
Physics Year 11 – Fundamentals of mechanics
Teacher resource book 5 of 5 – Momentum and energy
Creation date: 18 September 2026


Contents
Overview	3
5.1 Conservative and non-conservative forces	4
Lesson sequence instructions	4
Student resource – conservation of mechanical energy	8
Teaching advice	13
5.2 Work	17
Lesson sequence instructions	17
Student resource – work and energy consolidation	20
Teaching advice	25
5.3 Problem-solving with energy	28
Lesson sequence instructions	28
Student resource – whiteboard banner sprint game	31
Student resource – exit ticket	40
Teaching advice	45
5.4 Work, systems and conservation of energy	50
Lesson sequence instructions	50
Student resource – correct the claims	55
Teaching advice	57
5.5 Momentum and impulse	61
Lesson sequence instructions	61
Student resource – sorting game	65
Student resource – momentum and impulse consolidation	67
Teaching advice	71
Checks for understanding	71
5.6 Collisions and conservation of momentum	74
Lesson sequence instructions	74
Student resource – conservation of momentum exit ticket	79
Teaching advice	83
5.7 Elastic and inelastic collisions	85
Lesson sequence instructions	85
Student resource – classifying collisions	90
Student resource – design the collision	92
Teaching advice	96
5.8 Collisions (practical investigation)	98
Lesson sequence instructions	98
Student resource – alternative practical with video analysis	102
Student resource – find and fix the investigation	111
Teaching advice	115
Evidence base	118

[bookmark: _Toc128649914][bookmark: _Toc141426379][bookmark: _Toc143504798]

[bookmark: _Toc223937737][bookmark: _Toc243045922]Overview
Year and learning area: Year 11 Physics
Description: this resource complements the Fundamentals of mechanics program of learning. It serves as a teacher reference, offering practical strategies and ideas to enrich teaching practices and create engaging learning environments. Adapt the activities to suit students’ needs.
Duration: timing will vary based on the mode of delivery, differentiation strategies employed and class or school context; however this series of activities should take approximately 9.5 hours.
Risk management: teachers are advised to undertake a risk assessment before conducting any classroom investigation or experiment. For more information on developing risk assessments, refer to Risk Assessment – a pre-requisite for risk control and WHS Risk assessment template.
This resource book elaborates on many of the activities in the Fundamentals of mechanics sample program of learning. Some activities also reference the Fundamentals of mechanics slide decks throughout this document. The resource package can be located on Physics 11–12.
[bookmark: _Toc223937738]

[bookmark: _Toc243045923]5.1 Conservative and non-conservative forces
Students learn to use a simple energy model to explain how conservative forces transfer energy between kinetic energy (KE) and potential energy (U), while non-conservative forces dissipate mechanical energy, determining when total mechanical energy is conserved.
[bookmark: _Ref231386931]Table 1 – learning intention and success criteria
	[bookmark: _Toc128649917][bookmark: _Toc141426382]We are learning:
	I can:

	to explain when mechanical energy is conserved in a system.
	define total mechanical energy as KE + U
describe how conservative forces transfer energy between KE and U
explain how non-conservative forces dissipate mechanical energy into other forms
state the conditions under which mechanical energy is conserved
apply these ideas to familiar systems.


[bookmark: _Toc223937739][bookmark: _Toc243045924]Lesson sequence instructions
Activate
Activate prior knowledge of conservation of energy from Stage 5 Energy using the bouncing ball scenario.
Demonstrate a simple scenario: A ball is lifted, released, falls, hits the ground and bounces lower.
Students divide mini whiteboards into 4 sections: define the system, energy at the start, energy during motion/collision, and the energy at the end. Students complete each section using the words: system, transfer, transform, U, KE, thermal and sound.
Table 2 – mini whiteboard analysis sections and sample responses
	Whiteboard section
	Sample response

	Define the system
	The system I am considering includes the ball and the Earth.

	Energy at the start
	When the ball is lifted, energy is transferred to the system and stored as gravitational potential energy (ΔU) due to the interaction between the ball and Earth.

	Energy during motion/collision
	The ΔU is transformed into kinetic energy (KE) as the ball falls and increases its velocity. When bouncing, some of this energy is transformed into thermal energy and sound energy.

	Energy at the end
	The ball bounces lower because some of the initial energy has been transformed into other forms, so there is less U than before even though the total energy of the system is the same as when the ball was dropped.


Differentiation: sentence starters for each section and a word bank are provided in slide 5.1 PPT ‘An energy story’ to support students to construct written responses.
Cold call 3 or 4 students using quick discussion prompts to guide students in refining their responses.
Table 3 – discussion questions
	Questions
	Suggested answers

	What is the system?
	The system could contain the ball and the Earth.

	Where did the missing bounce height go?
	Some of the potential energy gained when lifted was transformed into thermal energy and sound when the ball bounced.

	Was energy destroyed?
	No, energy was not destroyed. It was either transformed into other stores of energy or transferred from the system to the surroundings.


Complete Check for understanding 1 (5.1 PPT) to confirm all students recall the law of conservation of energy before proceeding.
Core learning
1. Use slide 5.1 PPT ‘A simple energy model’ to introduce a model describing the mechanical energy in systems and contrast the role of conservative and non-conservative forces in conserving mechanical energy:
energy is a property of a system
total mechanical energy = KE + U
total energy and mechanical energy are not the same thing
mechanical energy can decrease even though energy overall is conserved.
Ask students: In the bouncing ball example, was energy conserved? Was the mechanical energy of the ball–Earth system conserved through the bounce?
	Sample response
Was energy conserved? Yes, for an appropriately defined closed system.
Was the mechanical energy of the ball–Earth system conserved through the bounce? No. The mechanical energy of the system was not conserved because it did not bounce back to the same height.


Model examples of path dependence and path independence by comparing 2 scenarios:
Lifting a book (gravity as conservative) – hold a book at desk height, then raise it to a shelf. Explain why gravity is a conservative force using the following think aloud: 
	Imagine the book starts on the desk and ends on the shelf. We could lift it straight up, move it in a curved path, or carry it around the room before placing it on the shelf. If we focus on the work done by gravity, the path does not matter. Gravity only cares about the change in height. That is, the gravitational potential energy store depends on the initial and final height, not the path taken. This is why gravity is a conservative force. The work done by the person’s hand may vary depending on how the book is moved but the work done by gravity depends only on the change in height.


Dragging a book (friction as non-conservative) – drag a book a short distance across a desk. Then describe dragging it in a long zig-zag path to the same end point.
Ask: Which path results in more energy being dissipated as thermal energy?
	Sample response
The longer path will dissipate more energy as thermal energy. Friction depends on the distance travelled along the surface. A longer path means more work done by friction and more mechanical energy dissipated as thermal energy and sound. This makes friction non-conservative.


Complete Check for understanding 2 (5.1 PPT) to check students understand the relationship between conservative forces and the conservation of mechanical energy in systems.
Students complete Questions 1–3 in the Student resource – conservation of mechanical energy.
Consolidate
1. Return to the original bouncing ball example and ask students to re-explain why the ball returns to a lower height using the terms: conservative force, non-conservative force, KE, U, mechanical energy and energy transfer by completing Question 4 of the Student resource – conservation of mechanical energy.


[bookmark: _Student_resource_–][bookmark: _Toc223937740][bookmark: _Ref230094948][bookmark: _Ref230094959][bookmark: _Toc243045925]Student resource – conservation of mechanical energy
Figure 1 – a model describing how mechanical energy is stored and transferred within a system and between the system and its surroundings
[image: Diagram of an energy system. A red dashed oval marks the system, containing KE for kinetic or motional energy, U for potential or interaction energy, and KE + U = total mechanical energy. Outside the oval are the surroundings. A grey arrow labelled Energy transfer (Work = W) points from the surroundings into the system, showing that work can transfer energy across the system boundary.]
Table 1 – important definitions
	Term
	Definition

	Mechanical energy
	The energy of an object due to its kinetic energy and potential energy (NESA 2025).

	Conservative forces
	Forces where work done on an object depends only on initial and final positions, not the path taken (NESA 2025).

	Non-conservative forces
	Forces that dissipate mechanical energy from a system, usually by converting it into other forms like heat, sound or deformation; the work done by non-conservative forces depends on the path taken (NESA 2025).

	Potential energy (U)
	The energy that an object possesses due to its position in a force field or that is stored in a system by virtue of the configuration and interaction between bodies in that system, for example, elastic potential energy (NESA 2025).

	Kinetic energy (KE)
	The energy that an object possesses by virtue of its motion; the energy an object gains by being in motion (NESA 2023b).


Questions
1. Complete Table 2 by classifying the force as either conservative or non-conservative and by justifying your choice.
Table 2 – classifying conservative and non-conservative forces
	Scenario
	Main force to consider
	Conservative or non-conservative
	Why? (Justify your choice)

	A ball falling with air resistance ignored
	Gravity
	
	

	A ball falling with air resistance included
	Air resistance
	
	

	A spring launching a cart on a frictionless track
	Elastic spring force
	
	

	A box sliding to a stop on a rough floor
	Friction
	
	

	A pendulum swinging with negligible air resistance
	Gravity
	
	


A pendulum swings from its highest point to its lowest point. Ignore air resistance and friction at the pivot.
1. What is the system?
	


What forms of mechanical energy are involved?
	


Is total mechanical energy conserved? Explain your reasoning.
	


A box slides across a rough floor and comes to rest.
1. What happens to the box’s kinetic energy?
	


Is total mechanical energy conserved? Explain.
	


Is total energy conserved? Explain your reasoning.
	


Complete the following passage. 
	In the bouncing ball example, gravity is a (conservative/non-conservative) force because
______________________________________________________________.

	During the fall, energy is transformed between _________________ and __________________.

	However, during the collision with the ground, (conservative/non-conservative) forces act and some mechanical energy is dissipated as _______________________.

	Therefore, total energy is conserved, but total mechanical energy (is/is not) conserved because
___________________________________________________.


[bookmark: _Toc223937742]

Sample response – student resource – conservation of mechanical energy
Questions
1. Complete Table 2 by classifying the force as either conservative or non-conservative and by justifying your choice.
Table 2 – classifying conservative and non-conservative forces
	Scenario
	Main force to consider
	Conservative or non-conservative
	Why? (justify your choice)

	A ball falling with air resistance ignored
	Gravity
	Conservative
	Work depends only on change in height.

	A ball falling with air resistance included
	Air resistance
	Non-conservative
	Mechanical energy is dissipated as thermal energy.

	A spring launching a cart on a frictionless track
	Elastic spring force
	Conservative
	The work it does depends on the initial and final extension/compression, not the path taken.

	A box sliding to a stop on a rough floor
	Friction
	Non-conservative
	KE is dissipated as thermal energy and sound.

	A pendulum swinging with negligible air resistance
	Gravity
	Conservative
	Energy transfers between gravitational potential energy and kinetic energy.


A pendulum swings from its highest point to its lowest point. Ignore air resistance and friction at the pivot.
1. What is the system?
	The system consists of the pendulum bob and Earth.


What forms of mechanical energy are involved?
	At the highest point, energy is mostly gravitational potential energy. At the lowest point, more energy is kinetic energy.


Is total mechanical energy conserved? Explain your reasoning.
	Mechanical energy is conserved because gravity is a conservative force and friction and air resistance are ignored.


A box slides across a rough floor and comes to rest.
1. What happens to the box’s kinetic energy?
	The box’s kinetic energy is dissipated as thermal energy and sound due to friction.


Is total mechanical energy conserved? Explain.
	Mechanical energy is not conserved because friction is a non-conservative force.


Is total energy conserved? Explain your reasoning.
	Total energy is conserved if the system includes the box, floor and surroundings.


Complete the following passage. 
	In the bouncing ball example, gravity is a conservative force because the work done by gravity depends only on the change in height.

	During the fall, energy is transformed between gravitational potential energy and kinetic energy.

	However, during the collision with the ground, non-conservative forces act and some mechanical energy is dissipated as thermal energy and sound.

	Therefore, total energy is conserved, but total mechanical energy is not conserved because some mechanical energy has been transformed into non-mechanical forms.


[bookmark: _Toc223937743][bookmark: _Toc243045926]Teaching advice
Background information
Distinguishing between conservation of energy and conservation of mechanical energy
It is important to distinguish clearly between energy conservation and mechanical energy conservation. Total energy is conserved for a closed system. Mechanical energy, usually KE + U, is conserved only when no non-conservative forces do work and there is no external work transferring energy into or out of the mechanical system. This is why an ideal falling object, ideal pendulum or frictionless ramp can be analysed using conservation of mechanical energy, while an object sliding with friction cannot unless the ‘lost’ mechanical energy is tracked as thermal energy.
Conservative and non-conservative forces
Potential energy should be treated as energy stored in a system due to the relative arrangement of interacting objects. In this lesson, gravitational potential energy () is stored in the Earth–object system. Conservative forces, such as gravity in a uniform field, transfer energy between kinetic and potential stores without reducing total mechanical energy. Non-conservative forces, such as friction and air resistance, transfer mechanical energy into other forms such as thermal energy, sound or deformation, so mechanical energy is not conserved. Teachers should make the system boundary explicit: if Earth and the object are both inside the system, gravity is an internal force and energy transforms from  to KE; if the object alone is the system, gravity is external and does work on the object.
Supporting students to problem-solve and analyse energy changes in systems
Using a consistent sequence of questions to guide student analysis of energy changes helps students decide whether a given problem should be treated as conservational of mechanical energy or as work done by external/non-conservative forces.
What is the system?
What is in the surroundings?
Which forces are internal and which are external?
Which forces do work?
Is energy being transferred across the boundary or transformed within the system?
Is total mechanical energy conserved, or is mechanical energy transferred into another store?
A useful example is a falling ball. With Earth and the ball as the system,  is transformed into KE internally. With the ball alone as the system, gravity is an external force doing work on the ball. Both descriptions are valid, but they locate the energy differently. The teacher’s goal is not to force one system choice, but to help students make the system choice explicit and reason consistently from it.
Key terms
	Term
	Definition

	Mechanical energy
	Is the energy of an object due to its kinetic energy and potential energy (NESA 2025).

	Conservative forces
	Forces where work done on an object depends only on initial and final positions, not the path taken (NESA 2025).

	Non-conservative forces
	Forces that dissipate mechanical energy from a system, usually by converting it into other forms like heat, sound or deformation; the work done by non-conservative forces depends on the path taken (NESA 2025).

	Potential energy (U)
	The energy that an object possesses due to its position in a force field or that is stored in a system by virtue of the configuration and interaction between bodies in that system, for example. elastic potential energy (NESA 2025).

	Kinetic energy (KE)
	The energy that an object possesses by virtue of its motion; the energy an object gains by being in motion (NESA 2023b).


Checks for understanding
[bookmark: _Check_for_understanding][bookmark: _Ref230089834]Check for understanding 1 (5.1 PPT)
A ball is dropped and bounces back to a lower height. Which statement best applies the law of conservation of energy?
1. Some energy has been destroyed because the ball did not return to its original height.
The ball has less total energy, but the Universe has the same total energy.
Energy has been transferred from the ball–Earth system to the surroundings as thermal energy and sound.
Kinetic energy has turned into gravitational potential energy and then disappeared.
Check for understanding 1 sample response
1. [bookmark: _Ref230094586]Nice try! Feedback: energy cannot be created or destroyed. The lower bounce height shows that some of the ball’s mechanical energy has been transferred to other forms, such as thermal energy and sound.
Nice try! Feedback: the Universe’s total energy is conserved, but this does not clearly identify where the ball’s energy has gone. Energy has been transferred from the ball–Earth system to the surroundings.
Well done – correct! Explanation: the total energy is conserved. During the bounce, some mechanical energy is transferred to the surroundings as thermal energy and sound, so less mechanical energy remains for the ball to rise again.
Nice try! Feedback: energy does not disappear. Some kinetic energy becomes gravitational potential energy as the ball rises, while some is transferred to other forms during the collision.
[bookmark: _Check_for_understanding_1][bookmark: _Ref241537526]Check for understanding 2 (5.1 PPT)
Which statement is correct?
1. Mechanical energy is always conserved because total energy is always conserved.
Mechanical energy is conserved when only conservative forces transfer energy within the system.
Mechanical energy is conserved when friction transfers KE into thermal energy.
Mechanical energy is conserved only when an object is not moving.
Check for understanding 2 sample response
1. Nice try! Feedback: total energy is always conserved, but mechanical energy is not. Mechanical energy can be transferred to other forms, such as thermal energy, when non-conservative forces act.
Well done – correct! Explanation: when only conservative forces, such as gravity, do work, energy can change between kinetic and potential energy while the total mechanical energy remains constant.
Nice try! Feedback: friction transfers mechanical energy into thermal energy. Total energy is still conserved, but mechanical energy decreases.
Nice try! Feedback: an object can be moving while its mechanical energy is conserved. For example, during free fall, gravitational potential energy is converted into kinetic energy while total mechanical energy remains constant.

[bookmark: _Toc243045927]5.2 Work
Students develop an understanding of work as energy transfer and its relationship to changes in a system’s energy.
Table 4 – learning intention and success criteria
	We are learning:
	I can:

	to relate work done on an object to changes in its motion
	explain work as a transfer of energy caused by an external force acting on an object
determine whether work done by a force is positive, negative or zero
compare work when force and displacement are parallel, opposite or at an angle using 
use the sum of all work done by individual forces (the net work) to determine a change in kinetic energy

	use vector diagrams to represent force and displacement.
	use free-body diagrams and/or vector diagrams to represent force and displacement
use a system model to represent energy transfer by work.


[bookmark: _Toc243045928]Lesson sequence instructions
Activate
1. Students activate prior knowledge of forces (including friction) from Activity 3.7 by playing the game on slide 5.2 PPT ‘Coin flicking game’.
Organise students into pairs and give each pair a coin.
Students need to get the coin to a target distance, for example, across the table or a marked line using only 3 flicks. Run 2–3 short rounds to build engagement. 
Pause and ask students to identify what affected how far the coin travelled. (Force of flick, friction, surface texture.)
Ask students to draw 2 free-body diagrams on mini whiteboards to represent the forces acting on the coin (a) during the flick (coin speeding up), and (b) after the flick (coin slowing down). Review sample responses on slide 5.2 PPT ‘What affected how far the coin travelled?’.
1. Explore how work changes the energy of a system using the coin flick scenario 
Activate prior knowledge of systems from Activity 5.1 using Check for understanding 1 (5.2 PPT).
Guiding students to define the system as the coin only using slide 5.2 PPT ‘Work and energy’, ask students to consider what happens during the flick and after the flick.
Students apply the concept individually by completing ‘Apply the concept to the coin’ in the Student resource – work and energy consolidation. 
Core learning
1. Explore the relationship between work and changes in kinetic energy.
Introduce the key concept using slide 5.2 PPT ‘Defining work’: work is the transfer of energy that occurs when an external force is applied to an object, causing it to move in the direction of the force
.
Explain the concept that the work done on an object equals the change in its kinetic energy, using slide 5.2 PPT ‘work and change in energy
.
Develop students’ understanding of how components of force parallel to displacement determine the work done.
Guide students in predicting whether the work done by an external force is positive, negative or zero, based on the relative direction of the force to the displacement, using slide 5.2 PPT ‘Positive, negative or zero work’.
Model how to calculate work using  using the worked examples in 5.2 PPT ‘Relative direction of force and displacement’ (4 slides).
Complete Check for understanding 2 (5.2 PPT) to check students understand how to determine the work done as a net force acts over a displacement.
Differentiation: extend students’ understanding of work by applying their prior knowledge of resolving forces into components on an inclined plane.
Activate prior knowledge of friction on an inclined plane from the Activity 4.2 using Check for understanding 3 (5.2 PPT).
Guide students to use 5.2 PPT ‘Work done by friction’ (2 slides) where they calculate the normal force and friction force for the coin, identify the angle between friction and displacement, then calculate work done by friction.
Consolidate
1. Students complete the rest of the Student resource – work and energy consolidation independently. 

[bookmark: _Student_resource_–_1][bookmark: _Ref233273689][bookmark: _Ref233273701][bookmark: _Toc243045929]Student resource – work and energy consolidation
Apply the concept to the coin
With the coin as the system, complete the following table for during the flick and after the flick, identifying the force acting, work done and change in kinetic energy.
	Questions
	During the flick
	After the flick

	What force does the surroundings exert on the coin?
	 
	 

	Is the work done by the surroundings positive, negative or zero?
	 
	 

	What happens to the coin’s kinetic energy?
	 
	 

	Why does the kinetic energy change?
	 
	 


Understanding work
1. A constant force of 20 N pushes a box 3 m along a horizontal surface. Calculate the work done.
	


A student carries a backpack horizontally across a playground for 20 m. The upward force from the student on the backpack is 50 N. Calculate the work done.
	


A cart initially has 15 J of kinetic energy. A force does 25 J of work on it. Calculate the final kinetic energy of the cart.
	


An object gains 40 J of kinetic energy. How much net work was done on the object?
	


A frictional force of 12 N acts on a moving object over 4 m, causing it to slow down.
1. Calculate the work done by friction.
Determine the change in kinetic energy.
	


A constant force acts on an object through the same displacement in 2 situations:
Situation A: the force acts in the same direction as the displacement
Situation B: the force acts at an angle of 60° to the displacement. 
Without calculating the work done, determine the ratio of the work done in Situation B to Situation A.
	




Sample response – student resource – work and energy consolidation
Apply the concept to the coin
	Questions
	During the flick
	After the flick

	What force does the surroundings exert on the coin?
	Applied force 
	Friction

	Is the work done by the surroundings positive, negative or zero?
	Positive
	Negative 

	What happens to the coin’s kinetic energy?
	Increases
	Decreases

	Why does the kinetic energy change?
	Positive work transfers to the coin
	Negative work done by friction


Understanding work
1. A constant force of 20 N pushes a box 3 m along a horizontal surface. Calculate the work done.
	, , , 



A student carries a backpack horizontally across a playground for 20 m. The upward force from the student on the backpack is 50 N. Calculate the work done.
	, , , 



A cart initially has 15 J of kinetic energy. A force does 25 J of work on it. Calculate the final kinetic energy of the cart.
	, , 



An object gains 40 J of kinetic energy. How much net work was done on the object?
	


 A frictional force of 12 N acts on a moving object over 4 m, causing it to slow down.
1. Calculate the work done by friction.
Determine the change in kinetic energy.
	a) Friction acts opposite to motion, so work is negative.
b) Using the work–energy theorem:



A constant force acts on an object through the same displacement in 2 situations.
Situation A: the force acts in the same direction as the displacement
Situation B: the force acts at an angle of 60° to the displacement. 
Without calculating the work done, determine the ratio of the work done in Situation B to Situation A.
	
Since the force and displacement are the same in both situations:

The ratio of work done in B to work done in A is 1:2.




[bookmark: _Toc243045930]Teaching advice
Background information 
This lesson develops the idea that work is an energy transfer caused by a force acting through a displacement. The coin flicking game provides a concrete example students can observe and explain. During the flick, the finger applies a force in the direction of motion, doing positive work on the coin and increasing its kinetic energy. After release, friction acts opposite to the motion, doing negative work and reducing the coin’s kinetic energy.
Students often think objects need a constant forward force to keep moving, so the vector diagrams are important for distinguishing between the applied force during the flick and friction after release. Defining the system as the coin only helps students identify when energy is transferred into or out of the system by the surroundings.
Introduce work conceptually before calculation using:

and connect this to the work-energy theorem:
.
The lesson develops students’ understanding from the simple relationship  to situations where the force and displacement are not in the same direction, before applying the work-energy theorem to determine changes in kinetic energy. Students also apply and  in familiar contexts to connect work and energy quantitatively.
[bookmark: _Ref235018965]Checks for understanding
[bookmark: _Check_for_understanding_2][bookmark: _Ref238803368]Check for understanding 1 (5.2 PPT) 
Which statement correctly describes the relationship between work and the energy of a system?
1. Positive work decreases the energy of a system, while negative work increases it.
1. Positive work increases the energy of a system, while negative work decreases it.
1.  Work does not change the energy of a system.
1. Work always increases the energy of a system.
Check for understanding 1 sample response
Answer: b
Briefly reinforce:
positive work: energy of the system increases
negative work: energy of the system decreases.
[bookmark: _Check_for_understanding_3][bookmark: _Ref239424642]Check for understanding 2 (5.2 PPT)
For each situation, predict whether the work done by the force is positive, negative or zero. 
Calculate work done.
	Situation 
	Scenario 

	Coin sliding to a stop 
	A 0.10 N frictional force acts opposite to the motion of a coin as it travels 0.80 m.

	Holding a coin still 
	A person applies an upward force of 2.0 N to hold a coin stationary for 5.0 s.

	Dropping a coin 
	A 0.50 N gravitational force acts downward on a coin as it falls 1.5 m.

	Pushing a coin at an angle
	A 0.20 N force is applied to a coin at an angle of 10° to the direction of its displacement. The coin moves 5.0 m across the table.


Check for understanding 2 sample response
	Situation 
	Scenario

	Coin sliding to a stop 
	

	Holding a coin still 
	

	Dropping a coin 
	

	Pushing a coin at an angle
	


[bookmark: _Check_for_understanding_4][bookmark: _Ref240278920]Check for understanding 3 (5.2 PPT)
An object weighing 2 kg is sliding on 3 slides which have different angles.
Which slide has the smallest friction? Explain your reasoning without calculation.
[image: Diagram showing three inclined planes with constant coefficient of friction. A has an angle of 10°, B has an angle of 20°, and C has an angle of 30°.]
Check for understanding 3 sample response
Answer: C

Increase angle result in  decreases, hence friction decreases. 


[bookmark: _Toc230613461][bookmark: _Ref240278924][bookmark: _Toc243045931]5.3 Problem-solving with energy
Students work together to solve increasingly complex physics problems involving changes in gravitational potential energy and kinetic energy.
Table 5 – learning intentions and success criteria
	We are learning:
	I can:

	to solve problems involving kinetic energy and changes in gravitational potential energy
	qualitatively describe changes in kinetic and gravitational potential energy
calculate kinetic energy using 
calculate changes in gravitational potential energy using 

	to appropriately express quantitative solutions appropriately
	use appropriate significant figures
use appropriate scale prefixes for powers of 10

	to use scientific processes to solve energy problems.
	use  and  to make predications, explain phenomena and solve problems
apply these relationships to familiar, real-world scenarios.


[bookmark: _Toc230613462][bookmark: _Toc243045932]Lesson sequence instructions
Activate
1. Activate prior knowledge of energy types from Stage 5 Energy using Check for understanding 1 (5.3 PPT). 
1. Guide students through different scenarios to use force, displacement and work to explain energy.
Students think silently and select which vehicle requires the greatest force to stop in Check for understanding 2 (5.3 PPT) (1 of 3). Students justify their response using force, displacement and work done. Discuss the response and emphasise that a greater force acting over the same stopping distance means greater work is done.
Students identify which book has gained more gravitational potential energy in Check for understanding 2 (5.3 PPT) (2 of 3) and justify their response. Prompt students to connect the change in position to the work done by the applied force. Use responses to reinforce that work done can result in a change in an object’s energy.
Students predict which coin has greater kinetic energy just before impact in Check for understanding 2 (5.3 PPT) (3 of 3) and justify their response using gravitational force, displacement and work.
Draw on the board the sequence: 
force acting through a displacement  work done  change in energy. 
Use this as the conceptual bridge into the core learning on kinetic energy.
Core learning 
1. Develop students’ ability to apply energy relationships and problem-solving strategies across increasing levels of cognitive demand.
Introduce and unpack the equations for gravitational potential energy and kinetic energy, identifying what each variable represents and the units used on slide 5.3 PPT ‘Energy equations’.
Activate prior knowledge of work from Activity 5.2 to derive the gravitational potential energy formula with slide 5.3 PPT ‘Changes of gravitational potential energy formula’.
Model for students how to calculate the change in gravitational potential energy and kinetic energy with sample questions and solutions on 5.3 PPT ‘Solving energy problems’ (6 slides). 
Complete Check for understanding 3 (5.3 PPT) to check for understanding of the relationship between velocity and kinetic energy. 
Conduct the game on slide 5.3 PPT ‘Whiteboard banner sprint game’ in assigned groups of 3 with students working through progressively challenging problems from Level 1 to Level 4. Have students rotate the roles of scribe, speaker and explainer as they apply the energy equations and explain their reasoning. The characteristics of Level 1–4 questions are outlined in the Teaching advice for this lesson.
Prepare: the teacher prints out the question cards (Level 1 to Level 4) from the Student resource – whiteboard banner sprint game and cuts out each question. Attach large whiteboard surfaces (for example, laminated A3 sheets) around the room – one for each group or use mini whiteboards. 
Students’ roles
Scribe – only writes what the speaker says
Speaker – tells the scribe what to write, chooses formulas and does calculations on a calculator
Explainer – presents answers to the teacher and explains the team’s reasoning.
Differentiation: complete worked examples to model strategies for solving problems at each level. This could be done at a small group level as each group moves on to the next level. 
Consolidate
1. Students complete the Student resource – exit ticket individually to calculate kinetic and gravitational potential energy.


[bookmark: _Student_resource_–_2][bookmark: _Toc230613464][bookmark: _Ref232617831][bookmark: _Toc243045933]Student resource – whiteboard banner sprint game
Problem-solving as part of a team
You will be in a team of 3 – each person will play a role to help their team solve the problems. Swap roles after solving each problem so that everyone gets to play each role.
Scribe – only writes what the speaker says.
Speaker – tells the scribe what to write, chooses formulas and performs calculations on a calculator.
Explainer – presents answers to the teacher and explains the team’s reasoning.
Instructions
1. Each team starts at banner Level 1.
1. Solve the question on your whiteboard as quickly and accurately as possible. Remember to show all your working.
1. Explain your solutions to the teacher before progressing to the next level. You have completed the game when you solve Level 4. 


Question cards
	Level 1: substitute and calculate
	Level 1: substitute and calculate

	1. A 420 g football moves at 7.2 . Calculate its kinetic energy.

	2. A 68 mg insect climbs 2.4 m up a plant stem. Calculate the increase in gravitational potential energy.



	Level 1: substitute and calculate
	Level 1: substitute and calculate

	3. A 1.45 tonne SUV travels at 80 km/h. Determine its kinetic energy in kilojoules. 
	4. A 15 kg ball is dropped from a building and falls 18 m to the ground. Calculate the change in gravitational potential energy (. 



	Level 1: substitute and calculate

	5. A 95 ng dust particle moves at 0.80 . Calculate its kinetic energy.



	Level 2: algebraic relationships
	Level 2: algebraic relationships

	1. A cyclist doubles their speed. How many times larger is their kinetic energy?
	1. A crane lifts identical steel beams:
It lifts Beam A to a height of 4 m above ground.
It lifts Beam B to a height of 12 m above ground.
Determine the ratio of gravitational potential energy gained by each beam, .





	Level 2: algebraic relationships
	Level 2: algebraic relationships

	 A skateboarder doubles mass and triples speed. Determine the factor by which kinetic energy increases.
	Two skydivers have the same mass. Skydiver A falls through a vertical height change of h. Skydiver B falls through a vertical height change of 3h. Compare the decrease in gravitational potential energy for each skydiver. Explain why this is different from the effect of tripling speed on kinetic energy.



	Level 2: algebraic relationships
	Level 2: algebraic relationships

	A car reduces its speed from 30  to 15 .
What fraction of the original kinetic energy remains?
	Your own question (make up your own question to solve or share with other groups).



	Level 3: predict and explain
	Level 3: predict and explain 

	1. A tennis ball and a steel ball are thrown at the same speed. Explain why the steel ball has greater kinetic energy.
	A spacecraft orbiting Earth increases its speed slightly. Explain why even a small increase in speed can produce a large increase in kinetic energy.



	Level 3: predict and explain 
	Level 3: predict and explain 

	A 250 g mug and a 2.5 kg dumbbell are placed on the same shelf. Explain which object has greater gravitational potential energy and why.
	A roller-coaster reaches the top of a hill before descending. Describe how energy changes throughout the motion.





	Level 3: predict and explain 

	A truck and a small hatchback travel at the same highway speed. Explain why the truck is generally harder to stop safely.



	Level 4: transfer and apply 
	Level 4: transfer and apply

	1. Analysing theme park simulation results
Use the simulation results in the following table to evaluate the student’s claim:
‘Heavier carts move faster because they have more gravitational potential energy.’
1. Identify which variable appears to affect speed most strongly.
o. Explain why Cart B travels faster than Cart A, even though both have the same mass.
	2. Predicting damage using a vehicle crash simulation
1. Compare the effect of doubling mass and doubling speed on the barrier damage score recorded in the following vehicle crash simulator table.
1. Explain why advertisements focus heavily on speed reduction in road safety campaigns.
1. Predict the damage score if the vehicle from Test C was travelling at 60 .

		Cart
	Mass (kg)
	Starting height (m)
	Speed at Bottom ()

	A
	450
	12
	13.5

	B
	450
	24
	19.1

	C
	900
	12
	13.4



		Test
	Vehicle mass (kg)
	Speed ()
	Barrier damage score

	A
	1200
	20
	3

	B
	2400
	20
	6

	C
	1200
	40
	12








	Level 4: transfer and apply 
	Level 4: transfer and apply

	3. Phone case claim
A phone case company claims:
‘Our case protects your phone because it reduces the amount of energy the phone has when it hits the ground.’
A student tests this by dropping the same phone from the same height, once without the case and once with the case. The phone hits the ground at almost the same speed in both tests, but the phone in the case is less damaged.
Evaluate the company’s claim.
In your answer:
1. explain whether the case changes the phone’s kinetic energy just before impact
explain how the case can reduce damage
predict what would happen if the phone was dropped from a greater height.
	4. Ramp design 
Both ramps in the following table begin at the same height.
	Ramp
	Design

	A
	Steep and short

	B
	Long and gentle


A student claims: 
‘The skateboarder will reach the bottom with the same kinetic energy on both ramps.’ Evaluate this claim.




Sample response – student resource – whiteboard banner sprint game
Table 1 – level 1 solutions
	1


	2




	3
, 

	4
, 

The ball has 2.6 kJ less gravitational potential energy after falling from building.

	5
, 


	


Table 2 – level 2 solutions
	1
Kinetic energy is directly proportional to the speed squared, that is:

If speed doubles, the cyclist’s KE increases by  or a factor of 4. 
	2

Therefore, the ratio of gravitational potential energy will be equal to the ratio of the change in heights.

 OR 


	3

Let  and 


	4
Skydiver B has 3 times the decrease in gravitational potential energy (GPE) because the change in GPE is directly proportional to the vertical height change (. This is different from kinetic energy (KE), where tripling speed gives 9 times the kinetic energy because KE is proportional to the square of the speed ().

	5
The speed is reduced by half . Since KE is proportional to the square of the speed, only  of the kinetic energy remains.
	6
Students may suggest any question that follows a similar style to questions in Level 2. 


Table 3 – level 3 solutions
	1
	The steel ball has greater kinetic energy because it has greater mass.
Since:

and both objects have the same speed, the object with the larger mass has greater kinetic energy.

	2
	Kinetic energy depends on the square of speed.
A small increase in speed causes a much larger increase in kinetic energy because the speed term is squared.

	3
	The dumbbell has greater gravitational potential energy because it has greater mass.
Since both objects are on the same shelf with:
same height 
same gravitational field strength 
the larger mass gives greater gravitational potential energy.

	4
	At the top of the hill:
gravitational potential energy is maximum 
kinetic energy is minimum. 
As the roller-coaster descends:
gravitational potential energy decreases 
kinetic energy increases. 
Energy is transferred from gravitational potential energy to kinetic energy.

	5
	The truck has a greater mass.
At the same speed, a greater mass means greater kinetic energy.
More energy must be removed to stop the truck, making it harder to stop safely.


Table 4 – level 4 solutions
	1
	1. The student’s claim is incorrect. Cart C has twice the mass of Cart A but nearly the same speed. This suggests mass does not strongly affect speed at the bottom.
Starting height appears to affect speed most strongly. Cart B starts from a greater height and reaches a greater speed.
1. Cart B has more gravitational potential energy because it starts higher. More gravitational potential energy transfers into kinetic energy.

	2
	1. Doubling mass: damage score increases from 3 to 6. Doubling speed: damage score increases from 3 to 12. Doubling speed has a much larger effect.
w. Kinetic energy depends on speed squared. Increasing speed leads to substantial increases in kinetic energy and crash damage.
x. At 60 , the damage score would increase dramatically. Since kinetic energy depends on speed squared, the damage would be much larger than Test C. Using the squared relationship, the speed is 3 times greater than test A which had the same mass so the damage might be  times greater or a score of around 27.

	3
	The phone case does not significantly reduce the kinetic energy before impact if the phone falls from the same height. It reduces damage by changing how energy is transferred during the collision, for example by deforming, spreading the force, or increasing the stopping distance over which the work is done. A greater drop height means a larger decrease in gravitational potential energy, so more kinetic energy before impact.

	4
	The student’s claim is mostly correct.
If friction is ignored, both ramps begin at the same height, both have the same gravitational potential energy, and both reach the same kinetic energy at the bottom.
However, in real life:
 friction and air resistance may differ 
a longer ramp may lose more energy, so actual kinetic energy may differ slightly.


[bookmark: _Toc230613463][bookmark: _Ref230856008][bookmark: _Toc230613465]

[bookmark: _Student_resource_–_3][bookmark: _Ref239215164][bookmark: _Toc243045934]Student resource – exit ticket
Level 1
	156 g cricket ball moves at 100 km/h.
Calculate its kinetic energy.
	
	A 72 kg climber climbs 18 m up a cliff.
Calculate the increase in gravitational potential energy in kilojoules.


	
	
	


Level 2
	A bicycle doubles its speed.
By what factor does its kinetic energy change?
	
	Two climbers have the same mass. Climber A climbs 10 m while Climber B climbs 30 m.
Compare the change in gravitational potential energy for each climber.
Explain your answer using the equation
.

	
	
	

	
	
	


Level 3
Road safety campaigns focus heavily on reducing speed, even by small amounts.
Use the concept of kinetic energy to explain why.
	

	

	



Level 4
Elevator safety investigation
Engineers are comparing 3 elevators that may need to make an emergency stop.
	Elevator
	Total mass (kg)
	Height reached (m)
	Speed before braking ()

	A
	800
	20
	4

	B
	800
	40
	4

	C
	800
	20
	8


An engineer claims: ‘Elevator B will require the most energy to stop because it is highest above the ground.’
Evaluate the engineer’s claim using evidence from the data.
	

	

	




Sample response – student resource – exit ticket
Level 1
	156 g cricket ball moves at 100 km/h.
Calculate its kinetic energy.
	
	A 72 kg climber climbs 18 m up a cliff.
Calculate the increase in gravitational potential energy in kilojoules (kJ).

	


	
	


Level 2
	A bicycle doubles its speed.
By what factor does its kinetic energy change?
	
	Two climbers have the same mass.
Climber A climbs 10 m while Climber B climbs 30 m.
Compare the change in gravitational potential energy for each climber.
Explain your answer using the equation
.

	Let, 


The kinetic energy increases by factor of 4.
	
	Both climbers have the same mass and g is constant, so 

Therefore, Climber B gains 3 times more gravitational potential energy than Climber A because  is directly proportional to change in height.


Level 3
Road safety campaigns focus heavily on reducing speed, even by small amounts.
Use kinetic energy ideas to explain why.
	Road safety campaigns focus heavily on reducing speed because even small increases in speed cause large increases in kinetic energy. According to the equation , velocity is squared. This means that if a car doubles its speed, its kinetic energy increases by a factor of 4. This means faster vehicles have much more energy that must be transformed during braking or collisions, causing larger impact forces and longer stopping distances, which increases the risk of serious injury or death.


Level 4
Elevator safety investigation
Engineers are comparing 3 elevators that may need to make an emergency stop.
	Elevator
	Total mass (kg)
	Height (m)
	Speed before braking ()

	A
	800
	20
	4

	B
	800
	40
	4

	C
	800
	20
	8


An engineer claims: ‘Elevator B will require the most energy to stop because it is highest above the ground.’
Evaluate the engineer’s claim using calculations and evidence from the data.
	To stop an elevator at its current height, the energy that must be removed is related to its kinetic energy:

Elevator A:

Elevator B:

Elevator C:

The engineer’s claim is not supported. Elevators A and B have the same mass and speed, so they have the same kinetic energy even though Elevator B is higher above the ground. Elevator C has the greatest kinetic energy and therefore requires the greatest amount of energy to be removed to bring it to rest.
The height affects gravitational potential energy, but it does not determine the energy that must be removed to stop the elevator at its current height.


[bookmark: _Ref241525672]

[bookmark: _Toc243045935]Teaching advice
Background information
The whiteboard banner sprint activity is designed to introduce structured collaboration into senior physics classrooms while maintaining cognitive challenge and academic rigour. In many senior science classrooms, students often work individually, particularly during calculation-based practice. While independent practice remains important, collaborative problem-solving allows students to externalise their reasoning, explain relationships verbally, negotiate meaning and develop deeper conceptual understanding.
The activity uses visual ‘level banners’ to organise questions into progressively demanding cognitive levels. This structure helps students recognise that understanding in physics extends beyond substituting into equations and includes proportional reasoning, conceptual analysis, interpretation of evidence and the transfer of ideas to unfamiliar contexts.
The 4 levels are intentionally aligned with increasing cognitive demand:
Level 1: substitute and calculate
Focuses on procedural fluency and unit conversion. Students practise recalling equations, converting prefixes, and performing calculations accurately. 
Level 2: algebraic relationships
Shifts students away from calculation and toward proportional reasoning. Students identify how changing one variable affects another without direct substitution. 
Level 3: predict and explain
Requires students to explain physical relationships conceptually using scientific reasoning and appropriate physics language. 
Level 4: transfer and apply
Requires students to interpret stimulus material, evaluate claims, analyse data tables or simulations, and apply energy concepts in unfamiliar contexts. 
The collaborative structure is deliberately embedded into the activity. Each group member has a distinct role that supports productive disciplinary discussion:
Scribe – records only what the speaker communicates
Speaker – explains reasoning aloud and directs the solution process
Explainer – presents the group response to the teacher and answers follow-up questions
This role structure encourages accountability and verbalisation of thinking. The separation between speaking and writing is particularly valuable because it forces students to articulate reasoning explicitly rather than silently copying procedures.
The whiteboard format also changes the classroom culture around error and participation. Because work is temporary and highly visible:
students are more willing to attempt challenging questions
misconceptions become easier to identify
peer feedback occurs naturally
multiple solution pathways can be compared rapidly.
The sprint element increases engagement and encourages rapid retrieval of prior knowledge, while the levelled structure ensures differentiation remains built into the task. Groups can progress through levels at different rates, allowing stronger students to move into higher-order transfer questions while other groups consolidate foundational understanding.
Importantly, collaboration in senior classes should not reduce rigour. Instead, it should increase the amount of reasoning students perform aloud. In physics, conceptual understanding often develops through discussion, challenge, justification and explanation. The banner sprint activity is designed to create these opportunities while still maintaining a strong disciplinary focus on mathematical reasoning and scientific explanation.
Checks for understanding
[bookmark: _Check_for_understanding_5][bookmark: _Ref238804033]Check for understanding 1 (5.3 PPT)
Table 6 – match the energy type to correct description
	Energy type
	
	Description

	Mechanical energy (KE + U)
	
	The energy that an object possesses by virtue of its motion; the energy an object gains by being in motion.

	Potential energy (U)
	
	The energy of an object due to its kinetic energy and potential energy. 

	Kinetic energy (KE)
	
	The energy that an object possesses due to its position in a force field or that is stored in a system by virtue of the configuration and interaction between bodies in that system, for example, elastic potential energy.


Check for understanding 1 sample response
Mechanical energy (KE + U): the energy that an object possesses due to its position in a force field or that is stored in a system by virtue of the configuration and interaction between bodies in that system, for example, elastic potential energy.
Potential energy (U): the energy that an object possesses by virtue of its motion; the energy an object gains by being in motion.
Kinetic energy (KE): The energy of an object due to its kinetic energy and potential energy.
[bookmark: _Check_for_understanding_6][bookmark: _Ref239670724]Check for understanding 2 (5.3 PPT) (1 of 3)
A car and a food truck are traveling at 100 km/h. The truck has 3 times more kinetic energy than the car. Both stop over a distance of 100 m. Which vehicle requires a greatest average stopping force? Justify your answer using work and energy.
1. The car
The food truck
Check for understanding 2 (1 of 3) sample response
Answer: b
The food truck requires a greater force to bring it to rest over the same stopping distance. Three times as much work must be done on the truck to stop it compared to the car. The greater force acting through the same displacement means that more work is done on the food truck.
[bookmark: _Check_for_understanding_7][bookmark: _Ref239670776]Check for understanding 2 (5.3 PPT) (2 of 3)
Which book gains more gravitational potential energy? Why?
Two identical books are moved:
Book A is lifted from the floor to a 1 m shelf.
Book B is lifted from the floor to a 2 m shelf.
Check for understanding 2 (2 of 3) sample response
Book B.
More work is done lifting the book from the floor to a 2 m high shelf compared to Book A, which is only lifted 1 m. The work done is proportional to the height lifted and results in an increase in the gravitational potential energy. 
[bookmark: _Check_for_understanding_8][bookmark: _Ref239670905]Check for understanding 2 (5.3 PPT) (3 of 3)
Which coin has the greater kinetic energy just before it hits the ground? Why?
1. A coin dropped from a height of 1 m. 
1. The same coin dropped from a height of 30 m.
Check for understanding 2 (3 of 3) sample response
Answer: b
The coin dropped from 30 m. The gravitational force acts on the coin over a greater displacement. Therefore, more work is done on the coin, resulting in a greater increase in its kinetic energy.
[bookmark: _Check_for_understanding_9][bookmark: _Ref239670940]Check for understanding 3 (5.3 PPT)
If the speed doubles in a school zone from 40 km/h to 80 km/h, the kinetic energy of cars:
1. increases a little
ac. doubles
ad. quadruples.
Why?
Check for understanding 3 sample response
Answer: c 
Kinetic energy, , KE is proportional to the square of velocity. 

If  doubles, then  quadruples. That is, it increases by a factor of 


[bookmark: _Toc243045936]5.4 Work, systems and conservation of energy
Students investigate how defining a system determines whether mechanical energy is conserved internally through the conversion of gravitational potential energy and kinetic energy or transferred across system boundaries by external forces doing work.
Table 7 – learning intentions and success criteria
	We are learning:
	I can:

	to apply conservation of mechanical energy and work to analyse energy changes in systems
	define the system and distinguish between internal and external forces
determine whether energy is transformed within a system or transferred across its boundary by work
explain when mechanical energy is conserved
apply conservation of mechanical energy and work-energy relationships to simple gravitational situations

	to represent energy change using appropriate models and diagrams.
	use an energy flow diagram to represent energy transfers and transformations
use a work-energy bar chart to represent initial and final energy stores and work done on the system
compare representations for different choices of system boundary.


[bookmark: _Toc243045937]Lesson sequence instructions 
Activate
1. Activate prior knowledge of systems from Activity 5.1 using a falling ball scenario. Guide and develop students’ understanding of how the choice of system affects how we analyse energy changes.
Present 2 statements describing the energy changes in this scenario using slide 5.4 PPT ‘Evaluate the statements’. Ask students to discuss which statement is correct and why.
Student A claims: ‘Mechanical energy is conserved because gravitational potential energy is converted into kinetic energy.’ (Correct if a ball–Earth system is chosen.)
Student B claims: ‘Gravity does work on the ball, transferring energy into the system.’ (Also correct if the ball is chosen to be the system.)
Activate students’ prior knowledge of the energy model from Activity 5.2 using Check for understanding 1 (5.4 PPT).
Students summarise their discussion by completing the table in slide PPT 5.4 ‘Define the systems’.
Table 8 – sample response to question on PPT 5.4 ‘Define the systems’
	System chosen
	Is gravity internal or external?
	Is mechanical energy conserved?
	Is work done?

	Ball only
	External
	No
	Yes, gravity does work on the ball.

	Ball and Earth 
	Internal
	Yes
	No external work is done.


Use the discussion questions provided on slides to confirm students understanding of the differences between the systems. Students identify the system on slide 5.4 PPT ‘Ball and Earth system’ and slide 5.4 PPT ‘Ball only system’ and discuss why gravity is an external or internal interaction within each system respectively.
Core learning
1. Students investigate how gravitational potential energy transforms into kinetic energy while total mechanical energy remains constant.
Guide students to use the PhET Energy Skate Park simulation to investigate energy changes occurring in a simple system including a skater and the Earth and use the questions on slide 5.4 PPT ‘Simulation exploration’. Highlight how gravitational potential energy decreases while kinetic energy increases, yet total mechanical energy remains constant. Guide students to identify gravity as an internal force within this system.
Pause the simulation at different positions and ask questions to focus student thinking on the energy changes and internal/external forces acting. Example questions are provided in the following table.
Table 9 – discussion questions and answers
	Questions
	Answers

	Where is the energy stored at this point?
	At the top: mostly gravitational potential energy.
Halfway down: a combination of gravitational potential energy and kinetic energy.
At the bottom: mostly kinetic energy.

	Why is total mechanical energy remaining constant?
	No energy is entering or leaving the Earth and skater system.
Energy is simply transferred between gravitational potential energy and kinetic energy.
Since gravity is an internal force and friction is absent, mechanical energy is conserved.

	Which forces are internal to the system?
	Gravity is an internal force because both the Earth and the skater are part of the system.
The normal force from the track is external if the track is not included in the system, but it does no work because it acts perpendicular to the skater’s motion.
If friction is off, there are no external forces doing work on the system.


Students represent these energy transformations using energy flow diagrams (EFDs) and work-energy bar charts (WEBCs).
Activate prior knowledge from Stage 5 Energy Check for understanding 2 (5.4 PPT), by drawing an EFDs and WEBCs to represent the energy transfers and transformation of an object on an inclined plane.
Students draw the WEBC for Earth and skater system for top of the ramp, bottom of the ramp, and back at the top on the other side of the ramp using 5.4 PPT ‘Representing energy – Earth and skater system’ (2 slides).
Guide students to evaluate with evidence the claim that a heavier skateboarder reaches the bottom faster.
Introduce the relationship:  for a closed gravitational system using PPT 5.4 ‘Conservation of mechanical energy’ (2 slides). Students then test the claim using the simulation: ‘A heavier skateboarder will be going faster at the bottom of the ramp because they had more gravitational potential energy.’
Encourage students to use evidence from the simulation and conservation equations to evaluate the claim. Guide students toward mathematically expressing that velocity is only determined by gravity and height in this situation.
Guide students to explain how gravity does work and transfers energy across system boundaries when the system is defined to include only the skater. 
Prompt students to identify gravity as an external force acting on the system in slide PPT 5.4 ‘Work and gravity – skateboarder only’.
Use effective questioning to scaffold students’ analysis of energy changes in the skater-only system. Emphasise that energy is not created or lost; rather, energy is transferred into or out of the system by external forces doing work.
Students draw the WEBCs for the skater-only system for top of the ramp, bottom of the ramp and back at the top on the other side of the ramp, using slide 5.4 PPT ‘Representing energy – skater only system’.
Reinforcing the distinction between energy transformation within a system and energy being transferred across a system boundary, students individually or in pairs classify statements in a Venn diagram in Check for understanding 3 (5.4 PPT).
Consolidate
1. Students test their understanding of energy representation by accessing the Energy bar charts interactive on the Universe and More website on slide 5.4 PPT ‘Representing energy simulation’. 
Demonstrate the first example by 
1. selecting an event
playing the video
selecting the system
adding the required energy bars (and work if it is an open system)
adding the amounts of energy to each side
selecting ‘Check’ to show how automatic feedback is provided.
1. Guide students to identify and correct reasoning about conservation of mechanical energy, work and system boundaries by rewriting each statement in the Student resource – correct the claims and slide 5.4 PPT ‘Correct the claims’. Encourage students to justify their corrections using ideas from the lesson.
[bookmark: _Ref232059348][bookmark: _Toc238726720][bookmark: _Ref238822514]

[bookmark: _Student_resource_–_4][bookmark: _Toc243045938]Student resource – correct the claims
Each of the claims in the table below contains an error.
For each claim, identify:
what is wrong with the reasoning
the correct scientific explanation.
	Incorrect statement
	What is wrong with the reasoning
	Correct scientific explanation

	Kinetic energy appears from nowhere during free fall.
	
	

	Energy disappears when gravitational potential energy decreases.
	
	

	Mechanical energy is not conserved because the skateboarder speeds up.
	
	

	Gravity always acts as an external force.
	
	

	Work done means energy is destroyed.
	
	

	Heavier objects fall faster because they have more energy.
	
	


Sample response – student resource – correct the claims
	Incorrect statement
	What is wrong with the reasoning
	Correct scientific explanation

	Kinetic energy appears from nowhere during free fall.’
	Energy cannot be created spontaneously.
	Kinetic energy comes from gravitational potential energy or from work done by gravity.

	Energy disappears when gravitational potential energy decreases.
	Energy is not lost during transformation; it is changed from one form to another.
	Energy is transferred or transformed from gravitational potential energy (U) into kinetic energy (KE) while total energy remains conserved.

	Mechanical energy is not conserved because the skateboarder speeds up.
	Conservation doesn’t mean nothing changes.
	Mechanical energy can remain conserved while energy changes form from U to KE.

	Gravity always acts as an external force.
	Force classification is not fixed; it is determined by system boundaries.
	Whether gravity is internal or external depends on the chosen system boundary.

	Work done means energy is destroyed.
	Work cannot remove energy permanently.
	Work transfers energy into or out of a system. Energy is conserved overall.

	Heavier objects fall faster because they have more energy.
	More energy doesn’t mean greater acceleration.
	Heavier objects have more U but also require more KE to reach the same speed, so mass cancels out in an ideal system.


[bookmark: _Toc243045939]Teaching advice
Background information 
This lesson develops students’ understanding of conservation of mechanical energy, work done, and the importance of system boundaries in physics explanations. Students often memorise equations such as:
without understanding the conceptual relationship between energy conservation and work done. The lesson addresses this by framing all energy changes through systems thinking. The lesson address this by framing energy changes through systems thinking and multiple representations. 
A key idea is that whether mechanical energy is considered as conserved depends on how the system is defined. In an Earth + object system, gravity is an internal conservative force, and energy transforms internally between gravitational potential energy and kinetic energy while total mechanical energy remains constant. In contrast, if the object alone is considered the system, gravity becomes an external force that transfers energy across the system boundary by doing work.
The lesson uses energy flow diagrams (EFDs) and work-energy bar charts (WEBCs) as complementary models for representing these ideas. EFDs shows how energy is transferred across a system boundary. WEBCs represent the initial and final energy stores of a system and work done on the system, allowing students to visualise how energy changes between forms while accounting for energy conservation.
The lesson explicitly challenges misconceptions through simulation, energy models and work-energy bar charts, classification activities and conceptual reasoning tasks, rather than relying solely on numerical calculations. The PhET Energy Skate Park simulation supports visualisation of energy transformations and allows students to connect graphical representations with physical motion.
Conceptually, the lesson distinguishes between:
energy transformation within a system (conservation)
energy transfer across a system boundary (work done).
This distinction is critical for deeper understanding of later topics including non-conservative forces, thermal energy transfer, electric fields, and broader system modelling in senior physics.
Checks for understanding
[bookmark: _Check_for_understanding_10][bookmark: _Ref239752879][bookmark: _Ref235020073][bookmark: _Ref238804518]Check for understanding 1 (5.4 PPT)
Fill in the blanks below.
Energy (E) is a property of a system – a system has a certain amount of energy
_____________ is a process, an event that changes the energy of a system.
[image: Diagram showing an energy model with the system represented by a dashed circle. The system contains kinetic energy (KE), potential energy (U), and total mechanical energy (KE + U). The surroundings are shown outside the system boundary, with an arrow indicating energy transfer into the system.]
Check for understanding 1 sample response 
Work is the correct term to complete each of the blank spaces.
[bookmark: _Check_for_understanding_11][bookmark: _Ref239750781][bookmark: _Ref235021190][bookmark: _Ref238804687]Check for understanding 2 (5.4 PPT)
Draw an energy flow diagram and a work-energy bar chart to demonstrate the energy transfers and transformation occurring below.
[image: Diagram contrasts initial and final states of a block on an inclined ramp. Initially, block rests near upper slope; finally, block moves downward toward lower edge]
[image: Diagram compares initial state (t₁) and final state (t₂) using energy categories. ]
Check for understanding 2 sample response
[image: Sample response - energy diagrams showing gravitational potential energy is transformed into kinetic energy and a small amount of thermal energy with no work done on or by the system. ]
[bookmark: _Check_for_understanding_12][bookmark: _Ref239751695]Check for understanding 3 (5.4 PPT)
Place each statement into the correct region of the Venn diagram.
[image: Venn diagram. First circle has heading of  'Mechanical energy conserved within the system' and second circle has 'Energy transferred across system boundaries'.]
Statements
A. Gravity is internal to the system.
B. Energy crosses the system boundary.
C. U transforms to KE.
D. Gravity transfers energy into the system.
E. Total mechanical energy remains constant.
F. Work is done by an external force.
G. Energy is transformed within the system.
Check for understanding 3 sample response
[image: A Venn diagram with two overlapping circles. The left circle is labelled 'Mechanical energy conserved within the system' and contains A, C, E and G. The right circle is labelled 'Energy transferred across system boundaries' and contains B, D and F. The overlapping region is empty.]

[bookmark: _Toc243045940]5.5 Momentum and impulse
Students develop conceptual and mathematical understanding of momentum and impulse by analysing how force, time and motion are related in real-world situations.
Table 10 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse momentum and impulse in one-dimensional situations
	define momentum and impulse using scientific language
calculate momentum using  
calculate impulse using 
explain how force and contact time affect a change in momentum

	to use scientific principles to solve momentum and impulse problems.
	select and apply appropriate relationships
use cause-and-effect reasoning to make predictions and explain real-world situations.


[bookmark: _Toc243045941]Lesson sequence instructions
Activate
1. Activate prior knowledge of Newton’s laws of motion from the content group Forces and motion using slide 5.5 PPT ‘Revisiting Newton’s laws'. Guide students to connect each scenario to Newton’s laws of motion by discussing the cause-and-effect relationships between force, mass, acceleration and time. Use their responses to introduce the need for the quantities of momentum and impulse.
Table 11 – sample response table of discussion
	Scenario
	Newton’s law
	Cause-and-effect relationship 

	Why is a truck harder to stop than a bicycle moving at the same speed
	Newton’s first and second laws
	The truck has greater mass, so it has greater inertia and resists changes to its motion more strongly. Newton’s second law shows that a larger force is therefore required to produce the same deceleration as the bicycle.

	Why do airbags increase safety during a crash?
	Newton’s second law
	An airbag increases the time over which a person slows down during a crash. Spreading the change in motion over a longer time reduces the acceleration (as per ) and therefore reduces the force acting on the person.


Core learning
1. Distinguish between force, momentum and inertia to provide the appropriate scientific language to support students to engage with momentum concepts.
Define momentum as a vector quantity. Introduce the formula  and units  for momentum and distinguish it from inertia using slide 5.5 PPT ‘Momentum’.
Complete Check for understanding 1 (5.5 PPT) to check that students understand that momentum is the product of mass and velocity by ranking objects from highest to lowest momentum. 
2. Guide students to distinguish between impulse () and force, by defining impulse as the overall effect of a force acting over time ().
Use the force-time graph on slide 5.5 PPT ‘Impulse’ to highlight that the area under the graph represents change in momentum. Unpack the features of a force-time graph for a typical collision including the axes, shape of the graph and the area between the curve and the x-axis.
Model how Newton’s second law of motion can be used to derive the relationship between impulse and change in momentum using the derivation provided on the slide.
Complete Check for understanding 2 (5.5 PPT) to reinforce the relationship between impulse and change in momentum (area under force-time graph) and to connect this to effect of collision time on force.
3. Students work in pairs to sort the scenario cards into the categories: momentum, force, inertia and impulse. Encourage students to justify their choices and discuss disagreements rather than focusing on getting answers immediately correct.
Distribute the Student resource – sorting game scenario cards and display 5.5 PPT ‘Sorting game (2 slides) to share game instructions and later to review student responses.
As students work, question their reasoning using prompts such as ‘Can an object have inertia while stationary?’ and ‘Why does increasing stopping time reduce force?’
Conclude with a class discussion with the support of the Sample response – student resource – sorting game to compare answers and reinforce the differences between the 4 concepts.
4. Student individually identify and explain the same event using momentum, inertia, force and impulse as different ‘lenses’ to help understand what is happening, for example, catching a cricket ball or a car crash. An example with sample responses is included on 5.5 PPT ‘One scenario 4 quantities’ (2 slides).
5. Model how impulse connects force, time and momentum mathematically using the worked example on slide 5.5 PPT ‘Applying momentum and impulse’. Guide students to frame the problem visually before selecting and substituting values into equations. 
Consolidate 
1. Conduct 5.5 PPT ‘Whiteboard banner sprint game’ (2 slides) in random groups of 3, with students working through progressively challenging problems from Level 1 to Level 4. Have students rotate the roles of scribe, speaker and explainer as they apply the energy equations and explain their reasoning. The characteristics of Level 1–4 questions are outlined in the Teaching advice for Activity 5.3.
Prepare: the teacher prints out the question cards (Level 1 to Level 4) from the Student resource – momentum and impulse consolidation and cuts out each question. Attach large whiteboard surfaces (for example, laminated A3 sheets) around the room – one for each group or use mini whiteboards. 
Students’ roles:
Scribe – only writes what the speaker says 
Speaker – tells the scribe what to write, chooses formulas and does calculations on a calculator
Explainer – presents answers to the teacher and explains the team’s reasoning.
Differentiation: complete worked examples to model strategies for solving problems at each level. This could be done at a small group level as each group moves on to the next level. 
7. 

[bookmark: _Student_resource_–_5][bookmark: _Ref235101561][bookmark: _Toc243045942]Student resource – sorting game
Place each card under the concept that best explains the scenario. Be prepared to justify another category that may also apply.
Momentum
Force
Inertia
Impulse

	A truck moving at highway speed is difficult to stop[image: ]
	A wall pushes back on a person leaning on it
[image: ]
	Stationary bowling ball
[image: ]

	A magnet pulls a paperclip
[image: ]
	Bullet travelling fast[image: ]
	Heavy truck parked 
[image: ]

	A heavy trolley resists starting motion
[image: ]
	A bat changes the direction of a baseball
[image: ]
	Sandpits reduce injury when jumping from height
[image: Sand pits reduce injury when jumping from height]


[bookmark: _Sample_response_–][bookmark: _Ref238821018]Sample response – student resource – sorting game
	[bookmark: _Ref238819429]Concept
	Card
	Reason

	Momentum
	A truck moving at highway speed is difficult to stop
	Large mass and high velocity give the truck large momentum, making it difficult to bring to rest.

	Momentum
	Bullet travelling fast
	The bullet has momentum because it has mass and velocity; its high velocity gives it significant momentum.

	Force
	A wall pushes back on a person leaning on it
	The wall exerts a contact force on the person –Newton’s third law of motion.

	Force
	A magnet pulls a paperclip
	The magnet exerts a magnetic force without physical contact.

	Inertia
	Stationary bowling ball
	The ball resists changing from rest to motion because of its inertia.

	Inertia
	Heavy truck parked
	Its large mass means it has large inertia, so it strongly resists being accelerated.

	Inertia
	A heavy trolley resists starting motion
	The trolley’s large mass gives it greater inertia, making it resistant to changing from rest to motion.

	Impulse
	A bat changes the direction of a baseball
	The bat applies a force over a short time, producing an impulse that changes the ball's momentum, particularly its direction.

	Impulse
	Sandpits reduce injury when jumping from height
	The sand increases the time over which momentum changes, reducing the average force experienced by the jumper.


[bookmark: _Student_resource_–_6][bookmark: _Ref238823004][bookmark: _Toc243045943]Student resource – momentum and impulse consolidation
Problem-solving as part of a team
You should be in a team of 3 – each person will play a role to help their team solve the problems. Swap roles after completing each problem so that everyone gets to play each role.
Scribe – only writes what the speaker says.
Speaker – tells the scribe what to write, chooses formulas and performs calculations on a calculator.
Explainer – presents answers to the teacher and explains the team’s reasoning.
Instructions
1. Each team starts at banner Level 1.
1. Solve the question on your whiteboard as quickly and accurately as possible. Remember to show all your working.
1. Explain your solutions to the teacher to progress to the next level. You have completed the game when you solve Level 4. 


Question cards
	Level 1: substitute and calculate
	Level 1: substitute and calculate

	A 0.20 kg tennis ball changes velocity from 0  to 18  in the time of 10 ms.
Calculate:
change of momentum
force acting on the tennis ball.
	A cricket ball of mass 0.16 kg travels at 25 and is caught. The stopping time is 0.2 s. Calculate:
initial momentum
impulse 
average force during the catch.

	Level 2: algebraic relationships
	Level 2: algebraic relationships

	A truck and a car travel at the same speed.
The truck has 4 times the mass of the car.
Without calculating:
compare their momentum
justify which one is more dangerous on the road.
	Two cricket players catch identical balls:
Player A stops the ball in 0.1 s
Player B stops the ball in 0.5 s.
Both balls experience the same change in momentum.
Without calculating:
compare the forces experienced by the 2 players using the algebraic relationship.

	Level 3: predict and explain
	Level 4: transfer and apply

	Explain why airbags reduce injury during a car crash even though the passenger still comes to a stop.
	A company tests 2 helmet designs.
The collision time during a crash for Helmet A and Helmet B are 0.02 s and 0.20 s respectively.
Evaluate which helmet is safer and explain using momentum and impulse.


Sample response – student resource – momentum and impulse consolidation
	Level
	Question
	Solution

	Level 1
	A 0.20 kg tennis ball changes velocity from 0  to  in . 
Calculate: 
change of momentum 
force acting on the tennis ball.
	Momentum change 

Force acting on the tennis ball


	Level 1
	A cricket ball of mass 0.16 kg travels at 25  and is caught. The stopping time is 0.2 s. 
Calculate:
initial momentum
impulse 
average force during the catch.
	Initial momentum:

Impulse:

Average force:


	Level 2
	A truck and a car travel at the same speed. The truck has 4 times the mass of the car. 
Without calculating: 
compare their momentum
justify which one is more dangerous on the road.
	Since momentum depends on mass and velocity, the truck has 4 times the momentum because it has 4 times the mass while travelling at the same speed.
The truck is more dangerous because greater momentum requires a greater impulse to stop.

	Level 2
	Two cricket players catch identical balls. 
Player A stops the ball in 0.1 s. 
Player B stops the ball in 0.5 s. 
Both balls experience the same momentum change. 
Without calculating: 
compare the forces experienced by the 2 players using the algebraic relationship
	Player A experiences 5 times force of player B, because the stopping time is shorter. Both balls have the same momentum change,  



	Level 3
	Explain why airbags reduce injury during a car crash even though the passenger still comes to a stop.
	Airbags increase the stopping time during the collision. For the same momentum change, 

increasing stopping time  reduces the force  experienced by the passenger.

	Level 4
	A company tests 2 helmet designs.
The collision time during a crash for Helmet A and Helmet B are 0.02 s and 0.20 s respectively.
Evaluate which helmet is safer and explain using momentum and impulse.
	Helmet B is safer because it increases the collision time from 0.02 s to 0.20 s. For the same momentum change, 

increasing stopping time  from 0.02 s to 0.20 s reduces the force  experienced by the passenger by a factor of 10.




[bookmark: _Toc243045944]Teaching advice
Background information 
This lesson focuses on developing students’ conceptual understanding of momentum and impulse through sorting, comparing and discussion activities rather than memorisation of formulas. Students explore the differences between momentum, force, inertia and impulse by analysing real-world scenarios and force-time graphs. The lesson emphasises that momentum is a property of moving objects, inertia is resistance to changes in motion, force is an interaction, and impulse describes the effect of force acting over time. Watch the video on Force vs. time graphs for more details on force-time graphs Through comparison tasks and graph matching activities, students develop understanding that the same momentum change can occur with different forces depending on time. The lesson encourages students to justify reasoning, challenge misconceptions and explain relationships between concepts before applying equations mathematically.
[bookmark: _Toc243045945]Checks for understanding
[bookmark: _Check_for_understanding_13][bookmark: _Ref235087738]Check for understanding 1 (5.5 PPT)
Rank the momentum of these objects from highest to lowest.
[image: Diagram showing four blocks labeled A, B, C, and D. 
A: a 2m mass moving right at 2v. 
B: a m mass moving right at 4v
 C: a 3m mass moving right at 2v
 D: a 5m mass moving right at v
]
Check for understanding 1 sample response 
Ranking: C, D, A=B

[bookmark: _Check_for_understanding_14][bookmark: _Ref238818801]Check for understanding 2 (5.5 PPT)
Two identical eggs are dropped from the same height onto 2 different surfaces – a concrete floor and a pillow – and come to rest without bouncing.
Use the force-time graphs below (A and B) to answer:
1. Match – Which graph represents the egg landing on the concrete floor, and which represents the pillow? 
1. Think – Do the 2 collisions have same impulse? Why?
A

B

Check for understanding 2 sample response 
1. Match
Egg landing on concrete floor: Graph B with the shorter contact time and greater maximum force. 
Egg landing on pillow: Graph A with the longer contact time and lower maximum force. 
2. Think
Do the 2 collisions have the same impulse? Why?
Yes, the 2 collisions have the same impulse. The eggs are identical and dropped from the same height, so they have the same momentum immediately before impact. Both eggs come to rest, so they have the same final momentum. Therefore, they experience the same change in momentum. Since impulse equals change in momentum, the impulses are the same.
The graphs have the same area, representing the same impulse, even though the forces and collision times are different.


[bookmark: _Toc243045946]5.6 Collisions and conservation of momentum
Students investigate how momentum is conserved during collisions by analysing interactions within isolated systems.
Table 12 – learning intentions and success criteria
	We are learning:
	I can:

	to explain when and why momentum is conserved and use conservation of momentum to solve collision problems
	state the conditions required for momentum to be conserved
explain why momentum is conserved during interactions in an isolated system
use  to make predictions, explain phenomena and solve collision problems

	to appropriately express quantitative solutions
	use appropriate scale prefixes and significant figures
interpret the direction represented by positive and negative momentum or velocity

	to use scientific principles to solve collision problems.
	define the system and identify any relevant internal and external forces
represent the situation and choose a positive direction.


[bookmark: _Toc243045947]Lesson sequence instructions 
Activate
1. Activate prior knowledge of Newton’s laws of motion from the content group Forces and motion, and momentum/impulse from Activity 5.5 using real-world scenarios in slide 5.6 PPT ‘Car crash test and stacked ball drop demonstration’. The goal is for students to recognise that collisions involve momentum transfer and force interactions.
Play the crash test clip and use the discussion questions in Table 13 to scaffold student thinking.
[bookmark: _Ref241574937]Table 13 – discussion questions and solutions
	Question
	Suggested answer

	Why does the passenger continue moving forward after the car stops?
	The passenger continues moving forward due to inertia (Newton’s first law of motion). When the car stops suddenly, the passenger’s body tends to maintain its original velocity.

	Where does the motion go during the collision? 
	Motion does not ‘go’ anywhere. The passenger and car lose velocity because forces act during the collision. The kinetic energy associated with the motion is transformed into other forms of energy, such as deformation of the car, heat, sound and vibration.

	What happens to the car’s momentum? 
	During the collision, the car’s momentum decreases as an external force from the barrier acts on it. The car transfers its momentum to the barrier and ultimately the Earth. While the car’s momentum changes, the total momentum of the complete system (car + barrier + Earth) is conserved.

	Why do airbags reduce injury? 

	Airbags increase the time over which the passenger is brought to rest. For the same change in momentum, increasing the collision time reduces the average force on the passenger. They also spread the force over a larger area of the body, reducing the risk of serious injury.


Demonstrate dropping a tennis ball on top of a basketball and use effective questioning to encourage students to describe the collision as an interaction between objects rather than isolated motion. A sample sequence of questions is outlined in Table 14.
[bookmark: _Ref241574975]Table 14 – discussion questions and sample responses
	Question
	Suggested answer

	Which ball will bounce higher?
	The smaller top ball will probably bounce higher than either ball would on its own.

	What evidence suggests momentum is being transferred between the balls?
	The top ball rebounds much faster and reaches a greater height after the balls collide. This suggests that its motion has been affected by the lower ball during the collision.


Core learning
1. Guide students to explore the law of conservation of momentum as it is applied to collisions.
Use the equation in slide 5.6 PPT ‘Law of conservation of momentum’ to relate the mathematical representation to the physical description of the law of conservation of momentum:

Prompt students to explain: 
that the sigma symbol , means ‘the sum of’
that momentum is a vector quantity: because mass is a scalar and velocity is a vector, momentum is also a vector.
Use the Richard Garriott space video blog: conservation of momentum (1:58) video to highlight that momentum is conserved when there are no (or negligible) net external forces acting on a system.
2. Explore the conditions under which momentum is conserved by introducing the concept of an isolated system using Newton’s cradle with slide 5.6 PPT ‘When is momentum conserved?’ Facilitate discussions on system, internal forces and external forces using the questions in Table 15.
[bookmark: _Ref242711498][bookmark: _Ref242711493]Table 15 – discussion questions and answers
	Question
	Suggested answer

	What objects should be included in the system?
	All the balls in Newton’s cradle should be included in the system because they are colliding and exchanging momentum.

	What forces act inside the system?
	The internal forces are the contact (collision) forces that the balls exert on each other. These forces occur in equal and opposite pairs (Newton’s third law of motion) and transfer momentum between the balls without changing the system’s total momentum.

	Are any external forces affecting the collision?
	Yes. Gravity, the tension in the strings, air resistance and friction are all external forces. However, during the very short collision, the horizontal external forces are negligible compared with the large internal forces, so the total horizontal momentum of the balls is approximately conserved.


3. Use effective questions to prompt students to investigate why momentum is conserved in slide 5.6 PPT ‘Why is momentum conserved?’ 
Why are the forces during a collision equal and opposite? (Force of A on B is equal to the force of B on A because they form a reaction pair as per Newton’s third law of motion.)
Why do the interaction forces act over the same time interval? (Because the forces are a reaction pair, they must act over the same time interval. For contact forces like those shown in the diagram, the forces only act while the objects are in contact.)
Guide students through the derivation of conservation of momentum using Newton’s third law of motion. Highlight that equal and opposite forces produce equal impulses, resulting in equal and opposite changes in momentum, so the total momentum remains constant. 
Reinforce that internal forces transfer momentum within the system, and that momentum is conserved when there is no net external force acting on the system, by using Check for understanding 1 (5.6 PPT).
4. Model how to apply  to solve problems, using the worked examples on 5.6 PPT ‘Solving collision problems’ (2 slides).
Use Check for understanding 2 (5.6 PPT) to check that students can reason using conservation of energy to predict the change in velocity of objects after a collision.
Consolidate
1. Guide students towards independent practice by solving real-world problems using conservation of energy:

Display slide 5.6 PPT ‘Exit ticket’ and distribute the Student resource – conservation of momentum exit ticket.
Instruct students to show clear working, define directions carefully, and explain momentum transfer using appropriate physics language rather than simply writing equations.
Work through examples with students as required in the Sample response – student resource – conservation of momentum exit ticket, highlighting the steps in applying the problem-solving scaffold.
Reinforce that momentum is conserved in isolated systems because the interacting objects exert equal and opposite forces over the same time interval.
Differentiation: use the Collision Lab PhET simulation to provide a wider range of examples students can explore, simplify data collection to focus learning on applying mathematical models, or extend analysis to include 2-dimensional collisions.


[bookmark: _Student_resource_–_7][bookmark: _Ref239062274][bookmark: _Toc243045948]Student resource – conservation of momentum exit ticket
1. State the condition required for momentum conservation.
	


1. Explain why momentum is conserved during collisions.
	


1. A 0.25 kg soccer ball moving at 12  west collides with a stationary 0.50 kg ball. After the collision, the 0.25 kg ball moves at 4  west. Determine the final velocity of the 0.50 kg ball, assuming momentum is conserved.
	


1. A 1 200 kg car travelling at 20  east collides with an 800 kg car travelling at 10  west. If they stick together after the collision, determine their final velocity.
	


1. A 2.0 kg trolley travels east at 5.0 m s⁻¹ and catches a 3.0 kg trolley travelling east at 
2.0 m s⁻¹. They collide and move together. Calculate their velocity after the collision.
	


1. A 4.0 kg object initially at rest explodes into 2 pieces. One piece has a mass of 1.5 kg and moves east at 8.0 m s⁻¹.Calculate the velocity of the 2.5 kg piece.
	


1. A 60 kg student is standing on a 4.0 kg skateboard with a ball. Before throwing a 2.0 kg ball, the student and skateboard are travelling east at 3.0 m s⁻¹ on a low friction surface. The student throws the ball east at 12 m s⁻¹. Calculate the velocity of the student and skateboard immediately after the ball is thrown.
	


1. During a rocket launch, the rocket burns fuel and ejects exhaust gases backward at high speed. As the rocket rises: its mass decreases to  while its velocity increases to  times. 
Explain quantitatively how these changes affect the rocket’s momentum.
	


[bookmark: _Ref239062430]

[bookmark: _Sample_response_–_1]Sample response – student resource – conservation of momentum exit ticket
1. State the condition required for momentum conservation.
	Momentum is conserved when the system is isolated and there is no net external force acting on the system.


1. Explain why momentum is conserved during collisions.
	During collisions, objects exert equal and opposite forces on each other for the same time interval (Newton’s third law of motion). The momentum lost by one object equals the momentum gained by the other, so the total momentum of the system remains constant.


1. A 0.25 kg soccer ball moving at 12  west collides with a stationary 0.50 kg ball. After the collision, the 0.25 kg ball moves at 4 west. Determine the final velocity of the 0.50 kg ball, assuming momentum is conserved.
	


1. A 1200 kg car travelling at 20  east collides with an 800 kg car travelling at 10  west. If they stick together after the collision, determine their final velocity.
	

The final velocity is  east.


1. A 2.0 kg trolley travels east at 5.0 m s⁻¹ and catches a 3.0 kg trolley travelling east at 
2.0 m s⁻¹. They collide and move together. Calculate their velocity after the collision.
	
The final velocity is east.


1. A 4.0 kg object initially at rest explodes into 2 pieces. One piece has a mass of 1.5 kg and moves east at 8.0 m s⁻¹.Calculate the velocity of the 2.5 kg piece.
	The final velocity of the 2.5 kg piece is west.


1. A 60 kg student is standing on a 4.0 kg skateboard with a ball. Before throwing a 2.0 kg ball, the student and skateboard are travelling east at 3.0 m s⁻¹ on a low friction surface. The student throws the ball east at 12 m s⁻¹. Calculate the velocity of the student and skateboard immediately after the ball is thrown.
	
The final velocity is east.


1. During a rocket launch, the rocket burns fuel and ejects exhaust gases backward at high speed. As the rocket rises: its mass decreases to 1/3 while its velocity increases to 6 times 
Explain quantitatively how these changes affect the rocket’s momentum.
	The rocket’s final momentum is  the initial momentum.


[bookmark: _Toc243045949]Teaching advice
Background information 
This lesson focuses on conservation of momentum because of interactions within an isolated system. Students commonly memorise momentum equations procedurally without understanding the underlying physics principles, so the lesson prioritises conceptual reasoning, system thinking, and cause-and-effect relationships before formal calculations.
Momentum is a vector quantity, meaning both magnitude and direction must be considered. Students often struggle with assigning directions consistently and interpreting negative values physically. Continually reinforce that conservation of momentum applies to the total system, not individual objects.
The key conceptual foundation is Newton’s third law of motion. During collisions, interacting objects exert equal and opposite forces over the same time interval, producing equal and opposite changes in momentum. Momentum is therefore transferred between objects rather than created or destroyed.
Students frequently confuse momentum conservation with energy conservation. While momentum is conserved in isolated systems, kinetic energy may be transformed into sound, heat and deformation during collisions. This distinction will be explicitly taught in Activity 5.7.
Real-world contexts such as vehicle collisions, recoil, sports impacts, rocket propulsion, airbags and crumple zones should be used to help students connect mathematical models to observable phenomena. Students should first predict and explain collision outcomes qualitatively before applying equations quantitatively.
The exit ticket is designed to assess both procedural fluency and conceptual understanding. Early questions focus on foundational calculations and identifying conditions for momentum conservation, while later questions require students to interpret stimulus material, explain real-world applications, and apply momentum concepts to unfamiliar situations. Responses can be used formatively to identify misconceptions and determine whether students can transfer understanding beyond routine substitution questions.
Checks for understanding
[bookmark: _Check_for_understanding_15][bookmark: _Ref235186384]Check for understanding 1 (5.6 PPT)
Newton’s cradle is sitting on a table. One ball is pulled back and released, causing a collision with the other balls.
Which statement best explains why momentum can be conserved during the collision?
1. The forces between the balls are equal and opposite, so no forces act on the system.
The forces between the balls are internal to the system, and the net external force is negligible.
The balls experience no gravitational force during the collision.
Momentum is always conserved whenever objects collide.
Check for understanding 1 sample response 
Answer: b
[bookmark: _Check_for_understanding_16][bookmark: _Ref239064145]Check for understanding 2 (5.6 PPT)
Two trolleys collide on a level, low friction track. 
Before the collision: 
Trolley A: 2 kg moving right at m s-1 
Trolley B: 1 kg at stationary.
After the collision, the trolleys stick together.
Without calculating, predict whether the combined trolleys move faster, slower or at the same speed as Trolley A was moving before the collision? Explain your reasoning.
Check for understanding 2 sample response
The momentum of the system is conserved, so the total momentum before the collision must equal the total momentum after the collision. Because the mass of the system increases when the trolleys stick together, the final velocity must be less than .
[bookmark: _Toc243045950]5.7 Elastic and inelastic collisions
Students analyse collisions and distinguish between elastic and inelastic collisions, by calculating changes in kinetic energy.
Table 16 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse and classify collisions using conservation of momentum and kinetic energy.
	distinguish between elastic and inelastic collisions
calculate total momentum before and after a collision
use  to justify whether a collision is elastic or inelastic.


[bookmark: _Toc243045951]Lesson sequence instructions 
Activate
1. Activate students’ prior knowledge of conservation of energy from Activity 5.4. Demonstrate dropping a table tennis ball and a ball of playdough from the same height onto a hard surface to analyse energy transformation during collision. 
Use effective questions on slide 5.7 PPT ‘Demonstration table tennis ball versus playdough’ to prompt students to carefully observe the behaviour of each object after the collision, focusing on rebound height, deformation and energy changes.
Table 17 – discussion questions and answers
	Question
	Suggested answer

	Which ball will bounce higher? Why?
	The table tennis ball will bounce higher because it is more elastic and transfers more of its kinetic energy back into motion during the collision.

	Did the table tennis ball return to its original height? Explain your reasoning.
	No. The table tennis ball will usually bounce to a lower height because not all gravitational potential energy is converted back into kinetic energy. Some energy is transferred to other forms during the collision.

	Why did the ball of playdough not bounce after the collision?
	The playdough undergoes permanent deformation during the collision. Much of its kinetic energy is transferred into internal energy as it deforms, rather than being converted back into kinetic energy for the playdough to rebound.

	What forms of energy was the kinetic energy transferred into?
	Some of the kinetic energy was transferred into sound, heat and deformation when the balls collided.


Core learning
1. Introduce elastic and inelastic collisions by comparing the total kinetic energy before and after each interaction in slide 5.7 PPT ‘Types of collision’.
Use the examples on the slide to connect the definitions to observable real-world behaviour, then have students suggest and discuss other examples of elastic and inelastic collisions. Reinforce that most real-world collisions are not perfectly elastic.
Elastic collisions: 2 steel balls colliding, air-hockey pucks colliding
Inelastic collisions: car crashes, watermelon hitting the floor, catching a ball.
Check students’ understanding of elastic and inelastic collisions, using the Venn diagram to highlight similarities and differences in Check for understanding 1 (5.7 PPT).
2. Use the Collision Lab PhET simulation to investigate how changing mass, velocity and elasticity affects collisions. Instructions and a sample results table are included on 5.7 PPT ‘Collision lab’ (2 slides).
Students construct a results table, recording relevant data including masses and velocities, and use this information to calculate total momentum and kinetic energy before and after each collision.
Students compare initial and final values to determine and explain whether momentum and kinetic energy are conserved.
Table 18 – sample results for Collision Lab
	
	

	

	

	

	

	

	

	

	
(J)
	
(J)

	Collision 1
	0.5
	1.5
	1
	-0.5
	-1.25
	0.25
	-0.25
	-0.25
	0.875
	0.875

	Collision 2
	0.5
	1.5
	1
	-0.5
	-0.13
	-0.13
	-0.25
	-0.25
	0.44
	0.02


(Collision 1 is elastic collision, Collision 2 is inelastic collision because the kinetic energy is not conserved.)
Differentiation: extend analysis to include collisions in 2 dimensions for higher ability students to practise applying the component method for adding/subtracting vectors.
3. Students work in pairs to analyse real-world collisions in the Student resource – classifying collisions to classify them as elastic or inelastic, explain how kinetic energy is transferred, and evaluate how collision design serves different purposes.
Work through the first example together as a class using the information on slide 5.7 PPT ‘Classifying collisions’.
Encourage students to classify the collision by considering whether kinetic energy is mostly conserved or transferred into other forms such as deformation, sound or thermal energy. 
Prompt students to justify whether each collision is helpful or harmful by linking the collision design to its real-world purpose.
4. Apply the kinetic energy equation and calculations to classify collisions as elastic or inelastic.
Model how to frame and solve questions using the problem-solving scaffold for the worked example on 5.7 PPT ‘Elastic or inelastic’ (2 slides). Encourage students to compare total system kinetic energy before and after the collision rather than focusing on individual objects. Reinforce that momentum is conserved in isolated systems even when kinetic energy changes.
Check students can apply the energy formula to compare kinetic energy in collisions by asking them to complete Check for understanding 2 (5.7 PPT).
Students work in pairs to solve the 2 problems on slide 5.7 PPT ‘Collison questions’.
Table 19 – sample solutions to scenario questions
	Questions
	Suggested solution

	Scenario A
During a crash test, a 2 430 kg electric SUV travelling at 72.5 km/h collides with a safety barrier and rebounds at 1.85 .
	

Kinetic energy decreased significantly. The collision is inelastic.
Energy was transferred into deformation and heat sound during the collision

	Scenario B 
A 4.8 ng particle travelling east at 320  collides with a 6.2 ng particle travelling west at 180 . After collision, the particles stick together and travel east at 38.2 .
	

Kinetic energy decreased. The collision is inelastic because the particles stick together.
Energy was transferred into heat, electromagnetic radiation, vibrations within the detector material and deformation of the particles during the collision.


Consolidate
1. Students apply understanding of elastic and inelastic collisions to design and justify a real-world collision, then develop and solve a related mathematical problem in 5.7 PPT ‘Design the collision’ (2 slides). 
Students select one scenario on the Student resource – design the collision and justify which type of collision would be most effective based on energy transfer, momentum, safety and performance. 
They create a realistic mathematical collision problem related to the chosen scenario, including appropriate values and units.
They then solve the problem using kinetic energy calculations and classify the collision based on the change in total kinetic energy.

[bookmark: _Student_resource_–_8][bookmark: _Ref239072803][bookmark: _Toc243045952]Student resource – classifying collisions
For each scenario, identify the type of collision and decide whether the outcome is helpful or harmful. Explain your reasoning using physics concepts such as kinetic energy, deformation, impulse and energy transfer. The first scenario has been completed for you.
Identify the type of collision: elastic or inelastic. 
Decide whether the outcome is helpful or harmful. 
Explain why, describing what happens to the kinetic energy and momentum during the collision and, where relevant, how the collision time affects the force. 
Challenge: use specific physics terminology to justify your answers.
	Scenario
	Type of collision
	Helpful or harmful?
	Explanation

	A car crumple zone during a crash
	Inelastic
	Helpful
	The crumple zone deforms and transfers kinetic energy into deformation and heat, reducing the force experienced by passengers.

	A trampoline launching a gymnast upward
	
	
	

	A cyclist wearing a helmet during a fall
	
	
	

	A phone falling onto concrete and cracking
	
	
	

	A golf ball being struck by a golf club
	
	
	


Sample response – student resource – classifying collisions
	Scenario
	Type of collision
	Helpful or harmful?
	Explanation

	A car crumple zone during a crash
	Inelastic
	Helpful
	The crumple zone deforms and transfers kinetic energy into deformation and heat, reducing the force experienced by passengers.

	A trampoline launching a gymnast upward
	Approximately elastic
	Helpful
	The trampoline stores elastic potential energy and transfers much of it back into kinetic energy, allowing the gymnast to rebound upward.

	A cyclist wearing a helmet during a fall
	Inelastic
	Helpful
	The helmet absorbs kinetic energy through deformation, reducing the impact force on the cyclist’s head.

	A phone falling onto concrete and cracking
	Inelastic
	Harmful
	Kinetic energy is transferred into deformation and damage to the phone, rather than remaining as motion.

	A golf ball being struck by a golf club
	Approximately elastic
	Helpful
	Kinetic energy is efficiently transferred from the club to the ball to maximise speed and distance after collision.




[bookmark: _Student_resource_–_9][bookmark: _Ref240543665][bookmark: _Toc243045953]Student resource – design the collision
Name: _______________________
Your challenge
Choose ONE real-world scenario and decide whether the collision should be:
elastic
inelastic
perfectly inelastic.
You must justify your decision using:
momentum
kinetic energy
energy transfer
safety or performance.
Choose ONE scenario
☐ Bicycle helmet
☐ Basketball court
☐ Car crumple zone
☐ Spacecraft docking system
☐ Phone case
☐ Boxing gloves
	Question
	Response

	Type of collision
	

	Should kinetic energy be conserved? Why?
	

	Where should energy transfer?
	

	Why is this useful or important?
	


Create your own quantitative collision problem
Create a collision problem related to your chosen scenario using the space below. Your problem must include:
realistic values
units
masses and velocities
kinetic energy calculations.
	


Final answer
	Question
	Response

	Total kinetic energy before collision
	

	Total kinetic energy after collision
	

	Type of collision
	

	Where was energy transferred?
	


Student self-marking success criteria
☐	Correctly identifies collision type
☐	Explains kinetic energy transfer
☐	Uses scientific terminology
☐	Links ideas to a real-world application
☐	Creates a valid mathematical physics problem
☐	Shows accurate calculations and working
Sample response – student resource – design the collision
Sample response – basketball court
	Design feature
	Sample response

	Type of collision
	Approximately elastic

	Should kinetic energy be conserved? Why?
	Yes. Conserving kinetic energy allows the basketball to rebound effectively.

	Where should energy transfer?
	Minimal energy should transfer into heat or deformation. Most should remain as motion.

	Why is this useful or important?
	A good rebound improves gameplay and ball control.


Create your own quantitative collision problem for this scenario.
Create a collision problem related to your chosen scenario using the space below. Your problem must include:
realistic values
units
masses and velocities
kinetic energy calculations.
	A  basketball strikes the court at  and rebounds at . Calculate the kinetic energy before and after the collision.


Final answer
	Question
	Response

	Total kinetic energy before collision
	

	Total kinetic energy after collision
	

	Type of collision
	Approximately elastic

	Where was energy transferred?
	However, some kinetic energy was transferred into sound and heat, so the ball did not return with the same kinetic energy.




[bookmark: _Toc243045954]Teaching advice
Background information 
Momentum is conserved in all isolated collisions, while kinetic energy is only conserved in elastic collisions. In inelastic collisions, kinetic energy is transferred into other forms such as heat, sound, deformation and vibration. Real-world collisions are rarely perfectly elastic, and many safety systems such as crumple zones, airbags, helmets and boxing gloves are intentionally designed to be inelastic to reduce forces during impact.
Students commonly confuse momentum conservation with kinetic energy conservation and may incorrectly assume that bouncing means a collision is perfectly elastic or that energy is lost’. Reinforce that energy is conserved overall but transferred between forms.
Use demonstrations and real-world examples throughout the lesson to make energy transfer visible and meaningful. Encourage students to justify collision classifications using both calculations and scientific reasoning rather than observation alone. Continually connect mathematical modelling to real-world applications to strengthen conceptual understanding.
Checks for understanding
[bookmark: _Check_for_understanding_17][bookmark: _Ref239075745]Check for understanding 1 (5.7 PPT)
Place each statement into the correct region of the Venn diagram. [image: Diagram showing a Venn diagram comparing Elastic and Inelastic categories with 2 overlapping circles labeled "Elastic" and "Inelastic".
]
Statements
A. Momentum is conserved.
B. Kinetic energy is conserved.
C. Kinetic energy is transferred to heat, sound or deformation.
D. Total momentum before = total momentum after.
E. No significant kinetic energy is lost.
Check for understanding 1 sample response
[image: A Venn diagram of Elastic and Inelastic collisions where  A +D any collision, B,E Elastic, C Inelastic.]
[bookmark: _Check_for_understanding_18][bookmark: _Ref240547200]Check for understanding 2 (5.7 PPT)
Calculate the total kinetic energy before and after collision. Then identify if the collision is elastic.
[image: Diagram showing a collision between two objects. Before the collision, a 2 kg blue object moves right at 2 m s⁻¹ while a 1 kg red object is stationary. After the collision, the 2 kg blue object moves right at 1 m s⁻¹ and the 1 kg red object moves right at 2 m s⁻¹.]
Check for understanding 2 sample response 
Before 
After 
Kinetic energy is not conserved, so it is an inelastic collision.


[bookmark: _Toc243045955]5.8 Collisions (practical investigation)
Students investigate elastic, inelastic and explosion collisions to determine whether momentum is conserved in different interactions.
Table 20 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse conservation of momentum in different interactions
	calculate total momentum before and after an interaction 
use evidence to determine whether momentum was conserved
compare momentum changes in elastic, inelastic and explosion interactions

	to use equipment appropriately to systematically collect and record accurate collision data
	set up and use collision equipment safely and consistently
measure mass and velocity before and after each interaction
repeat measurements and systematically record data

	to process and represent collision data quantitatively.
	apply appropriate units and vector signs when calculating momentum
organise experimental data in tables
use and annotate appropriate F–t, v–t and p–t graphs to identify patterns and relationships.


[bookmark: _Toc243045956]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge about momentum from Activity 5.5 using slide 5.8 PPT ‘Think-pair-share’. Encourage students to focus on the system rather than individual balls. Avoid correcting misconceptions immediately. Allow students to explain their reasoning and justify their ideas using observations from the collision. 
Table 21 – class discussion and answers
	Question
	Suggested answer

	What happens to the motion of the balls during the collision?
	The moving ball exerts a force on the stationary ball during the collision. As a result, the moving ball slows down or changes direction, while the stationary ball begins to move. Momentum is transferred between the balls through the collision.

	Is momentum lost, transferred or conserved?
	Momentum is conserved in an isolated system. It is transferred between objects, rather than lost.

	What measurements would you need to determine whether momentum is conserved?
	Measure the mass and velocity of each object before and after the collision.


1. Complete Check for understanding 1 (5.8 PPT) and use student responses as a transition into the practical investigation where students will collect and analyse collision data using dynamics carts, sensors or video analysis software.
Core learning
1. Students work in small groups to investigate whether momentum is conserved in different types of collisions using dynamics carts, tracks and motion analysis equipment.
Organise students into small groups. Display slide 5.8 PPT ‘Investigating conservation of momentum’ and provide access to dynamics carts, tracks, scales, masses, motion sensors or video analysis software. 
Students predict and draw vector diagrams for each cart before and after the collisions, using the spacing and direction of motion arrows to represent changes in velocity in Check for understanding 2 (5.8 PPT).
Students rotate through 3 investigation stations: 
elastic collisions using magnetic bumpers
completely inelastic collisions using Velcro bumpers
explosion collisions using spring plunger carts.
At each station, students measure the mass of each cart and use motion sensors, video analysis software or displacement over time measurement to determine velocities before and after the collisions as outlined in slide 5.8 PPT ‘Practical instruction’.
Note: using an electronic balance to weigh each cart and label it with masking tape before class saves valuable class time.
2. Students enter their results into a shared class data table. Once all groups have completed the investigation, guide students to analyse the class dataset collectively. Prompt students to compare results across groups and discuss any data that does not fit the overall pattern. Support students in determining whether unexpected results are due to experimental error, unreliable measurements or limitations in the setup. 
3. Optional: if practical equipment is unavailable, students can complete the investigation using the Student resource – alternative practical with video analysis. Students may also use a mobile phone and tracker software to collect and analyse motion data from the collision videos. Examples of annotated graphs are provided in the Sample response – student resource – alternative practical with video analysis.
4. Support students to present and interpret experimental results, using tables, descriptive statistics and annotated graphs (a-t, v-t and p-t). Highlight key features such as the time interval when the collision occurred, maximum force and changes in velocity and momentum. 
Consolidate
1. Teacher reviews the criteria for a scientific report using slide 5.8 PPT ‘Annotate → rewrite’. Students then apply the criteria to identify and improve the investigation in the Student resource – find and fix the investigation.
2. Students use the annotated example and criteria in the Sample response – student resource – find and fix the investigation as a scaffold to independently write a scientific report. Their report should evaluate whether their investigation supports the law of conservation of momentum, using evidence from class data, calculations and graphs, and identifying relevant sources of error and limitations.
[bookmark: _Student_resource_–_10][bookmark: _Ref240549401]

[bookmark: _Student_resource_–_11][bookmark: _Toc243045957]Student resource – alternative practical with video analysis
All the questions in this section are supported with videos linked to data. Alternatively, students could collect and analyse their data for this sequence using a mobile phone and the free software Tracker (Brown et al. 2026). 
Example 1: a ‘sticky’ (completely inelastic) collision
Figure 1 – the blue cart (labelled G on right) moves at a constant velocity towards the yellow cart (labelled Y on left), which is initially stationary. Example 1 video (AUSphysics 2021c) 
[image: Two carts, yellow and green including a label showing the location of velcro patches at each end. ]
Two carts that roll with minimal rolling resistance are on a level track. The blue (G) cart moves with a constant velocity towards the yellow (Y) cart, which is initially stationary. The 2 carts have Velcro spots so that when they collide, they stick to each other and move off together. 
Other data
Mass of yellow cart: 
Mass of blue cart:  (this cart has magnets installed at one end accounting for the difference in mass) For this example, consider that the masses are equal.
1. Sketch a vector diagram of each cart during the collision.
6. Label time intervals on the graphs to show before, during and after the interaction.
7. Use the information in Figure 2 and assume that momentum is conserved for the system of 2 carts during the collision to predict:
1. the acceleration-time graph for the yellow cart (only the acceleration of the blue cart is shown)
the position-time and velocity-time graphs during and after the blue and yellow carts collided.
Annotate features of each graph to explain your reasoning.
[bookmark: _Ref93321987][bookmark: _Ref93321979]Figure 2 – partial position-time, velocity-time and acceleration-time graphs for the motion of the carts during a ‘sticky’ collision
[image: Graphs of motion for collision showing the velocity of the green cart just before the collision was -0.658 ms^-2 and the maximum accelerations of the green cart during the collision was 2.08 ms^-2.]
Example 2: an ‘explosion’ 
[bookmark: _Ref93664500]Figure 3 – (left) Before the ‘explosion’. (right) A firing pin on the yellow cart is triggered with the base of a screwdriver, so the carts push off each other. Example 2 video (AUSphysics 2021a). 
[image: Images showing the setup of two carts before the 'explosion' demonstration.]
In this example, 2 carts of unequal mass exert a sudden force on each other due to a spring-loaded ‘firing pin’ in one of the carts.
Other data
Mass of yellow cart: 
Mass of blue cart:  (The mass of this cart has been increased by adding several small masses.)
1. Sketch a vector diagram of each cart during the ‘explosion’.
1. Label time intervals on the graphs to show before, during and after the interaction.
Force-time, velocity-time and momentum-time graphs for the blue cart are shown in Figure 4. 
1. Assume that momentum is conserved for the system of 2 carts. Sketch the corresponding force-time, velocity-time and momentum-time graphs for the yellow cart.
1. Compare the changes in velocity and momentum experienced by G and Y. 
Annotate features of each graph to explain your reasoning.
[bookmark: _Ref93911817]Figure 4 – partial force-time, velocity-time and momentum-time graphs for the motion of the carts during an ‘explosion’. The velocity of the blue cart just after the collision is . 
[image: Graphs of motion for Example 2, an explosion. Three graphs showing the force, velocity and momentum versus time graphs for carts Y and G. ]
Example 3: an elastic collision of 2 carts of different masses
Figure 5 – non-contact collision between carts of different masses. Magnets fitted to the ends of each cart provide the repulsive force between carts. Example 3 video (AUSphysics 2021b)
[image: Image showing the two carts before they collide. Each cart has a magnet attached to its leading edge. ]
Example 3 considers an elastic collision between carts of different masses. 
Other data
Mass of yellow cart: 
Mass of blue cart:  (the mass of this cart has been increased by adding several small masses)
Initial velocity of yellow cart: 
Final velocity of yellow cart: 
1. Label time intervals on the graphs that correspond to before, during and after the interaction.
1. Assuming the collision is elastic, complete the force-time, velocity-time and momentum-time graphs for each cart in Figure 6 (extra writing paper may be required for calculations).
1. Annotate features of each graph to explain your reasoning.
[bookmark: _Ref93916035][bookmark: _Appendix_A]Figure 6 – partial force-time, velocity-time and momentum-time graphs for the motion of the carts during an elastic collision between carts of different masses
[image: Graphs of motion for Example 3. Elastic collision between carts of different masses. Three graphs showing the force, momentum and velocity versus time graphs for carts Y and G. ]


[bookmark: _Sample_response:_Student_1][bookmark: _Toc96528610][bookmark: _Ref240618575][bookmark: _Ref239079128]Sample response – student resource – alternative practical with video analysis
[bookmark: _Hlk96339950] Figure 7 – sample annotated graph for Example 1: a ‘sticky’ collision
[image: Diagram showing an inelastic collision using Velcro bumpers. Before: the green cart moves left towards the stationary yellow cart. After: the two carts stick together and move left at a lower common velocity.

Annotated graph of a 'sticky' collision. Velocity on the position-time graph is represented by the gradient. G has slowed after the collision as it has transferred some of its momentum to Y.
The change in velocity for G and Y are equal and opposite.
The accelerations of G and Y are equal and opposite during the collision.]
Figure 8 – sample annotated graph for Example 2: An ‘explosion’
[image: Diagram showing an explosion collision using spring plunger carts. Before: the yellow and green carts are stationary and touching. After: the carts move apart in opposite directions, with the yellow cart moving left and the green cart moving right.
Annotated graphs for an 'explosion'.
Impulse is equal to change in momentum and is represented by the area under the F-t graph. Y and G experience equal and opposite impulses.
The change in velocity for G is significantly smaller than the change for Y. This is due to its larger mass.
Equal and opposite momentum transfers (approximately).]
Figure 9 – sample annotated graph for Example 3: an elastic collision of 2 carts of different masses
[image: Diagram showing an elastic collision using magnetic bumpers. Before: the yellow cart moves right towards the stationary green cart. After: the yellow cart moves left and the green cart moves right, with both carts moving apart after the collision.
Annotated graphs for elastic collision between carts of different masses. 
Impulse is equal to change in momentum and is represented by the area under the F-t. 
Equal and opposite momentum transfers.
Y and G experience equal and opposite impulses.]


[bookmark: _Student_resource_–_12][bookmark: _Toc243045958]Student resource – find and fix the investigation
Research question: Is momentum conserved during an explosion collision using spring plunger carts?
Read the student report. Identify the errors or weaknesses in the investigation.
For each problem:
identify what is wrong
explain why it is a problem
suggest how it could be corrected or improved.
Using your annotations, rewrite the report so that it accurately communicates the science and uses appropriate scientific reasoning.
	Flawed report
	Annotation

	Aim
To prove that momentum is conserved during an explosion collision using spring plunger carts.
Hypothesis
When the spring plunger is released, the carts will move apart because the spring pushes them in opposite directions. Therefore, the total momentum after the explosion should be equal to the total momentum before the explosion.
	

	Method
1. Place 2 carts together on a track with the spring plunger compressed.
1. Release the spring plunger.
1. Measure the velocity of each cart after they move apart.
1. Repeat the experiment 3 times.
1. Calculate the momentum of each cart after the collision.
1. Compare the results to determine whether momentum was conserved. 
	

	Results
	Trial
	Cart A velocity after ()
	Cart B velocity after ()
	Total momentum after

	1
	0.80
	0.80
	1.60 

	2
	0.82
	0.78
	1.60 

	3
	0.79
	0.81
	1.60 



	

	Conclusion
Momentum was conserved because the carts had equal and opposite forces acting on them. The results prove that the law of conservation of momentum is correct.
Evaluation
The investigation was reliable because we completed 3 trials. The results were accurate because we used the same equipment each time. One improvement would be to repeat the experiment 5 more times.
	




[bookmark: _Sample_response:_Student]Sample response – student resource – find and fix the investigation
	Flawed report
	Annotation

	Aim
To prove that momentum is conserved during an explosion collision using spring plunger carts.
Hypothesis
When the spring plunger is released, the carts will move apart because the spring pushes them in opposite directions. Therefore, the total momentum after the explosion should be equal to the total momentum before the explosion.
	Prove: investigation provides evidence not proof.

	Method 
1. Place 2 carts together on a track with the spring plunger compressed.
1. Release the spring plunger.
1. Measure the speed of each cart after they move apart.
1. Repeat the experiment 3 times.
1. Calculate the momentum of each cart after the collision.
1. Compare the results to determine whether momentum was conserved. 
	Release the spring plunger: need to consider control variables such as if track is levelled, or external force such as friction is negligible. 
Speed: need to measure velocity so direction/sign must be recorded.
After: should record the velocity before release too.
Momentum: requires both mass and velocity
The results: need to specify what will actually be compared.


	Results
	Trial
	Cart A velocity after ()
	Cart B velocity after ()
	Total momentum after

	1
	0.80
	0.80
	1.60 

	2
	0.82
	0.78
	1.60 

	3
	0.79
	0.81
	1.60 



	Results table: the carts move in opposite directions, so their velocity have opposite signs. Vector momenta must be added algebraically.
Momentum needs mass
Momentum before will need to be considered. 


	Conclusion
Momentum was conserved because the carts had equal and opposite forces acting on them. The results prove that the law of conservation of momentum is correct.
Evaluation
The investigation was reliable because we completed 3 trials. The results were accurate because we used the same equipment each time. One improvement would be to repeat the experiment 5 more times.
	Equal and opposite force: not explicit, consider external force/system. 
Repeat 3 trials: this alone does not establish reliability. The consistency of the results should be considered. 
Same equipment: does not demonstrate accuracy. Accuracy depends on how close measurements are to the theoretical value and the quality/calibration of the equipment.
Repeat: additional repeats can provide better evidence about repeatability and reduce the influence of random variation, but they will not correct systematic limitations such as an unlevel track or poorly calibrated equipment.




[bookmark: _Toc243045959]Teaching advice
Background information 
The law of conservation of momentum states that the total momentum of an isolated system remains constant during an interaction. In collisions, momentum may transfer between objects, but the total momentum before the interaction is equal to the total momentum after the interaction. This principle applies to elastic, inelastic and explosion collisions, although kinetic energy is only conserved in elastic collisions.
Students commonly believe momentum is ‘lost’ during collisions where objects stick together. This lesson should reinforce that momentum is conserved at the system level even when energy is transferred into sound, heat or deformation. Encourage students to focus on the total system momentum rather than the motion of individual objects.
Practical investigations may be conducted using dynamics carts, smart carts, motion sensors, photogates or video analysis software. These technologies can collect real-time force, acceleration, position, time and velocity data during collisions and automatically generate graphs for analysis. If equipment is limited, students can analyse provided videos and datasets instead.
Video analysis software such as Tracker allows students to analyse collision videos frame-by-frame to determine position, velocity and acceleration data. This provides an alternative method for investigating momentum conservation without specialised laboratory equipment.
Helpful resources:
Tracker video analysis software 
Tracker video analysis tutorial 
Motion sensor investigation example 
Photogate investigation example 
Smart cart investigation example 
Video analysis of collisions example
Phet simulation conservation of linear momentum 
When analysing class data, encourage students to identify patterns across multiple trials and discuss anomalous results. Students should recognise that small discrepancies between calculated momentum values are often caused by friction, measurement uncertainty or imperfect collisions rather than failure of momentum conservation.
Checks for understanding
[bookmark: _Check_for_understanding_19][bookmark: _Ref235182602]Check for understanding 1 (5.8 PPT)
You want to investigate whether momentum is conserved in a collision. Which measurements do you need?
1. Mass and height of each object before the collision.
Mass and velocity of each object before and after the collision.
Force and time of the collision only.
Kinetic energy and temperature before and after the collision.
Check for understanding 1 sample response
Answer: b
Momentum depends on both mass and velocity: p=mv.
[bookmark: _Check_for_understanding_20][bookmark: _Ref240624396]Check for understanding 2 (5.8 PPT)
For each collision below, draw a vector diagram showing the motion of both carts before and after the collision.
[image: Diagram showing three collision setups: 1. elastic collisions using magnetic bumpers, 2. inelastic collisions using Velcro bumpers, and 3. explosion collisions using spring plunger carts.]
Check for understanding 2 sample response
[image: Diagram showing an elastic collision using magnetic bumpers. Before: the yellow cart moves right towards the stationary green cart. After: the yellow cart moves left and the green cart moves right, with both carts moving apart after the collision.

Diagram showing an inelastic collision using Velcro bumpers. Before: the green cart moves left towards the stationary yellow cart. After: the two carts stick together and move left at a lower common velocity.

Diagram showing an explosion collision using spring plunger carts. Before: the yellow and green carts are stationary and touching. After: the carts move apart in opposite directions, with the yellow cart moving left and the green cart moving right.]
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