: Impact between pool balls
(a) are a close approximation to a perfectly

elastic collision (linear momentum conserved),
whereas when you drop a ball into sand (b) you
have an inelastic collision

Conservation of linear momentum
An understanding of this concept, where

we consider collisions are perfectly elastic
(uncommon in sport), requires consideration of
two situations; firstly where one of the objects
is at rest (no momentum, as in the tee-ball
example) and the secondly where both objects
are in motion, as with a cricket batsman hitting
a bowled delivery or baseball (Figure 1.7).

In both cases the total linear momentum (p)
before impact would then be:
(p) =p(bat) + p(ball).
If linear momentum is conserved:
Pre-impact p(bat) + p(ball) = Post-impact
p(bat) + p(ball),

The above concepts would equally apply to
hitting:

e agolfball from a tee

e apenalty kick in soccer,

* hitting a forehand in tennis, or

* hitting a drive in cricket.

At the same time the impacting body slows
down in direct proportion to the increase in
momentum of the ball. Subsequently in all of
these instances the total linear momentum of the
colliding objects is conserved. For theoretical
perfectly elastic collisions where impact occurs
between a ball and club/stick/foot instep,
momentum is transferred to the ball.

Class task: Linear momentum

Discuss the possibility of hitting a cricket
ball into the grandstand from a fast
bowler compared with facing a slow
bowler.

Biomechanics
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a )

Key point summary:

* In conservation of linear momentum
the momentum of both objects
before impact is not lost but
remains the same for the combined
momentum of both objects after
impact.

* In a perfectly elastic collision the
total momentum of the ‘system’ (all
objects combined) is conserved.

Figure 1.7: The baseball drive is an example of a partial
conservation of linear momentum between objects moving
in different directions

* In a perfectly inelastic collision linear
momentum is not conserved, it is
zero after the collision.

* In an imperfect elastic collision . . ) .
P impulse (F-t) is equivalent to the change in

momentum (m-v,—m-v,) of the object, hence the
relationship between impulse and momentum.

the total system momentum is not

conserved and some energy is ‘lost’

to the collision, as exemplified by

sound, heat and change of shape of lmpulse; Force production

k the objects. J Consider the rowing example in Figure 1.8. Force
is applied to the oar with the blade placed in the

water, from the time of the catch to the completion

Impulse-Momentum Relationship
The concepts of conservation of linear
momentum and impulse are linked in Newton’s
2" Law, as shown in the formula

F=m [v,—v ]/t If both sides of the equation
are multiplied by time (t) you get:

Left and Right Stroke Oar Forces in Rowing

Ft=m®v,-v,)
Impulse = change in momentum (m-v)

This linking of force over time is termed
impulse and is a mechanical variable used in
the production of movement, such as hitting,
kicking or ‘exploding’ from the blocks in
sprinting. It is also used to stop movement,
such as catching a ball or landing from a leap
in netball or somersault in gymnastics. You

Figure 1.8: Oar gate left and right force traces plotted against
gate angle during a complete rowing cycle (in and out of water

phases). Photos and data courtesy of Matt Doyle, the Western
can also see from the equation above that Australian Institute of Sport.

Biomechanics
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of the stroke, to propel the boat through the
water. You can see from this curve that varying
magnitudes of force can be applied at different
phases of the stroke cycle. Maximum force
(torque or turning effect) is applied when the oar
is approximately at right angles to the boat, which
is also the best position to produce a moment of
force (torque) discussed later in this chapter. The
rowing coach is also interested in the shape of the
curve. When selecting a rowing pair, you want
both rowers to produce similar shaped impulse
curves, so that the boat follows a straight line. The
coach would also want the rowers to produce as
large an area under the force-time (impulse) curve
as possible, as more impulse results in a higher
boat velocity.

In sprinting the impulse produced equates
to your change in momentum from the blocks.
However, because time is the key factor in running
a 100 m, it is important to ‘build’ the force against
the blocks relatively quickly (for example, impulse
curve will have a large peak force over a small
time period) to change the momentum of the body
from zero (no velocity in the blocks) to a relatively
high value in accelerating the body.

~

(Key point summary:

Impulse — momentum
F-t=m-v, - m-wv,

* Impulse (F-1) is the product of

force and time. That is, how much
force can be produced over a time
interval. This impulse is then directly
responsible for creating momentum
(changing momentum from zero),
changing momentum (increasing
momentum in a slow jog to that
required for a sprint) or stopping

k momentum (catching a ball). J

Biomechanics

Impulse: Force absorption

In a similar manner, the impulse curve during
running reflects the ‘reaction’ force from the
ground (Newton’s 3™ Law: You apply a force

to the ground and the ground applies a reaction
force back to you). Remember, this reaction
force may be vertical (Figure 1.9a) or horizontal
(Figure 1.9b). The vertical impulse curve
represents the force applied vertically over
contact with the ground. The peak or maximum
vertical force is often used as an indicator of the
load imparted onto the body for a given activity.
In order to compare the magnitude of these
forces between people of different weights,
biomechanists often report the forces as
bodyweight equivalents. For example, if a
netballer had a standing weight of 588 Newtons
(60 kg x 9.8 m-s?) and if the maximum vertical
ground reaction force experienced on landing
from intercepting a pass was 3000 N (Figure
1.10), then we say that the netballer experienced
a vertical force equivalent of 5.1 bodyweights
(BW) (3000 N/588 N).

GRF (Vertical)

GRF (Horizontal)

b ]

STANCE (%)
r

Figure 1.9a & b: The vertical (a) and
horizontal (b) impulse curves associated with
running
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Some examples of peak vertical forces
associated with different activities are:
¢ walking ~1.3 BW
* running ~3 BW
* landing following receiving a pass in
netball ~5 to 6 BW
* take-off in jumping ~7 to 8§ BW.

The lower peak force in walking compared
with jumping means you can take many more
walking steps than you can perform take-offs
during jumping activities (high, long or triple
jumps) before overuse injuries become an area
of concern. Runners wear shoes that ‘cushion the
forces at impact’, which help reduce the effect of
the large forces mentioned above. Tennis players
often prefer playing on grass and clay surfaces
to reduce the peak reaction force from the court
compared with playing on harder surfaces.
It is also the reason one should not perform
plyometric exercises on very hard surfaces, as
there will be a greater level of stress on the lower
limbs if very high peak forces are experienced.
The shape of the curve in Figure 1.9b is also
interesting, as the first part is negative, while the
second part is positive. That is, the negative portion
of the impulse curve represents the time when the
runner is decelerating (remember the foot is placed
out in front of the vertical line from the centre of
gravity of the body to the ground — Figure 1.11).
That is, the foot lands in front of the body which
slows the body down (decelerates). It’s the major
reason we should not ‘overstride’ when running.
The positive impulse curve results from the force
being applied backward to the ground, which
accelerates the body toward the finish line (push-
off). When running at a constant velocity you
would have similar areas under both the negative,
and the positive impulse curves. Imagine what the
horizontal curve would look like if you wanted
to stop suddenly while sprinting at maximum
velocity. In this instance the negative part of the

Figure 1.10: A netballer landing after
catching the ball

curve would be very large because you would be
decelerating (slowing down very quickly).

Now let’s consider the absorption of impulse
during catching a ball without (Figure 1.12a)
and with (Figure 1.12b) backward movement.
In catching a ball a player should ‘give’ with the
hands (via flexing at the elbow together with
other movements), so that there is an increase in
the time taken for the hands to reduce the ball’s
momentum to zero. Consider two situations where
you stop a ball travelling at 30 m-s!, immediately
(a) (minimal time: over 0.001 s), compared with a
gradual reduction to zero velocity (b) (over 0.05 s).
How much force must be absorbed by the hands
in these situations (ball mass does not change, so it
has been removed from the equation)?

a F=@,—v )/t
F=[0-30]/0.01
=-3,000 N (ignore sign)

b F=@,—v )/t
F =[0-30]/0.05
F=-600 N

Figure 1.11: Position of the foot in
front of the body in running

Biomechanics
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Figure 1.12: Impulse curves associated with a short
duration stop (a) and reducing momentum to zero
over a longer period (b)

(a (b)

FORCE
FORCE

704

TIME
Now you appreciate why it ‘stings’ so much
when you catch a ball thrown with a high

velocity and do not ‘give’ with your hand(s),

to increase the time over which the linear
momentum of the ball is stopped.

Class task: Force absorption and
impulse

Discuss both of the following situations.

* The value of a netballer flexing at the
knee when landing.

* When teaching someone to receive a
forearm pass (dig shot) in volleyball,
you might instruct students to ‘give’
with the arms.

y

When running we typically flex at the knee

to increase the time over which force is
absorbed by the body, that is we bend at the
knee during impact to absorb force (Figure
1.11). We also use large mats (Figure 1.13)

to assist the reduction in linear momentum

of the body when falling, such as in landing

in the pole vault or high jump. The foam that
fills the training pit in a gymnast landing area
helps increase the time over which momentum

Biomechanics

TIME

is reduced to zero and thus reduces the risk
of injury. Imagine if the gymnast landed on a

Figure 1.13: Large
mats used to assist

concrete surface, where the momentum would ~ force absorption
almost immediately be reduced to zero, a
serious injury would likely follow.

UWA research snapshot:
Evaluating impulse curves

The WAIS biomechanist; a School
of Sport Science, Exercise and
Health (UWA) graduate, continually
evaluates rowing performance
through assessment of the size and
shape of impulse curves produced
from the oar. Impulse curves

are used to select rowers in the
Australian rowing teams such that
best matched impulse curves are
used to find the best rowing teams
for fours and eights.

Studies on landing in gymnastics
and dance have both shown the
need for ‘soft’ landings, where the
knees must be flexed by 20-30° to
reduce the peak vertical force on the
body.




~

Key point summary:

* The impulse needed to stop the
momentum of a falling gymnast or
diver is constant; it is the time and
therefore the peak force that may
be altered. That is, the area under
the impulse curve stays the same
irrespective of whether you land in
a foam pit or on concrete — it is the

shape of the curve that changes.

-

Coefficient of Restitution

When a ball rebounds from the ground, each
subsequent bounce is to a lesser height — why is
this so (Figure 1.14)? If you watch a tennis ball
impact the racquet or a football impact the foot,
there is an initial change in the shape of the ball
and to a lesser extent the surface of the striking
implement and this represents a loss of energy.
What is the relationship between this loss of
energy due to a body or both impacting bodies
changing shape and the conservation of linear
momentum? The answer to this question lies in
the concept of coefficient of restitution between
two interacting bodies.

V.

The coefficient of restitution (COR),

or bounciness of an object, is a value
representing the ratio of the velocity after
an impact compared with the velocity
before the impact. An object with a

COR of 1 collides elastically (linear
momentum fully conserved), while an
object with a COR < 1 experiences an
imperfectly elastic collision. For a COR
= 0, the object does not bounce at all.

Most collisions in sport or during everyday
life are imperfectly elastic. This means that

Biomechanics
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some energy is ‘lost’ to the impact because
of the energy needed to change the shape
of the impacting objects. The concepts of
perfectly elastic collisions (for example,
pool balls interacting) and perfectly inelastic
collisions (for example, ball not rebounding
when dropped into sand) were previously
discussed. With respect to imperfectly elastic
collisions, conservation of linear momentum
does not really occur, as some energy is lost
during the collision. This is in-part due to
the coefficient of restitution between the two
interacting bodies. The actual value of the
coefficient is influenced by such factors as:
o The materials of the interacting
bodies: New tennis balls will have
a higher coefficient than old and
different surfaces (clay vs grass
tennis courts) will also influence
bounce height (the different
surface influences the value of the
coefficient).
* The velocity of the collision: The
velocity between the oncoming ball
and the swinging implement will also
alter the COR — higher velocities will
reduce the COR because of the greater
compression of the ball. That is, there is

subsequent bounce is the result of the coefficient of
restitution between the ball and the impact surface
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more likelihood of energy being ‘lost’,
as the ball changes its original shape.

o The temperature of the materials
involved: As the temperature of a
ball increases so does the COR (think
of the bounce height of a cold and
hot squash ball). Golf caddies on
the professional tour carry a spare
ball in their pocket to keep it warm
particularly when the air temperature
is cold. They will often provide the
player this warm ball at the tee for the
commencement of each hole.

Practical activity: Coefficient of
restitution and the impact of heat

» Assess the rebound height and impact
of heat on two identical squash balls
dropped from a height of 2 metres.

* The first squash ball should be
presented and tested after being
placed in a refrigerator.

* The second squash ball should be pre-
heated by placing it in boiling water
before testing.

* Drop the balls and measure the
maximum vertical rebound height on
the first bounce.

* Discuss your observations and the
implications for a variety of sporting
activities.

Equipment:
* Identical squash balls.

0 T;lpp measure _/

* Refrigerator.

In an endeavour to reduce the potential
catastrophic injury to a baseball pitcher from
a batted ball, many coaches have called for

a change from aluminium to wooden bats
(Figure 1.15). This change, which already
occurs at the professional level in the USA, is
based on the wooden bat having a lower COR
than that of an aluminium bat. Therefore,

the two bats produce different resulting ball
velocity profiles. The aluminium bat produces
about a 3.5 m-s! (12.5 Km-hr'!) higher ball
velocity (if all other factors are held constant)
compared with a wooden bat. This small but
significant decrease in the velocity of a batted
ball gives a pitcher that extra time (reaction
time) to get out of the way of a ball hit
directly at them.

Figure 1.15: Different bat types have a different
coefficient of restitution profile

Biomechanics
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Practical activity: Coefficient of fKeY point summary: 5
restitution and type of ball * The COR is the ratio of the

Initial class question: Predict which ball velocities after compared with

will bounce the highest? before an impact, and this value

will change for different impact

Task situations.

*  With students working in teams of * Rebound to the same height or with
three, nominate one to be the person same velocity (e.g. collision during
dropping the ball, a 2nd to measure game of pool) = Coefficient of 1;
bounce height and the 3rd may act as perfectly elastic collision.
the recorder. Drop and measure each * No rebound = Coefficient of 0;

ball 3 times so that each participant
plays all roles (use the average of the 3
measures in your results).

* Drop each ball (basketball, golf ball,
new tennis ball, old tennis ball, and

perfectly inelastic collision.

* Rebound to a lesser height = Value
>0 and < 1; imperfectly elastic
collision. This is the most common

superball) from a height of 2 m onto a in sporting activities. For e>famp|e.,

hard section of the dlass floor. best shown by the decreasing height

e Have students calculate the COR for of a ball dropped onto a hard

each ball, for a hard surface. surface.
« Discuss your observations and the * A number of factors alter the COR:
implications for other sporting activities. - impact surfaces
- heat of colliding objects
Equipment: - velocity of the colliding bodies.
* Tape measure. \_ 4
* Basketball.
*  Golf ball.

. Revision questions:
e Tennis balls — old and new.

 Superball (high density solid rubber
ball. 1-11 located at the end of this chapter.

Test yourself on revision questions

Biomechanics
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Angular Kinetics

Text outcomes: Angular kinetics
(Unit 3)

Define and show an understanding of
biomechanics principles relating to:

Moment of inertia
Angular momentum
Levers in the body

Moment of force: Torque.

Content that follows:
Angular kinetics (Unit 3)

Moment of inertia as it applies
to the participant and equipment
used in sporting manoeuvres

Angular momentum in sport

Three classes of levers and use in
sporting activities

Moment of Inertia

In angular motion, while the mass of an
object (bat, stick, or body) is important, the
critical factor in being able to swing this
object is the distribution of the object’s
mass about the point that is used to rotate
the object (the grip or centre of rotation). In
angular motion this is termed the moment of
inertia of the object (I). Moment of inertia
(I) = Y(Sum) mass - r?

r = distance from mass concentration (e.g.
head of hammer) to the axis of rotation
(e.g. grip hand position on handle
of hammer).

There are therefore critical mechanical
differences in the measures of mass and its
angular equivalent; moment of inertia. The
mass of the hammer in Figure 1.16 is constant
no matter how it is weighed. However, its
moment of inertia is very different if one
swings the hammer with the metal-head
in the hand, compared with swinging it in
the normal way, by its handle. That is, the
distribution of mass from the point of rotation
(the grip) is the key to understanding its
moment of inertia.
e The hammer in Figure 1.16a swung
by the handle has a relatively large
moment of inertia. That is, most of
the weight, which is in the head of the
hammer, is a distance from the grip
or pivot point (axis of rotation). From
the equation above you can see that
the distance of the large mass in the
head of the hammer to the pivot point
(grip) is squared in the calculation
of moment of inertia. This further
increases the influence of having the
majority of the mass a distance from
the pivot point.
¢ When swung with the metal-head in the
hand (Figure 1.16b) the hammer has a
lower moment of inertia because most
of the mass is close to the grip (the axis
of rotation) and is therefore easier to
swing.

Moment of inertia of sporting equipment
Consider an adult’s tennis racquet (Figure 1.17a)
compared with that of a child (Figure 1.17b).
Here, the reduced length of the handle (lesser

Biomechanics

Figure 1.16: The
moment of inertia (1)

of a hammer varies
depending on if it is
swung by the handle (a)
(higher 1), compared with
when it is swung by the
head (b) (lower 1)
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distance from grip to primary mass concentration
in the head of the racquet d) lowers the child’s
racquet moment of inertia (referred to as the
swing moment of inertia) making the racquet
easier to manoeuvre for better performance.
Many children, who use an adult racquet ‘choke
up’ on the handle to effectively reduce the
distance from the head of the racquet to the grip.
Adults have more strength, so they can use a
longer racquet to create more velocity of the
impact point and more angular momentum. In

a similar manner cricket and baseball bats are
reduced in length to make them easier to swing
for the young player.

Figure 1.17: Child’s racquet with reduced
length handle (b) (lower 1) compared with that
used by an adult (a) (higher 1)

Moment of inertia of the human body
Moment of inertia also applies to the body
during sporting movements. In throwing, during
the early forward swing the baseballer flexes

at the elbow to reduce the moment of inertia of
the upper limb (ball closer to the shoulder and
therefore a reduced value of ‘r’ see equation on
the previous page), thus making the arm easier

to rotate. In a similar manner a girl throwing a
vortex (see Figures 1.43b-d) flexes her elbow to
reduce the moment of inertia of the upper limb,
again making it easier to rotate.

Practical activity: Testing
moment of inertia whilst
throwing

* Throw a vortex for maximum distance
using no run-up for:

« a cricket bowling technique
(throwing with a straight arm), and.
+ a normal throwing action.

* Discuss the application of the
principle of moment of inertia to
these two throwing techniques.

* Discuss these observations with
respect to other sporting activities.

Equipment:
* Vortex.

A

The moment of inertia of a diver, dancer or
gymnast can also be modified by altering the
relative positions of the body parts about the
total body’s centre of gravity (the pivot point
calculated by summing all the individual
segment centre of mass positions) (Figure 1.18a,
b & c). Consider the following positions of a
diver, who is rotating about the horizontal axis:

e Layout: Mass distributed away from the
body’s axis of rotation (centre of gravity
of body) — highest I, hardest body
position to rotate (Figure 1.18a).

e Tuck: Mass distributed closest to the
centre of gravity — lowest I, making it the
easiest body position to rotate — this is
why triple somersaults are nearly always
performed in the tuck position (Figure

Biomechanics
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1.18b). A diver who moves their knees
apart to enable the trunk to tuck (flex)
more tightly reduces moment of inertia
that little bit more, thus enhancing the
ability to rotate.

*  Pike: This posture produces an
intermediate level of difficulty between
the layout and tuck (Figure 1.18c¢).

A diver prior to entering the water adopts a
layout posture to increase their moment of
inertia, reduce their rate of spin and thus make
a ‘clean’ vertical entry into the water more
likely.

Figure 1.18: Diver in layout (a), tuck (b) and piked (c) positions
during an aerial manoeuvre

The same principle applies to rotation about the
vertical axis. The dancer or ice-skater (Figure
1.19a) keeps the arms close to the trunk to
reduce their moment of inertia and enhance
their ability to spin (Figure 1.19a), whereas they
spread their arms to reduce the rate of the spin
(more control) by increasing their moment of
inertia (Figure 1.19b).

Figure 1.19: Skater with her arms
close to her trunk (a) (lower 1) and with
her arms extended (b) (higher 1)

Practical activity: Testing moment of inertia whilst spinning

* Place a swivel chair on carpet and lock the wheels (if possible).

* Have a student sit in a swivel chair, holding a small hand-weight in each hand.

*  While the student has their feet off the ground, and the hand-weights held in their lap, spin the chair.

*  Whilst spinning, have the student extend their arms out to the side, so they are parallel to the floor.

* Before the chair stops spinning, ask the student to return their arms to their lap.

» Ask the student to explain the results.

*  What do you think would be the outcome of the task if the hand-weights were increased in mass?

*  What do you think would be be the outcome if the student in the chair starts with the weights extended out to
the side, the chair is spun, and the weights are pulled into their lap?

Equipment:
* Hand-weights (relatively small).
* Swivel chair. /j

Biomechanics
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Class task: Moment of inertia and body size/shape

Discuss the possible advantages/disadvantages of the different size and shape of a rhythmic
gymnast (Figure 1.20a) who performs on the floor with hoop/ball/rope and so on, when
compared with an artistic gymnast (Figure 1.20b), who rotates and spins on equipment such

as floor, beam, uneven bars, vault etc).

s

Key point summary:

e Moment of inertia is all about:

performing a swing).

\

« the size or mass of an object (related to inertia), and
« the distribution of mass about an axis of rotation (centre of mass, grip on implement
or external point of rotation, such as a gymnast holding onto a high bar and

~

.

Angular Momentum

Angular momentum (1-®) is logically the
angular equivalent of linear momentum (m-v)
(Table 1.2).

Table 1.2: Linear and angular momentum
equivalents

Linear motion Angular motion

Mass (m) Moment of inertia (I)
Velocity (v) Angular velocity (m)
Momentum (m-v) | Angular momentum (I-®)

Angular momentum is therefore the product
(multiplication) of the moment of inertia of
the object/body and its angular velocity
(rotational velocity).

Simply, this applies to sport in the following
manner:
¢ The angular momentum (I-w) of a diver
or gymnast during an aerial manoeuvre,
is a combination of the distribution of

mass (shape) of the diver about their

centre of gravity (I) multiplied by

how quickly they are rotating, their

angular velocity (o). In Figure 1.21 the

interrelationship of moment of inertia
and angular velocity is as follows:

o At the start of a dive (a) I is large and
o small.

o Midway through the dive (b) by
tucking the body I is reduced and ®
increases rapidly.

o To enter the water (c) the diver again
increases I and thus reduces m, so
that a ‘clean’ entrance can be made to
the water.

More angular momentum at take-off is required
to perform a triple compared with a single
somersault. When in the air the angular
momentum of the body remains constant — it
does not change.
e The dancer or ice-skater, who wants to
perform a quick rotation, reduces their
moment of inertia by pulling the arms

Biomechanics

Figure 1.20a & b:
A rhythmic gymnast (a)
and an artistic gymnast (b)
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across the chest (mass distributed close

to axis of rotation) and therefore angular
velocity increases for a constant angular
momentum. Conversely, when this athlete
wishes to stop their rotation they simply
put their arms out horizontally to increase
their moment of inertia (mass now
distributed away from the axis of rotation)
and their angular velocity is reduced.

You need angular momentum to develop rotary
motion. If the activity is on the ground, such as a
throw from the boundary in cricket, then angular
momentum needs to be developed from the legs
through the trunk to the arm. In aerial movement,
angular momentum must be produced prior to
leaving the ground, such as in the run-up prior to
take-off in a gymnastic floor routine (Figure 1.22).
Therefore, in a vault the gymnast applies an
impulse against the floor (application of force
over time) to increase the linear momentum
from zero (stationary position at start) to a high
level at the end of the run-up. This high value
then enables the gymnast to take-off from the
beat-board (mini tramp/spring board) and create
appropriate levels of angular momentum (body

shape I multiplied by w) to perform the required

vault. Remember, angular momentum may be
altered when the gymnast’s hands are placed on
the vaulting box (Figure 1.23).

Class task:
Conservation of momentum

Some activities, such as a double
somersault (in a gymnastics floor routine,
springboard dive or freestyle snow skiing)
are doomed for failure right from take-
off. Discuss the above statement, using
your understanding of the principle of
conservation of momentum.

Biomechanics

UWA research snapshot:

Moment of inertia W \

Researchers from the School of Sport

Science, Exercise and Health at The mmee et e
University of Western Australia investigated I
the ability of children to learn tennis with a - -
racquet related to their size showed that: o
*  Children learning tennis were more £

successful when taught with a reduced

length racquet (lower I) compared with Figure 1.21: 4 diver

a longer length racquet (higher I). varies their moment of

inertia at various stages

A number of gymnastics studies have of the activity (a) (high I

in early flight phase); (b)
(low I at maximum tuck;
(c) (high I on entering
the water)

also been performed investigating such
questions as:

* The role of size and strength on
the ability to perform tumbling
manoeuvres, that is, greater power
to weight ratio is related to higher
performance.

* The appropriateness of selected lead-
up drills in helping to develop more
complex skills.

Q) (2) (3) 4 (5 (6) (7) (8

Figure 1.22: 4 gymnast performing a vault where
the angular momentum must be generated prior to
leaving the ground, but it can be altered when in
contact with the vaulting box
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\

Key point summary:

* As angular momentum is constant
when airborne, moment of inertia
and angular velocity are inversely
proportional. As one increases the
other decreases.

* This relationship between moment of
inertia and angular velocity is based
on Newton’s 15t Law: ‘A body will
rotate about its axis with constant
angular momentum, unless acted

upon by an external force'.

G .

Practical investigation

The principles of linear and angular
momentum

See Appendix B1 for a practical
investigation, along with questions
and report-writing format

recommendations. J

Levers in the Body

A lever consists of a rigid bar pivoted on a fixed
point and used to transmit force, as in raising or
moving a weight at one end by pushing down
on the other. They have two main functions in
the body:

1. To increase the load moved for a given
effort, for example using a shovel to
move sand.

2. To increase the velocity of a body or
body parts, for example the velocity of
the hand in fast bowling in cricket.

Biomechanics

Components of a lever
To fully understand how levers benefit
movement requires an understanding of the three
components that make up a lever (Figure 1.23):
1. A pivot point or axis: This is the point
about which the two lever arms (force and
resistance — discussed below) operate.
2. A weight/load/resistance to be moved.
3. The applied force required to move the
weight/load/resistance.

The distance between the force and the pivot
point or axis of rotation is termed the force arm,
whereas the distance between the weight/load/
resistance and the axis of rotation is termed the
resistance arm (Figure 1.23).

[ ==] Force Arm
}--..-...-ll..--'...

Resistance Arm

Figure 1.23: Movement about the elbow in a
‘biceps curl’ showing various components of the
lever system about this joint

Types of levers

With an appreciation of the way a lever
operates it is possible to differentiate between
classifications of levers found within the body.
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* I"class lever (Figure 1.24a): In this
lever type the axis of rotation (the
fulcrum) is between the force and
the load (for example, a seesaw).
Functionally not many examples exist
in the body; however, holding one’s
head erect is an example of this type
of lever. The fulcrum, in the centre, is
the connection between the head and
the spine, while the load is the weight
of the head acting through its centre of
gravity, with the force being the muscle
force pulling on the back of the skull
(to assist in keeping the head erect).

In sport the diving board is a good
example of a first class lever and in
ancient times the catapult also relied on
this lever system.

e 2" class lever (Figure 1.24b): For
this type of lever the weight/load/
resistance is located between the
fulcrum and applied force, such as in
a wheelbarrow. Again this lever type
is not common in the body though a
good example is a when an individual
takes a walking step. The toes act as
the fulcrum and the body weight (for
part of the walking cycle) is positioned
centrally, as the gastrocnemius muscle
contracts and pulls upward — ‘effort’.
As the weight of the body (line of the
centre of gravity) moves forward of the

toes (fulcrum) in walking (you then set
off in pursuit of your centre of gravity),
this 2" class lever then becomes a

1% class lever as discussed above. In
rowing a 2" class lever is used to move
the boat: at one end of the lever the
blade of the oar is locked in the water
(fulcrum), while at the other, force is
applied by the athlete to the oar. In the
middle, the load or resistance is applied
at the oarlock, the brace that attaches
the oar to the boat.

3" class lever (Figure 1.24c¢): This is

the most common type of lever in the
body, with the applied force (the muscle
attachment), somewhere between the

axis of rotation (e.g. the elbow) and the
weight/load/resistance (for example, a
dumbbell in the hand). A biceps curl is

an excellent example of a 3™ class lever.
Think of throwing a softball for distance.
The ball represents the resistance in the
hand, the shoulder acts as the fulcrum and
the muscle(s) attachment needed to create
the motion is between these two ends.

Figure 1.24: Levers

Modifying lever lengths (force
arm and resistance arm) in
performance

If the body comprises primarily 3% class
levers then humans are typically not

Effort

Effort

in the body and
movement; (a) 1st
class lever, (b) 2nd
class lever and (c) 3rd
class lever

Load
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mechanically efficient — the force arm

is always going to be shorter than the
resistance arm. In an attempt to overcome
this deficiency we try to reduce the length of
the resistance arm as much as possible when
performing ‘force related activities’, such

as in weight/power lifting (Figure 1.25a) or
when attempting to increase the force on an
object (for example, the water), during the
pull in freestyle swimming (Figure 1.25b).
This reduction in the effective length of the
resistance arm is our attempt to increase the
effectiveness of the force arm.

However, where velocity of movement

is required, such as in the tennis serve
(Figure 1.26a), fast bowling in cricket
(Figure 1.26b) or in a throw at release, you
increase the length of the resistance arm
by extending the upper limb, to increase
the speed of the impact or release point.
Therefore, in throwing you decrease the
length of the lever system early in the throw
(flex the elbow) to decrease the moment

of inertia of the upper limb system, thus
making it easier to rotate. You then increase

the lever arm closer to release, which
increases the velocity of the endpoint (the
hand) and therefore the velocity of the
throw. You follow a similar movement
pattern in the tennis serve, where the elbow
is flexed in the early forward swing and then
extended closer to impact.

Figure 1.26: In speed-based activities we
increase the length of the resistance arm as
shown in tennis (a) and cricket fast bowling (b)

Figure 1.25:

In force-based
movements we try to
reduce the length of
the resistance arm
in weight lifting (a)
and pull phase in
swimming (b)

Biomechanics
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Class task: Child versus normal tennis racquet

Discuss the advantages and disadvantages of you (a Year 12 student) using a relatively

short tennis racquet that was made for a child to serve versus a normal adult size racquet.

Key point summary:

attachment.

(resistance) to be moved.

* Force arm: This is the perpendicular distance between the fulcrum and the muscle
* Resistance arm: This is the perpendicular distance from the fulcrum to the load

* Most levers in the body are 3™ class, where the applied force (muscle attachment) is
between the fulcrum (axis of movement) and the load (resistance).

* To produce forceful movement: Reduce the length of the resistance arm to effectively
increase the proportional length of the force arm.

k. To obtain speed in movement: Increase the length of the resistance arm. J

~N

Moment of Force (Torque) —
Turning Forces

If a force is applied directly through the centre of
gravity of an object (Figure 1.27a), no rotation
will occur and the object moves in a straight line
(it translates). However, if a force is applied away
from this point (off-centre) you get a combination
of linear and angular motion (Figure 1.27b), unless
one end is fixed where in that case, you only
produce a turning effect, or monement of force.

The amount of turn (rotation) produced when
force is applied away from the centre of gravity
is the result of two factors:

e The size of the force — the higher the
force the greater the angular rotation.

* The position of the force application — the
greater the perpendicular distance of the
application of this force from the point
of rotation (called the moment arm), the
greater the resulting angular rotation.

Biomechanics

\

Key point summary:

» The applied force and perpendicular
distance to the axis of rotation is
termed a moment of force or torque.

* Moment of force (N-m) = Applied
force (N) x perpendicular distance (m)
between the line of the force and the

axis of rotation.
\_ >

Pushing on the pedal of a bike (Figure 1.28a),
pulling on an oar in rowing (Figure 1.28b) or
rotating (flexing or extending) the forearm at
the elbow (Figure 1.28c¢) are all examples of
creating a turning effect or a moment of force
(torque).

In Figure 1.29 the moment arm changes across
various elbow angles, which alters the resultant
moment of force.

Force through
CofG

Eccentric Force

Figure 1.27: Force applied
through the centre of
gravity (a) produces linear
motion, whereas an off-
centre force (b) produces
linear and angular motion
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Figure 1.29: The moment arm changes with
various elbow angles

In Figure 1.30 the force applied to a bicycle
pedal is shown. It is evident that the greatest
force and the greater turning moment on the
crank is produced when the crank is horizontal
(parallel to the ground). That is, the moment of
force (torque) is at its greatest between the top
and bottom of the pedalling phase.

—

o . 3

in cycling (a),
rowing (b) and in
exercise (c)

Figure 1.28:
Creating a torque < o

o Ry

Figure 1.30: Moment of force (torque) varies
as the perpendicular moment arm of the crank
changes throughout the cycling action

Revision questions:

Test yourself on revision questions
12-19 located at the end of this chapter.

Biomechanics
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FI u | d MeCh an iCS air resistance or drag. They may modify their

L . equipment as follows:
This is simply the study of how a person or object e In swimming, some suits are still legally

moves through a fluid (water or air) and the acceptable, and may reduce surface and/
forces associated with creating this movement. or form drag, while others have been

banned (Figure 1.31a).
* In cycling specially shaped helmets
Text outcomes: and tight clothing help reduce form and
Fluid mechanics (Unit 4) surface drag, respectively (Figure 1.31b).
e Australia’s Cathy Freeman at the Sydney
Olympics wore a full body suit, to reduce
surface drag (Figure 1.31c¢).

Define and show an understanding of
biomechanics principles relating to:

*  Huid mechanics

The types of drag experienced by

the body during sporting activities .
Figure 1.31:

Swimming (a),
cycling (b) and
running (c)
equipment may
a be modified to
reduce drag

How Magnus effect relates to
various types of spin

The application of Bernoulli’s
principle to spin.

Laminar and turbulent airflow

/'/','/
/ /‘j >
Content that follows: «0
Fluid mechanics (Unit 4) ' > b

Drag in sport

- pressure drag (form), surface
drag (skin friction), and wave
drag.

Spin - Magnus effect

Bernoulli’s principle

Drag and Sporting Performance
In an endeavour to enhance performance by
‘shaving’ fractions of a second from a race
time athletes attempt to reduce the affect of

Biomechanics
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Manufacturers go to great expense to reduce
the drag experienced by their products.
The drag coefficient for a typical car is
about 0.3, (the lower the number the lower
the drag), whereas an aeroplane wing is
only 0.05. Figure 1.32 shows the drag
coefficients for a variety of shaped objects.
It is obvious from this Figure that selected
shapes (for example, a streamlined body)
have a lower form drag coefficient than
other shapes, such as a cube.

Drag
Shape Coefficient
Cube —p 1.05

Sphere —bO 0.47

Streamlined

Body —» > 0.04

Figure 1.32: Form drag coefficients for various
shaped objects

Wind tunnels, which are commonly used

to test drag, form an integral part of the
development process of new vehicles. About
60% of the power used by a car travelling

at freeway speed is used to overcome drag.
Obviously less drag makes a car more fuel
efficient and therefore more appealing to the
consumer.

(K

\_

ey point summary:

“

The shape of an object impacts on its
form drag coefficient.

The higher the velocity of an event
(cycling vs running), the more
important is the need to reduce drag.
Remember, drag increases with the
square of the increase in velocity.

That is, if the velocity of a body was
doubled, drag would increase fourfold.

You may also attempt to reduce drag by modifying
technique in sport. For example:

Biomechanics

Drafting in cycling or car racing is an
attempt to reduce drag and conserve energy
(Figure 1.33).

Cyclists reduce form drag by adopting a
more streamlined technique, where riders
do not sit upright but bend over to reduce
their frontal surface area.

In ski jumping athletes tuck down, as

they come down the ramp to reduce the
influence of air resistance (Figure 1.34a) —
allowing them to travel at higher velocities.
On leaving the ramp they adopt an
extended posture that attempts to decrease
form drag and increase lift (Figure 1.34b)
thereby maximising the distance jumped.

Figure 1.33:
Cyclists ride one
behind the other
to reduce drag
for all but the
leading rider
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* Surface drag (frictional)-
Swimmers shave the hair off their
body to reduce this component of
drag. Frictional drag is influenced
by the immersed surface area of
the body; however, because of the
irregular shape of the body this
means that the flow around the
body is turbulent. Frictional drag is
generally considered to be small.

* Form drag — A combination
of eddy and frontal resistance.
Objects that are blunt and smooth
at the front and tapered at the back
produce the least drag. Currently,
making adjustments to technique
to reduce frontal surface area
remains the best way to reduce
form drag.

* Wave drag - Energy lost due to
the creation of waves. Swimmers

Figure 1.34: Ski jumper on the ramp (a) and
during flight (b)

reduce up and down movements

of the head to reduce wave drag.

UWA research snapshot: -
Drag in swimming

Basic fluid mechanics

Researchers from the School of Sport A fluid is a substance that has no fixed shape,
such as air and water, although in this section we
will focus on air. A ball deviates in air during
various sporting activities (e.g. tennis, golf,
cricket, football, baseball and soccer) because
of uneven pressures created around the ball.

The ‘boundary’ layer of air around the ball is
particularly susceptible to both the type of air

Science, Exercise and Health at The
University of Western Australia worked
to reduce drag and determine the best
depth to glide out of the turn off the
wall in swimming. A swimmer, like a
submarine, experiences less drag at

0.4 m than at the surface. It is therefore flow (laminar and turbulent) and spin of the ball
important in turning to start your glide (Bernoulli principle and Magnus effect). So

at approximately this depth. Coaches when a ball is not spinning the type of airflow
equally attempt to reduce various forms is the key, whereas once spin is introduced the
of drag in swimming: Magnus effect must also be considered. One

J must also study the speed, orientation, shape

Biomechanics
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and skin of an object to fully understand the Bernoulli’'s Principle

influence of air.

Bernoulli’s principle states that an increase in

the speed of fluid occurs simultaneously with a
decrease in pressure.

Magnus Effect and Spin

The Magnus effect explains the change in flight
path of a projectile and particularly relates to a
ball that is spinning. The soccer player curves
the ball to confuse the goalkeeper and golfers/
tennis players use spin to assist in changing the
flight path of the ball to enhance performance.
However, in golf, spin can also be a problem, as
inappropriate spin may slice or hook the ball and
‘take’ it into the trees.

For a topspin shot, as the boundary layer rotates
with the ball, the particles on top of the ball
decrease in speed (crash into the particles of

air that the ball is moving through, (see Figure
1.35) and thus you have an increase in pressure.
Conversely the particles under the ball increase in
speed, as they are moving in the same direction
as the general airflow, producing a decrease in
pressure. Therefore, the ball hit with topspin will
suddenly move in the direction of the low pressure
and drop, particularly as the velocity of the ball

is reduced. Check the trajectory of the topspin
shot hit by the former world’s number one female
player Justine Henin (Figure 1.39a).

The curving effect of spin on the flight of a ball
is termed the Magnus effect.

As the ball spins it ‘pulls’ around with it a
boundary layer of air (Figures 1.35 and 1.42). The
differences in pressure between the particles in the
boundary layer above-and-below or side-to-side,
depending on the direction of spin of the ball, Slow flow/highera
create the different flight paths mentioned above.

Practical activity: Observing the
impact of spin on flight path

Top Spin

Using a table tennis ball and bat impart
a variety of spin on the ball and watch
the impact on the flight phase of the ball.

Equipment:
* Table tennis bat.

* Table tennis ball. ]

| g
VIGENUS FOTGE!

{iiz)

Back spin

Class task:
Using spin to your advantage

Explain the rationale for using backspin Figure 1.35 Topspin (top) and Figure 1.36
when executing a drop shot in tennis, as backspin (bottom) air pressure differentials
compared with using topspin. and resultant Magnus force (lift) effects. Image

Y, courtesy of NASA.

Biomechanics
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Consider a tennis shot that is hit with backspin
(Figure 1.36). The particles on the bottom of the
ball experience a decrease in speed and therefore
experience an increase in pressure, whereas
those on top experience an increase in speed and
consequently a decrease in pressure, hence the
ball rises.

Bernoulli’s Principle also applies when air
moves over a surface, such as an airfoil of an
aeroplane (Figure 1.37). The air particles that
have to move a greater distance over the top of
the airfoil shaped wing of a plane, must increase
in speed and therefore a decrease in pressure

is produced. Those that move the shorter
distance, along the base of the airfoil, move

at a lower speed resulting in greater pressure.
This pressure differential causes the upward

lift of the aircraft. Air direction on the top of

an aircraft wing is changed to go down wards
via the shape of the wing in combination with
adjustable aircraft flaps. This causes an upward
force on the wing. Similarly, Newtons approach
suggests that the racing car airfoil is designed to
create enough downward force to keep a car on
the track at very high speeds.

High Velocity, Low Pressure

/\ TF

Low Velocity, High Pressure

Figure 1.37: Flow of air and pressure differences
associated with an airfoil on a plane

In a similar manner the airflow about a discus, if
thrown at the appropriate angle creates a lift on
the discus (Figure 1.38), while at the same time
minimising drag.

Fluid Mechanics

Figure 1.38: Lift and drag forces associated
with the flight of a discus

\

Key point summary:

» While the spin applied and the
subsequent curving effect on a ball is
termed the Magnus effect, the cause
of this effect is related to the linking
of air speed and pressure described
by Bernoulli and Newton.

. v

When viewing the bounce heights in Figure
1.39a (in situations where the approach angle
is not the same), one can see that a ball hit
with topspin bounces higher than that of

a ball hit with no spin (flat), while a ball

with backspin (called slice in Figure 1.39a)
bounces the lowest. The power 1% serve in
Figure 1.39b also bounces lower than the
‘topspin’ 2" serve hit by Roger Federer. Why
is this so? There are two issues that need to be
considered:

» First, it is evident that the approach
angle of the 3 shots is different. The
topspin ball approaches at a steeper angle
than the backspin and the no spin ball is
in-between these 2 extremes.

Biomechanics



* Secondly, the spin on the ball varies the
flight path and it is this phenomenon that
is called the Magnus effect.

Figure 1.39: Bounce heights for balls hit
with topspin, no-spin and backspin (slice) by
International female tennis players (a) and
power and spin serves hit by Roger Federer
(b) (Picture published with permission of the
International Tennis Federation)

If the ball was to come in at the same approach
angle then the type of spin the ball possesses
will influence the rebound angle (Figure 1.40).
If one compares the topspin and backspin
rebound with the no spin situation you find
that the ball rebounds lower when hit with
topspin and rebounds steeper for the ball

hit with backspin. That is, when the ball

with topspin impacts the surface it rebounds

Biomechanics

Fluid Mechanics

more horizontally. However, the ball hit with
backspin ‘bites’ and rebounds more vertically.

Figure 1.40: Rebound angles, for balls that
have the same approach angle, hit with no spin,
topspin (red) and backspin (green)

Practical investigation

The principles of spin, Magnus effect
and bounce.

See Appendix B2 for a practical
investigation, along with questions
and report-writing format
recommendations.

Revision questions:

Test yourself on revision questions
20-26 located at the end of this chapter.

Laminar and Turbulent flow

In laminar flow, the air flows in parallel layers,
with no disruption between the layers (Figure
1.41a), whereas in turbulent flow the air mixes
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and is irregular in flow (Figure 1.41b). When
an object moves through the air, the air which
is closest to the ball interacts with the surface
(“sticks to the surface’) creating what is termed
a ‘boundary layer’ (see Figures 1.42).

_’
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— >
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|

Figure 1.41: Laminar (a) and turbulent flow (b)

As the ball travels through the air this boundary
layer separates from ball’s surface creating a wake
behind the ball and causing a drag affect in the

ball (causing it to slow down). The type of airflow
around the ball, combined with the velocity of the
ball determines how quickly the boundary layer
separates from the ball’s surface (i.e. the separation
point changes position). For a smooth ball at

low velocity (Figure 1.42a), where the airflow is
laminar this separation point is near the back of the
ball and the drag is minimal, whereas at a higher
velocity it separates earlier (Figure 1.42b) and the
drag increases. However, for an object such as a
golf ball with dimples (Figure 1.42c) the initial
laminar airflow becomes turbulent as the dimples
help the boundary layer ‘stick’ to the surface of
the ball. This means that the separation point Figure 1.42: Smooth ball and Low velocily (a),

occurs later, ultimately leading to a decrease in smooth ball and Higher velocity (b) and golf ball
and Higher velocity (c)

drag (smaller wake) compared with that recorded
for the smooth ball in Figure 1.42b. A fast bowler
orientates the seam of the ball to create turbulent
airflow on one side, while the other remains as
laminar flow - the different airflow patterns on the Test yourself on revision questions 27
two sides of the ball cause the ball to move (swing) located at the end of this chapter.

in the air because of air pressure differences.

Biomechanics

Revision questions:
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Biomechanical Approach ! !
. I . Content that follows: Biomechanical
to Motion Ana YSlS analysis of movement (Unit 3)

The role of selected mechanical principles
involved in throwing a vortex for distance (Figure
1.43a-f) and running (Figure 1.44a-f) are outlined
in Table 1.3. These basic movements have been Moment of inertia
selected as they may easily be performed within a
Physical Education lesson.

*  The application of biomechanical
principles to human motion

Angular momentum
Levers

Torque

Text outcomes: Analysis of
movement (Unit 3)

Balance

Coordination continuum/segment
interaction

*  Understand the biomechanical
principles in the analysis of various
sporting activities. Force-motion

Force-time

Inertia

Optimal projection

Range of motion

Spin

Figure 1.43: Photographic sequence of a throw for distance with a vortex (a-f)

Biomechanics
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Figure 1.44: Photographic
sequence of a running stride (a-f)

Biomechanics
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Table 1.3: Biomechanical analyses of two basic human motions (throw and run)

Biomechanical
variable

Throwing
(Figure 1.43)

Running stride
(Figure 1.44)

Moment of inertia
(I): The distribution
of mass about the
point of rotation.

The thrower flexes at the elbow
(Figures 1.43 b-e) to reduce I of
the upper limb, making it easier to
rotate.

The runner flexes at the knee
(Figures 1.44 b-c) to reduce I of
the lower limb, making it easier to
rotate.

Angular momentum:
Combination of
moment of inertia
and angular velocity
(rotational speed).

The reduced I mentioned above
makes it easier to develop angular
momentum during the forward
swing, thus increasing the speed of
release.

The reduced I mentioned above
makes it easier to develop angular
momentum during the swing phase,
thus increasing stride rate.

Levers: Three levers
in the body, 3% class
most prevalent.

In throwing (Figure 1.43d) the
upper limb acts as a 3" class lever.
The resistance is the vortex, the
fulcrum the shoulder and the
muscle attachments are to the
upper arm (between the fulcrum
and the resistance).

In running (Figure 1.44e) reversing
the direction of the thigh at the end
of the swing phase, is a 3™ class
lever. The hip is the fulcrum, the
resistance the mass of the lower
limb (at the C of G) and the force
the hamstring muscles, which
attach to the back of the thigh.

Torque: A product of
force and a moment
arm (perpendicular
distance to line of the
force).

Using the lever discussed above.
The muscle(s) applies a force to
the upper arm and when multiplied
by the perpendicular distance from
the line of action to the shoulder
this produces the moment of force
or torque to accelerate the arm
forward.

In the lever discussed above, the
hamstring muscles apply a force
to the thigh and when multiplied
by the perpendicular distance from
their line of action to the hip this
produces the moment of force or
torque to stop forward motion of
the thigh.

Balance: May be
static or dynamic
(position of C of G to
base of support).

Notice how the girl rocks back
onto her back leg (Figures 1.43a-
b) and then forward onto her front
leg (Figures 1.43c-¢) — this is
dynamic balance as she keeps her
C of G within her base of support
provided by the legs.

In running you continually ‘chase’
your C of G to maintain dynamic
balance. In Figure 1.44a the vertical
line of the C of G is behind the
front foot, whereas from Figures
1.44b-d you can see how this
vertical line moves in front of the
foot — a great example of dynamic
balance.

Biomechanics
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Coordinated
movement: Either
velocity (sequential)

or accuracy (as one)
based.

In throwing for distance you adopt
a sequence approach to develop
motion:

* Lower limbs and trunk rotate
(Figures 1.43b-d).

+ Followed by forward movement
of upper arm and hand (Figures
1.43d-e).

* Then the follow through allows
the arm to decelerate slowly
(Figure 1.43f).

In running the ‘slowing’ of the
forward movement of the thigh
(Figure 1.44d), assists in the
extension of the leg (Figures 1.44e-f).

Force-time: Impulse
is the application

of force over time
(Impulse: force x
time).

The hand applies a force over

a time period (Figures 1.43c-d:
impulse) to propel the vortex into
the air.

The foot in Figure 1.44b applies
force to the ground over time
(Figures 1.44b-d) and this is termed
impulse — see Figure 1.9 for typical
impulse curves during running.

Inertia: The
reluctance of a body

Imagine the force required to
throw a shot put with the same

The acceleration of the body in
running (F=m-a), is directly related

release and landing.

velocity of release (Figure 1.43¢).
In throwing for distance you need
optimal velocity of the hand and a
release angle of approximately 45°.

to move. action as a vortex? This is an to the mass of the body being
example of how inertia (greater moved.
mass) influences motion.
Optimal projection: | In projectile motion one needs This relates to running when one
Related to height of | to consider; height, angle and wants to jump, such as in the long

jump. In that situation take-off velocity
and projection angles are the key to
success. A high velocity and angle of
about 25° is typically recorded.

Range of motion:
Total range of
movement at key
joints related to the
activity.

In throwing for distance it is
essential to displace the vortex
behind and away from the body
(Figures 1.43a-c). This provides a
large distance over which velocity
can be developed for release —
also puts the muscles across the
shoulder on stretch, which is good
for developing velocity.

The left thigh is ‘driven’ forward
(Figures 1.44c-e) during the swing
phase to increase stride length.
Remember, running velocity is a
combination of stride length and
stride rate. So if you can increase
stride length and not decrease
stride rate you will increase your
velocity — this only holds true up to
a point where over-striding may be
detrimental to performance.

Spin: If possible
consider spin in
the air and bounce
following landing.

If thrown correctly the vortex will
spin and this will assist in creating
an efficient flight pattern. In Figure
1.43e the angle of the vortex to the
horizontal creates an ideal balance
between creating ‘lift’, while
minimising ‘drag’.

Not related to running.

Biomechanics




Appendix A

Class task: Application of biomechanical principles
In groups of three complete the above table for an activity of your choice involving hitting a
ball and an aquatic-based movement.

Appendix A:
Writing the practical investigation report

Writing the report

If you are required to write a report as part of your practical investigation, you may choose
to use the following format.

Title: Title of the practical investigation.
Aim: State what you hope to achieve in the experiments (30-50 words).

Introduction: Define and discuss the sport science principles being investigated (~200
words).

Hypotheses: Identify the expected results or anticipated outcomes (statements).
Method: Identify the steps taken to complete the experiments (~ 100 words).

Results: Present the data and findings in the appropriate format (for example, graphs,
diagrams and tables).

Response to the questions: Write the questions out and respond.

Discussion: Provide a detailed discussion of the results. Apply the sport science principles
under investigation to other sporting contexts (~400 words).

Conclusion: Summarise the discoveries made. Make links to each hypothesis and include
limitations of the experiment (~ 100 words).

Biomechanics
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Appendix B1

Practical Investigation and Report: Biomechanics
The principles of linear momentum and angular momentum

Weighting: Unit 3

Type: Investigation

Content:

* levers

+ arotating body.

Total marks = /30

Task outline

When completing the experiment outlined
below you are to analyse a person swinging
a softball bat as a lever. The collision of

the bat and ball will be evaluated as an
imperfectly elastic collision and the principle
of conservation of linear momentum discussed.
The bat will be discussed in relation to its
moment of inertia and resultant angular
velocity. You will also observe and consider
the angular momentum of a person spinning
in a chair, and that of a person rotating off a
mini-tramp.

Experiment: Task one (A)

* In groups of three, you will be required
to strike a basketball off a softball
T-stand with a softball bat.

Condition A: Hold the bat with two hands
placed at the end of the handle. Swing the bat
to hit the basketball from the ‘T’ for maximum
distance the ball will roll and measure the

Biomechanics

* Define and apply momentum to selected activities and sports in relation to:

+ the collision of two objects and the conservation of linear momentum
+ moment of inertia and angular velocity of a bat, and

distance from the T to the stationary position of
the basketball.

Repeat this task three times.
Condition B: Repeat Condition A, but hold the
bat with two hands placed in the middle of the
bat.

Experiment: Task one (B)

e In groups of three, one of you will be
required to sit in a swivel chair with your
feet off the ground.

Place the chair on carpet and if possible lock the
wheels so the chair cannot be displaced, while
sitting on the chair. Hold a dumbbell hand weight
in each hand. Place your hands in your lap.
While one partner holds the back of the chair, the
other holds the front of the chair (or your knees).
Partners count to three and use an appropriate
force (firm but safe) to spin the chair.

Whilst spinning, lift the dumbbell weights
out to the side, so that the arms are parallel to
the floor.
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Before the chair stops spinning return the
dumbbell weights to your lap.

Experiment: Task one (C)

Use a run-up to spring off a mini-tramp with
maximum vertical height. When in the air,
rotate or spin about the vertical axis, whilst
performing:

a. A star jump with legs apart, arms out
parallel to the floor. Calculate, through
observation, and record the approximate
angular displacement (in degrees).

b. A tin soldier jump with legs close
together and arms in close to the
body. Calculate, through observation,
and record the approximate angular
displacement (in degrees).

Questions: Task one
In presenting your findings to Task one:
Condition A, B and C respond to the following:

a. Draw a diagram/s of the upper body
swinging a softball bat. Label the three
components of a lever, including the
force arm, resistance arms and fulcrum
(2 marks).

b. What type of lever is used while
executing the forward swing of a softball
bat? (1 mark).

c. Explain, using biomechanical principles,
the difference in the distance the
basketball rolled when comparing the
strike made when the bat was held at the
handle end (Condition A) and when the
bat was held in the middle (Condition B)
(3 marks).

d. Using the principles of angular
momentum explain any differences when
spinning in the swivel chair with the
dumbbell hand weights held in the lap,
and when spinning with the hand weights
held out to the side (2 marks).

e. Discuss, using biomechanical principles,

any differences in the angular
displacement attained whilst spinning in
the air and performing a star jump, and a
tin soldier (2 marks).

Questions: Task two

a.

Using the principles of levers, explain

why the longest golf club (driver) is used

for achieving maximum distance

(2 marks).

Explain how a tennis player executing a

serve attains maximum linear momentum

on the ball, by using the principles of

angular momentum to develop maximum

racquet-head velocity and changes to the

length of the lever just prior to impact.

This answer will require you to define

and discuss:

i.  conservation of linear momentum of
an imperfect elastic collision,

ii. lever lengths, and

iii. moment of inertia and angular
velocity (3 marks).

Equipment

Tape measure (approximately 50 metres
long).

T-ball stand.

Softball bat.

Basketball.

Two dumbbell weights (approximately
1-3 kg).

Swivel chair.

Mini-tramp.

Crash-mat.

Biomechanics
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Task: The principle of optimal projection: 30 marks

Components and Performance Standards Marks

Hypotheses (2 marks)

Provides simple statements of the expected results or outcomes in relation to the factors associated with striking 1 mark
objects and the angular momentum of rotating bodies.

Provides clear statements of the expected results or outcomes in relation to levers, striking an object and conservation | 2 marks
of linear momentum, and the moment of inertia and angular velocity of a rotating body.

Introduction (3 marks)

Identifies and defines the variables associated with levers, linear momentum and angular momentum. 1 mark

Shows an understanding of the principles of levers, linear momentum, conservation of linear momentum and angular 2 marks
momentum (moment of inertia and angular velocity).

Shows a comprehensive understanding of the principles of levers in the body, linear momentum, conservation of 3 marks
linear momentum and angular momentum (moment of inertia and angular velocity of a rotating body).

Results (2 marks)

Satisfactory presentation of data. 1 mark
Accurate and relevant presentation of data. 2 marks

Response to Questions (15 marks)

Task one: Question a: 2 marks, Question b: 1 mark, Question c: 3 marks, Questions d and e: 2 marks for each correct
answer (10 marks).

Task two: Question a: 2 marks, Question b: 3 marks (5 marks).
Discussion (6 marks)

Shows little comprehension of the variables associated with the activities undertaken. 1 mark
Limited discussion of the results found and few links made to the variables associated with the activities undertaken. 2 marks
Uses other sporting contexts to discuss the results found and identifies some of the variables associated with linear and | 3 marks
angular momentum.

Uses other sporting contexts to discuss the results found and identifies and defines most of the variables associated 4 marks

with linear and angular momentum.

Uses other sporting contexts to show an understanding of the results found and discusses these in reference to 5 marks
the principles of levers in the body, linear momentum, conservation of linear momentum and angular momentum
(moment of inertia and angular velocity of a rotating body).

Uses other sporting contexts to show a comprehensive understanding of the results found and discusses these in 6 marks
application to the principles of levers in the body, linear momentum, conservation of linear momentum and angular
momentum (moment of inertia and angular velocity of a rotating body).

Conclusion (2 marks)

Summarises some of the factors associated with linear and angular momentum in relation to the hypotheses. 1 mark

Fully summarises the impact of levers, linear momentum, conservation of linear momentum and angular momentum 2 marks

(moment of inertia and angular velocity of a rotating body) in relation to the hypotheses. Limitations discussed.

Comment: Total
/30

Biomechanics
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Appendix B1.1 - Answers

Practical Investigation and Report: Biomechanics

The principles of linear momentum and angular momentum

Answers: Task one

In presenting your findings to Task one:

Condition A, B and C respond to the following:

a. Draw a diagram/s of the upper body
swinging a softball bat. Label the three
components of a lever, including the
force arm, resistance arms and fulcrum (2
marks).

Answer: Diagram/s should confirm that:
Force arm — The distance between muscles
attaching to the humerus and the shoulder
joint.

Resistance arm — The distance between the
centre of gravity of the bat and the shoulder
joint.

Fulcrum — The shoulder joint.

b. What type of lever is used while executing
the forward swing of a softball bat? (1
mark).

Answer: A third class lever

c. Explain, using biomechanical principles,
the difference in the distance the basketball
rolled when comparing the strike made
when the bat was held at the handle end
(Condition A) and when the bat was held in
the middle (Condition B) (3 marks).
Answer: The batter should be able to
impart a greater force on the ball, and
therefore attain a greater rolling distance
of the ball, in Condition A — holding the
bat at the handle end. Providing the batter
can overcome the moment of inertia of
the bat, and accelerate the bat to a similar
velocity to Condition B, the longer lever
(Condition A) will possess greater distal

end-point velocity at impact compared with
Condition B.

Using the principles of angular momentum
explain any differences when spinning in
the swivel chair with the dumbbell hand
weights held in the lap, and when spinning
with the hand weights held out to the side
(2 marks).

Answer: Providing the chair (and the
person in the chair) is spun with the same
angular velocity at all times (not possible
in reality because there is not a consistent
force being applied), holding the hands

out to the side will increase the rotating
body’s moment of inertia. Consistent with
the principle of the conservation of angular
momentum, the movement of the arms

out to the side will result in a decrease in
angular velocity or spin rate. Placing the
hands in the lap, decreases the moment of
inertia, resulting in an increase in angular
velocity.

Discuss, using biomechanical principles,
any differences in the angular displacement
attained whilst spinning in the air and
performing a star jump and a tin soldier (2
marks).

Answer: When an object, in this case the
person, is airborne the greater the moment
of inertia, the more difficult it will be to
develop angular acceleration or spin, as
angular momentum is constant. The star
jump position has a relatively large moment
of inertia about the vertical axis and is more
difficult to rotate and therefore produced

Biomechanics
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the least angular displacement. The tin
soldier should allow for the greatest angular
displacement because the body parts are
positioned closest to the axis of rotation
and therefore present the lowest moment of
inertia (about the vertical axis of the body).

Answers: Task two

a.

Using the principles of levers, explain why the

longest golf club (driver) is used for achieving

maximum distance (2 marks).

Answer: The golfer uses a technique by

placing the club close to the axis of rotation

(shoulders) at the top of the backswing.

The lever (club, hands, arms and shoulders)

have the least moment of inertia at this

point, therefore, the lever possesses the

least resistance to a change in motion and

is relatively easy to accelerate. While the

angular velocity of the club is constant for all

points on the club, the head of a longer club

will have more linear velocity. As a result a

longer club is advantageous when striking the

golf ball. Providing the golfer can accelerate

the club to an optimum angular velocity with

accuracy, a greater force will be imparted to

the ball at impact when the lever is lengthened

in the final stages of the downswing, with a

resultant greater linear momentum of the ball.

Explain how a tennis player executing a

serve attains maximum linear momentum

on the ball, by using the principles of

angular momentum to develop maximum

racquet-head velocity and changes to the

length of the lever just prior to impact.

This answer will require you to define and

discuss:

i.  conservation of linear momentum of an
imperfect elastic collision,

ii. lever lengths, and

iii. moment of inertia and angular velocity
(3 marks).

Answer

The tennis player uses a technique by
placing the racquet relatively close to the
axis of rotation (shoulder) at the start of the
forward swing by flexing at the elbow. The
lever (racquet, hand and arm) have the least
moment of inertia at this point, therefore,
the lever possesses the least resistance to a
change in motion and is relatively easy to
accelerate. This reduced moment of inertia
permits the distal segment, the racquet,

to be rotated relatively quickly (greatest
angular velocity). Providing the tennis
player can accelerate the racquet to an
optimum velocity with accuracy, a greater
force will be imparted to the ball at impact
when the lever is lengthened in the final
stages of the swing, with a resultant high
linear momentum of the ball. The sum of
the momentum of the ball before impact
(zero velocity in the direction of travel)
and that of the racquet (high velocity) will
approximately equal the momentum of

the ball and racquet after impact. The ball
will be compressed and the racquet strings
deformed, with some loss of energy to the
system — an imperfectly elastic collision.
Therefore not all momentum pre-impact is
conserved, or equal, after impact.

Biomechanics




Physical Education Studies ATAR Units 3 and 4 - Appendix B1.2

Appendix B1.2

Practical Investigation Preparation: Biomechanics

The principles of linear momentum and angular momentum

Unit 3

Type: Investigation

concepts for physical activity.
Content:

O levers

¢ a rotating body.

Task outline

When completing the experiment outlined you
are to analyse a person swinging a softball bat
as a lever. The collision of the bat and ball will
be evaluated as an imperfectly elastic collision
and the principle of conservation of linear
momentum discussed. The bat will be discussed
in relation to its moment of inertia and resultant
angular velocity. You will also observe and
consider the angular momentum of a person
spinning in a chair, and that of a person rotating
off a mini-tramp. It is important that you
accurately record all results either quantitatively
or qualitatively.

Once the experiment is completed you need to:

1. Compose an accurate and relevant
presentation of the results. (Bring with you
and submit at the completion of the In-Class
Assessment Task.)

2. Answer all of the questions outlined in
Task 1 and Task 2. Some of these questions,
along with additional questions will appear
in the In-Class Assessment Task.

Biomechanics

Outcome 3: Knowledge and understanding of movement and conditioning

* Define and apply momentum to selected activities and sports in relation to:

¢ the collision of two objects and the conservation of linear momentum
¢ moment of inertia and angular velocity of a bat, and

_—

3. Develop a comprehensive understanding of
the principles of levers in the body, linear
momentum, conservation of linear momentum
and angular momentum (moment of inertia
and angular velocity of a rotating body).

4. Through research, use other sporting
contexts to show a comprehensive
understanding of the results found and
discuss these in application to the principles
of levers in the body, linear momentum,
conservation of linear momentum and
angular momentum (moment of inertia and
angular velocity of a rotating body).

5. Discuss the limitations of this experiment.

Equipment

»  Tape measure (approximately 50 metres long).
*  T-ball stand.

*  Softball bat.

*  Basketball.

*  Two dumbbell weights (approximately 1-3 kg).
*  Swivel chair.

*  Mini-tramp.

*  Crash-mat.
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Experiment: Task one (A) through observation, and record the
*  In groups of three, you will be required to approximate angular displacement (in
strike a basketball off a softball T-stand with degrees).
a softball bat.
Condition A: Hold the bat with two hands Questions: Task one
placed at the end of the handle. Swing the bat a. Draw a diagram/s of the upper body
to hit the basketball from the ‘T’ for maximum swinging a softball bat. Label the three
distance the ball will roll and measure the components of a lever, including the force
distance from the T to the stationary position of arm, resistance arms and fulcrum.
the basketball. b. What type of lever is used while executing
Repeat this task three times. the forward swing of a softball bat?
Condition B: Repeat Condition A, but hold the c. Explain, using biomechanical principles,
bat with two hands placed in the middle of the the difference in the distance the basketball
bat. rolled when comparing the strike made
when the bat was held at the handle end
Experiment: Task one (B) (Condition A) and when the bat was held in
*  In groups of three, one of you will be the middle (Condition B).
required to sit in a swivel chair with your d. Using the principles of angular momentum
feet off the ground. explain any differences when spinning in the
Place the chair on carpet and if possible lock the swivel chair with the dumbbell hand weights
wheels so the chair cannot be displaced, while held in the lap, and when spinning with the
sitting on the chair. Hold a dumbbell hand weight hand weights held out to the side.
in each hand. Place your hands in your lap. e. Discuss, using biomechanical principles,
While one partner holds the back of the chair, the any differences in the angular displacement
other holds the front of the chair (or your knees). attained whilst spinning in the air and
Partners count to three and use an appropriate performing a star jump and a tin soldier.

force (firm but safe) to spin the chair.
Whilst spinning, lift the dumbbell weights out  Questions: Task two

to the side, so that the arms are parallel to the a. Using the principles of levers, explain why
floor. Before the chair stops spinning return the the longest golf club (driver) is used for
dumbbell weights to your lap. achieving maximum distance.
b. Explain how a tennis player executing a
Experiment: Task one (C) serve attains maximum linear momentum on
Use a run-up to spring off a mini-tramp with the ball, by using the principles of angular
maximum vertical height. When in the air, rotate momentum to develop maximum racquet-
or spin about the vertical axis, whilst performing: head velocity and changes to the length of
a. A star jump with legs apart, arms out the lever just prior to impact. This answer
parallel to the floor. Calculate, through will require you to define and discuss:
observation, and record the approximate i.  conservation of linear momentum of an
angular displacement (in degrees). imperfect elastic collision,
b. A tin soldier jump with legs close together ii. lever lengths, and
and arms in close to the body. Calculate, iii. moment of inertia and angular velocity.

Biomechanics



Physical Education Studies ATAR Units 3 and 4 - Appendix B1.3

Appendix B1.3

Practical Investigation Assessment Task: Biomechanics

The principles of linear momentum and angular momentum

Name:

7 unit3 Weighting:
Type: Investigation

Outcome 3: Knowledge and
understanding of movement and
conditioning concepts for physical
activity.

Content: Define and apply momentum to
selected activities and sports in relation
to: levers, the collision of two objects and
the conservation of linear momentum,
moment of inertia and angular velocity

\of a bat and a rotating body. J

Total: / 40 marks

Having completed the linear momentum
and angular momentum experiment you are
required to address the questions outlined.

An outline of the task and a sample copy of
the results for Task one (A) has been provided
for you.

Task outline

Experiment: Task one (A)

Condition A: Hold the bat with two hands placed
at the end of the handle. Swing the bat to hit the
basketball from the ‘T’ for maximum distance the
ball will roll and measure the distance from the T
to the stationary position of the basketball.

Biomechanics

Repeat this task three times.

Condition B: Repeat Condition A, but hold the
bat with two hands placed in the middle of the
bat.

Experiment: Task one (B)
Place the chair on carpet and if possible lock
the wheels so the chair cannot be displaced,
while sitting on the chair. Hold a dumbbell
hand weight in each hand. Place your hands in
your lap. While one partner holds the back of
the chair, the other holds the front of the chair
(or your knees). Partners count to three and use
an appropriate force (firm but