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Educational Objectives

Unit Primary Objective(s) Standards
1.  Speed, Distance
 and Time

To calculate time, distance and speed using mathematical formulas. 

To represent changes in position using distance–time graphs.

2, 3, 4

2.  Velocity To understand velocity as speed combined with direction. 

To calculate velocity using vectors and distance–time graphs. 

1, 2, 3, 4

3.  Acceleration
 

To understand that acceleration can be a change in speed, direction or both. 

To calculate acceleration and fi nal velocity of moving objects. 

1, 2, 3

4.  Gravitation To apply Newton’s Law of Universal Gravitation to planets and moons, as 
well as small everyday objects.

To illustrate how gravitational force is calculated.

6, 7, 8

5.  Newton’s Three  
 Laws of Motion

To understand the major ideas behind Newton’s Laws of Motion. 

To defi ne force and explore the concept of net force. 

To introduce the concepts of inertia and action–reaction force pairs.

To calculate force, mass and acceleration using Newton’s Second Law. 

1, 3, 4, 5

6.  Force, Mass and 
 Acceleration

To learn how to calculate force, mass and acceleration.

To understand how equal amounts of drag force and gravitational force result 
in terminal velocity.  

1, 2

7.  Motion in Two 
 Dimensions

To distinguish between the horizontal and vertical components of an object 
in motion.

To understand the independent nature of these two components. 

To describe and illustrate how gravity and air resistance affect 
projectile motion.

1, 2, 3

8.  Disrupted   
 Inertia

To understand how the law of inertia is applied to moving objects in real life.

To understand how frictional forces can interfere with inertia.

1, 3

Central Goals: •  To explain and illustrate concepts of velocity, acceleration, force and 
gravity

     •  To apply these ideas to real-life situations and connect them to Newton’s 
laws of motion and gravitation
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Correlations to the Australian Curriculum

F–10 Curriculum: Science
 1. Change to an object’s motion is caused 

by unbalanced forces, including Earth’s 
gravitational attraction, acting on the object 
(ACSSU117) [Units 2, 3, 5, 6, 7, 8]

 2. The motion of objects can be described and 
predicted using the laws of physic (ACSSU229) 
[Units 1, 2, 3, 6, 7]

Senior Secondary Curriculum: Physics
 3. Uniformly accelerated motion is described 

in terms of relationships between measurable 
scalar and vector quantities, including 
displacement, speed, velocity and acceleration 
(ACSPH060) [Units 1, 2, 3, 5, 7, 8]

 4. Representations, including graphs and 
vectors, and/or equations of motion, can be used 
qualitatively and quantitatively to describe and 
predict linear motion (ACSPH061) [Units 1, 2, 5]

This page outlines the relevant Australian F–10 Curriculum and Senior Secondary Curriculum 
content descriptions that the units relate to. After each standard, the pertinent units are listed.

 5. Newton’s Three Laws of Motion describe 
the relationship between the force or forces 
acting on an object, modelled as a point 
mass, and the motion of the object due to the 
application of the force or forces (ACSPH063) 
[Unit 5]

 6. All objects with mass attract one another 
with a gravitational force; the magnitude of this 
force can be calculated using Newton’s Law of 
Universal Gravitation (ACSPH094) [Unit 4]

 7. Objects with mass produce a gravitational 
fi eld in the space that surrounds them; fi eld 
theory attributes the gravitational force on an 
object to the presence of a gravitational fi eld 
(ACSPH095) [Unit 4]

 8. Gravitational fi eld strength is defi ned as the 
net force per unit mass at a particular point in the 
fi eld (ACSPH097) [Unit 4]
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Overview of Source Cartoons

Cartoon Central Concepts
Challenge

Level Related Topics 

Speed on a 
Graph Representing speed on distance–time graphs L1

Scientifi c method
Data analysis

Tennis & 
Velocity Velocity and vectors L2

Projectile motion
Acceleration

Vectors on 
a River

Finding resultant velocity through vector 
addition L3 Pythagoras' Theorem

Camel Acceleration and deceleration L1 Velocity

Science Sharks Calculating fi nal velocity of a falling object L2 Acceleration due to gravity

Birdley Meets 
Newton Newton’s Law of Universal Gravitation L1 Newton’s life

Gravitational 
Force The equation for gravitational force. L3 Scientifi c notation

Newton Meets 
Owelle Newton’s Three Laws of Motion L2 The Newton balance

Forces in 
Hockey Force, mass and acceleration L2 Friction

Terminal 
Velocity Drag force, gravity and terminal velocity L2

Balanced forces
Net force
Force and acceleration

Tug of War Balanced and unbalanced forces L1 Friction

Projectile 
Motion

Horizontal and vertical components of a 
baseball’s trajectory L2 Acceleration due to gravity

Hang Time
Horizontal and vertical components of 
jumping L2

Acceleration due to gravity
Initial and fi nal velocity

It's Inertia The inertia of objects in motion L2 Projectile motion

Friction & Golf The effect of friction on inertia L1 Types of friction

The diffi culty level ranges from easy (L1) to very challenging (L3).
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Questions for Discussion

Before Reading: 
 1. In tennis, how do you control the 

speed and direction of the ball?
 2. How would you control the speed and 

direction of a ball in another sport?
 3. What do you already know 

about speed?

After Reading: 
 1. What was the direction of 

Norman’s ball?
 2. How could vectors be used to represent 

the curved path of a tennis ball?
 3. How is velocity different from speed?

Objectives
 1. To defi ne and give examples of velocity.
 2. To illustrate how velocity is represented 

with vectors
 3. To explain why velocity changes along a 

curved paths.

 Synopsis
Dr Birdley and Norman are playing Jaykes and 
Birdley’s dad in a game of tennis doubles. After a 
couple of questions by Norman, Dr Birdley begins 
explaining the velocity of the tennis ball. As Dr 
Birdley fi nishes his explanations, Norman wins 
the point with an overhead smash.

Main Ideas
 1. Velocity describes the speed and direction 

of an object. 
 2.  Velocity vectors can be represented by 

arrows, which have both direction 
and magnitude.

 3.  If an object follows a curved path, velocity 
is constantly changing because the object’s 
direction is changing.

Vocabulary  
velocity  vectors  magnitude
speed  direction 

Characters
Dr Birdley, Jaykes, Norman, Birdley’s dad

Teacher’s Notes 
Draw the multiple vectors of a curved path to 
show how it is different from a straight path.  One 
example is the vector breakdown of this ball’s 
trajectory: 

TENNIS & VELOCITY Velocity and Vectors
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Acceleration and Gravity

Objectives
 1. To provide an example of acceleration 

due to gravity.
 2. To illustrate the steps for solving for fi nal 

velocity using time, acceleration and 
initial velocity.

 Synopsis
From the deck of a ship, Dr Birdley drops a rock 
into the water.  Two of the science sharks use the 
information, gather information about the drop, 
and calculate the rock’s fi nal velocity just before 
it hits the water.

Main Ideas
 1. Before solving a problem, write out the 

formula you are using.  In this case,

vf = vi + (a × t).
 2.  Use the information in the situation to write 

down all your known quantities.  Include 
units.  In this case, you have:

        vi = initial velocity = 0 m/s
        t = time = 2 s.
        a = acceleration = 9.8 m/s2 
 3.  Substitute these quantities into the equation 

and you have:
         vf = 0 m/s  + (9.8 m/s2 × 2 s) 
 4. Solve.   vf = 19.6 m/s
 5. If an object is dropped, it accelerates due 

to gravity.  The more time it has to fall, the 
greater its fi nal velocity is just before impact.

Vocabulary  
acceleration time  initial velocity 
equation variable fi nal velocity
knowns unknowns gravity

Characters
Dr Birdley, the Science Sharks

Questions for Discussion

Before Reading: 
 1. What happens to the speed of a falling 

object?  Why?
 2. What do you need to know in order 

to fi nd an object’s acceleration?  
Final velocity?

 3. What determines how long it takes for 
something to fall?

 4. What determines the speed of a 
falling object?

After Reading: 
 1. Suppose Dr Birdley drops the rock 

from a lower point.  How would this 
affect the rock’s fi nal velocity?  

 2. How did the sharks calculate the rock’s 
fi nal velocity? 

SCIENCE SHARKS 

© H
aw

ke
r B

ro
wnlo

w E
du

ca
tio

n



Dr Birdley Teaches Science – Forces and Motion

INA2311 • 9781760562311 • © 2018 Hawker Brownlow Education38

Objectives
 1. To introduce how Newton initially devised 

his law of gravitation. 
 2. To point out the universality of gravity.

 Synopsis
Dr Birdley travels back in time to visit Sir Isaac 
Newton.  Upon arriving in 1666, he crashes into a 
tree.  Newton notices that both Dr Birdley and the 
apple are pulled towards the Earth by a force, and 
wonders whether this force is the same that holds 
the Moon in orbit.  He names the force gravitas, 
and proclaims its universality among all objects 
with mass.

Main Ideas
 1. Newton stated that the force that pulls falling 

objects towards the Earth is the same force 
that holds the Moon in orbit.

 2. Newton named this force gravitas, and 
stated that it is exerted by every object in the 
galaxy.  This law is known as Newton’s Law 
of Universal Gravitation.

Vocabulary  
gravitas force  mass
orbit  distance gravity

Characters
Dr Birdley, Sir Isaac Newton, Gina Sparrow

Teacher’s Notes
The moon doesn’t fall towards the Earth for 
two main reasons: First, because the Moon is 
so far away, it has a very slow acceleration due 
to gravity: 0.00272 m/s2. Second, in addition to 
moving vertically towards the Earth, the Moon 
has enough forward (horizontal) momentum so 
that it continues to fall “around” the Earth instead 
of directly towards it.

Questions for Discussion

Before Reading: 
 1. Who was Sir Isaac Newton?
 2. What do you think his contributions 

to science were?
 3. What do you already know 

about gravity?

After Reading: 
 1. What was Newton’s big realisation? 
 2. If all objects in the universe exert 

gravitational force, why don’t we see 
evidence of this between objects, such 
as pencils and books?

BIRDLEY MEETS NEWTON Law of Gravitation
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Unit 5: Newton’s Three Laws of Motion

Net Force

Questions for Discussion

Before Reading: 
 1. What happens in a tug of war?  
 2. How does someone win a tug of war? 
 

After Reading: 
 1. Why did Jaykes and Owelle 

start moving? 
 2. What could the students do to restore 

balance to the tug of war? 
 3. How did net force change during 

the comic? 

Objectives
 1. To introduce the Newton as the unit for force.
 2. To compare and contrast balanced and 

unbalanced forces. 
 3. To introduce the concept of net force.  

 Synopsis
Dr Birdley uses a tug of war to explain the 
concept of balanced forces.  Norman pulls the 
rope on one end, creating a net force in his 
direction.  Don advises two students to restore 
balance to the tug of war. 

Main Ideas
 1.  Force is measured in Newtons. 
 2. When two forces are equal and opposite in 

direction, the net force is zero and there is 
no acceleration. 

 3. In the tug of war, the two opposing forces 
create tension at the centre of the rope. 

 4. If a force in one direction is greater than the 
force in the opposite direction, then there is a 
net force, resulting in movement. 

Vocabulary  

net force       Newton        balanced       unbalanced

Characters
Dr Birdley, Dean Owelle, Jaykes, Gina Sparrow, 
Professor Lark, Norman, Don, Anthony, Christina

Teacher’s Notes
Question #3 involves the use of friction, so it 
would be useful to touch on friction with your 
students before using the comic. In this case, 
Jaykes and Owelle dig their feet into the ground to 
create friction that opposes their forward motion.

TUG OF WAR
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Newton’s Second Law

Questions for Discussion

Before Reading: 
 1. What do we know so far about force? 

Mass? Acceleration?  
 2. If you slide an object across your desk, 

how can you control how far it goes?  
How fast it goes ? 

 

After Reading: 
 1. How are the characters able to control 

the speed of the hockey puck? 
 2. What is the large hockey puck’s 

acceleration? 
 3. Why does this hockey puck 

accelerate less? 

Objectives
 1. To illustrate how the equation F = ma applies 

to hockey.
 2. To show how to rearrange the variables in 

the equation to solve for acceleration. 
 3. To show the relationship between force 

and acceleration. 
 4. To show how mass and acceleration 

are related. 
 5. To pair equations with action sequences that 

students can readily understand.

 Synopsis
While coaching hockey practice, Dr Birdley 
explains how Newton’s second law (F = m × a) 
applies to ice hockey. 

Main Ideas
 1. Force is equal to the mass of an object 

multiplied by its acceleration (F = m × a). 
 2. Acceleration is equal to the force exerted on 

an object divided by mass. (a = F/m). 
 3. In other words, the greater an object’s mass, 

the less it will accelerate given an equal 
amount of force. 

 4. Increasing the amount of force you use on an 
object will increase the object’s acceleration. 

Vocabulary  

force  acceleration  mass

units  kilograms  Newtons

Characters
Dr Birdley, Shelly, Neil, Anthony

Teacher’s Note
The acceleration of the large puck in the fi nal 
panel is 3 m/s2.  

FORCES IN HOCKEY
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