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[bookmark: _Toc223937737][bookmark: _Toc243053692][bookmark: _Toc143504798]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 7 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 is available on Physics 11–12.
[bookmark: _Toc223937738]

[bookmark: _Toc243053693]4.1 Using inclined planes
Students investigate how they and Aboriginal and Torres Strait Islander Peoples have used inclined planes to move heavy objects and make work easier and construct free-body diagrams to represent the forces acting.
Table 1 – learning intentions and success criteria
	[bookmark: _Toc128649917][bookmark: _Toc141426382]We are learning:
	I can:

	to analyse the forces acting on objects on inclined planes
	identify times and places where inclined planes are used to lift heavy things
explain how Aboriginal and Torres Strait Islander Peoples used inclined planes to move heavy objects
determine the normal force acting on an object on an inclined plane

	to use representations to communicate scientific understanding.
	construct labelled free-body diagrams to represent the motion of objects on inclined planes
identify key cultural knowledges and observations used by Aboriginal and Torres Strait Islander Peoples to move heavy objects.


[bookmark: _Toc223937739][bookmark: _Toc243053694]Lesson sequence instructions
Activate
1. Activate students’ prior understanding of forces (Stage 4 – Forces), including friction (from the content group Forces and motion), by completing the Student resource – forces quiz. Review correct answers and address any student misconceptions using the suggested feedback provided in the Sample response – student resource – forces quiz.
Ask students to think of a time when they have used ramps, hills or slides. Ask what they were doing and how the sloped surface helped or hindered. Ask students to share their thoughts with a partner.
Question prompts: ‘Have you ever needed to move something really heavy, like a box, furniture or equipment?’ ‘What did you do to make it easier? Did you use any tools or tricks?’
2. Conduct a simple practical activity to compare the force required to drag an object across a flat surface versus up or down a slope.
Students use a spring balance to pull a pencil case across a book (or other large flat object) placed horizontally on the desk and note the force required.
They then raise one end of the book to create a slope and use the spring balance to pull the pencil case up and down the slope at a steady speed.
Students compare the force readings and identify which motion requires less force.
	Sample response
The force required to drag the pencil case across the horizontal surface is greater than the force required to drag it down a slope because gravity helps to overcome the friction force when pulling the object down the slope. The force required to pull the pencil case up a slope is greater than on a flat surface because the weight of the pencil case adds to the friction force that must be overcome.


Core learning
[bookmark: _Activity_1_–][bookmark: _Ref227245093]Activity 1 – Aboriginal and Torres Strait Islander Peoples used inclined planes
Figure 1 – Mount William Quarry
[image: The image shows flaking pits at Mount William Quarry.]
Mount William Quarry by J Stevens is licensed under CC BY-SA 3.0.
1. Display the slide 4.1 PPT ‘Mount William Quarry’. Explain that Mount William Quarry is a heritage-listed archaeological mine site. It is both an excavated hardstone quarry and a hatchet manufacturing site (Australian Heritage Database). At Mount William stone axe quarry, archaeologists found:
mining pits where stone was extracted
flaking floors located downhill from the pits. For information on flaking pits see Background information.
Ask students, ‘Which would require less force? Dragging the stone across the flat surface or downhill? Explain your reasoning.’ (Gravity pulls it downward; less applied force is needed to move it.)
Explain that Aboriginal and Torres Strait Islander Peoples did not use formal physics formulas; however, they used observations of their natural surroundings to make decisions that can be understood using the laws of physics.
Check student understanding of how slopes are used to reduce the force needed to move heavy objects using Check for understanding 1 (4.1 PPT).
Activity 2 – constructing free-body diagrams on an inclined plane
1. Explain to students that they will now explore why less force is needed to move the heavy object upwards along a ramp compared to lifting it straight up by examining free-body diagrams. Use gradual release of responsibility to teach students how to draw free-body diagrams of objects on an inclined plane. 
Use 4.1 PPT ‘Free-body diagrams on an inclined plane’ (6 slides) to teach students about resolving the weight force into its parallel and perpendicular components, the normal force and its impact on the applied force required to move objects.
Check students’ understanding of how to draw a free-body diagram using Check for understanding 2 (4.1 PPT).
Guide students to construct a free-body diagram of a person sliding down a slippery dip, see slide 4.1 PPT ‘Forces on a slippery dip’. Emphasise that we are investigating only the forces acting on the person once they are in motion, not the push-off to start the slide.
Students independently construct a labelled free-body diagram showing all forces acting on a car being winched onto a car trailer. A sample response is included in 4.1 PPT ‘Forces on a car’.
Students complete slide 3 of the Fundamentals of mechanics Amplify activity to explore the relationship between the angle of incline and the magnitude of the normal force and the weight force.
Differentiation: these concepts can be made more concrete by using physical models to help students better understand the forces acting on objects on inclined planes.
Consolidate
1. [bookmark: _Toc223937740]Ask students ‘Why were the flaking floors downhill from the quarry?’ Draw a free-body diagram to support your answer.
	Sample response
The flaking floors at Mount William stone axe quarry were likely located downhill because moving heavy stone is easier when gravity assists the motion. On a slope, the weight of the stone can be resolved into perpendicular and parallel components: the perpendicular component is balanced by the normal force, while the parallel component acts down the slope and helps the stone move. This reduces the amount of applied force needed compared to moving the stone on a flat surface. In addition, friction would still oppose motion, but on a slope the assisting component of gravity helps overcome friction more easily, making transport more efficient overall.
[image: This image  makes the thinking in producing a free-body diagram visible. The image shows an inclined plane with an outline of an object resting on the plane. An arrow pointing down from the centre of mass of the object represents the weight force, an arrow from the centre of mass of the object and perpendicular to the slope represents the normal force. An arrow from the object and directed up the slope represents the friction force resisting motion and a small arrow from the object and directed down the slope represents the applied force.][image: A free-body diagram of an object on an inclined plane showing the weight, normal and friction forces, with the weight force resolved into parallel and perpendicular components.]


[bookmark: _Ref235625431][bookmark: _Ref240532864][bookmark: _Ref227052530]

[bookmark: _Student_resource_–][bookmark: _Toc243053695]Student resource – forces quiz
1. Which statement best describes net force?
The total force acting on an object when all individual force vectors are added together.
The largest single force acting on an object.
The force of gravity acting on an object only.
The force required to stop an object from moving.
A box is pushed with 15 N (newton) to the right. At the same time, friction acts with 9 N to the left. What is the net force on the box?
1. 24 N to the right
6 N to the right
6 N to the left
15 N to the left
Is the statement below true or false?
Net force is zero when an object is moving at constant speed in a straight line. (True/False)
A hockey puck slides across ice and gradually slows down until it stops. Which statement best explains why this happens?
1. The puck naturally loses all force once it starts moving.
A net force acts on the puck due to friction, changing its motion.
Objects must have a force acting forward to keep moving.
The puck stops because motion always requires a constant force.

Complete the passage using the words below.
kinetic, sliding, static, stationary
	When an object is ____________, the friction acting between the surfaces is called ____________ friction. Once the object begins ____________, the friction changes to ____________ friction.


Is the statement below true or false?
Static friction only acts when an object is moving, while kinetic friction acts when an object is stationary. (True/False)
Which statement best describes gravity?
1. Gravity only acts on objects that are falling.
1. Gravity is a force that pulls objects toward Earth’s centre.
1. Gravity is a force that only acts when objects are moving.
1. Gravity stops acting when an object is resting on the ground.
Is the statement below true or false?
An object at rest has no forces acting on it. (True/False)
A book is resting on a table. Which statement is correct?
1. Only gravity is acting on the book.
The book has no forces acting on it.
Gravity and the normal force are acting and are balanced.
The normal force is greater than gravity.


[bookmark: _Sample_responses_–][bookmark: _Ref235625517]Sample response – student resource – forces quiz
1. Which statement best describes net force?
1. (Correct response) The total force acting on an object when all individual force vectors are added together.
1. The largest single force acting on an object.
Incorrect: the net force is not just the largest force. It is the result of adding all forces together, including forces that may act in opposite directions and reduce each other.
1. The force of gravity acting on an object only.
Incorrect: gravity is only one force (weight). Net force includes all forces acting on the object, such as friction, normal force, applied forces and gravity.
1. The force required to stop an object from moving.
Incorrect: net force is not a force that ‘stops’ motion. Instead, it explains how an object’s motion changes. An object stops only if the net force acts to decelerate it over time.
A box is pushed with 15 N (newton) to the right. At the same time, friction acts with 9 N to the left. What is the net force on the box?
1. 24 N to the right
Incorrect: forces in opposite directions are not added; they are subtracted.
(Correct response) 6 N to the right
6 N to the left
Incorrect: the larger force is to the right, so the net force cannot point left.
15 N to the left
Incorrect: friction has been ignored so it does not calculate a resultant force.
Is the statement below true or false?
Net force is zero when an object is moving at constant speed in a straight line. (True/False)
Some students may confuse motion with force. Motion can continue even when net force is zero.
A hockey puck slides across ice and gradually slows down until it stops. Which statement best explains why this happens?
1. The puck naturally loses all force once it starts moving.
Incorrect: objects do not lose force on their own. Forces come from interactions (like friction or air resistance).
(Correct response) A net force acts on the puck due to friction, changing its motion.
Objects must have a force acting forward to keep moving.
Incorrect: a forward force is not required to maintain motion in the absence of net force (Newton’s first law).
The puck stops because motion always requires a constant force.
Incorrect: motion does not require a constant force; it requires no net force to continue at constant velocity.
Complete the passage using the words below.
kinetic, sliding, static, stationary
	When an object is stationary, the friction acting between the surfaces is called static friction. Once the object begins sliding, the friction changes to kinetic friction.


Is the statement below true or false?
Static friction only acts when an object is moving, while kinetic friction acts when an object is stationary. (True/False)
Which statement best describes gravity?
1. Gravity only acts on objects that are falling.
Incorrect: gravity acts on all objects with mass, whether moving or stationary.
(Correct response) Gravity is a force that pulls objects toward Earth’s centre.
Gravity is a force that only acts when objects are moving.
Incorrect: gravity does not depend on motion; it acts at all times.
Gravity stops acting when an object is resting on the ground.
Incorrect: gravity still acts when an object is on the ground; the normal force balances it.
Is the statement below true or false?
An object at rest has no forces acting on it. (True/False)
Some students may confuse ‘no motion’ with ‘no forces’. Balanced forces can still result in rest.
A book is resting on a table. Which statement is correct?
1. Only gravity is acting on the book.
Incorrect: gravity is not the only force; the table exerts an upward normal force.
The book has no forces acting on it.
Incorrect: forces are acting, but they balance each other.
(Correct response) Gravity and the normal force are acting and are balanced.
The normal force is greater than gravity.
Incorrect: if the normal force were greater, the book would accelerate upward.


[bookmark: _Toc223937743][bookmark: _Toc243053696]Teaching advice
[bookmark: _Background_information][bookmark: _Ref241741369]Background information
Key vocabulary
Table 2 – glossary of terms
	Term
	Meaning

	Inclined plane
	A sloped surface used to move objects.

	Normal force
	The support force exerted by a surface on an object.

	Free-body diagram
	A diagram showing all forces acting on an object


Considerations
Mechanical advantage (MA) is a key concept that students have encountered in Stage 4 in the focus area ‘Forces’. It essentially describes how much a simple machine multiplies the input force to make a task easier. At its core, MA helps us understand why tools like inclined planes reduce the effort needed to do work. Some students may need support in recalling this concept. Use the check for prior understanding below to identify gaps in understanding before moving on in this section of work.
· Explicitly distinguish between real forces, weight, normal force and friction and results of forces such as net force and motion.
Aboriginal and Torres Strait Islander Peoples content
Aboriginal and Torres Strait Islander Histories and Cultures
When planning and programming content relating to Aboriginal and/or Torres Strait Islander Histories and Cultures, teachers are encouraged to:
· involve local Aboriginal communities and/or appropriate Knowledge Holders in determining suitable resources, or use Aboriginal and/or Torres Strait Islander-authored or endorsed publications
· read the principles and protocols relating to teaching and learning about Aboriginal and Torres Strait Islander Histories and Cultures and the involvement of local Aboriginal communities.
The Australian Institute of Aboriginal and Torres Strait Islander Studies (AIATSIS) Guide to evaluating and selecting education resources was developed to help teachers select appropriate resources for teaching about Aboriginal and Torres Strait Islander Histories, Cultures, and Languages respectfully and effectively.
Mount William Quarry was used to mine stone for making hatchets. The site has 34 flaking floors. These are areas of rock where small pieces or flakes of stone have been repeatedly struck off the surface, leaving behind evidence of stone-working. In the context of an Aboriginal stone quarry, such as Mount William, a flaking floor is essentially a concentration of stone flakes and fragments created during the manufacture of stone tools. Some are near the mining pits, while others are downhill from them. While the exact decision-making processes are not recorded, this arrangement suggests an understanding of how to move heavy materials efficiently. In Activity 1 – Aboriginal and Torres Strait Islander Peoples used inclined planes, students interpret evidence using physics concepts. Moving objects downhill reduces the applied force required because gravity assists motion along the slope, helping to overcome friction. This is not direct proof of intent, but a scientific explanation of observed practice.
Aboriginal and Torres Strait Islander Peoples developed knowledge through careful observation, experience and interaction with the environment. This example highlights how practical problem-solving and environmental understanding align with scientific principles, even without formal equations or written theories.
Activity 2 – constructing free-body diagrams on an inclined plane
Students may know about pushing forces and gravity, but they probably will not know about the normal force, how it acts, or where to place it. Start the activity with their prior knowledge, then introduce and explain the concept of the normal force. If students demonstrate an understanding of the normal force, adjust the lesson accordingly.
Common misconceptions
Table 3 – table of common misconceptions
	Misconception
	Accurate physics

	Weight acts down the slope.
	Reinforce that weight always acts vertically downward, regardless of the surface.

	Normal force acts vertically upward.
	Emphasise that the normal force always acts perpendicular to the surface, not straight up.

	Net force is an additional force.
	Emphasise that net force is the result of all forces, not a separate force.




Checks for understanding
[bookmark: _Checkpoint_1_(4.1][bookmark: _Ref228885253]Check for understanding 1 (4.1 PPT)
Complete the sentence: ‘Using a slope reduces the force needed to drag stones because …’
Check for understanding 1 sample response
Using a slope reduces the force needed because the object’s weight splits into components perpendicular and parallel to the slope. The normal force balances the perpendicular component while the parallel component acts along the slope. This parallel component of gravity assists motion down the slope. It makes friction easier to overcome than on a flat surface, where any acceleration must come from the applied force alone.
[bookmark: _Checkpoint_2_(4.1][bookmark: _Ref240022098]Check for understanding 2 (4.1 PPT)
Draw a free-body diagram showing the forces acting on the skier. Focus only on the forces going down the hill.
Figure 2 – a person skiing downhill
[image: The image is of a person skiing down a hill.]
Check for understanding 2 sample response
[bookmark: _Student_resources][bookmark: _Toc221026285][bookmark: _Toc223937745]Figure 3 – a sample response for check for understanding 2
[image: A free-body diagram of an object on an inclined plane showing the weight, normal and friction forces, with the weight force resolved into parallel and perpendicular components.]

[bookmark: _Toc243053697]4.2 Resolving weight force
Students explore the design of flat ramps in skateparks by resolving the weight force into parallel and perpendicular components and examining how these affect motion down the slope and stability.
Table 4 – learning intentions and success criteria
	We are learning:
	I can:

	to resolve the weight force into components on an inclined plane
	identify the forces acting on an object on an inclined plane
calculate the component of weight parallel to the plane
calculate the component of weight perpendicular to the plane
use the perpendicular component to determine the normal force where appropriate

	to solve real-world problems involving inclined planes using vector diagrams and calculations
	identify the physics information needed to solve a problem
use vector diagrams and calculations to compare inclined plane situations

	to communicate a scientific argument.
	use evidence from calculations to justify a solution or decision.


[bookmark: _Toc243053698]Lesson sequence instructions
Activate
1. Activate students’ prior understanding of forces on an inclined plane (Activity 4.1) by asking the students to indicate which skate ramp will produce the greatest acceleration out of Ramp A 21°, Ramp B 32°, Ramp C 15°. See slide 4.2 PPT ‘Activate prior knowledge’.
	Sample response
Ramp B will produce the greatest acceleration because increasing the angle increases the component of weight acting down the slope. This creates a larger net force in the direction of motion.


Complete Check for understanding 1 (4.2 PPT) to check that students recall how to resolve a vector into 2 independent components. Revise the strategy for resolving vectors into components, if required, before moving on.
Core learning
1. Explain to students that they have been exploring how the normal force changes as the angle of an inclined plane is changed. They will now investigate how this affects the net force by resolving the weight force into components.
1. Discuss the need for engineers who design skate parks to balance speed and safety carefully. If a ramp is too steep, skaters may accelerate too quickly and lose control. If it is too shallow, the ramp may not provide enough speed to perform tricks.
Explain to students that to make these decisions, engineers analyse the weight force acting on a skater and resolve it into components
a parallel component (down the ramp) contributes to the net force along the slope, which determines whether the object accelerates
a perpendicular component (into the ramp) which affects the normal force, grip and stability.
Use the gradual release of responsibility technique to teach students how to resolve weight force into its components and to calculate the perpendicular and parallel components of the weight force.
Ask students to draw a free-body diagram of a skater on a skate ramp to describe the forces acting on the skater.
Highlight that it is often efficient to choose axes parallel and perpendicular to the slope when applying the component method for inclined planes.
Identify that the normal force is on one of these axes but weight acts vertically downward and must be resolved into components. See slide 4.2 PPT ‘Forces on a skater – free-body diagram’.
Ask students to resolve the weight force vector into its 2 components and to express their magnitude in terms of the weight force and the angle of incline. Remind them to add a set of axes to represent the frame of reference. This will reflect the angle of incline. See 4.2 PPT ‘4.2 Resolving weight force components’ (2 slides).

Model a worked example to calculate the parallel and perpendicular components of the weight force acting on the scooter rider if their mass is 85 kg and the angle of incline is 32°. See 4.2 PPT ‘Calculating weight components’ (2 slides).
Differentiation: challenge students by asking them to resolve the weight force into 2 vectors and provide the mathematical representation without scaffolding.
Check students’ understanding of components of weight force using Check for understanding 2 (4.2 PPT).
Complete a worked example together to consolidate students’ understanding. Guide students through the example using the physics problem-solving strategy as outlined on slide 4.2 PPT ‘Weight components example’. Prompt students to explain each step and justify their decisions before moving on to the next activity.
Students complete calculations in the Student resource – resolving weight force to practise resolving weight force independently.
Activate students’ prior knowledge of the Claim-Evidence-Reasoning scaffold for constructing evidence-based arguments from Stage 5 using Check for understanding 3 (4.2 PPT).
Students use the components of the weight force to determine which skate ramp best balances force down the slope and stability and construct an evidence-based argument supporting their decision in the Student resource – the best skate ramp.
Differentiation: display a list of causal conjunctions to support student writing (see slide 4.2 PPT ‘Causal conjunctions’) or complete the Student resource – The best skate ramp – given and new. Sample response is provided in the Sample response: Student resource – The best skate ramp – given and new.
Consolidate
1. [bookmark: _Ref228435538]Students summarise their understanding of the forces on inclined planes by constructing a scientific explanation in response to the scenario presented on slide 4.2 PPT ‘Consolidation’: 
Inclined planes are essential for accessibility and must be carefully designed to balance the force required to move a wheelchair up the ramp with the wheelchair's stability on the surface.
Explain why engineers must consider both the parallel and perpendicular components of the weight force when designing an accessible ramp for a wheelchair, using appropriate diagrams, equations and/or calculations to support your answer.
	Sample response
When designing an accessible ramp for a wheelchair, you must resolve the weight of the wheelchair and user into 2 components: one parallel to the ramp (which affects motion down the slope) and one perpendicular to the ramp (which affects how strongly the wheelchair presses into the ramp’s surface).
The weight force acts vertically downward and can be resolved using trigonometry:

Where:
 is the mass of the wheelchair and user
 is the gravitational field strength
 is the angle of the ramp.
The parallel component () is the part of the weight that tries to pull the wheelchair down the ramp. If this component is too large, the wheelchair will accelerate downhill too quickly, making the ramp unsafe. Designers reduce this by making the ramp longer with a smaller angle, which reduces  and therefore reduces the force needed to control movement.
The perpendicular component, , presses the wheelchair into the ramp surface. This force determines the size of the normal force, which in turn affects friction. A steeper ramp reduces the perpendicular force, lowering friction and making it harder to maintain grip and control.
A well-designed ramp must balance these 2 components; a smaller angle reduces the parallel force, making the ramp easier to climb. However, it also reduces the perpendicular force, which can reduce friction and stability.
Therefore, engineers choose a slope that keeps  small enough for manageable effort, while maintaining sufficient  to ensure stability and grip.


[bookmark: _Ref228792594]

[bookmark: _Student_resource_–_1][bookmark: _Toc243053699]Student resource – resolving weight force
Complete the questions below. Show all your working out.
Note that friction has been ignored for this set of questions.
1. The ramp into a shopping centre is at an angle of 25°. Calculate the perpendicular and parallel components of the weight force acting on a 56 kg shopping trolley.
	Understand and plan
	Solve and check


A wheelchair ramp at a hospital is inclined at an angle of 12°. Calculate the perpendicular and parallel components of the weight force acting on an 82 kg wheelchair and passenger system.
	Understand and plan
	Solve and check


A snowboarder with a mass of 68 kg is standing on a snowy slope inclined at 18°. Determine the perpendicular and parallel components of the snowboarder’s weight force.
	


1. A 45 kg crate is being pushed up a loading ramp inclined at 30°. Ignoring friction, calculate:
1. the component of the weight force acting perpendicular to the ramp
	


the component of the weight force acting parallel to the ramp.
	


A rollercoaster cart with a mass of 520 kg is descending a track inclined at 40°.
1. Determine the magnitude of the perpendicular component of the weight force.
	


Determine the magnitude of the parallel component of the weight force.
	


Explain which component causes the cart to accelerate down the slope.
	


Engineers are designing an accessibility ramp and need to limit the parallel component of the weight force acting on a 95 kg wheelchair-user system to less than 250 N for safety.
1. Calculate the parallel component of the weight force if the ramp angle is 10°.
	


1. Determine whether the design meets the safety requirement.
	


1. Calculate the perpendicular component of the weight force acting on the ramp.
	




Sample response – student resource – resolving weight force
1. The ramp into a shopping centre is at an angle of 25°. Calculate the perpendicular and parallel components of the weight force acting on a 56 kg shopping trolley.
	Understand and plan
The question is asking for the perpendicular and parallel components of weight.
I am drawing a free-body diagram then calculating the parallel and perpendicular components.
[image: The weight force of an object on an inclined plane resolved into parallel and perpendicular components. ]
	Solve and check
m = 56 kg, q = 25.0°, 
Parallel component

The parallel component of the weight force is 232 N along the plane of the ramp to 3 sig. figs.
Perpendicular component

The parallel and perpendicular components of the weight force are 230 N and 500 N respectively (2 sig. fig.)




A wheelchair ramp at a hospital is inclined at an angle of 12°. Calculate the perpendicular and parallel components of the weight force acting on an 82 kg wheelchair and passenger system.
	Understand and plan
The question is asking for the perpendicular and parallel components of weight.
I am drawing a free-body diagram then calculating the parallel and perpendicular components.
[image: The weight force of an object on an inclined plane resolved into parallel and perpendicular components. ]
	Solve and check
m = 82 kg, q = 12°, 
Parallel component

The parallel component of the weight force is 232 N along the plane of the ramp to 3 sig. figs.
Perpendicular component

The parallel and perpendicular components of the weight force are 170 N and 790 N respectively (2 sig. fig.)




A snowboarder with a mass of 68 kg is standing on a snowy slope inclined at 18°. Determine the perpendicular and parallel components of the snowboarder’s weight force.
	, , 

 down the ski slope

 into the ramp


A 45 kg crate is being pushed up a loading ramp inclined at 30°. Ignoring friction, calculate:
1. the component of the weight force acting perpendicular to the ramp
	, , 

 into the ramp (2 sig. fig.)


1. the component of the weight force acting parallel to the ramp.
	, , 

 down the ramp (2 sig. fig.)


A rollercoaster cart with a mass of 520 kg is descending a track inclined at 40°.
1. Determine the magnitude of the perpendicular component of the weight force.
	, , 

 into the ramp (2 sig. fig.)


1. Determine the magnitude of the parallel component of the weight force.
	, , 

 down the ramp (2 sig. fig.)


1. Explain which component causes the cart to accelerate down the slope.
	The component that is parallel to the plane causes the cart to accelerate down the slope because it acts in the same direction as the motion of the cart, producing an unbalanced force down the incline.


Engineers are designing an accessibility ramp and need to limit the parallel component of the weight force acting on a 95 kg wheelchair-user system to less than 250 N for safety.
1. Calculate the parallel component of the weight force if the ramp angle is 10°.
	m = 95 kg, q = 10o

 along the ramp


1. Determine whether the design meets the safety requirement.
	The ramp design meets the safety requirement because the parallel component of the weight force is 162 N, which is less than the safe limit of 250 N.


1. Calculate the perpendicular component of the weight force acting on the ramp.
	m = 95 kg, q = 10o

917 N into the ramp




[bookmark: _Student_resource_–_2][bookmark: _Ref235004079][bookmark: _Toc243053700]Student resource – the best skate ramp
Problem: Which ramp provides the best balance between the parallel and perpendicular components of the weight force to make a fun but safe skate ramp that is suitable for a moderate to experienced rider?
Use calculations to justify your selection.
A good ramp has enough parallel force to produce motion, but enough perpendicular force to maintain contact and control.
	
	

	Where:
 = the parallel component of force (N)
 the perpendicular component of force (N)
 = mass (
acceleration due to gravity ()
 = angle of incline (°)
	




1. Calculate the components of the weight force acting on a 76 kg person for each of the following skate ramps.
1. Ramp A – angle 
[image: The image shows a person on a scooter rolling down a ramp with an incline of 21° at a skate park.]
	


1. Ramp B – angle 
[image: The image shows a person on a scooter rolling down a ramp with an incline of 32° at a skate park.]
	


1. 
Ramp C – angle 
[image: The image shows a person on a scooter rolling down a ramp with an incline of 15° at a skate park.]
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Complete the decision matrix below by highlighting the appropriate cell.
Table 1 – decision matrix
	Criteria
	Too extreme (unsafe)
	Appropriate (safe and challenging)
	Too mild (not challenging)

	Parallel component of weight (down slope)
	Very large à very large force down the slope à motion is difficult to control
	Moderate à enough force to produce motion while maintaining control
	Small à limited force down the slope à little motion

	Perpendicular component of weight (into surface)
	Very small à low normal force à reduced grip and stability
	Sufficient à adequate normal force à stable contact with the surface
	Very large à high normal force à motion is less dynamic

	Balance of forces
	Parallel component dominates à motion is not well-controlled
	Balanced relationship between parallel and perpendicular components
	Perpendicular component dominates à motion is limited

	Control and stability
	Loss of control likely due to low normal force
	Stable contact maintained while allowing motion
	Very stable but little movement possible



Use your calculations and the decision matrix to construct an evidence-based argument supporting your choice of skate ramp. Use the claim–evidence–reasoning scaffold to craft your response. Then write the claim in one single paragraph.
	Claim
	Evidence
	Reasoning

	State your answer. Which ramp is the best choice?
	Provide evidence using your calculations and physics ideas.
	Explain how your evidence supports your claim.

	Sentence starters
The best ramp is …
The most suitable ramp is …
The ramp that provides the best balance is …
	Sentence starters
The parallel component …
The perpendicular component …
Calculations show that …
As the angle increases …
Helpful hint
Refer directly to the 2 components of weight –parallel and perpendicular – not general ideas.
	Sentence starters
This shows that …
This is important because …
This leads to …
Therefore …
As a result …
Helpful hint
Link each component to its effect.

	Your response

	Your response

	Your response



Self-assessment
Use the checklist below to assess your claim.
☐ I identified the best ramp.
☐ I referred to parallel and perpendicular components.
☐ I explained how the components affect both motion and stability.
☐ I linked my evidence clearly to my claim.
☐ I used conjunctions to make connections in my writing.
☐ I used given and new (linking familiar information to new information) to make my writing flow.
[bookmark: _Ref228535875]

[bookmark: _Ref228438773]Sample response – student resource – the best skate ramp
1. 
1. Ramp A – angle 
	m = 76 kg, q = 

 N down the slope

 N into the ramp


1. Ramp B – angle 
	m = 76 kg, q = 

 N down the slope

 N into the ramp




1. Ramp C – angle 
	m = 76 kg, q = 

 N down the slope

 N into the ramp
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Complete the decision matrix below by highlighting the appropriate cell.
Ramp A – yellow
Ramp B – green
Ramp C – blue
Table 5 – decision matrix
	Criteria
	Too extreme (unsafe)
	Appropriate (safe and challenging)
	Too mild (not challenging)

	Parallel component of weight (down slope)
	Very large à very large force down the slope à motion is difficult to control
	Moderate à enough force to produce motion while maintaining control
	Small à limited force down the slope à little motion

	Perpendicular component of weight (into surface)
	Very small à low normal force à reduced grip and stability
	Sufficient à adequate normal force à stable contact with the surface
	Very large à high normal force à limits motion

	Balance of forces
	Parallel component dominates à motion is not well-controlled
	Balanced relationship between parallel and perpendicular components
	Perpendicular component dominates à motion is limited

	Control and stability
	Loss of control likely due to low normal force
	Stable contact maintained while allowing motion
	Very stable but little movement possible
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	Claim
	Evidence
	Reasoning

	Your response
Ramp B is the best ramp for a moderate-to-experienced scooter rider.
	Your response
The parallel component of the weight force is 395 N down the ramp.
The perpendicular component of the weight force is 632 N into the ramp.
	Your response
The perpendicular component is greater than the parallel component, giving the rider more stability and control on the ramp. At the same time, the large parallel component provides enough force for speed and acceleration, making the ramp suitable for a moderate-to-experienced scooter rider.



	Ramp B is the best ramp for a moderate-to-experienced scooter rider because the parallel component of the weight force is 395 N down the ramp, while the perpendicular component is 632 N into the ramp. The larger perpendicular component provides increased stability and control, while the strong parallel component still produces enough force for speed and acceleration. This combination makes the ramp both stable and exciting for a moderate-to-experienced scooter rider.




[bookmark: _Student_resource_–_3][bookmark: _Toc243053701]Student resource – the best skate ramp – given and new
1. Cut out the sentence strips below.
Sort them into a logical explanation that shows how forces act on a wheelchair on a ramp.
You may group them into sections such as concepts, equations, effects and design implications.
Highlight the text:
Ramp A – yellow
Ramp B – green
Ramp C – blue
	The perpendicular force is given by .

	An increased parallel force causes greater acceleration down the ramp.

	The variable represents the ramp angle.

	A smaller ramp angle reduces the parallel force.

	The perpendicular force influences the normal force.

	The normal force affects friction between the wheels and the ramp surface.

	One component acts parallel to the ramp surface.

	You can calculate these forces using trigonometry.

	The perpendicular component affects how strongly the scooter presses into the ramp surface.

	One component acts perpendicular to the ramp surface.

	The weight force of a scooter and rider can be resolved into 2 components on an inclined ramp.

	Engineers adjust the ramp angle to balance safety and accessibility.

	Reduced perpendicular force can reduce friction and stability.

	The variable  represents mass.

	A steeper ramp increases the parallel force.

	The parallel component causes the scooter to move down the ramp.

	The variable  represents gravitational field strength.

	The parallel force is given by .


[bookmark: _Ref228518241][bookmark: _Ref228438724]

[bookmark: _Sample_response:_student][bookmark: _Ref228535914][bookmark: _Ref228529708]Sample response – student resource – the best skate ramp – given and new
Introduce the concept
The weight force of a scooter and rider can be resolved into 2 components on an inclined ramp.
One component acts parallel to the ramp surface.
One component acts perpendicular to the ramp surface.
Explain the role of each force
The parallel component causes the scooter to move down the ramp.
The perpendicular component affects how strongly the scooter presses into the ramp surface.
Introduce the equations
You can calculate these forces using trigonometry.
The parallel force is given by .
The perpendicular force is given by .
The variable  represents mass.
The variable  represents gravitational field strength.
The variable represents the ramp angle.
Explain effects of ramp angle.
A steeper ramp increases the parallel force.
An increased parallel force causes greater acceleration down the ramp.
A smaller ramp angle reduces the parallel force.
Link perpendicular force to friction and stability
The perpendicular force influences the normal force.
The normal force affects friction between the wheels and the ramp surface.
Reduced perpendicular force can reduce friction and stability.
Conclude with engineering application
Engineers adjust the ramp angle to balance safety and accessibility.


[bookmark: _Toc243053702]Teaching advice
Background information
Key vocabulary
Table 6 – glossary of key terms
	Term
	Meaning

	Parallel component
	The part of the weight force that acts along the slope, causing or opposing motion down the incline.

	Perpendicular component
	The part of the weight force that acts into the slope, pressing the object against the surface and affecting the normal force.

	Resolve
	To split a vector into independent components, usually perpendicular and parallel to a surface, to make it easier to analyse motion.


Considerations
Students benefit from concrete visualisation before abstraction. Use images, demonstrations and videos before introducing the trigonometric representations.
Students may focus too much on the calculations and miss the conceptual meaning. Reinforce meaning by frequently asking questions such as ‘What does this force actually do?’ What changes when the angle of the ramp changes?’ to bring thinking back to understanding the conceptual meaning of the mathematics.
Students may be supported in completion of the Student resource – resolving weight force through gradual release of responsibility ‘I do, We do, You do’.
Note that friction has been ignored in this lesson, so students focus only on resolving the components of the weight force. This will aid conceptual understanding by isolating the effects of parallel and perpendicular force components without additional forces complicating the analysis.
Students could work in groups or problem-solve on whiteboards to make their thinking visible.
Creating a written text
This lesson allows students to improve their writing skills. Use the claim–evidence–reasoning template in the Student resource – the best skate ramp to support students as they develop an explanation.
Given and New is a technique that improves the flow of ideas by helping students organise information so familiar information is introduced first, before adding new detail, which improves clarity and coherence in scientific writing. More information is available in Writing in Secondary Resource Hub | Given and New.
If student explanations appear as a list of disconnected sentences, or they need support creating an evidence-based explanation, conduct the activity using the Student resource – The best skate ramp – given and new. (See the Sample response: Student resource – The best skate ramp – given and new.)
Common misconceptions
Table 7 – table of common misconceptions
	Misconception
	Accurate physics

	Students often confuse the parallel and perpendicular components.
	Reinforce that:
parallel – along the slope and affects acceleration
perpendicular – into the slope and affects normal force and stability.

	Students may include both and its components as separate forces.
	Clarify that components are representations of the same force, not additional forces.

	Students may assume a steeper ramp always provides ‘better motion’.
	Discuss the trade-off between speed and control/stability.




[bookmark: _Checkpoint_1_(4.2][bookmark: _Ref230700620]Checks for understanding
Check for understanding 1 (4.2 PPT)
A basketball is thrown with a velocity of  at 35° above the horizontal.
Which set of vector components is correct?
1. Horizontal = 4.0 m s⁻¹, Vertical = 5.7 m s⁻¹
1. Horizontal = 5.7 m s⁻¹, Vertical = 4.0 m s⁻¹
1. Horizontal = 4.0 m s⁻¹, Vertical = 3.0 m s⁻¹
1. Horizontal = 7.0 m s⁻¹, Vertical = 7.0 m s⁻¹
Check for understanding 1 sample response and misconceptions
1. (Correct response) Correct use of sin/cos and understanding of components
1. Sine and cosine swapped 
1. Treats components as adding to 7 (scalar misconception) 
1. Thinks both components equal the full velocity
Figure 4 – partial sample response
[image: A vector showing the initial velocity at an angle above the horizontal. It is split into 2 components: the horizontal component and vertical components of the initial velocity. Each component is labelled with the mathematical working.]
[bookmark: _Checkpoint_2_(4.2][bookmark: _Ref234839451]Check for understanding 2 (4.2 PPT)
Identify the mistakes in the free-body diagram below.
[image: A scooter rider on a ramp at a skatepark.
] [image: A free-body diagram of an object on an inclined plane showing the weight, resolved into parallel and perpendicular components. The equations for the parallel and perpendicular components have been swapped.]
Check for understanding 2 sample response
The parallel and perpendicular component labels are reversed. The parallel component should be:  and the perpendicular component should be:. The normal force has not been added, so the free-body diagram does not show all forces acting on the rider.
[bookmark: _Checkpoint_3_(4.2][bookmark: _Ref234840126]

Check for understanding 3 (4.2 PPT)
Identify the following statements as: claim, evidence or reasoning.
A steeper ramp has a larger parallel component of weight.
Skaters accelerate faster on steeper ramps.
Beginners should start on shallower ramps
Check for understanding 3 sample response
Claim: Beginners should start on shallower ramps.
Evidence: A steeper ramp has a larger parallel component of weight.
Reasoning: Because the parallel component of weight causes acceleration, a steeper ramp causes the skater to accelerate more quickly. A shallower ramp produces less acceleration, making it easier for beginners to maintain control and develop their skills safely.


[bookmark: _Toc243053703]4.3 Investigating the effect of inclined angle on acceleration (practical investigation)
Students plan, conduct and analyse a controlled investigation over 2 lessons to determine how the angle of an inclined plane affects acceleration, while considering fair testing, data trends and sources of error.
Table 8 – learning intentions and success criteria
	We are learning:
	I can:

	· to investigate the relationship between incline angle and acceleration
	predict how changing incline angle will affect acceleration
use force analysis to explain the predicted relationship

	· to plan a valid scientific investigation
	identify the independent, dependent and controlled variables
justify how variables will be changed, measured and controlled
plan repeated measurements to improve reliability

	· to analyse data and evaluate results.
	graph acceleration against 
interpret the line of best fit and its gradient
calculate percentage error
use the data to evaluate reliability and accuracy.


[bookmark: _Toc243053704]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of reliability, validity and accuracy (Activity 2.5) by using 3 brief experimental scenarios to identify each aspect of data quality and discuss students’ reasoning (see Check for understanding 1 (4.3 PPT)).
1. Activate students’ prior knowledge of free-body diagrams and acceleration down an inclined plane (Activity 4.2 and Activity 4.3). Display the slide 4.3 PPT ‘Predict’, demonstrating a trolley released from an inclined plane at 2 or 3 different angles.
Students divide their mini whiteboard into 2 sections labelled shallow incline and steep incline. They draw a free-body diagram showing the forces acting on the trolley for each incline, compare the magnitude of the weight components acting parallel and perpendicular to the incline, and predict which incline will produce the greater acceleration.
Figure 5 – sample response for activation of prior knowledge
[image: free-body diagrams for steep and shallow inclines. The parallel component of weight force is larger on the steeper incline than it is on the shallow one. The perpendicular component is the opposite.  ]
1. As a class, derive the relationship between the angle of the inclined plane and the trolley’s acceleration using slide 4.3 PPT ‘Explain’. Students then predict the shape of the graph of acceleration versus  and justify what the gradient represents?
	Sample response
Figure 6 – free-body diagram of a cart on an inclined plane
[image: The image shows a labelled force diagram of a cart on an inclined plane. It shows the normal force, weight force, net force and angle of incline. 
A second image shows the free-body diagram for this scenario.]
The component of the weight force parallel to the surface of the inclined plane is the only unbalanced force. Use Newton’s second law of motion to determine the acceleration down the ramp.

The mass appears on both sides of the equation and can be cancelled out. Therefore:

To produce a straight-line relationship (directly proportional), match the terms to the standard equation for a line, .

That is, the graph will be a straight line if  is on the vertical axis and  is on the horizontal axis. In this form, the gradient  represents acceleration due to gravity, , and  should be equal to zero. 


Core learning
Activity 1 – plan and conduct the investigation
1. Explain to students that they will design a valid, reliable and accurate investigation to determine the relationship between incline angle and acceleration. Provide each student group with equipment for investigating the effect of the angle of an inclined plane on the acceleration of a trolley. For example, ramp, trolley, supports, protractor, stopwatch and/or motion sensor.
1. Introduce the goals and sequence of steps to guide students in planning their investigation. Allow them time to examine the equipment, discuss possible methods, and sketch a labelled diagram of their proposed experimental setup. Refer to slide 4.3 PPT ‘Plan an investigation’.
Students then complete the Student resource – planning your investigation scaffold by identifying the independent, dependent and control variables, and justifying how they will vary angle, measure acceleration, and ensure accuracy and reliability of their measurement. 
Facilitate a whole-class discussion to review the planning questions using the Sample response – student resource – planning your investigation scaffold. Encourage students to compare different approaches, justify their decisions, and evaluate the strengths and limitations of each proposed method.
Students independently write a complete method using their planning scaffold and the ideas discussed in class. Slide 4.3 PPT ‘Write a complete method’ may be used to support students in their writing. Provide students with the Student resource – self-assessment: investigation method to self-assess their planning before they conduct the investigation.
Differentiation: students may use the Student resource – self-assessment: investigation method to provide feedback on other students' work.
Check students’ understanding of the method by reviewing their procedures and cold-calling students to explain the steps of the investigation and how the method will be conducted.
Students conduct the investigation in small groups to gather and record primary data.
Activity 2 – data processing and analysis
1. Outline for students the general steps used to process their experimental data using Excel using slide 4.3 PPT ‘Process data’. 
Model how to set up tables with clear headings and units (for example, height (m), ramp length (m), , distance travelled (m), time for each trial (s), average time (s), acceleration). An example is shown in Figure 7 below.
[bookmark: _Ref240822737]Figure 7 – screenshot of sample Excel spreadsheet heading structure
[image: Screenshot of Excel spreadsheet with columns labelled height (m), ramp length (m), sin θ, distance travelled (m), time for each trial (s), average time (s), acceleration.]
Students enter their own data into an Excel spreadsheet.
Student work in pairs to process their data.
1. Calculate  by measuring the angle or using .
Calculate the average time for each incline angle using instructions on slide 4.3 PPT ‘Determining average in Excel’.
Table 9 – Excel syntax
	Mathematical expression
	Excel formula
	Purpose

	
	=SIN(RADIANS(A2)) 
	Calculates the sine of an angle stored in degrees in A2.

	Average
	=AVERAGE(B2:B9)
	Calculates the average of repeated trials.

	Fill handle (drag down)
	Drag the bottom right corner of a cell containing a formula.
	Applies the same calculation to all rows in the table.


Explain to students how to derive the expression  to calculate acceleration from displacement and time measurements assuming that the trolley was uniformly accelerating as outlined on slide 4.3 PPT ‘How to calculate acceleration’.
Table 10 – Excel syntax continued
	Mathematical expression
	Excel formula
	Purpose

	
	=(2*F1)/(E2^2)
	Calculates the acceleration if the distance is stored in F1 and the mean time is stored in E2.


Remind students of the relationship derived earlier between the angle of the inclined plane and acceleration () to highlight that a graph of vs  should have a straight-line relationship with a gradient equal to the acceleration, due to gravity, .
1. Display slide 4.3 PPT ‘How to draw a scatter graph’ (3 slides). Students create a scatter graph of acceleration against .
25. Evaluate the reliability of the line graph by considering:
whether the data points follow a consistent trend
whether there are any outliers. Suggest improvements that will overcome them, such as using a consistent release method, reducing friction and better alignment.
Below is a scaffold to evaluate reliability by looking at how well the data fits the expected linear trend.
Table 11 – scaffold to evaluate reliability of straight-line graph
	Observation
	What does it tell you about reliability?

	Do the data points form a straight-line pattern?
	A consistent linear pattern suggests reliable data.

	Are the data points close to the trendline?
	Points close to the trendline indicate consistent measurements.

	Are there any outliers away from the trendline?
	Outliers may reduce the reliability of the results.

	Is the spread of the data around the trendline small?
	A small spread indicates greater reliability.


Students complete Check for understanding 2 (4.3 PPT) as a revision of different types of errors. Facilitate a discussion about how measurement uncertainty and experimental limitations may have contributed to the difference. 
26. Guide students to evaluate the quality of their results by calculating the percentage error between their experimental value of  (obtained from the gradient of the graph) and the accepted value .

Consolidate
1. [bookmark: _Ref236480595][bookmark: _Ref228961868][bookmark: _Ref228961630]Students independently complete the discussion section of their practical report, evaluating the reliability, accuracy and validity of their investigation and suggesting possible improvements. A sample of a student’s complete report is included in the Sample response – student resource – student report.

[bookmark: _Student_resource_–_4][bookmark: _Toc243053705]Student resource – planning your investigation scaffold
Before writing your method, carefully consider how you will design a valid, reliable and accurate investigation. A well-designed investigation involves more than simply identifying the independent, dependent and control variables. You should justify how you will manipulate and measure variables, control sources of error and ensure that your results are a fair test of the relationship between the angle of the inclined plane and acceleration of the trolley. 
Use the following prompts to guide your planning.
	Aspect
	Questions to consider when planning
	Planning notes

	Independent variable (angle of the incline)
	How will you increase the ramp angle?
What is the increment and range of angles you will investigate? Is the range large enough to observe a trend without the trolley moving too quickly for you to time?
How will you measure the angle accurately, considering the ramp's thickness?
	

	Dependent variable 
	How will you determine acceleration?
What measurements (for example, distance and time) are required?
How will you organise your results in a table? What quantities and units will you record?
	

	Control variables
	Consider what must remain constant to ensure a fair test. For example:
Release position – How will you ensure the trolley is released from the same position for each trial?
Release method – How will you ensure the trolley is released without any external force applied, such as a push?
	

	Reliability
	How many trials will you perform for each angle?
How will you identify and deal with outlier results?
How will you use the repeated results to determine a representative value?
How will you evaluate the reliability of your results?
	

	Accuracy 
	What equipment will provide the most accurate measurement (for example, ruler, protractor, stopwatch)
What are the uncertainties of your measuring devices? (1/2 the limit of reading)
How might these affect your results?
Timing – If using a stopwatch, how will you minimise the delay between releasing the trolley and starting the stopwatch?
	


Use this planning information to write a complete method in your book. The method should explicitly describe:
Aim: what the investigation is trying to find out
Hypothesis: a prediction linking the angle of incline to acceleration, with a scientific reason
Equipment setup: a diagram of the experiment setup including labels
Method: a clear, step-by-step procedure outlining how the investigation is carried out, including how variables will be controlled to ensure a fair test
Result table: a table to record experimental trials, calculate averages, organise data for further calculations and graphing.

[bookmark: _Sample_response_-][bookmark: _Ref236483497]Sample response – student resource – planning your investigation scaffold
	Aspect
	Questions to consider when planning
	Planning notes

	Independent variable (angle of the incline)
	How will you increase the ramp angle?
What is the increment and range of angles you will investigate? Is the range large enough to observe a trend without the trolley moving too quickly for you to time?
How will you measure the angle accurately, considering the ramp's thickness?
	Retort stand or books
Investigate angles that need to be less than 30° to keep the trolley slow enough to measure accurately.
Measure angle of surface of the ramp using a protractor or measure height directly to calculate angle or sin θ.

	Dependent variable 
	How will you determine acceleration? 
What measurements (for example, distance and time) are required? 
How will you organise your results in a table? What quantities and units will you record?
	Determine acceleration using Newton’s equation  since the trolley started from rest,  rearrange   where s is distance travelled, and  is time taken.
Record angle () or height of the ramp and length of the ramp (), distance travelled (), time (), and calculated acceleration () in a results table.

	Control variables
	Consider what must remain constant to ensure a fair test. For example:
Release position – How will you ensure the trolley is released from the same position for each trial?
Release method – How will you ensure the trolley is released without any external force applied, such as a push?
	Use the same trolley, ramp and ramp surface throughout. Keep the distance travelled constant. Ensure the ramp remains securely fixed throughout the investigation.
Mark the starting line with tape or a whiteboard marker.
Release it without pushing by using a release block. 

	Reliability
	How many trials will you perform for each angle?
How will you identify and deal with outlier results?
How will you use the repeated results to determine a representative value?
How will you evaluate the reliability of your results?
	Perform at least 6 trials at each angle. 
Identify anomalous results that differ substantially from the others, repeat the measurement if necessary, and calculate the mean value for analysis.

	Accuracy 
	What equipment will provide the most accurate measurement (for example, ruler, protractor, stopwatch)?
What are the uncertainties of your measuring devices?
How might these affect your results?
Timing – If using a stopwatch, how will you minimise the delay between releasing the trolley and starting the stopwatch?
	Motion sensors or light gates provide more accurate measurements than a stopwatch because they eliminate human reaction time. 
Consider equipment uncertainty (example, ruler ±1 , protractor ±1°, stopwatch  s digital or larger due to reaction time).
Measure over a longer distance to reduce percentage uncertainty.




[bookmark: _Student_resource_–_5][bookmark: _Ref236658052][bookmark: _Toc243053706]Student resource – self-assessment: investigation method
Use the table below to assess your investigation method.
Self-assessment: planning the investigation
	Component
	Criterion

	Title
	☐	a clear, concise and specific title for the investigation.

	Aim
	☐	clearly states the purpose of the investigation, including a focused aim/question that identifies both the independent and dependent variables.

	Hypothesis
	☐	the prediction clearly explains how the independent variable affects the dependent variable.

	Diagram 
	☐	clear and neat diagram of the inclined plane setup.
☐	key components are labelled clearly, for example, angle θ, distance, starting point, timing device or sensor.
☐	includes how the angle is measured or changed, for example, considering parallax error, protractor, adjustable ramp.
☐	the diagram matches the method and is easy to understand.

	Method
	☐	written in clear, step-by-step instructions.
☐	 identified relevant controlled variables and explained why they must be kept constant to ensure a valid scientific investigation.
☐	described the independent variable as the incline angle, including units, intervals and range, for example, 5 different angles across a range of 5–20°.
☐	described the dependent variable with correct units and explained how it will be measured using available equipment.
☐	described the timing method (measure time and calculate acceleration).
☐	included repeated trials to improve reliability.
☐	 explained how data will be recorded in a table.

	Results/
data table design 
	☐	a clear and organised data table to record results.
☐	headings with correct variables and units.
☐	space for multiple trials for each angle.
☐	a column to calculate and record averages.
☐	clearly show how acceleration will be calculated from measurements.


[bookmark: _Ref230076187]

[bookmark: _Sample_response_–][bookmark: _Ref236511574]Sample response – student resource – student report 
Title: investigating the effect of incline angle on the acceleration of a trolley.
Aim: to investigate how changing the angle of an inclined plane (independent variable) affects the acceleration of a trolley (dependent variable).
Hypothesis: if the angle of the incline increases, then the acceleration of the trolley will increase because a greater component of gravitational force acts parallel to the slope.
Diagram
Figure 8 – inclined plane laboratory experiment equipment setup
[image: Scientific diagram showing setup for inclined plane investigation. 
Trolley is resting at top of a ramp with one end suspended by a retort stand and clamp. A ruler is used to measure the height at one end of the ramp. ]
This work has been generated using Chemix.
Method
1. Set up the apparatus by securing the inclined plane to a stable support, for example, a retort stand. Ensure the ramp cannot move during the investigation.
1. Mark out a consistent release and finish point using masking tape. Measure and record the distance between these 2 points (minimum distance of 0.50 m to ensure timing) using a metre ruler. Keep this distance constant throughout the investigation.
1. Adjust the height of the ramp until the trolley just begins to roll from rest. Measure the vertical height of the raised end of the ramp. Account for any offset on the ruler (for example, if the ruler begins 4 mm before the zero mark). 
1. Place the trolley at the marked release point. Hold it in position using a ruler placed perpendicular to the ramp as a release gate. Lift the ruler vertically to release the trolley without applying an additional force, ensuring the trolley starts straight along the ramp.
1. Measure the time taken for the trolley to travel from the release point to the finish point. Repeat the measurement at least 6 times for the same incline angle and record all results in the Excel spreadsheet. 
1. Increase the incline angle by raising the ramp in small, consistent increments (approximately 0.01m in vertical height); ensure the ramp remains secure after each adjustment.
1. Repeat steps 4–6 for each increment in height up to 0.2 m in vertical height.
1. Process the data by calculating and average time, determine the acceleration for each angle, and plot acceleration against .
1. Analyse the results by comparing the gradient to the theoretical value of gravity .
Results
Table 12 – sample data
	height (m)
	Ramp length (m)
	sin θ
	Travelled length (m)
	Time (s)
	Acceleration (m s-2)

	
	
	
	
	Trial 1
	Trial 2
	Trial 3
	Trial 4
	Trial 5
	Trial 6
	Average
	

	0.055
	0.88
	0.06
	0.66
	2.56
	2.72
	3.10
	3.30
	3.28
	2.87
	2.92
	0.15

	0.065
	0.88
	0.07
	0.66
	2.37
	2.57
	2.54
	2.29
	2.38
	2.63
	2.48
	0.21

	0.076
	0.88
	0.08
	0.66
	2.03
	1.97
	1.85
	1.81
	1.97
	1.91
	1.91
	0.36

	0.089
	0.88
	0.10
	0.66
	1.5
	1.63
	1.63
	1.56
	1.53
	1.59
	1.58
	0.53

	0.101
	0.88
	0.11
	0.66
	1.56
	1.44
	1.41
	1.47
	1.38
	1.41
	1.45
	0.62

	0.121
	0.88
	0.13
	0.66
	1.28
	1.25
	1.25
	1.22
	1.25
	1.25
	1.24
	0.85

	0.145
	0.88
	0.16
	0.66
	1.03
	1.06
	1.12
	1.10
	1.13
	1.06
	1.07
	1.15

	0.161
	0.88
	0.18
	0.66
	0.97
	1.07
	1.00
	0.97
	0.91
	0.93
	0.97
	1.39

	0.188
	0.88
	0.22
	0.66
	0.78
	0.97
	0.90
	0.90
	0.85
	0.87
	0.88
	1.72


Figure 9 – acceleration versus  
[image: A sample graph of a vs sin theta. 
Approximately straight-line relationship with line of best fit and gradient annotated as 10.457.
]
Discussion
Reliability
The results were reasonably reliable because 6 trials were conducted for each incline angle and the mean acceleration was calculated. However, variation between trials occurred because of differences in reaction time when starting and stopping the stopwatch and slight inconsistencies in releasing the trolley. These random errors caused small variations in the measured times and reduced the precision of the results.
Accuracy

Experimental value of (gradient) = 10.457 ms⁻²
Theoretical value of = 9.8 ms⁻²
The experimental value of  obtained from the gradient was 10.457 ms⁻², which is 6.7% higher than the accepted value of 9.8 ms⁻². This indicates that the investigation produced a reasonably accurate estimate of the acceleration due to gravity. The largest source of error was likely the manual timing of the trolley. Small variations in reaction time when starting and stopping the stopwatch, together with difficulty judging the exact moment the trolley crossed the finish line, affected the measured travel time. Because acceleration was calculated from time, these timing errors had a significant effect on the calculated value of . Minor uncertainties in measuring the incline angle and the distance travelled may also have contributed to the difference. Using light gates or a motion sensor would reduce these uncertainties and improve the accuracy of the results.
Validity
The investigation was valid because the incline angle was the only variable changed. The same trolley, ramp, release position, release method and distance travelled were used throughout the investigation. The graph of acceleration against  showed a linear trend, supporting the predicted relationship.
Suggested improvements
The investigation could be improved by using light gates or a motion sensor instead of a stopwatch to eliminate reaction time errors.


[bookmark: _Toc243053707]Teaching advice
Background information
Physics concepts
On an inclined plane, the weight of the trolley can be resolved into 2 perpendicular components. The component acting parallel to the incline is  which causes the trolley to accelerate down the ramp, while the component acting perpendicular to the incline is  which is balanced by the normal force.
Applying Newton's second law of motion gives:


This predicts that acceleration is directly proportional to . Therefore, plotting acceleration against should produce a straight-line graph with a gradient equal to the acceleration due to gravity, 
This historical context gives students a reason for the practical: they are not just measuring acceleration on a ramp. They are replicating the scientific reasoning that allowed Galileo to infer the acceleration due to gravity from slower, more measurable motion.
Encourage students to justify their experimental design rather than simply identifying variables.
Before conducting the investigation, revisit free-body diagrams to help students predict how increasing the incline angle affects the net force and acceleration.
Emphasise that angle is the manipulated variable, while is used during data analysis because it is the quantity predicted by the theoretical model.
Explicitly model how to process experimental data using Excel, including calculating averages, using formulas, creating scatter graphs, adding trendlines and interpreting the gradient.
Encourage students to interpret their graph by asking:
Does the graph support the theoretical model?
What does the gradient represent?
Why might the gradient differ from  ?
Key vocabulary
Table 13 – glossary of key terms
	Term
	Meaning

	accuracy
	How close a measurement is to the true value.

	controlled variables
	Variables kept the same to ensure a fair test.

	dependent variable
	The variable being measured (acceleration).

	gradient
	Steepness of a line on a graph; shows the relationship between variables.

	independent variable
	The variable that is changed (angle of incline).

	random error
	Unpredictable variation in measurements.

	reliability
	How consistent repeated results are.

	systematic error
	Consistent error affecting all measurements in the same way.

	uncertainty
	The range of doubt in a measurement.


Considerations:
Before practical work begins, explicitly review the differences between:
independent, dependent and controlled variables
systematic and random errors
accuracy, precision, validity and reliability
uncertainty and percentage error.
Encourage students to predict the expected shape of the graph before collecting data. Asking ‘Should this graph be linear or curved?’ helps students think about the underlying physics before analysing results.
Require students to explain every graph using the scientific model rather than simply describing the trend. Students should connect the increasing angle to an increasing parallel component of weight and therefore increasing acceleration.
Encourage students to examine the quality of their data critically rather than assuming it is correct. Identifying anomalies and proposing realistic improvements are important components of scientific investigation.
During graph interpretation, reinforce that the gradient represents g. Students often focus only on whether the graph slopes upward rather than considering what the gradient physically represents.
Common misconceptions
Table 14 – table of common misconceptions
	Misconception
	Correct physics

	The normal force causes the object to move down the slope.
	The normal force acts perpendicular to the surface and does not contribute to motion along the incline.

	Acceleration is directly proportional to the angle ().
	Acceleration is proportional to . This is why students graph acceleration against , not angle.

	Repeating measurements makes data more accurate.
	Repeated trials improve reliability and reduce the influence of random error, but they do not remove systematic errors.

	Averages remove all experimental error.
	Averaging reduces random error but does not eliminate systematic error or measurement uncertainty.




[bookmark: _Ref240572512][bookmark: _Ref235006746]Checks for understanding
[bookmark: _Check_for_understanding]Check for understanding 1 (4.3 PPT)
1. A student measures the acceleration of a trolley 3 times down a ramp inclined at . Their results are 1.8, 1.9 and 1.8 .
What does this tell us about the reliability of the results?
A student investigates the effect of incline angle on acceleration but changes the mass of the trolley each time they change the angle.
Why might this affect the validity of the investigation?
A student measures the ramp angle using a protractor but reads the scale from an angle rather than straight on.
How could this affect the accuracy of the measurement?
Check for understanding 1 sample response
1. The results are very similar, so there is little variation between trials. This suggests the measurements are reliable. The student could calculate the range, standard deviation or other measure of variability in the results to support their judgement.
1. Changing the mass as well as the incline angle means that more than one variable is being changed. Therefore, any change in acceleration might be caused by the change in mass rather than the incline angle. The investigation would not validly determine the relationship between incline angle and acceleration.
Reading the protractor from an angle can cause parallax error, so the measured angle may not be the actual angle of the ramp. This reduces the accuracy of the angle measurement. The student should read the scale straight on, at eye level.
[bookmark: _Check_for_understanding_1][bookmark: _Ref240817578]Check for understanding 2 (4.3 PPT)
Students classify the following statements as being an example of systematic error or random error 
The ramp shifts slightly between trials. _______________
Students consistently read the scale from above or below eye level (parallax error). _______
The ramp angle is set incorrectly. _______________
Different students pull trolley up an incline with slightly different forces each trial. _______________
The ruler begins at 4 mm before the zero mark. _______________
Check for understanding 2 sample response
The ramp shifts slightly between trials. random
Students consistently read the scale from above or below eye level (parallax error). systematic
The ramp angle is set incorrectly. systematic
Different students pull trolley up an incline with slightly different forces each trial. random
The ruler begins at 4 mm before the zero mark. systematic


[bookmark: _Toc243053708]4.4 Acceleration on an inclined plane
Students explore the motion of objects on inclined planes by identifying forces, constructing free-body diagrams, and applying Newton’s second law of motion to calculate acceleration while considering frictional effects.
Table 15 – learning intentions and success criteria
	We are learning:
	I can:

	to use Newton’s second law of motion and friction to analyse and predict the motion of objects on inclined planes
	identify the forces acting on an object on an inclined plane
resolve the weight of an object into components parallel and perpendicular to the inclined plane
calculate acceleration, velocity and displacement of an object moving on an inclined plane

	to analyse data and information to draw valid conclusions about the motion of objects.
	describe the relationships between variables.


[bookmark: _Toc243053709]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of forces acting on an inclined plane (Activity 4.1 and Activity 4.2) by asking students to recall a time when they observed an object speeding up as it slid down a slope. Ask them about the type of surface the object was moving on, the material of the object itself and how friction affected the acceleration of the object. (See slide 4.4 PPT ‘Activating prior knowledge’.) Students share their thoughts with a partner.
Check students’ prior understanding of Newton’s second law of motion and friction (Stage 5 Waves and motion) and the content group Forces and motion using Check for understanding 1 (4.4 PPT).
Core learning
1. Students place a pencil case or similar item on a book and gradually lift one side of the book to form an inclined plane. 
1. Ask students to predict at which point the pencil case will begin to slide.
1. Slowly increase the angle until the pencil case starts moving, demonstrating the effects of gravity and friction on the pencil case.
Use the discussion prompts below to lead a class discussion on the impact of angle, friction and weight on the motion of an object on an inclined plane. Students record their observations in the Student resource – acceleration on an inclined plane. 
Table 16 – discussion prompts
	Instruction/discussion prompt
	Teacher notes

	Which forces were involved in the system, including the inclined plane and pencil case?
	Three forces are acting on the pencil case:
weight force (gravity) – acting vertically downward
normal force – acting perpendicular to the surface of the book
friction force – acting up the slope, opposing the motion.

	Why did the pencil case move only after a certain angle?
	As the angle of incline increases, the component of the weight force acting down the slope increases. The pencil case stays still while friction balances this force. Once the downward component exceeds the maximum static friction, the pencil case will begin to slide.

	Ask students to construct a labelled free-body diagram of all forces acting on the pencil case while it is on the incline, for example, gravity, friction, normal force. Drawing a pictorial representation first may help them draw the free-body diagram.
	Figure 10 – sample response forces on an inclined plane is included on slide 4.4 PPT ‘Forces on sliding pencil case (1 of 2)
[image: Sample student response.]

	What will happen if the slope is made steeper? Draw a free-body diagram to represent the motion. Encourage students to test their prediction. 
	If the slope is made steeper, the pencil case will slide more easily and quickly because the component of gravity acting down the slope increases.
Figure 11 – sample response free-body diagram of forces on a steeper inclined plane is included on slide 4.4 PPT ‘Forces on sliding pencil case (2 of 2)
[image: Sample student response.]

	Predict how the motion of the object will change if an eraser is used in place of the pencil case and draw a free-body diagram to represent the motion. Encourage students to test their prediction. 
	If an eraser is used instead of a pencil case on a slope, its behaviour will change due to differences in shape, weight and surface texture. Compared to a pencil case, an eraser is usually smaller, lighter and made of a material that creates more friction with the book's surface. Therefore, the eraser is likely to require a steeper angle before it starts sliding, because the increased friction resists motion more than the pencil case would.
Figure 12 – sample response free-body diagram of forces on an eraser is included on slide 4.4 PPT ‘Forces on an eraser’
[image: Sample student response.]

	What will happen if the pencil case is empty? Encourage students to predict and test.
	If the empty pencil case is made from the same material as the full pencil case, it should begin to slide at approximately the same angle. Although the empty pencil case has a smaller weight force, both the force pulling it down the slope and the maximum frictional force decrease by the same proportion, so the angle at which it starts to slide remains the same. If the empty pencil case is much lighter and more easily affected by surface irregularities, there may be slight differences in practice. However, it should begin sliding at the same angle.


Differentiation: support students by providing partially completed free-body diagrams.
Explain to students how to determine the net force acting on an object down an inclined plane. You may use slide 4.4 PPT ‘Acceleration down an inclined plane’ to support your explanation. Students record notes on this process in the Student resource – acceleration on an inclined plane.
Table 17 – steps for determining the acceleration of objects on an inclined plane
	Description
	Mathematical representation

	The net force is the difference between the component of the weight force acting parallel to the incline, , and the force of friction () acting on the object.
Assume that no other forces act along the perpendicular axis so that .
	

	Relate the net force acting down the plane to Newton’s second law of motion.
	


	Divide both sides by  to make  the subject.
	


Check students’ understanding of the equation for acceleration of an object on an inclined plane using Check for understanding 2 (4.4 PPT).
Differentiation: challenge students by asking them to work in pairs to derive the equation themselves and share their reasoning.
42. Students draw a free-body diagram of the experiment above in Question 1 of the Student resource – acceleration on an inclined plane. For sample student responses see Sample response – student resource – acceleration on an inclined plane.
43. Work through a progressive problem-solving sequence using the Student resource – acceleration on an inclined plane. 
Model a worked example of a pencil case on an inclined plane with friction (Question 2 in the student resource), using the slide 4.4 PPT ‘Acceleration on an incline – I do’.
Check students understand how to apply the acceleration formula for acceleration on an incline using Check for understanding 3 (4.4 PPT).
Students collaborate in pairs on a similar problem involving a block on an incline (Question 3 in the student resource), with teacher support as needed using the slide 4.4 PPT ‘Acceleration on an incline – we do’.
Students complete Questions 4 and 5 individually with support provided as needed.
Check students’ understanding of calculating the acceleration due to gravity using Check for understanding 4 (4.4 PPT).
Differentiation: briefly discuss how adjusting friction, for example, with more water flow or rougher surfaces, affects the slide’s design and rider safety.
[bookmark: _Ref225515026]Consolidate
[bookmark: _Ref225858656]Students use their understanding of acceleration down a slope and friction to select the safest slide (see Check for understanding 4 (4.4 PPT)).

[bookmark: _Student_resource_–_6][bookmark: _Ref236332795][bookmark: _Toc243053710]Student resource – acceleration on an inclined plane
Record your observations, thoughts and ideas here as you explore the movement of a pencil case and an empty pencil case on an inclined plane.
	


The formula for the acceleration of an object down an inclined plane is 

Record the derivation for the formula in the space below:
	


1. Draw a free-body diagram showing the angle of the book when the pencil case just starts to move.
	


Complete the questions below.
Calculate the acceleration of a 0.6 kg pencil case on a book with an incline of . The coefficient of friction for rubber (the material of the pencil case) and cardboard (the material of the book) is 0.7.
	


A 5.00 kg block is released from rest on a  incline. The coefficient of kinetic friction between the block and the incline is 0.15. Determine the block’s acceleration as it slides down the incline.
	


A skier with a mass of 70 kg is going down a snowy hill that makes a 25° angle with the horizontal. If their acceleration down the slope is 3.3 , calculate the coefficient of friction between the snow and the skis.
	


A waterslide is built as a straight, inclined plane at a 30° angle. A student with a mass of 60 kg slides down. The slide is slippery, but water creates some friction: the effective coefficient of kinetic friction is . Calculate the student's acceleration as they slide down.
	


Challenge: briefly discuss how adjusting friction (for example, with more water flow or rougher/smoother surfaces) affects the slide’s design and rider safety.
	


[bookmark: _Ref224910105]

[bookmark: _Sample_response_–_1][bookmark: _Ref225518793][bookmark: _Ref225858519]Sample response – student resource – acceleration on an inclined plane
1. Draw a free-body diagram showing the angle of the book when the pencil case just starts to move.
	Sample response
Figure 13 – sample response free-body diagram of forces acting on a pencil case[image: A sample student response.]


Complete the questions below.
1. Calculate the acceleration of a 0.6 kg pencil case on a book with an incline of . The coefficient of friction for rubber (the material of the pencil case) and cardboard (the material of the book) is 0.7.
	, , 

The acceleration is .


1. A 5.00 kg block is released from rest on a 20° incline. The coefficient of kinetic friction between the block and the incline is 0.15. Determine the block’s acceleration as it slides down the incline.
	, , 

The acceleration of the block is .


1. A skier with a mass of 70 kg is going down a snowy hill that makes a 25° angle with the horizontal. If their acceleration down the slope is 3.3 , calculate the coefficient of friction between the snow and the skis.
	, , 

The coefficient of friction for the block is 0.95 to 2 sig figs.


1. A waterslide is built as a straight, inclined plane at a  angle. A student with a mass of 60 kg slides down. The slide is slippery, but water creates some friction: the effective coefficient of kinetic friction is . Calculate the student's acceleration as they slide down.
	, , 

The acceleration of the block is 4.1 to 2 sig figs.


Challenge: briefly discuss how adjusting friction (for example, with more water flow or rougher/smoother surfaces) affects the slide’s design and rider safety.
	Sample response
Adjusting friction on a slide, such as by increasing water flow or changing surface texture, directly impacts both the design and rider safety. Increasing water flow typically reduces friction, allowing riders to move faster, which requires the slide to be designed with sufficient length, slope and safe landing areas to accommodate higher speeds. Conversely, rougher surfaces increase friction, slowing riders and potentially reducing injury risk, but may cause discomfort or abrasions. Smoother surfaces decrease friction and increase speed, so the slide must ensure proper control and safe deceleration zones. Overall, balancing friction adjustment is essential to optimise rider enjoyment while maintaining safety standards.




[bookmark: _Toc243053711]Teaching advice
Background information
Key vocabulary
Table 18 – glossary of key terms
	Term
	Meaning

	Coefficient of friction
	A number that describes how much friction exists between 2 surfaces.


Considerations
Conduct this activity with class discussion, checking student understanding after each step. Encourage students to share their responses to discuss strengths and areas for improvement. Focus feedback on misconceptions about representing forces in pictorial models and free-body diagrams, as well as the use of vectors in these representations. Encourage students to record their thoughts in the Student resource – acceleration on an inclined plane. Use the Sample response – student resource – acceleration on an inclined plane to support your teaching.
Maintain a clear distinction between:
forces acting on the object (weight, normal, friction)
components of forces (parallel and perpendicular)
results of forces (net force, acceleration).
Explicitly link each representation: practical activity → free-body diagram → mathematical model. Students often struggle to connect these without guidance.
Reinforce that:
the parallel component of weight causes acceleration
the normal force balances the perpendicular component.
Emphasise that the object just begins to slide when the threshold is reached, and static friction is overcome.
Strategies
Use gradual release of responsibility explicitly:
model drawing and interpreting free-body diagrams step-by-step
narrate your thinking when resolving forces
gradually remove scaffolds as students gain confidence.
Before introducing equations, ask:
What happens to the forces as the slope increases?
Which force is causing the motion?
Use multiple representations to support teaching of new concepts and for problem-solving, including:
diagrams
physical models, for example, a book + object
gestures, for example, showing perpendicular direction with hands.
Make vector directions explicit. 
Have students verbally describe directions before drawing.
Check with students: ‘Is this arrow parallel or perpendicular?’


[bookmark: _Ref235005450][bookmark: _Ref227825924]Checks for understanding
[bookmark: _Check_for_understanding_2]Check for understanding 1 (4.4 PPT)
1. Describe Newton’s second law of motion.
Define friction and explain the significance of the coefficient of friction in understanding the interaction between surfaces.
Check for understanding 1 sample response
	1. Newton’s second law of motion states that acceleration is proportional to the net force applied and inversely proportional to its mass. If I push harder, the object will accelerate faster. This can be represented by .
2. Friction is a force that opposes the relative motion or attempted motion between 2 surfaces in contact. It acts parallel to the surfaces and can either prevent motion or slow down moving objects.
The coefficient of friction is important because it quantifies how easily one surface slides over another. A higher coefficient means more resistance to motion (stronger friction), while a lower coefficient means less resistance (weaker friction). Understanding the coefficient of friction allows us to predict and calculate how much force is needed to move objects, which is essential in applications such as engineering, transport and everyday life.


[bookmark: _Check_for_understanding_3][bookmark: _Ref236390897]Check for understanding 2 (4.4 PPT)
1. Explain why mass does not appear in the final equation for acceleration of an object down an incline: .
1. Because acceleration is independent of mass, we (do/do not) need to know the _________ of an object to predict its acceleration.
Check for understanding 2 sample response
1. Mass does not appear in the final acceleration equation because it cancels out during the calculation. The force pulling the object down the slope, a component of its weight, depends on mass, but the object’s resistance to acceleration also depends on mass. When applying Newton’s second law of motion, the mass appears on both sides of the equation and is cancelled out, so the acceleration is independent of mass.
1. Because acceleration is independent of mass, we do not need to know the mass of an object to predict its acceleration.
[bookmark: _Check_for_understanding_4][bookmark: _Ref234848413]Check for understanding 3 (4.4 PPT)
A pencil case slides down a rough incline. Which equation correctly represents the net force acting parallel to the slope?
A. 
B. 
C. 
D. 
Check for understanding 3 sample response
A. The student has not resolved the weight force.
B. The student has forgotten that friction opposes motion.
C. Correct response
D. The student has confused the parallel and perpendicular components.
[bookmark: _Check_for_understanding_5][bookmark: _Ref236391062]Check for understanding 4 (4.4 PPT)
Three slides have different angles and surfaces. Which slide has the smallest acceleration? Explain your reasoning.
Figure 14 – check for understanding 4
[image: Three slides have different angles and surfaces. Which slide has the smallest acceleration? Explain your reasoning.
A. is an incline with  𝜃=20°­
𝜇=0.30
B. is an incline with 𝜃=30°
𝜇=0.15
C. is an incline with 𝜃=30°
𝜇=0.35]
Check for understanding 4 sample response
Slide A: 20°, 
Although Slide C has a higher friction value, its steeper angle increases the acceleration more significantly. In Slide A, the smaller angle reduces the effect of gravity down the slope, and the relatively high friction further opposes motion. As a result, Slide A has the smallest acceleration.
Calculations:
A.

B.

C.

Note: students may select Slide C because it ‘feels’ right, as it has a less steep slope than Slide B and a higher friction value. However, students must perform the calculations to determine the correct answer.


[bookmark: _Toc243053712]4.5 Solving problems – motion on an inclined plane
Students practise applying their knowledge of motion on an inclined plane to a range of scenarios, including objects moving with constant velocity and those accelerating on inclined planes.
Table 19 – learning intentions and success criteria
	We are learning:
	I can:

	to use scientific laws and models to analyse and predict the motion of objects on inclined planes
	identify the forces acting on an object on an inclined plane
resolve the weight of an object into components parallel and perpendicular to the inclined plane
calculate acceleration, velocity and displacement of an object moving on an inclined plane

	· to use mathematical models to solve inclined plane problems.
	· apply mathematical reasoning, including calculations and equations, to solve problems.


[bookmark: _Toc243053713]Lesson sequence instructions
Activate
Activate students’ prior understanding of Newton’s second law of motion and friction (from the content group Forces and motion) using Check for understanding 1 (4.5 PPT).
Core learning
1. Check students' understanding to determine which groups or individuals are ready for individual problem-solving using Check for understanding 2 (4.5 PPT).
1. Place a set of station cards around the room. Organise students into small groups and have them rotate through the stations, working collaboratively to solve the problems on each card. 
1. Check students’ readiness to move on to the next activity by asking them to explain to a partner the steps they will use to solve the problems. Listen as students discuss their problem-solving strategy.
1. Provide students with the Student resource – motion on an inclined plane problem sets.
Differentiation: support students using gradual release of responsibility.
Use the Sample response: Student resource – motion on an inclined plane problem sets to support your teaching.
Consolidate
Students may work together or independently to design a safe waterslide (see slide 4.5 PPT ‘Consolidate’).
Design a safe but fun waterslide. Note: the raft used for the waterslide has a maximum safe speed of 12 ; this speed must not be exceeded. Select appropriate values for the length, height and angle of the slide. The coefficient of friction for wet fibreglass is 0.30. Justify your answer using the following.
Parallel force – calculate the component of the weight force acting down the slide. Explain how the angle of the slide affects the parallel force.
Friction – explain how friction changes the motion of the raft.
Acceleration – calculate the acceleration of the raft. Use your calculations to determine the raft’s speed at the bottom of the slide.
Safety considerations – compare your calculated speed with the maximum safe speed of 12 . Explain why your design is both safe and fun. If your design exceeds the safe speed, describe how you would modify the height, length or angle to improve safety.
[bookmark: _Ref228802577]

	Sample response
A suitable waterslide could be 20 m long with a height of 8 m, giving an angle of about 23.6°.
The rider’s weight can be resolved into components. The parallel component of weight, 
 acts down the slope and causes the rider to accelerate.
The perpendicular component, pushes the rider into the slide and affects the normal force.
Because the slide is wet fibreglass with significant water running down it, the coefficient of friction is very low. It can be approximated as 0.08. The friction force opposes the motion and reduces the acceleration. The acceleration is calculated using:



 to 2 sig. figs. down the slope.
The final speed of the raft is:








to 2 sig. figs. down the slope of the waterslide.
For safety, the angle must not be too steep; otherwise, acceleration becomes too large and the rider may reach unsafe speeds above 12 
This design is both safe and fun. The calculated final speed of  is below the maximum safe speed of , providing a safety margin while still allowing the rider to experience a fast and exciting ride. The 23.6° angle generates a sufficient parallel component of the weight force to produce steady acceleration, while the small amount of friction limits the acceleration enough to prevent excessive speeds. Overall, this design achieves a balance between safety and enjoyment by maintaining the raft’s speed within the recommended limit while providing an exciting ride.
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[bookmark: _Toc243053714]Student resource – station cards
Station 1 – identifying forces and weight
	Skill: calculate weight and identify forces acting on an object on a slope
	

	Instructions:
At this station, you will practise identifying forces and calculating weight using mass.
Task:
A loaded trolley has a mass of 18 kg and is placed on a 15° slope.
1. Calculate the weight of the trolley.
1. Identify all forces acting on the trolley while it is stationary on the slope and represent them using a free-body diagram.
	
	Hints:
Weight 

Think: What forces act on any object on a slope?
Include gravity and contact forces.
Think about the direction of each force.


Station 2 – resolving forces (parallel component)
	Skill: calculate the component of weight acting along a slope using trigonometry
	

	
	
	

	Instructions:
At this station, you will resolve weight into a component that acts along the slope.
Task:
A rider with a mass of 30 kg moves down a ramp at an angle of 18°.
Calculate the component of the rider’s weight acting parallel to the slope.
	
	Hints:
Use: .
Only use the mass and angle.
This force causes motion down the slope.
Check your calculator is in degrees.




Station 3 – error detective
	Skill: identify the mistake
	
	

	
	
	

	Instructions:
At this station, you will calculate and identify the mistake in the student’s working.
Student solution:
A 40 kg rider is on a 20° slope.
A student attempts to calculate the component of the rider’s weight acting down the slope and writes:

	
	Task:
1. Identify the error in the student’s working.
1. Explain why it is incorrect.
1. Correct the calculation.
1. State the correct answer with direction.


Station 4 – net force and motion (with or without friction)
	Skill: combine forces to determine the net force acting along a slope
	
	

	
	
	

	Instructions:
At this station, you will calculate the net force acting on a cart moving down a slope where friction is present.
Task:
A 20 kg cart is on a 15° slope. The coefficient of friction between the cart and the surface is 
Calculate the net force acting along the slope.
	
	Hints:
Find the parallel component of weight.
Friction acts opposite motion.
Find the friction force.




Station 5 – acceleration using Newton’s second law of motion
	Skill: use Newton’s second law of motion to calculate acceleration
	
	

	
	
	

	Instructions:
At this station, you will use a known net force to calculate the acceleration of an object moving down a slope.
Task:
A 25 kg cart is moving down a slope. The net force acting down the slope is 60 N.
Calculate the acceleration of the cart.
	
	Hints:
Use: .
Rearrange to find acceleration.
Acceleration depends on net force AND mass.
Check the units: .




Station 6 – explaining motion (friction and real-world reasoning)
	Skill: explain how friction and angle affect motion
	
	

	
	
	

	Instructions:
At this station, you will compare how different surface conditions affect the motion of an object moving down the same slope.
You must explain your answer using ideas about friction, net force and acceleration.
	
	Task:
An object is placed on the same 20° slope in 3 different conditions:
Dry surface (high friction)
Wet surface (medium friction)
Very slippery surface (low friction).
Assume the angle stays constant.
Compare how the motion of the object changes in each case.




Station 7 – acceleration on a slope with friction
	Skill: calculate acceleration on an inclined plane when friction is present
	
	

	
	
	

	Instructions:
At this station, you will use a formula that combines the effects of gravity, slope angle and friction to determine acceleration.
Task:
A snowboarder slides down a 25° slope. The coefficient of friction between the snowboard and the snow is 0.15.
Calculate the acceleration of the snowboarder.
	
	Challenge question
What would happen if the snow became icy and the coefficient of friction decreased to 0.05?


Challenge station – the mystery ramp
	Skill: work backwards from motion to determine forces acting on an object
	
	

	
	
	

	Instructions:
At this station, you will solve a problem with missing information. You will need to use your understanding of force components, friction and acceleration to determine what is happening on the ramp.
Scenario:
A billy cart is released on a 25° slope.
After measurements are taken, the cart accelerates at only  down the slope.
A friction force is acting, but its magnitude is unknown.
	
	Task:
1. Calculate the acceleration the cart would have if there were no friction.
1. Compare this value to the actual acceleration.
1. Explain what this tells you about the friction force.
1. Determine whether friction acts up or down the slope.
1. Sketch a free-body diagram showing all forces acting on the cart.
1. Explain how the motion would change if the friction force doubled.



[bookmark: _Ref230591988]Sample response – student resource – station cards
	Station
	Sample response

	Station 1 – identifying forces and weight
	Question 1:



The weight of the trolley is 176 N downwards.
Question 2:
Since the trolley is on a slope and not stated to be moving:
weight (gravity): acts vertically downward (176 N)
normal force: acts perpendicular to the slope, pushing the trolley away from the surface
friction force (if stationary): acts up the slope, preventing the trolley from sliding down.
Figure 15 –free-body diagram of the forces acting on an object on an inclined plane
[image: A free -body diagram of an object on an inclined plane showing the weight, normal and resultant forces.]

	Station 2 – resolving forces (parallel component)
	, 

The parallel component of the force is 91 N down the slope. (2 sig. fig.)

	Station 3 – error detective
	1. The student used the perpendicular force formula instead of the parallel force formula.
This is incorrect because the force acting down the slope is the parallel component of weight, which uses sine, not cosine.


The parallel component of weight is 134 N down the slope.

	Station 4 – net force and motion (with or without friction)
	
Step 1: calculate weight component down the slope

 down the slope
Step 2: calculate friction force

 up the slope
Step 3: calculate net force
Both forces act in opposite directions:
down the slope: 50.8 N
up the slope (friction): 18.9 N.

 down the slope.

	Station 5 – acceleration using Newton’s second law
	, 
Step 1: use Newton’s second law of motion

The acceleration of the cart is 2.4 down the slope.

	Station 6 – explaining motion (friction and real-world reasoning)
	Dry surface (high friction)
On a dry surface, friction is large. This force acts up the slope and strongly opposes motion. Because friction is high, the net force acting down the slope is small or may be zero. As a result, the object has a very small acceleration or may remain stationary if the net force is zero.
Wet surface (medium friction)
On a wet surface, friction is reduced. There is less force opposing motion, so the net force down the slope is larger than on the dry surface. This means the object will have a moderate acceleration and will accelerate more easily down the slope.
Very slippery surface (low friction)
On a very slippery surface, friction is very small. The net force down the slope is very close to the parallel component of weight. This produces the largest net force and greatest acceleration, so the object accelerates quickly down the slope.
Overall comparison:
As the surface becomes more slippery:
friction decreases 
net force increases 
acceleration increases.


	Station 7 – acceleration on a slope with friction
	

The acceleration of the snowboarder is 2.8  down the slope. (2 sig. fig.)
Challenge question sample response:
A smaller coefficient of friction means less friction opposes the motion.
Since the friction term,  becomes smaller, the net force down the slope increases.
Therefore, the snowboarder would accelerate faster down the slope.

	Challenge station – the mystery ramp
	1. 

Frictionless acceleration = 4.15 down the slope
Frictionless acceleration: 4.15 
The actual acceleration is 2.8 , which is much smaller than the calculated acceleration.
Since the actual acceleration is lower, this means:
a force is opposing the motion 
the opposing force is reducing the net force down the slope 
Therefore, friction is acting, and it is significant enough to reduce acceleration by more than half.
Friction always opposes motion.
The cart is moving down the slope; therefore, friction acts up the slope.

Figure 16 – free-body diagram showing the forces acting on a cart moving down a 25° slope
[image: A sample student response of a free-body diagram.]
If friction doubles:
more force opposes motion
net force decreases further
acceleration decreases.
The cart would:
move more slowly
take longer to reach the bottom
possibly stop if friction becomes large enough to balance the downhill force.




[bookmark: _Student_resource_–_7][bookmark: _Toc243053715]Student resource – motion on an inclined plane problem sets
Complete the questions below. Show all working out.
	


	


	Where:
	

	 = the parallel component of weight force (N)
 the perpendicular component of the weight force (N)
·  friction force (N)
·  acceleration due to gravity 
	·  acceleration ()
·  = mass ()
 = angle of incline (°)
· coefficient of friction


[bookmark: _Ref228800346]Question set 1
1. A 45 kg student is in a 15 kg wheelchair on an incline of 20°.
1. Calculate the combined weight of the student and wheelchair.
	


1. Resolve the weight into the component parallel to the slope.
	


Resolve the weight into the component perpendicular to the slope.
	


A 60 kg skier travels down 2 frictionless slopes: 10° and 30°.
1. Calculate the parallel component of their weight while on each slope.
	


1. Calculate the acceleration down each slope.
	


A 3.0 kg cart is released from rest on a frictionless 25° incline.
1. Calculate the parallel component of weight.
	


1. Calculate the acceleration of the cart down the slope.
	


1. Calculate the normal force exerted by the slope on the cart.
	


A wheelchair ramp is designed at an angle of 4°. The combined mass of the wheelchair and rider is 85 kg. Assume the friction is negligible.
1. Calculate the acceleration of the wheelchair down the ramp.
	


1. Explain why wheelchair ramps are designed with small angles of incline.
	


A 15 kg child slides down a 40° slippery dip. The coefficient of kinetic friction between the child and the surface is .
1. Show that the acceleration of the child down the slope can be written as:

	


1. Calculate the acceleration of the child using .
	


1. Explain how friction affects the acceleration compared to a frictionless slope.
	


Mr B is attempting to push a 22 kg box up the ramp to the science labs with a force of 90 N acting parallel to the ramp. The ramp is inclined at 20° to the horizontal.
1. Calculate the parallel component of the box’s weight force.
	


Calculate the net force acting parallel to the slope as Mr B pushes the box up the ramp if a friction force of 8.0 N acts down the slope.
	


1. Calculate the acceleration of the box.
	


Predict what would happen if Mr B reduced his push to 80 N.
	


Suggest 2 changes that would make it easier for Mr B to push the box up the ramp. Explain how each change affects the forces acting on the box.
	




A 60 kg surfer glides down the face of a wave with an incline of 25° with negligible friction.
1. Calculate the parallel component of weight.
	


1. Determine the net force.
	


1. Calculate acceleration.
	


1. Predict how acceleration would change if the angle increased to 50° and explain using force components.
	


A snowboarder travels down a 4.6° slope. The coefficient of friction between the snowboard and snow is 0.1 (source: Friction Coefficients for some Common Materials and Materials Combinations).
1. Calculate the acceleration of the snowboarder using:

	


1. Describe how friction changes the snowboarder’s motion compared to a frictionless slope.
	


1. Predict what would happen to the acceleration if the snow became icy and friction decreased.
	


A ramp designer must ensure acceleration is controlled. If a ramp is too steep:
1. What happens to the parallel force?
	


1. Why is this dangerous?
	


Pa has a great backyard for waterslides because it has a slope of 15°. He sets up a water slide for his grandchildren to slide on using a sheet of black plastic. Johnny cannot wait to try it and tries to slide down while the plastic is dry, but he doesn’t go anywhere. Midge tells him he needs water to make it slippery, so they turn on the hose, and they slide down the plastic, although it is still quite slow. Finally, Pa comes out and tells them it will work even better if they add detergent and speed down the slide.
Table 1 – table of friction coefficients
	Material
	Friction coefficient
	Notes

	Skin and black plastic
	0.6
	Dry skin on smooth plastic has moderate friction.

	Skin and wet plastic
	0.3
	Water reduces friction significantly.

	Skin and detergent/water mix on plastic
	0.1
	Detergent acts as a lubricant, making the surface very slippery.


Compare the acceleration of each scenario using the data in Table 1.
	




Question set 2
Multiple choice
1. A block rests on a frictionless incline. Which expression gives the component of weight parallel to the surface?
1. 



Two blocks of different mass slide down the same frictionless incline. Which statement is correct?
1. The heavier block has greater acceleration.
The lighter block has greater acceleration.
Both blocks have the same acceleration.
Surface area is required.
A block is sliding down an incline but slowing. Which statement is correct?
1. Velocity and acceleration are both down the slope.
1. Its velocity is down the slope and its acceleration is up the slope.
1. Velocity is up and acceleration is down.
1. Net force is zero.
The angle of a rough incline is increased while the coefficient of kinetic friction, , remains constant. What happens to the 2 components of weight?
1. Both increase.
Both decrease.
The parallel component increases and the perpendicular component decreases.
The parallel component decreases and the perpendicular component increases.
A student writes  for a stationary block on every incline. What is the best evaluation?
1. Static friction always has its maximum value.
1. The relationship applies when the block is moving.
1. Static friction adjusts up to a maximum of .
1. Static friction is independent of normal force.
A block moves down an incline at constant velocity. Which statement must be true?
1. No forces act on the block.
The net force acting on the block is zero.
The normal force is zero.
The downhill component is greater than friction.
Short-answer questions
67. Four blocks are released from rest on frictionless inclines.
	Block
	Mass (kg)
	Angle

	A
	2.0
	15°

	B
	4.0
	15°

	C
	2.0
	30°

	D
	4.0
	30°


1. Rank the parallel components of weight from smallest to largest. Indicate any ties.
	


ck. Rank the accelerations from smallest to largest. Indicate any ties.
	


cl. Explain why the 2 rankings are different.
	


68. A block is initially sliding down a rough incline. Sort each statement into the most appropriate region of the Venn diagram below: increasing the mass only, increasing the angle only, both mass and angle changes, or neither changes. (Assume  is constant.) Note: if a statement does not fit within any region of the Venn diagram, place it outside the diagram.
1. increases the weight of the block
cn. increases the parallel component of weight
co. increases the normal force
cp. always increases the acceleration
cq. changes  and 
cr. increases the kinetic friction force
cs. changes the coefficient of friction
 [image: Venn diagram with 2 overlapping circles labelled:
Increasing the mass
Increasing the angle]
69. Match each description of motion to the correct physics interpretation by connecting it with a line.
	Description of motion
	
	Physics interpretation

	1. Sliding down and speeding up
	
	Acceleration is up the slope

	cu. Sliding down at constant speed
	
	Acceleration is zero

	cv. Sliding down and slowing
	
	Acceleration is down the slope

	cw. Stationary without slipping
	
	Static friction adjusts up to a maximum


70. A stationary block is placed on a ramp. The angle is slowly increased until the block is just about to slide. This angle is called the critical angle: . The coefficient of static friction is .
1. Draw and label a free-body diagram at the critical angle just as the block is about to slide.
	


cy. Show that the critical angle satisfies .
	


cz. Calculate  when .
	


da. Explain why mass does not appear in the final relationship.
	


71. Place the following features in the Venn diagram below.
1. acts parallel to the contact surface
dc. opposes relative motion or the tendency for relative motion
dd. can have values from zero to a maximum
de. acts while surfaces slide relative to each other
df. may prevent an object from beginning to move
dg. depends on the normal force
[image: Venn diagram with 2 overlapping circles labelled:
Static friction
Kinetic friction]
72. A snowboarder is travelling down a 4.6° slope. The coefficient of friction is 0.10. A student defines down the slope as positive and calculates . The student concludes: ‘The negative answer means the snowboarder cannot slide down the hill.’
1. Identify the error in the student’s interpretation.
	


di. State the direction of the snowboarder’s velocity and acceleration.
	


dj. Describe the resulting motion.
	


73. Students release carts from rest on the same adjustable ramp. Each acceleration is the mean of 3 trials.
	Test
	Angle
	Mass (kg)
	Acceleration (ms⁻²)

	A
	10°
	0.5
	0.72

	B
	20°
	0.5
	2.42

	C
	20°
	1.0
	2.39

	D
	30°
	0.5
	4.08


1. Which comparison provides the best evidence about whether mass affects acceleration? Explain.
	


dl. Use  to predict the acceleration at each angle if no friction was acting.
	


dm. Use the data to infer why the measured accelerations are lower than the frictionless predictions you calculated in (b).
	


dn. A student says the table proves that acceleration is independent of mass. Evaluate the strength of this conclusion.
	




[bookmark: _Sample_response:_Student_1]Sample response – student resource – motion on an inclined plane problem sets
Complete the questions below. Show all working out.
1. A 45 kg student is in a 15 kg wheelchair on an incline of 20°.
1. Calculate the combined weight of the student and wheelchair.
	, , 

The weight of the student in the wheelchair is 588 N


1. Resolve the weight into the component parallel to the slope
	, 

The parallel component of the weight force is 201 N down the incline.


Resolve the weight into the component perpendicular to the slope.
	, 

The perpendicular component of the weight force is 553 N into the incline.


1. A 60 kg skier travels down 2 frictionless slopes: 10° and 30°.
1. Calculate the parallel component of their weight while on each slope.
	,

The parallel component of the weight force is 102 N down the slope.
,

The parallel component of the weight force is 294 N down the slope.


1. Calculate the acceleration down each slope.
	The net force on a frictionless incline is equal to the component of weight force parallel to the slope.
From (a):



1. A 3.0 kg cart is released from rest on a frictionless 25° incline.
1. Calculate the parallel component of weight.
	, 

The parallel component of the weight force is 12 N (2 sig. figs.) down the slope.


1. Calculate the acceleration of the cart down the slope.
	
The acceleration is 4.2 m s-2 (2 sig. figs.) down the slope.


1. Calculate the normal force exerted by the slope on the cart.
	The normal force is the supporting force acting at 90° to the slope’s surface. In this case, it balances the component of the weight perpendicular to the slope. 
, , 





1. A wheelchair ramp is designed at an angle of 4°. The combined mass of the wheelchair and rider is 85 kg. Assume the friction is negligible.
1. Calculate the acceleration of the wheelchair down the ramp.
	On a frictionless ramp, the net force equals the parallel component of the weight force.
, 

Use net force to calculate acceleration.

The acceleration is 0.68 m s-2 down the slope.


1. Explain why wheelchair ramps are designed with small angles of incline.
	Wheelchair ramps are designed with small angles of incline so that the component of the weight force acting down the slope is small. This reduces the acceleration down the ramp and makes it easier and safer for a wheelchair user to move or be assisted without rolling too quickly. A smaller angle also reduces the risk of losing control and decreases the effort required to travel up the ramp.


1. A 15 kg child slides down a 40° slippery dip. The coefficient of kinetic friction between the child and the surface is  = 0.10.
1. Show that the acceleration of the child down the slope can be written as:

	Finding the net force along the axis parallel to the slope and applying Newton’s second law will allow me to derive a formula for the acceleration down the slope. Along the parallel axis, only the parallel component of the child’s weight and friction are acting, with friction acting up the slope to oppose motion.

Substituting 

Dividing both sides by 



1. Calculate the acceleration of the child using .
	, 


The acceleration of the child is 5.5 m s-2 (2 sig. figs) down the slide.


1. Explain how friction affects the acceleration compared to a frictionless slope.
	Friction reduces the acceleration of an object down a slope because it acts in the opposite direction to motion. On a frictionless slope, the only force causing acceleration is the component of weight parallel to the slope, so the acceleration is greater. When friction is present, it opposes motion and reduces the net force acting down the slope, resulting in a smaller acceleration than on a frictionless surface.


1. Mr B is attempting to push a 22 kg box up the ramp to the science labs with a force of 90 N acting parallel to the ramp. The ramp is inclined at 20° to the horizontal. 
1. Calculate the parallel component of the box’s weight force.
	, 

The parallel component of the weight force is  down the slope.


Calculate the net force acting parallel to the slope as Mr B pushes the box up the ramp if a friction force of 8.0 N acts down the slope.
	Define up the slope as positive.
The net force is the sum of all forces acting parallel to the slope.

The net force is 8 N up the slope.


Calculate the acceleration of the box.
	Define up the slope as positive.
Using Newton’s second law of motion:

 up the ramp to 2 sig. fig.


Predict what would happen if Mr B reduced his push to 80 N.
	Define up the slope as positive.
The new net force can be calculated by considering all forces acting parallel to the slope:

The net force would be 2 N down the slope. Therefore, the box would no longer accelerate up the ramp. It would begin to slow down and may eventually move back down the ramp because the forces acting down the slope are greater than the applied force.


Suggest 2 changes that would make it easier for Mr B to push the box up the ramp. Explain how each change affects the forces acting on the box.
	One change would be to reduce the ramp angle. This decreases the component of the weight acting parallel to the slope (), so less force pulls the box down the ramp.
A second change would be to reduce the friction between the box and the ramp, for example, by using wheels or a smoother surface. This decreases the frictional force opposing the motion, meaning less applied force is needed to produce a net force up the ramp.


1. A 60 kg surfer glides down the face of a wave with an incline of 25° with negligible friction.
1. Calculate the parallel component of weight.
	, 

The parallel component of the weight force is 249 N down the slope.


ec. Determine the net force.
	Since friction is negligible, the only force acting parallel to the slope is the component of weight.

The net force acting on the surfer is 249 N down the slope.


ed. Calculate acceleration.
	Using Newton’s second law of motion:

The acceleration of the surfer is 4  (to 1 sig. fig.) down the slope.


ee. Predict how acceleration would change if the angle increased to 50° and explain using force components.
	If the angle of the slope increases to 50°, the component of weight acting parallel to the slope increases because .
As  increases with angle, a larger proportion of the surfer’s weight acts down the slope.
At 50°, the value of is significantly larger than at 25°, so the parallel force increases, leading to a greater net force.
Since , an increase in net force increases acceleration.
Therefore, the surfer will accelerate faster down the slope at 50° than at 25°.


A snowboarder travels down a 4.6° slope. The coefficient of friction between the snowboard and snow is 0.1 (source: Friction Coefficients for some Common Materials and Materials Combinations).
1. Calculate the acceleration of the snowboarder using:

	,  


The acceleration of the snowboarder is approximately meaning that the snowboarder will not slide down the hill.


eg. Describe how friction changes the snowboarder’s motion compared to a frictionless slope.
	On a frictionless slope, the snowboarder would accelerate more quickly because the only force acting parallel to the slope is the component of gravity. There is no opposing force to reduce the net force.
When friction is present, it acts opposite the motion (up the slope), reducing the net force on the snowboarder. This decreases the acceleration compared to a frictionless slope. If friction is large enough to balance the component of gravity, the snowboarder may move with constant velocity or have zero acceleration.


eh. Predict what would happen to the acceleration if the snow became icy and friction decreased.
	If the snow became icy, the coefficient of friction would decrease, meaning less resistive force acts against the motion of the snowboarder.
As friction decreases, the net force down the slope increases because less of the gravitational force is opposed.
Since acceleration depends on net force, , the acceleration would increase.
Therefore, the snowboarder would accelerate faster down the slope on icy snow compared to regular snow.


1. A ramp designer must ensure acceleration is controlled. If a ramp is too steep:
1. What happens to the parallel force?
	As the ramp becomes steeper, the angle of incline increases. Since the parallel component of weight is given by  an increase in angle causesto increase. This means a larger proportion of the object’s weight acts down the slope.
Therefore, the parallel force increases as the ramp becomes steeper.


ej. Why is this dangerous?
	A steeper ramp increases the parallel component of weight, which increases the net force acting down the slope. This results in greater acceleration of objects moving down the ramp.
This is dangerous because objects can reach high speeds very quickly, reducing control and increasing the risk of collisions or loss of stability. In practical situations, this can lead to accidents, especially if braking or friction is not sufficient to slow the motion safely.


1. Pa has a great backyard for waterslides because it has a slope of 15°. He sets up a water slide for his grandchildren to slide on using a sheet of black plastic. Johnny cannot wait to try it and tries to slide down while the plastic is dry, but he doesn’t go anywhere. Midge tells him he needs water to make it slippery, so they turn on the hose and slide down the plastic, though it is still quite slow. Finally, Pa comes out and tells them it will work even better if they add detergent and speed down the slide.
Table 1 – table of friction coefficients
	Material
	Friction coefficient
	Notes

	Skin and black plastic
	0.6
	Dry skin on smooth plastic has moderate friction.

	Skin and wet plastic
	0.3
	Water reduces friction significantly.

	Skin and detergent/water mix on plastic
	0.1
	Detergent acts as a lubricant, making the surface very slippery.


Compare the acceleration of each scenario using the data in Table 1.
	The acceleration of each scenario depends on the net force acting down the slope. As friction decreases, the net force increases, leading to greater acceleration.
The slope angle is constant at 15°, so the component of gravity down the slope remains the same in all cases. The frictional force changes because the surface conditions change.
Scenario 1: dry plastic ( = 0.6)
With dry skin on black plastic, friction is high. This large friction force acts up the slope and significantly opposes the motion.
As a result, most of the downhill component of weight is cancelled out, so the net force is very small. Johnny does not move because the net force is close to zero, meaning the acceleration is approximately 0.
Scenario 2: wet plastic (μ = 0.3)
Adding water reduces friction, so less force opposes motion.
This increases the net force down the slope, allowing Johnny and Midge to slide. However, because friction is still moderate, a significant portion of the gravitational force is still resisted, so the acceleration is moderate, and they slide slowly.
Scenario 3: detergent mix (μ = 0.1)
Detergent greatly reduces friction, making the surface very slippery.
With very little opposing force, most of the gravitational force acts as the net force down the slope. This produces the greatest acceleration of all 3 scenarios, so they slide down much faster.
As the coefficient of friction decreases from 0.6 to 0.3 to 0.1:
friction decreases
net force increases
acceleration increases.
Therefore: 
The detergent scenario results in the highest acceleration, while the dry plastic results in little to no motion.


[bookmark: _Ref230595623][bookmark: _Ref230595658]Question set 2
Multiple choice
1. A block rests on a frictionless incline. Which expression gives the component of weight parallel to the surface?
1. Incorrect response: this is the perpendicular component of the weight force.
el.  (correct response)
em. 
Incorrect response: this represents the friction. 
en. 
Incorrect response: the components of weight force on an incline are found using sine or cosine of the angle of incline. 
84. Two blocks of different mass slide down the same frictionless incline. Which statement is correct?
1. The heavier block has greater acceleration. 
Incorrect response: the heavier block has a greater parallel force, but it also has proportionally greater inertia. Mass cancels from . 
ep. The lighter block has greater acceleration. 
Incorrect response: lower mass does not produce greater acceleration here. Both acceleration and force must be considered through Newton’s second law of motion. 
eq. Both blocks have the same acceleration. (correct response)
er. Surface area is required. 
Incorrect response: surface area is not relevant in the simplified frictionless model. 
85. A block is sliding down an incline but slowing. Which statement is correct?
1. Velocity and acceleration are both down the slope. 
Incorrect response: if both point down the slope, the block speeds up rather than slows. 
et. Its velocity is down the slope and its acceleration is up the slope. (correct response)
eu. Velocity is up and acceleration is down. 
Incorrect response: this describes an object moving up the slope and slowing, not moving down the slope. 
ev. Net force is zero. 
Incorrect response: zero net force would produce constant velocity, not slowing. 
86. The angle of a rough incline is increased while the coefficient of kinetic friction, , remains constant. What happens to the 2 components of weight?
1. Both increase. 
Incorrect response: as increases,  increases but  decreases. 
ex. Both decrease. 
Incorrect response: the perpendicular component decreases, but the parallel component increases. 
ey. The parallel component increases and the perpendicular component decreases. (correct response)
ez. The parallel component decreases and the perpendicular component increases. 
Incorrect response: this reverses the actual relationships: 
87. A student writes  for a stationary block on every incline. What is the best evaluation?
1. Static friction always has its maximum value. 
Incorrect response: static friction takes the value needed to prevent relative motion, from zero up to . 
fb. The relationship applies when the block is moving. 
Incorrect response: once the surfaces slide, kinetic rather than static friction applies. 
fc. Static friction adjusts up to a maximum of . (correct response)
fd. Static friction is independent of normal force. 
Incorrect response: its maximum possible value depends on the normal force. 
88. A block moves down an incline at constant velocity. Which statement must be true?
1. No forces act on the block. 
Incorrect response: Forces may act on the block but balance each other, resulting in a net force of zero.
1. The net force acting on the block is zero. (correct response)
1. The normal force is zero. 
Incorrect response: the surface exerts a normal force that generally balances the perpendicular component of weight. 
1. The downhill component is greater than friction. 
Incorrect response: this would produce a net force and acceleration down the slope. Constant velocity requires zero net force.
Short-answer questions
89. Four blocks are released from rest on frictionless inclines.
	Block
	Mass (kg)
	Angle

	A
	2.0
	15°

	B
	4.0
	15°

	C
	2.0
	30°

	D
	4.0
	30°


1. Rank the parallel components of weight from smallest to largest. Indicate any ties.
	Parallel force: . Values for A, B, C and D are approximately 5.1 N, 10.1 N, 9.8 N and 19.6 N respectively.


fj. Rank the accelerations from smallest to largest. Indicate any ties.
	Acceleration:  because  and mass cancels. 


fk. Explain why the 2 rankings are different.
	The force ranking depends on both m and ; the acceleration ranking depends only on angle in this model.


90. A block is initially sliding down a rough incline. Sort each statement into the most appropriate region of the Venn diagram below: increasing the mass only, increasing the angle only, both mass and angle changes, or neither changes. (Assume  is constant) Note: if a statement does not fit within any region of the Venn diagram, place it outside the diagram.
1. increases the weight of the block
fm. increases the parallel component of weight
fn. increases the normal force
fo. always increases the acceleration
fp. changes  and 
fq. increases the kinetic friction force
fr. changes the coefficient of friction
[image: Sample student response with letters assigned to these regions:
a, c, f = increasing the mass only
b = both increasing the mass and angle
d, e = increasing the angle only
g = outside of the circles.]
91. Match each description of motion to the correct physics interpretation by connecting it with a line.
[image: Annotated table showing sample responses. 
a. Sliding down and speeding up = acceleration down the slope.
b. Sliding down at constant speed = acceleration is zero
c. Sliding down and slowing = acceleration is up the slope
d. Stationary without slipping = Static friction adjusts up to a maximum value. ]
92. A stationary block is placed on a ramp. The angle is slowly increased until the block is just about to slide. This angle is called the critical angle, . The coefficient of static friction is .
1. Draw and label a free-body diagram at the critical angle just as the block is about to slide.
	[image: Sample response: Free-body diagram showing the forces acting on block. 
The magnitude of parallel component of weight is equal to the static friction.]


ft. Show that the critical angle satisfies .
	Applying Newton’s first law along the parallel plane, the critical angle is the point at which the parallel component of the weight force cancels out the maximum static friction and the net force is zero. That is, when:

Cancel mg from both sides

Rearrange and apply identity that 



fu. Calculate  when .
	
Let 

Rearrange to make  the subject



fv. Explain why mass does not appear in the final relationship.
	Mass cancels out because both the downhill component and maximum static friction are proportional to mass.


93. Place the following features in the Venn diagram.
1. acts parallel to the contact surface
fx. opposes relative motion or the tendency for relative motion
fy. can have values from zero to a maximum
fz. acts while surfaces slide relative to each other
ga. may prevent an object from beginning to move
gb. depends on the normal force
[image: Sample response:
Venn diagram with letters in the following regions:
c, e = static friction only
a, b, f = static and kinetic friction
d = kinetic friction only.]
94. A snowboarder is travelling down a 4.6° slope. The coefficient of friction is 0.10. A student defines down the slope as positive and calculates . The student concludes: ‘The negative answer means the snowboarder cannot slide down the hill.’
1. Identify the error in the student’s interpretation.
	The negative sign describes the direction of acceleration, not the direction of motion.


gd. State the direction of the snowboarder’s velocity and acceleration.
	Velocity is down the slope, while acceleration is up the slope.


ge. Describe the resulting motion.
	The snowboarder moves down the slope but slows down as they go. 


95. Students release carts from rest on the same adjustable ramp. Each acceleration is the mean of 3 trials.
	Test
	Angle
	Mass (kg)
	Acceleration (ms⁻²)

	A
	10°
	0.5
	0.72

	B
	20°
	0.5
	2.42

	C
	20°
	1.0
	2.39

	D
	30°
	0.5
	4.08


1. Which comparison provides the best evidence about whether mass affects acceleration? Explain.
	Tests B and C most directly compare mass as the other important variable, angle, is kept constant. Doubling mass produced almost no change in measured acceleration.


gg. Use  to predict the acceleration at each angle if no friction was acting.
	1.70, 3.35 and 4.90 ms⁻² at 10°, 20° and 30°.


gh. Use the data to infer why the measured accelerations are lower than the frictionless predictions you calculated in (b).
	Each of the measured values was about 1 ms⁻² below that predicted. One explanation is that this could be due to the friction in the cart’s wheels or between the cart and the ramp. 


gi. A student says the table proves that acceleration is independent of mass. Evaluate the strength of this conclusion.
	The evidence supports, but does not prove, mass independence: there is only one paired mass comparison, no uncertainties are supplied, and possible uncontrolled variables are not described.




[bookmark: _Toc243053716]Teaching advice
Background information
Considerations
These problems integrate the equations of motion, Newton’s laws of motion, free-body diagrams, and force analysis on inclined planes to consolidate this section of the unit. Although students have been exposed to solving problems throughout the unit, they sometimes find it difficult to integrate concepts while problem-solving. Students may be supported in this process using gradual release of responsibility.
Differentiation: a range of strategies may be used to support students to complete problem sets. These include:
· targeted individual support at time of need
· completing problems in structured small groups and asking them to explain their reasoning to each other or to the teacher
· asking students to verbalise their thinking.
· peer review of solutions.


[bookmark: _Ref235007325]Checks for understanding
[bookmark: _Check_for_understanding_6]Check for understanding 1 (4.5 PPT)
1. A student pushes a 12 kg trolley across a smooth floor at constant velocity. The pushing force is 25 N.
1. What is the net force acting on the trolley?
1. What is the magnitude of the friction force?
Check for understanding 1 sample response.
	1. 

The net force acting on the trolley is 0 N.


The friction force is 25 N in the opposite direction to the push force.


[bookmark: _Check_for_understanding_7][bookmark: _Ref234923317]Check for understanding 2 (4.5 PPT)
An object is on a 30° incline.
A student has determined the magnitude of the following forces:
weight = 7.84 N
=3.92 N
=3.92 N
What other information do you need to calculate the acceleration?
Check for understanding 2 sample response
	Students also need to know the coefficient of friction to calculate the acceleration.
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