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[bookmark: _Toc223937737][bookmark: _Toc242873545]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 12 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: _Toc242873546]3.1 Newton’s second law of motion in one dimension
In this lesson students learn how to construct free-body diagrams, determine net force and apply  to solve force problems in one dimension.
Table 1 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse the forces acting on accelerating objects
	determine the net force on an object
solve problems involving Newton’s second law of motion using 

	to use free-body diagrams and  to solve force problems.
	write expressions for the net force on an object
construct a free-body diagram to represent the forces on an object.


[bookmark: _Toc242873547]Lesson sequence instructions 
Activate
Review Newton’s second law of motion from Stage 5 Waves and motion using slide 3.1 PPT ‘Newton’s second law of motion’.
Activate prior knowledge from Stage 5 Waves and motion by asking students to solve a simple  calculation using 3.1 PPT ‘F = ma calculations’ (2 slides).
Connect this learning to the content on equations of motion from Activity 2.4 to solve problems that require 2 equations using 3.1 PPT ‘Two-step F= ma calculations’ (2 slides).
Check that students can apply the equation  using Check for understanding 1 (3.1 PPT).
Students independently practise solving 2-step problems by completing Questions 1–7 in the Student resource – Newton’s second law of motion in one dimension.
Core learning
1. [bookmark: _Ref241244962]Review the concept of weight from Stage 4 Forces and calculate the weight of a mass on Earth using slide 3.1 PPT ‘The weight force ()’.
Check that students understand the concept of weight by asking them to distinguish between the mass and weight of an object on the Earth and the Moon using Check for understanding 2 (3.1 PPT).
Define the normal force as a supportive contact force exerted by a surface on an object, acting perpendicular (normal) to the surface and support this using slide 3.1 PPT ‘The normal force’.
Check that students understand the relationship between weight and the normal force using Check for understanding 3 (3.1 PPT).
Provide students with alternate strategies for solving problems requiring proportional reasoning in relation to Newton’s second law of motion using slide 3.1 PPT ‘Proportional reasoning’. 
Check students’ understanding as they apply these strategies to solve Question 8 in the Student resource – Newton’s second law of motion in one dimension.
Demonstrate the conventions used to draw free-body diagrams in physics using 3.1 PPT ‘Free-body diagrams’ (3 slides). Then check student understanding using Check for understanding 4 (3.1 PPT).
Define net force as the sum of all forces acting on a body, then use 3.1 PPT ‘Net force’ (4 slides) to demonstrate how to determine the net force and solve problems by applying .
Check students’ ability to determine net force and applying  using Check for understanding 5 (3.1 PPT) and Check for understanding 6 (3.1 PPT).
Students independently practise analysing forces by constructing free-body diagrams and applying  as they complete Questions 9–13 in the Student resource – Newton’s second law of motion in one dimension.
Consolidate
1. Students describe real-world scenarios that match each of the given free-body diagrams in Questions 14–15 in the Student resource – Newton’s second law of motion in one dimension.


[bookmark: _Student_resource_–_3][bookmark: _Ref241251535][bookmark: _Toc242873548]Student resource – Newton’s second law of motion in one dimension
F = ma calculations
1. What force is required to accelerate a 1 000 kg car at  to the east?
	


3. A 1 000 kg car, travelling at 60 km/h to the east, applies the brakes suddenly causing the wheels to lock up. The frictional force applied by the tyres is 11 000N. Calculate the acceleration.
	


4. A shopping trolley has a mass of 12 kg. A person pushes it with a force of 36 N on a flat surface with negligible friction. What is the acceleration of the trolley?
	


5. A 1 500 kg car accelerates at 2.5 . Calculate the net force acting on the car.
	


6. Complete Table 1 to illustrate the relationship between force, mass and acceleration in each row.
Table 1 – relating force, mass and acceleration
	Force (N)
	mass (kg)
	acceleration ()

	
	5
	2

	
	2
	3

	10
	4
	

	10
	2
	

	15
	
	3

	20
	
	5


7. A 1 500 N breaking force is applied to a 900 kg car travelling at  east. How long will it take to stop?
	


8. A 700 kg car is travelling east at . What force must be applied to cause it to stop in 4 s?
	


9. If a force (F) is applied to a mass (m) the acceleration is (a). What happens to the acceleration if:
1. the force is halved and the mass is doubled?
	


a. the force is tripled and the mass is halved?
	




Net force
A force of 100 N is applied to a cart and the maximum frictional force between the cart and the ground is 50 N, as shown in the diagram below. Sketch a free-body diagram to represent this situation and determine the acceleration of the cart.
[image: A 50 kg cart being pulled to the right with a force of 100 N.]
	


Two students pull a 25 kg cart in opposite directions. One student pulls with a force of 120 N east, while the other pulls with a force of 45 N west. Draw a free-body diagram and determine the acceleration of the cart.
	


A stationary 800 kg elevator car is suspended by a strong cable. 
1. Sketch a free-body diagram to represent the situation.
	


Write an expression for the net force (ma) on the car that includes the forces shown in the free-body diagram.
	


Calculate the tension in the cable.
	




When an 800 kg elevator car begins moving upward it accelerates at .
1.  Calculate the net force on the lift.
	


Sketch a free-body diagram to represent the situation.
	


Write an expression for the net force (ma) on the car that includes the forces shown in the free-body diagram.
	


Calculate the tension in the cable.
	


A 60 kg woman is standing on a set of scales in an elevator. What do the scales read when the elevator is accelerating up at ?
	




Consolidate 
Describe a real-life scenario that could be described by the following free-body diagrams and label the forces to match the description. In the second scenario the mass is moving to the right.
	[image: A free body diagram showing an up ward and downward force acting on an object.The downward force is larger than the upward force.]



	[image: A free body diagram showing an equal and opposite upward and downward force acting on an object. There are 2 opposing horizontal forces. The force acting to the left is larger.]


A horizontal force is applied to a block which causes it to accelerate across a frictionless surface. This is represented by the free-body diagram in Figure 1. Describe what would happen if the mass of the block was doubled and draw a new free-body diagram to show the changes.
Figure 1 – free-body diagram of applied force on a block
[image: A free-body diagram showing an equal and opposite weight and normal force. There is also an applied force to the right.]
	




Sample response – student resource – Newton’s second law of motion in one dimension 
F = ma calculations
1. What force is required to accelerate a 1 000 kg car at  to the east?
	


A 1 000 kg car, travelling at 60 to the east, applies the brakes suddenly causing the wheels to lock up. The frictional force applied by the tyres is 11 000 N. Calculate the acceleration.
	


11. A shopping trolley has a mass of 12 kg. A person pushes it with a force of 36 N on a flat surface with negligible friction. What is the acceleration of the trolley?
	


A 1 500 kg car accelerates at . Calculate the net force acting on the car.
	


12. Complete Table 1 to illustrate the relationship between force, mass and acceleration in each row.
Table 1 – sample response relating force, mass and acceleration
	Force (N)
	mass (kg)
	acceleration ()

	10
	5
	2

	6
	2
	3

	10
	4
	2.5

	10
	2
	5

	15
	5
	3

	20
	4
	5


13. A 1 500 N breaking force is applied to a 900 kg car travelling at . east. How long will it take to stop?
	Let east be positive. , , , 



14. A 700 kg car is travelling east at . What force must be applied to cause it to stop in 4 s?
	Let east be positive. , , , 



15. If a force (F) is applied to a mass (m) the acceleration is (a). What happens to the acceleration if:
1. the force is halved and the mass is doubled? 
	
The acceleration is 4 times less.
	
let everything except for  equal 1

The acceleration is 4 times less.


e. the force is tripled and the mass is halved?
	
The acceleration is 6 times greater.
	
The acceleration is 6 times greater.


Net force
A force of 100 N is applied to a cart and the maximum frictional force between the cart and the ground is 50 N, as shown in the diagram below. Sketch a free-body diagram to represent this situation and determine the acceleration of the cart.
[image: A 50 kg cart being pulled to the right with a force of 100 N.]

	[image: A free body diagram showing equal and opposite normal and weight force. In the horizontal plane there is a frictional force to the left and a tension force to the right. The tension is bigger than the friction.]
Let to the right be positive. , , , 





16. Two students pull a 25 kg cart in opposite directions. One student pulls with a force of 120 N east, while the other pulls with a force of 45 N west. Draw a free-body diagram and determine the acceleration of the cart.
	[image: A free-body diagram showing 45 N to the left and 120 N to the right.]
Let east be positive. , , , 



17. A stationary 800 kg elevator car is suspended by a strong cable. 
1. Sketch a free-body diagram to represent the situation.
	[image: Free body diagram with an arrow pointing up for the normal force and an equal size arrow pointing down for the weight force.]


1. Write an expression for the net force (ma) on the car that includes the forces shown in the free-body diagram.
	




1. Calculate the tension in the cable.
	Let up be positive. , , 



18. When an 800 kg elevator car begins moving upward it accelerates at .
1.  Calculate the net force on the lift.
	Let up be positive. , , 



1. Sketch a free-body diagram to represent the situation.
	[image: Free body diagram with an arrow pointing up for the tension force and an  arrow pointing down for the weight force. The tension arrow is longer than the weight arrow.]




1. Write an expression for the net force (ma) on the car that includes the forces shown in the free-body diagram.
	


1. Calculate the tension in the cable.
	Let up be positive. , , 



19. A 60 kg woman is standing on a set of scales in an elevator. What do the scales read when the elevator is accelerating up at ?
	[image: A woman standing on a set of scales in a lift accelerating up at 1 m/s/s.]
	Let up be positive. , ,  

If scales are applying a force of 648 N up than the apparent weight of the women is 648 N.
The scales would read:





Consolidate
Describe a real-life scenario that could be described by the following free-body diagrams and label the forces to match the description. In the second scenario the mass is moving to the right.
	[image: A free-body diagram showing weight force down and a friction force up. The weight force is larger than the friction force.]
	An object in free fall. The weight force is pulling down while air resistance (friction) is acting upwards. The weight force is greater than the air resistance, so it is accelerating downwards.



	[image: A free-body diagram showing equal and opposite normal and weight force. In the horizontal plane there is a  force to the left applied by dad and a force  force to the right applied by son. The dad force is bigger than the son force.]
	A father and son fighting over a jar of peanut butter resting on the table. The father is applying a greater horizontal force than the son so the jar accelerates towards him.


A horizontal force is applied to a block which causes it to accelerate across a frictionless surface. This is represented by the free-body diagram in Figure 1. Describe what would happen if the mass of the block was doubled and draw a new free-body diagram to show the changes.
Figure 1 – free-body diagram of a force applied to a block
[image: A free body diagram showing an equal and opposite weight and normal force. There is also an applied force to the right.]
	[image: A free-body diagram showing an equal and opposite weight and normal force. There is also an applied force to the right.]
	The weight force and the normal force double while the applied force remains the same. As a result, the acceleration will be halved.




[bookmark: _Toc242873549]Teaching advice
Much of the content in this lesson should be revision from Stage 5.
Differentiation: for more capable students, Questions 1–7 in the Student resource – Newton’s second law of motion in one dimension and the Checks for understanding 2 and 3 could be combined into a student resource or pre-test and given to students without the guidance provided in the PowerPoint.
The focus of the newer content focuses on constructing free-body diagrams to determine the net force acting on an object as well as writing algebraic expressions for net force. For example,

These are foundation skills that will be used extensively in following focus areas. 
Checks for understanding
[bookmark: _Check_for_understanding][bookmark: _Ref241440191]Check for understanding 1 (3.1 PPT)
A 1,000 kg car, travelling at 60  to the east, applies the brakes suddenly causing the wheels to lock up. The frictional force applied by the tyres is 11,000N. Calculate the acceleration.
Check for understanding 1 sample response

[bookmark: _Ref241440237]Check for understanding 2 (3.1 PPT)
An astronaut has a mass of 60 kg on Earth where the acceleration due to gravity is 9.8 .
She then flies to the Moon where the acceleration due to gravity is 1.6 .
Complete the following table to compare her mass and weight on Earth and the Moon.
Check for understanding 2 sample response
	
	Mass (kg)
	Weight (N)

	Earth
	60
	588

	Moon
	60
	96


[bookmark: _Check_for_understanding_2][bookmark: _Ref241440510]Check for understanding 3 (3.1 PPT)
A 5 kg block sits stationary on a table. Calculate the normal force applied by the table on the block.
Check for understanding 3 sample response

[bookmark: _Check_for_understanding_3][bookmark: _Ref241440522]Check for understanding 4 (3.1 PPT)
	The car below is moving to the right.
Identify the forces acting on the car.
Sketch a free-body diagram to illustrate each of the scenarios.
[image: A free-body diagram showing the forces acting on a car. There is a normal force up, a weight force down, and applied force forward and air resistance back.]
	A) Travelling at constant velocity


B) Accelerating to the right 


C) Slowing down
	[image: 3 free-body diagrams to match the scenarios. They all have equal and opposite weight and normal forces, as well as opposing friction and applied forces in the horizontal plane. In A the friction and applied force are the same size. In B the applied force is larger. In C the friction is larger.]


[bookmark: _Check_for_understanding_4][bookmark: _Ref241440538]Check for understanding 5 (3.1 PPT)
Boxes with various masses are resting on a frictionless horizontal table. Identify which box
a.	is experiencing the greatest net force?
b.	will have the greatest acceleration?
[image: Each image has a block representing a mass in the middle with 2 arrows representing forces acting in opposite directions. 
A is a 5 kg block with 15 newtons acting to right and 10 newtons acting to the left.
B is a 20 kg block with 15 N acting to the right and 5 newtons acting to the left.
C is a 5 kg block with  N acting to the right and 5 newtons acting to the left.
B is a 20 kg block with 15 N acting to the right and 5 newtons acting to the left.]
Check for understanding 5 sample response
B is experiencing the greatest net force of 10 N to the right. The other 3 boxes are all experiencing 5 N to the right.
Both A and C will have the greatest acceleration.

[bookmark: _Check_for_understanding_5][bookmark: _Ref241440548]Check for understanding 6 (3.1 PPT)
A force of 100 N is applied to a 50 kg cart and the maximum frictional force between the cart and the ground is 50 N. Sketch a free-body diagram to represent this situation and determine the acceleration of the cart.
Check for understanding 6 sample response
[image: A free body-diagram of the forces on the cart. It shows equal and opposite vertical forces of weight and the normal force as well as opposing horizontal forces of tension and friction. The tension is bigger than the friction.]



[bookmark: _Toc242873550][bookmark: _Toc229126314]3.2 Newton’s first law of motion
In this lesson, students learn to construct explanations for the observable impacts on passengers during collisions in terms of Newton’s first law of motion.
Table 2 – learning intention and success criteria
	We are learning:
	I can:

	to apply Newton’s first law of motion to explain the motion of stationary objects and objects moving at constant velocity
	identify the forces acting on an object
use a free-body diagram to show when forces are balanced
explain why an object remains stationary or moves at constant velocity when the net force is zero
describe inertia and explain how it depends on mass

	to use cause-and-effect relationships to explain phenomena.
	identify the observable effect and its physical cause
use Newton’s first law of motion to explain collision scenarios
explain how seatbelts, headrests and cargo barriers change motion during collisions.


[bookmark: _Toc229126315][bookmark: _Toc242873551]Lesson sequence instructions
Activate
1. Activate prior knowledge from Activity 3.1 by asking students to identify the forces acting on the objects on slide 3.2 PPT ‘Identifying forces’ which displays objects that have constant velocity and construct free-body diagrams for each in Question 1 in the Student resource – Newton’s first law of motion.
Perform the ‘tablecloth trick’ to demonstrate the concept of inertia. Further details about this trick are provided in the Teaching advice for this lesson.
Note: at this point the tablecloth trick is initially to support student engagement and anchor the abstract concept of inertia in a concrete experience. It will be revisited and analysed in more detail in the Consolidate section of this lesson when all students should have the requisite knowledge to explain it fully. 
Review Newton’s first law of motion and the concept of inertia using 3.2 PPT ‘Newton’s first law’ (2 slides).
Check student understanding of inertia using Check for understanding 1 (3.2 PPT).
Core learning 
1. Demonstrate the scenarios on slide 3.2 PPT ‘Modelling Newton’s first law’ using dynamics trolleys to illustrate Newton’s first law of motion. As a class discussion, use the strategy of Predict-Explain-Observe-Explain (PEOE) to get students to predict what they think will happen and why before each demonstration. Further information about the demonstrations can be found in the Teaching advice for this lesson.
Guide students to write explanations of their observations for each scenario using 3.2 PPT ‘Newton’s first law explanations’ (3 slides). For the first scenario, ask students to identify the cause and effect, then model how to write the explanation. Repeat for scenario 2, but this time complete a cloze passage to write the explanation. For scenario 3, students should be able to attempt their own explanation without support. Ask for volunteers to share their explanations and critique them as a class. 
Differentiation: depending on the needs of your students, you can vary the release of responsibility to students when writing their explanations in Questions 3–4 of the Student resource – Newton’s first law of motion.
22. Show students Forces and Motion. The Physics of Car Crashes (2:40) to demonstrate the impact of Newton’s first law of motion in car crashes. 
Students analyse an explanation of the benefits of seatbelts in Question 3 of the Student resource – Newton’s first law of motion and identify where cause and effect are outlined in the text. Slide 3.2 PPT ‘Seatbelts’ can be used to review sample responses or support students to locate relevant phrases.
Students then complete Question 4 by writing their own explanation about the benefits of headrests using a similar structure to Question 3. Slide 3.2 PPT ‘Headrests or whiplash restraints’ can be used to support students to construct their explanations.
Consolidate
Space for students to construct their responses to the questions in the Consolidate section have been included on the Student resource – Newton’s first law of motion.
1. [bookmark: _Student_resource_–][bookmark: _Toc229126316]Students write an explanation for why cargo barriers are installed in courier vehicles, in the Student resource – Newton’s first law of motion. Ask for volunteers to share their explanations and critique them as a class. Alternatively use the strategy of peer feedback. Slide 3.2 PPT ‘Cargo barriers’ can be used to prompt discussion and demonstrate a sample response. 
1. Revisit the tablecloth trick. Make it as elaborate as you like but a beaker on a piece of paper would suffice and allows for easier analysis.
Ask students to identify what forces are acting on the beaker when its stationary. (Gravity, normal.)
Ask again (What about now?) as you pull the paper slowly enough that the beaker moves with it. (Friction between paper and beaker as well now.)
Ask what will happen if you pull it suddenly? (The paper will slide out and the beaker will remain in place.)
Pull the paper suddenly and unpack the observations.
Ask students to explain the difference between when the paper was pulled slowly and when it was pulled quickly by incorporating Newton’s first and second laws of motion. This could be done as a class discussion or as individual formal written responses to the question below.
‘In the tablecloth trick, when the paper was pulled slowly there was sufficient friction between the paper and the beaker to cause the beaker to accelerate at the same rate as the paper, so it moved with the paper. Explain why the beaker remained at rest when the paper was pulled quickly.’


[bookmark: _Student_resource_–_4][bookmark: _Ref239603378][bookmark: _Toc242873552]Student resource – Newton’s first law of motion
1. Each of the following diagrams represent bodies that are experiencing forces but have a constant velocity. Sketch a free-body diagram to represent the forces acting on each.
	[image: A block resting on a table.]



This work has been generated using Chemix. 
[image: A car moving fast to the right.]



[image: Parachute.]






1. Explain the following 2 demonstrations of a collision as shown in the diagrams below.
Figure 1 – collision scenario 2, before and after
[image: A before and after image of a collision. Before shows trolley B moving to the left toward stationary trolley A with a person standing on it. The after image shows the two trolleys stuck together and moving to the left while the person appears to be flying through the air to the right relative to trolley A.]
This work has been generated using Chemix. 
	Newton’s first law of motion tells us that an object at rest will remain at rest unless acted upon by a force. Initially trolley A and the person are both ____________. When trolley B collides with trolley A, a _______ is applied to trolley A causing it to move to left. The person moves ________ relative to trolley A because ____________ __________________________________, so the person remains ___________and appears to the right relative to trolley A.


Figure 2 – collision scenario 3, before and after
[image: A before and after image initially showing a Dynamics trolley moving to the right toward a solid block. A person is standing on the right hand side and a ball is sitting on the left hand side of the trolley. In the after image, the trolley has collided with block. The ball has moved to the right side of the trolley squashing the person against the block.]
This work has been generated using Chemix. 
	


27. Highlight where the cause and effect appear in the response to the following question.
During a head-on collision, a passenger who is not wearing a seatbelt may continue moving and collide with the dashboard or windscreen causing serious injury. Explain how wearing a seatbelt can prevent this from happening.
	Newton’s first law of motion states that an object in motion will stay in motion unless acted upon by an external force. If the passenger is wearing a seatbelt, they will come to rest at the same time as the vehicle and not collide with the windscreen or dashboard. This is because the seatbelt applies an unbalanced, retarding force preventing them from remaining in motion.


Use a similar format to that in Question 3 to answer the following question.
If a driver in a car without headrests experiences a rear-end collision, their head will remain at rest as the car and their body move forward, resulting in whiplash.
Explain how headrests can prevent this from happening.
	


Consolidate
1. Explain why cargo barriers are installed in courier vehicles.
	


In the tablecloth trick, when the paper was pulled slowly there was sufficient friction between the paper and the beaker to cause the beaker to accelerate at the same rate as the paper, so it moved with the paper. Explain why the beaker remained at rest when the paper was pulled quickly.
	




Sample response – student resource – Newton’s first law of motion
1. Each of the following diagrams represent bodies that are experiencing forces but have a constant velocity. Sketch a free-body diagram to represent the forces acting on each.
	[image: A block resting on a table. The forces acting on the block are indicated with labelled arrows. They include the normal force pointing up and the weight force pointing down. All arrows are the same size.]
This work has been generated using Chemix. 
[image: Sample response for a car moving fast to the right.]

[image: Sample response for parachute.]


1. Explain the following 2 demonstrations of a collision as shown in the diagrams below.
Figure 1 – collision scenario 2, before and after 
[image: A before and after image of a collision. Before shows trolley B moving to the left toward a stationary trolley A with a person standing on it. The after image shows the two trolleys stuck together and moving to the left while the person appears to be flying through the air to the right relative to trolley A.]
This work has been generated using Chemix. 
	Newton’s first law of motion tells us that an object at rest will remain at rest unless acted upon by a force. Initially trolley A and the person are both at rest. When trolley B collides with trolley A, a force is applied to trolley A causing it to move to the left. The person moves to the right, relative to trolley A because the person was at rest and did not experience any significant force, so the person remains at rest and appears to the right relative to trolley A.



Figure 2 – collision scenario 3, before and after
[image: A before and after image initially showing a dynamics trolley moving to the right toward a solid block. A person is standing on the right hand side and a ball is sitting on the left hand side of the trolley. In the after image, the trolley has collided with block. The ball has moved to the right side of the trolley squashing the person against the block.]
This work has been generated using Chemix. 
	Newton’s first law of motion states an object in motion will remain in motion unless acted upon by a force. Initially the trolley, ball and the person are all in motion. When the trolley collides with the wall, a force is applied to the trolley causing it to stop. The person is attached to the trolley, so they also experience a force and comes to rest. The ball is not attached so it continues in motion and moves forward relative to the trolley and the person because there is no significant force acting on it. 


31. Highlight where the cause and effect appear in the response to the following question.
During a head-on collision, a passenger who is not wearing a seatbelt may continue moving and collide with the dashboard or windscreen causing serious injury. Explain how wearing a seatbelt can prevent this from happening.
	Newton’s first law of motion states that an object in motion will stay in motion unless acted upon by an external force. If the passenger is wearing a seatbelt, they will come to rest at the same time as the vehicle and not collide with the windscreen or dashboard. This is because the seatbelt applies an unbalanced, retarding force preventing them from remaining in motion.


Use a similar format to that in Question 3 to answer the following question.
If a driver in a car without headrests experiences a rear-end collision, their head will remain at rest as the car and their body move forward, resulting in whiplash.
Explain how headrests can prevent this from happening.
	Newton’s first law of motion states that an object at rest will remain at rest unless acted upon by an unbalanced force. If the car does have a headrest, the head will move forward at the same rate as the car and their body preventing whiplash. This is because the headrest applies an unbalanced force preventing the head from remaining at rest.


Consolidate
1. Explain why cargo barriers are installed in courier vehicles.
	Newton’s first law of motion states that an object in motion continues in motion unless acted upon by an unbalanced force. In a car crash, any loose cargo in the vehicle will keep moving forward at the car’s original speed, because they do not experience an unbalanced force. Cargo barriers are installed to prevent this situation. They provide an unbalanced force that stops the moving cargo from entering the passenger area and causing injury.


In the tablecloth trick, when the paper was pulled slowly there was sufficient friction between the paper and the beaker to cause the beaker to accelerate at the same rate as the paper, so it moved with the paper. Explain why the beaker remained at rest when the paper was pulled quickly.
	An object at rest will remain at rest unless acted upon by a net external force. 
The beaker is initially at rest but as the paper is pulled a frictional force is applied to the beaker trying to move it in the same direction as the paper.
When the paper is pulled quickly, the acceleration is large and the force required to cause the beaker to accelerate at that rate, , is greater than the what the frictional force can apply so it remains at rest.




[bookmark: _Ref241607886][bookmark: _Ref241608194][bookmark: _Toc242873553]Teaching advice
The focus of this lesson is not only on Newton’s first law of motion but also on linking cause and effect in written explanations.
The tablecloth trick refers to the classic magic trick where the tablecloth is pulled from under the dining setting and all the plates, glasses and so on remain in place. The trick is demonstrated in the video Amazing Table Cloth Trick (1:42). A simple alternative is to just pull a piece of paper out from under a beaker. When revisiting the demonstration to explain the observations, it is recommended to just use a beaker to simplify the explanation.
Instructions for the modelling activity 
This activity is intended to be conducted using the Predict-Explain-Observe-Explain (PEOE) strategy where the first 3 components are done through class discussion and the final explanation is developed through teacher guidance. 
Scenario 1 
Place something on the trolley to represent a passenger in a car as shown in the diagram below. This could be anything from a toy soldier to a plasticene person or simply a block, but it must be unsecured and free to move.
[image: Toy soldier on a dynamics trolley heading towards a block.]
This work has been generated using Chemix. 
Ask students to predict what will happen as the trolley collides with the block and provide some explanation.
Roll the trolley toward the block; observe and clarify any misconceptions, then model an explanation.
Scenario 2
The person and dynamics trolley are initially stationary, and another dynamics trolley is rolled toward them as shown in the diagram below. 
[image: Dynamics trolley moving toward a stationary dynamics trolley with a toy soldier on it.]
This work has been generated using Chemix. 
Ask students to predict what will happen as the trolley collides with the stationary trolley as well as provide some explanation.
For this scenario students will complete a cloze passage to explain their observations.
Scenario 3
Secure the person to the trolley so it cannot move and place another object that is free to move at the other end of the trolley as shown in the diagram below.
[image: A dynamics trolley moving to the right toward a solid block. A person is standing on the right-hand side of the trolley and a ball is sitting on the left-hand side of the trolley.]
This work has been generated using Chemix. 
Repeat the PEOE strategy but this time allow students to write their explanations without support.
Checks for understanding
[bookmark: _Check_for_understanding_6][bookmark: _Ref241494486]Check for understanding 1 (3.2 PPT)
Rank the following from highest to lowest inertia.
Truck – mass = 20 tonne, 
Car – mass = 1 tonne, 
Ocean liner – mass = 100 000 tonnes, 
Check for understanding 1 sample response
Inertia is dependent only upon mass, so the ocean liner has the greatest inertia while the car has the least.
[bookmark: _Toc242873554]3.3 Newton’s second law of motion (practical investigation)
Students will conduct and evaluate a practical investigation to illustrate Newton’s second law of motion using a half-Atwood’s apparatus.
Table 3 – learning intention and success criteria
	We are learning:
	I can:

	to investigate the relationship between force, mass and acceleration
	predict and describe the relationship between applied force and acceleration when system mass is constant
use experimental evidence to illustrate Newton’s second law of motion

	to plan a valid investigation of Newton’s second law of motion
	identify the independent, dependent and controlled variables
explain why key variables, particularly total system mass, must be controlled

	to process experimental data using appropriate representations
	calculate mean time and acceleration
construct a graph of force against acceleration
use the gradient to determine the mass of the system

	to analyse and evaluate experimental data.
	describe the relationship between force and acceleration
calculate percentage error and assess accuracy
use repeated measurements to comment on precision/reliability
identify limitations affecting validity and suggest improvements.


[bookmark: _Toc242873555]Lesson sequence instructions
Activate
1. Activate prior knowledge of variables with a simple matching definitions activity using slide 3.1 PPT ‘Variables and validity’. 
Show the video STEMonstrations: Newton's 2nd Law of Motion (2:39) and slide 3.1 PPT ‘Newton’s second law in space’ to illustrate a simple experiment of investigating F = ma in space.
Students respond to Questions a–e relating to the experiment in the Student resource – Newton’s second law of motion (practical investigation).
Core learning
1. Show students how to conduct the investigation outlined in the Student resource – Newton’s second law of motion (practical investigation). Ideally, demonstrate it by setting up the apparatus at the front of the room (alternatively, use slide 3.3 PPT ‘The set up’) and step through the procedure. Emphasise the importance of keeping the mass of the system (the trolley, masses and mass carrier) constant because it is the whole system that is accelerating.
Complete Check for understanding 1 (3.3 PPT) to confirm that students understand why the masses are transferred from the trolley to the mass carrier during the investigation. 
Students carry out the investigation in the Student resource – Newton’s second law of motion (practical investigation).
Consolidate
1. Students complete the follow-up questions in the Student resource – Newton’s second law of motion (practical investigation).


[bookmark: _Student_resource_–_5][bookmark: _Ref241252844][bookmark: _Toc242873556]Student resource – Newton’s second law of motion (practical investigation)
Newton’s second law video
Answer the following questions in relation to the video.
1. Identify the independent variable.
	


1. Identify the dependent variable.
	


1. What variable did the astronaut control?
	


1. Write a possible aim for this experiment. 
	


1. What can you conclude? 
	


Investigation
Purpose: to determine the mass of the dynamics trolley using the relationship between force, mass and acceleration. 
Apparatus
Cart
Pulley system
String
Mass carrier and 50 g masses
Stopwatch 
Tape to mark start and finish line
Method
1. Set up the bench pulley at the end of the bench.
37. Attach 1.5 m of string to the cart at one end and to a 50 g mass carrier at the other.
38. Mark a known distance ) on the bench (1.00 m from a start line to a finish line) in line with the bench pulley.
39. Run the string over the bench pulley so the cart runs in a straight line from the start and finish line. 
40. Start with all your masses on the cart and none on the mass carrier as shown in the diagram below.
[image: A dynamics trolley sitting on a bench with four 50 g masses on it. The trolley is connected to string which runs over a bench pulley to a suspended mass carrier.]
This work has been generated using Chemix. 
1. Hold the trolley at the start point; release the cart so the hanging mass pulls it, and the trolley travels the 1.00 m. Use a stopwatch to measure the time  taken to travel 1.00 m.
1. Repeat twice more to obtain 3 trials, recording times in the table of results below.
43. Take one mass off the trolley and add it to the mass carrier.
44. Repeat Steps 6–8 until all masses have been transferred to the mass carrier.


Results
Table 1 – sample results for Newton’s second law investigation
	Hanging mass (kg)
	Acceleration due to gravity ()
	Applied force (N)
	Trial 1 time  (s)
	Trial 2 time  (s)
	Trial 3 time  (s)
	Mean time  (s)
	Cart acceleration )

	0.05
	9.80
	
	
	
	
	
	

	0.10
	9.80
	
	
	
	
	
	

	0.15
	9.80
	
	
	
	
	
	

	0.20
	9.80
	
	
	
	
	
	

	0.25
	9.80
	
	
	
	
	
	


Plot Force (y-axis) versus Acceleration (x-axis) on the graph below. 
Follow-up questions
1. Identify the dependent and independent variables in your experiment.
	


1. During the investigation, you controlled the mass of the system and the distance travelled by the trolley. Discuss the impact of not controlling the distance on the validity of the investigation.
	


1. How would the results have differed if the masses were not transferred from the trolley to the mass carrier but just added to the mass carrier to pull an unladen trolley as shown in the diagram below? 
[image: A dynamics trolley connected via a string over a bench pulley to a suspended mass carrier.]
This work has been generated using Chemix. 
	


1. Use your graph to determine the mass of the cart.
	


1. Assess the accuracy of your result by comparing it to the actual value and calculating the percentage error.
	


1. One source of error in the experiment could be due to the friction in the pulley and the wheels of the trolley. Would you expect such friction to produce a higher or lower value for the mass of the trolley? Justify your response.
	




Sample response – student resource – Newton’s second law of motion (practical investigation)
Newton’s second law video.
Answer the following questions in relation to the video.
1. Identify the independent variable. 
	The mass of the object being propelled.


1. Identify the dependent variable. 
	The acceleration of the object.


1. What variable did the astronaut control? 
	The applied force.


1. Write a possible aim for this experiment. 
	To investigate the relationship between force and acceleration.


1. What can you conclude? 
	The acceleration of an object is proportional to the applied force.




Results
Table 1 – sample results for Newton’s second law investigation
	Hanging mass (kg)
	Acceleration due to gravity ()
	Applied force (N)
	Trial 1 time  (s)
	Trial 2 time  (s)
	Trial 3 time  (s)
	Mean time  (s)
	Cart acceleration )

	0.05
	9.80
	0.49
	0.85
	0.86
	0.84
	0.86
	2.70

	0.10
	9.80
	0.98
	0.72
	0.76
	0.78
	0.75
	3.56

	0.15
	9.80
	1.47
	0.66
	0.64
	0.68
	0.66
	4.59

	0.20
	9.80
	1.96
	0.59
	0.56
	0.56
	0.57
	6.16

	0.25
	9.80
	2.45
	0.53
	0.56
	0.50
	0.53
	7.12


Plot Force (y-axis) versus Acceleration (x-axis) graph. 
[image: A sample graph of force vs acceleration showing a straight line relationship.]
Follow-up questions
1. Identify the dependent and independent variables in your experiment.
	Dependent = acceleration
Independent = applied force


During the investigation you controlled the mass of the system and the distance travelled by the trolley. Discuss the impact of not controlling the distance on the validity of the investigation.
	It is always best to control all variables and not controlling the distance could alter the influence of factors such as friction and timing errors. For example, if the distance is much longer the significance of timing error may be less but there is the possibility of it approaching a terminal velocity which would compromise the validity. However, if the variations in distances are only minor and measured it should not compromise the validity of the investigation because they would be accounted for in the calculations.


How would the results have differed if the masses were not transferred from the trolley to the mass carrier but just added to the mass carrier to pull an unladen trolley?
	The magnitude of the acceleration would have been greater for each trial (except the last one) but the increase in acceleration would not be linear – because as the applied force increased the mass of the system also increased. When the mass of the system was controlled, as in question 2, if the applied force was doubled, the acceleration doubled. But in this scenario, when the applied force was doubled, the increase in acceleration was less than double because the mass of the system had also increased.


52. Use your graph to determine the mass of the cart.
	
therefore, mass of system = 0.43 kg 
mass of trolley 


53. Assess the accuracy of your result by comparing it to the actual value and calculating the percentage error.
	The actual mass of the trolley was 0.20 kg
 
 
 
The experimental value is 10% lower than the measured mass.


One source of error in the experiment could be due to the friction in the pulley and the wheels of the trolley. Would you expect such friction to produce a higher or lower value for the mass of the trolley? Justify your response.
	If friction was the only source of error, it may result in a higher than expected mass if using only a single data point to calculate system mass. This is because the applied force would have to overcome friction as well as causing the system to accelerate, resulting in a smaller acceleration. Given that , if the applied force remains constant and the acceleration decreases, the mass must appear to be greater.
However, using the gradient of the relationship between force and acceleration would mostly overcome this issue. While friction in the pulley may produce a non-zero intercept for the graph, as it remains relatively constant at all times, it should not affect the gradient. 




[bookmark: _Toc242873557]Teaching advice
In this investigation the trolley was allowed to run for one metre, but this will vary depending on the height of the table. Most lab benches are shorter so you will need to amend that instruction accordingly. 
The trolleys can move quite fast, particularly with the heavier masses suspended, so get students to stop the trolley before it hits the pulley. 
It is important to point out that the entire system is accelerating; this includes the suspended masses which provide the force. The masses start on the trolley and are transferred to the mass carrier to ensure the mass of the system remains constant. It is recommended that you revisit this scenario after completing Activity 3.6 Forces acting on connected bodies.
The follow-up questions may require class discussion before students can address them appropriately.
Checks for understanding
[bookmark: _Check_for_understanding_7][bookmark: _Ref241613062]Check for understanding 1 (3.3 PPT)
A 50 g mass is moved from the trolley to the hanging mass carrier. What changes and what stays the same?
Check for understanding 1 sample response
hanging mass increases
driving force increases
total system mass remains constant
acceleration should increase.


[bookmark: _Toc242873558]3.4 Newton’s second law of motion in 2 dimensions
Students learn how to determine the net force and apply Newton’s second law of motion when angled forces act on a body in 2 dimensions.
Table 4 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse and represent forces acting in 2 dimensions
	construct a free-body diagram showing the forces acting on an object
resolve angled forces into perpendicular components
determine net force using vector addition or the component method
write net force expressions along perpendicular axes

	to solve problems and explain phenomena using mathematical models.
	select appropriate axes and establish positive directions
apply  independently along each axis
solve quantitative problems involving angled vectors
use force relationships to explain or predict changes in acceleration and normal force.


[bookmark: _Toc242873559]Lesson sequence instructions 
Activate
1. Activate prior knowledge of net force from Activity 3.2 using Check for understanding 1 (3.4 PPT).
Activate prior knowledge of vector addition from Activity 1.5 by asking student to add vectors in 2 dimensions in Question 1 of the Student resource – Newton’s second law of motion in 2 dimensions. Slide 3.4 PPT ‘Vector addition’ can be used to revise the process if needed.
Apply this knowledge to determine the net force and resultant acceleration in Questions 2–3 in the Student resource – Newton’s second law of motion in 2 dimensions.
Core learning 
1. Connect students’ prior knowledge of components from Activity 1.6 using slide 3.4 PPT ‘Force components’.
Check that students can transfer this prior knowledge to the new context of resolving forces into components using Check for understanding 2 (3.4 PPT).
Demonstrate to students the benefits of using free-body diagrams to analyse situations where forces are not perpendicular and need to be resolved into components using 3.4 PPT ‘Free-body diagrams and components’ (3 slides).
Guide students to apply Newton’s second law of motion to problems where forces need to be resolved into components using 3.4 PPT ‘Applying Newton’s second law’ (3 slides).
Check that students can apply Newton’s second law of motion to problems involving components using Check for understanding 3 (3.4 PPT) before they independently attempt Questions 4–6 in the Student resource – Newton’s second law of motion in 2 dimensions.
Consolidate
1. Revisit the spring balance scenario from the Activate section (Question 3 of the Student resource – Newton’s second law of motion in 2 dimensions) but this time ask students to determine the net force on the ring shown in Figure 1 using the component method.
Ask students to respond to the question: Compare the result you obtained using the component method with your earlier scale-diagram result. Which method would you prefer for a more precise quantitative solution? Explain.
	Sample response:
The 2 methods should give similar results, allowing for measurement uncertainty. I would prefer the component method for a precise quantitative solution because it uses calculations rather than relying on accurately drawing and measuring vector lengths and angles from a scale diagram.


[bookmark: _Ref242870998]Figure 1– spring balance scenario
[image: 3 spring balances A, B and C connected to a central ring and applying a force of 2 N each. Balances A and B are at right angles to one another, while C is 135 degrees around from each.]
This work has been generated using Chemix. 


[bookmark: _Student_resource_–_1][bookmark: _Ref239606660][bookmark: _Ref241253240][bookmark: _Toc242873560]Student resource – Newton’s second law of motion in 2 dimensions
1. Consider the 3 forces A, B and C in Figure 1.
Figure 1 – adding force vectors
[image: 3 force vectors, A,B and C. A is 5 N to the right, B is 3 N to the left and C is 4 N up.]
Determine the resultant force for the following combinations.
1. B + C
	


A + C
	


A + B + C
	


Calculate the resultant acceleration of the block in Figure 2.
Figure 2 – forces on a 10 kg block
[image: Free-body diagram showing 5 N force to right and 2 N force up acting on a 10 kg object.]
	


Three spring balances are applying a pulling force to a ring as shown in Figure 3. Use scale diagrams to answer the following questions.
Figure 3 – spring balance arrangement
[image: 3 spring balances connected to a central ring. Balances A and B are applying a force of 2 N at right angles to one another. The force on the 3rd balance C, is unknown.]
This work has been generated using Chemix. 
1. Determine the magnitude of the force that would need to be applied by C to result in a net force of zero and keep the ring stationary.
	


If spring balance C was applying a force of 1 N, what would the net force be?
	


The following questions refer to Figure 4. An 80 N force is applied to block A at an angle of  to the horizontal while a 50 N force is applied to block B at an angle of  to the horizontal. Both blocks accelerate horizontally to the right across a frictionless surface and remain in contact with the surface.
Figure 4 – force component diagram
[image: 2 images of blocks sitting on a surface. Block A has a tension force pulling to the right, up 20 degrees from the horizontal. Block B has a pushing force applied to the top left corner at angle of 10 degrees up from the horizontal.]
1. Sketch a free-body diagram to show the forces acting on each block.
	A
	B


1. Calculate the horizontal and vertical components of each applied force.
	A
	B


Calculate the net force on each block 
	A
	B


If both blocks have a mass of 5 kg, calculate the acceleration of each.
	A
	B


Which block will experience the greatest normal force? Justify your reasoning without performing any calculations. 
	


Calculate the normal force on each 5 kg block
	A
	B


What would be the maximum force that could be applied to block A at  without it lifting off the surface?
	


A 0.25 kg bird feeder is suspended from a tree. A horizontal wind force holds the mass to the side so that the string makes a  angle with the vertical as shown in Figure 5.
Figure 5 – bird feeder diagram
[image: A 0.25 kg mass suspended from a string at an angle of 30 degrees to the vertical. There is an arrow representing wind blowing from the left.]
1. Sketch a free-body diagram of the forces on the bird feeder.
	


Calculate the tension in the string.
	


Calculate the force applied by the wind.
	


A set of fluffy dice, which have a mass of 100 g, hang from the rear-view mirror of a car. When the car accelerates to the left, the string holding the dice sits an angle of 15° to the vertical as shown in Figure 6.
Figure 6 – fluffy dice diagram
[image: A dice suspended by a string at an angle of 15 degrees to the vertical. An arrow shows it accelerating to the left.]
1. Sketch a free-body diagram to show the forces acting on the dice.
	


Calculate the tension in the string.
	


Calculate the acceleration of the car.
	


Three spring balances are applying a pulling force to a ring as shown in Figure 7. Use the component method to determine the net force on the ring.
Figure 7 – spring balance arrangement
[image: 3 spring balances A, B and C connected to a central ring and applying a force of 2 N each. Balances A and B are at right angles to one another, while C is 135 degrees around from each.]
This work has been generated using Chemix. 
	





Sample response – student resource – Newton’s second law of motion in 2 dimensions
1. Consider the 3 forces A, B and C.
Figure 1 – adding force vectors
[image: 3 force vectors, A,B and C. A is 5 N to the right, B is 3 N to the left and C is 4 N up.]
Determine the resultant force for the following combinations.
1. B + C
	[image: Free-body diagram showing vectors added head-to-tail to find the resultant. ]
	



A + C
	[image: Free-body diagram showing vectors added head-to-tail to find the resultant. ]
	



A + B + C
	[image: Free-body digram showing vectors added head-to-tail to find the resultant. ]
[image: Free-body digram showing vectors added head-to-tail to find the resultant. ]
	



Calculate the resultant acceleration of the block in Figure 2.
Figure 2 – forces on a 10 kg block
[image: Free-body diagram showing 5 N force to right and 2 N force up acting on a 10 kg object.]
	[image: Free-body diagram showing vectors added head-to-tail to find the resultant. ]
	



Three spring balances are applying a pulling force to a ring as shown in Figure 3. Use scale diagrams to answer the following questions.
Figure 3 – spring balance arrangement
[image: 3 spring balances connected to a central ring. Balances A and B are applying a force of 2 N at right angles to one another. The force on the 3rd balance C, is unknown.]
This work has been generated using Chemix. 
1. Determine the magnitude of the force that would need to be applied by C to result in a net force of zero and keep the ring stationary.
	Let 1 N = 2 cm
Therefore A = 4 cm, B = 4 cm, C = ?
A + B + C = 0
[image: A right-angled triangle showing the addition of 3 force vectors. A is 2 N to the right connected to B which is 2 N down. The third arrow which returns to the tail of A measures 2.85 N.]
Measuring the length of C gives 5.7 cm. Therefore the force applied by C must be 2.85 N.


If spring balance C was applying a force of 1 N, what would the net force be?
	Let 1 N = 2 cm
Therefore A = 4 cm, B = 4 cm, C = 2 cm
[image: A right-angled triangle showing the addition of 3 force vectors. A is 2 N to the right connected to B which is 2 N down. C is 1 N directed at 45 degrees toward the tail of A. The resultant is drawn from the tail of A to the head of C and measures 1.85 N.]
When measured = 3.7 cm = 1.85 N


The following questions refer to Figure 4. An 80 N force is applied to block A at an angle of  to the horizontal while a 50 N force is applied to block B at an angle of  to the horizontal. Both blocks accelerate horizontally to the right across a frictionless surface and remain in contact with the surface.
Figure 4 – force component diagram
[image: 2 images of blocks sitting on a surface. Block A has a tension force pulling to the right, up 20 degrees from the horizontal. Block B has a pushing force applied to the top left corner at angle of 10 degrees up from the horizontal.]
1. Sketch a free-body diagram to show the forces acting on each block.
	A
[image: A free-body diagram showing that the normal force is smaller than the weight force. There is a tension force acting at an angle of 20 degrees up from the horizontal pointing to the right. ]
	B
[image: A free-body diagram showing that the normal force is greater than the weight force. There is a push force acting at an angle pointing toward the bottom right at 10 degrees below the horizontal.]


1. Calculate the horizontal and vertical components of each applied force.
	A

	B



Calculate the net force on each block.
	A
 to the right
	B
 to the right


If both blocks have a mass of 5 kg, calculate the acceleration of each.
	A

	B



Which block will experience the greatest normal force? Justify your reasoning without performing any calculations.
	Block B because the vertical component of the applied force is acting downwards and adds to the weight force.


Calculate the normal force on each 5 kg block.
	A

	B



What would be the maximum tension force that could be applied to block A at  without it lifting off the surface?
	It will lift when 



59. A 0.25 kg bird feeder is suspended from a tree. A horizontal wind force holds the mass to the side so that the string makes a  angle with the vertical as shown in Figure 5.
Figure 5 – bird feeder diagram
[image: A free-body diagram showing that the normal force is greater than the weight force. There is a push force acting at an angle pointing toward the bottom right at 10 degrees below the horizontal.]
1. Sketch a free-body diagram of the forces on the bird feeder.
	[image: A free-body diagram showing a wind force to the right, weight force down and a tension force diagonally up to the left, 30 degrees from the vertical.]


Calculate the tension in the string.
	



Calculate the force applied by the wind.
	


60. A set of fluffy dice, which have a mass of 100 g, hang from the rear-view mirror of a car. When the car accelerates to the left the string holding the dice sits an angle of 15° to the vertical as shown in Figure 6.
Figure 6 – fluffy dice diagram
[image: A dice suspended by a string at an angle of 15 degrees to the vertical. An arrow shows that it is accelerating to the left.]
1. Sketch a free-body diagram to show the forces acting on the dice.
	[image: A free-body diagram showing weight force down and a tension force diagonally up to the left, 15 degrees from the vertical.]


Calculate the tension in the string.
	


Calculate the acceleration of the car.
	


Three spring balances are applying a pulling force to a ring as shown in Figure 7. Use the component method to determine the net force on the ring.
Figure 7 – spring balance arrangement
[image: 3 spring balances A, B and C connected to a central ring and applying a force of 2 N each. Balances A and B are at right angles to one another, while C is 135 degrees around from each.]
This work has been generated using Chemix. 
	

[image: Addition of a vertical and horizontal force of 1.41 N.]

 at  down from the horizontal as shown in the diagram




[bookmark: _Toc242873561]Teaching advice
Students learnt how to add vectors in Activity 1.5 and would be expected to transfer those skills to this new context. If necessary, revisit this content in more detail.
Students also learnt the component method in Activity 1.6 so trigonometric functions are not addressed here.
Checks for understanding
[bookmark: _Check_for_understanding_8][bookmark: _Ref241614937]Check for understanding 1 (3.4 PPT)
Which vehicle is experiencing the greatest net force?
A 20-tonne truck, travelling at constant speed of 100  or a 1-tonne car, accelerating at ?
Check for understanding 1 sample response
The truck is not accelerating therefore the net force is zero.
The car is accelerating so must be experience a net force.
[bookmark: _Check_for_understanding_9][bookmark: _Ref236062206]Check for understanding 2 (3.4 PPT)
A cart is being pulled by a rope as shown in the diagram below.
Calculate the vertical and horizontal components of the tension in the rope.
Figure 2 – image from Check for understanding 2
[image: A cart being pulled to the left by a 100 N force 30 degrees up from the horizontal.]
Check for understanding 2 sample response

[bookmark: _Check_for_understanding_10][bookmark: _Ref241494997]Check for understanding 3 (3.4 PPT)
Figure 3 – screenshot from 3.3 PPT ‘Check for understanding 3 with solution’
Assuming the wheels are frictionless, calculate the acceleration of the mower.
Figure 4 – force applied to mower
[image: A mower being pushed to the left. An arrow indicating a 200 N force at an angle toward bottom left at 30 degrees to the horizontal.]
Check for understanding 3 sample response
 to the left


[bookmark: _Toc242873562]3.5 Newton’s third law of motion
Students learn to construct explanations for the resultant interaction between 2 bodies using Newton’s third law of motion.
Table 5 – learning intention and success criteria
	We are learning:
	I can:

	to describe and analyse interactions using Newton’s third law of motion
	use Newton’s third-law of motion to identify force pairs
represent force pairs using appropriate notation
describe the magnitude and direction of each force in a pair
use Newton’s second and third laws of motion to predict the motion of interacting objects

	to use scientific principles and cause-and-effect relationships to explain interactions.
	identify the cause and observable effect in an interaction
use Newton’s third law of motion to explain real-world examples such as pushing off and rocket propulsion
use mass and force relationships to explain why interacting objects may have different acceleration.


[bookmark: _Toc242873563]Lesson sequence instructions 
Activate
1. Ask students to identify the forces acting in a variety of scenarios using slide 3.5 PPT ‘Action reaction’, then ask students to distinguish between contact and non-contact forces.
Core learning 
1. Show the video on slide 3.5 PPT ‘Newton’s third law in space’ to illustrate Newton’s third law of motion. 
63. Use slide 3.5 PPT ‘Newton’s third law’ to unpack the law and explain that forces act in pairs.
Check that students can distinguish between force pairs and balanced forces using the example in Check for understanding 1 (3.5 PPT).
64. Use slide 3.5 PPT ‘Force pairs notation’ to demonstrate how force pairs are represented.
Model how to identify the force pairs in the examples on 3.5 PPT ‘Force pairs’ (4 slides). Model the first example. Ask students to attempt the example on slide (2 of 4) to check their understanding before students individually annotate the remaining examples in the Student resource – Newton’s third law of motion to identify the force pairs.
Use Check for understanding 2 (3.5 PPT) to check students can apply Newton’s third law of motion to an unfamiliar scenario.
65. Model how to write an explanation about Newton’s third law of motion using slide 3.5 PPT ‘Writing an explanation’. Ask students to write their own explanation for how a rocket lifts off in Question 2 in the Student resource – Newton’s third law of motion.
66. Provide students with dynamics trolleys and masses to complete the qualitative investigation into Newton’s third law of motion. 3.5 PPT ‘Dynamics trolley investigation’ (2 slides) can be used to illustrate the scenarios to be investigated. Students then complete Questions 3–5 in the Student resource – Newton’s third law of motion.
Consolidate
1. Show students the clip on slide 3.5 PPT ‘Consolidate’. Analyse the motion and ask students to explain it by incorporating all 3 laws of motion. Emphasise to students that all 3 laws always apply to any motion. 
Differentiation: this is difficult to address so depending on your context this can be done as a class discussion where students are guided to identify examples that illustrate each law. Alternatively, more capable students can write an explanation and peer mark. 
[bookmark: _Student_resource_–_2]

[bookmark: _Student_resource_–_6][bookmark: _Ref241253557][bookmark: _Toc242873564]Student resource – Newton’s third law of motion
1. Annotate the following diagrams to show the force pairs. 

	[image: Swimmer pushing off the blocks.]


	[image: Boy riding a scooter.]



	[image: Swimmer doing freestyle.]


	[image: A person jumping from a cliff into the water. ]



69. Explain how a rocket lifts off.
	


70. Compress the spring of the dynamics trolley, place it against a fixed object and release. Then repeat with 250 g added and 500 g added as shown in Figure 1. Compare the motion of the trolley in each setup.
Figure 1 – apparatus for explosion with one trolley
[image: Three images of a dynamics trolley with its spring-loaded piston against a wall. Image A is just the trolley. B has one loaded mass carrier on it and C has two loaded mass carriers on it.]
This work has been generated using Chemix. 
	


71. Compress the spring of the trolley and place it against another trolley that is free to move, then release. Add 500 g to one of the trolleys and repeat. Compare the motion of the trolleys in each set up.
Figure 2 – apparatus for explosion with 2 trolleys
[image: Image shows 2 scenarios with 2 dynamics trolleys about to push off from one another. In image A there are no extra masses but in image B one of the trolleys has two loaded mass carriers.]
This work has been generated using Chemix. 
	


72. Explain what will happen when the person wearing green pushes on the person wearing yellow, using the information in the scenarios below. Assume that wheels are frictionless.
Figure 3 – two skateboarders pushing off each other
[image: Two people on skateboards pushing off from one another.]
1. The person wearing yellow has more mass.
	


1. The person wearing yellow has double the mass of the person wearing green.
	


1. The person wearing yellow is 100 kg, and the person wearing green is 80 kg. 
	


1. The person wearing yellow is 100 kg, and the person wearing green is 80 kg. The person wearing green applies a force of 50 N to the person wearing yellow.
	


Explain how Newton’s third law of motion applies to the scenario in question 5 d.
	




Sample response – student resource – Newton’s third law of motion
Newton’s third law.
1. Annotate the following diagrams to show the force pairs.
	[image: A swimmer pushing off from the wall. Arrows show the force the swimmer applies to the wall and the force the wall applies to swimmer. These are equal and opposite.]  [image: A person riding a scooter. Arrows show the force the person applies to the ground and the force the ground applies to person. These are equal and opposite.]

[image: A swimmer. Arrows show the force the swimmer applies to the water and the force the water applies to swimmer. These are equal and opposite.]               [image: A person jumping from a cliff into the water. Arrows show the force the Earth  applies to the person and the force the person  applies to the Earth. These are equal and opposite.]




74. Explain how a rocket lifts off.
	Newton’s third law of motion tells that when object 1 applies a force to object 2, object 2 applies an equal and opposite force on object 1. In the case of a rocket, the rocket applies a force on the exhaust gases pushing them downwards, while the gases apply an equal and opposite force on the rocket pushing upwards.


75. Compress the spring of the dynamics trolley, place it against a fixed object and release. Then repeat with 250 g added and 500 g added as shown in Figure 1. Compare the motion of the trolley in each setup.
Figure 1 – apparatus for explosion with 1 trolley
[image: Three images of a dynamics trolley with its spring-loaded piston against a wall. Image A is just the trolley. B has one loaded mass carrier on it and C has two loaded mass carriers on it.]
This work has been generated using Chemix. 
	The greater the mass, the more slowly the trolley moves off.


76. Compress the spring of the trolley and place it against another trolley that is free to move, then release. Add 500 g to one of the trolleys and repeat. Compare the motion of the trolleys in each set up.
Figure 2 – apparatus for explosion with 2 trolleys
[image: Image shows two scenarios with two dynamics trolleys about to push off from one another. In image A there are no extra masses but in image B one of the trolleys has two loaded mass carriers.]
This work has been generated using Chemix. 
	In scenario A both trolleys moved off with equal and opposite velocities. 
In scenario B both carts moved off in opposite directions but the trolley with no masses moved off at a greater velocity.


77. Explain what will happen when the person wearing green pushes on the person wearing yellow, using the information in the scenarios below. Assume that wheels are frictionless.
Figure 3 – two skateboarders pushing off each other
[image: Two people on skate boards pushing off from one another.]
1. The person wearing yellow has more mass.
	Both people will accelerate away from each other, but the person wearing green will have a greater acceleration.


1. The person wearing yellow has double the mass of the person wearing green.
	Both people will accelerate away from each other, but the person wearing green will have twice the acceleration.


1. The person wearing yellow is 100 kg, and the person wearing green is 80 kg. 
	Both people will accelerate away from each other, but the acceleration of the person wearing green will be 1.25 times the acceleration of the person wearing yellow.


1. The person wearing yellow is 100 kg, and the person wearing green is 80 kg. The person wearing green applies a force of 50 N to the person wearing yellow.
	The person wearing yellow will accelerate to the right at  and the person wearing green will accelerate to the left at 


Explain how Newton’s third law of motion applies to the scenario in question 5 d.
	Newton’s third law of motion states that for every action there is an equal and opposite reaction. So, when the person wearing green applies a force to the person wearing yellow they will both move off in opposite directions because the person wearing yellow will apply an equal and opposite force on the person wearing green. 
Newton’s second law of motion tells us that the acceleration of a mass is proportional to the applied force (F = ma). The force applied is equal and opposite so both people experience the same force of 50 N. As a result, the person wearing green will accelerate to the left at 

The person wearing yellow will accelerate to the right at 

Newton’s first law of motion says that an object in motion will remain in motion unless acted upon by an external force. Therefore, once in motion both skaters will remain in motion because there is no significant external force acting. 


[bookmark: _Toc229126317]

[bookmark: _Toc242873565]Teaching advice
Checks for understanding
[bookmark: _Check_for_understanding_11][bookmark: _Ref241620595]Check for understanding 1 (3.5 PPT)
The weight force and normal force on the book in Figure 5 are equal and opposite. Are they a Newton’s third-law of motion force pair? Explain.
[bookmark: _Ref242871142]Figure 5 – free-body diagram for a book resting on a table
[image: A book resting on a table. The forces acting on the book are indicated with labelled arrows. They include the normal force pointing up and the weight force pointing down. All arrows are the same size.]
Check for understanding 1 sample response
No. Both forces act on the book. A Newton’s third-law of motion (or action-reaction) force pair consists of 2 forces from the same interaction acting on 2 different objects.
[bookmark: _Check_for_understanding_12][bookmark: _Ref241495073][bookmark: _Ref241619381]Check for understanding 2 (3.5 PPT)
Students are asked to explain what is wrong with the following image.
Figure 6 – image from PPT ‘3.5 Check for understanding 2
[image: Two spring balances pulling on each other. One reads 1 N and the other 2 N.]
This work has been generated using Chemix. 
Check for understanding 2 sample response
Newton’s third law of motion tells us that objects will apply equal and opposite forces on each other. The readings on the Newton balances must be the same.


[bookmark: _Student_resources][bookmark: _Toc242873566][bookmark: _Toc230584773][bookmark: _Toc223937744][bookmark: _Toc221026285]3.6 Forces acting on connected bodies
Students will analyse and calculate the forces acting on connected bodies, applying Newton's laws of motion to describe and determine the overall behaviour and acceleration of the system.
Table 6 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse the forces acting on connected bodies in contact or linked by ropes.
	construct separate free-body diagrams for objects within a connected system
treat connected objects as a single system to determine their common acceleration
apply Newton’s laws to determine contact and tension forces
identify Newton’s third-law of motion force pairs between connected objects
analyse static and accelerating systems linked by ropes.


[bookmark: _Toc242873567]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of the key features of free-body diagrams (from Activity 3.1) and Newton’s third-law force pairs (from Activity 3.5) using Check for understanding 1 (3.6 PPT) and Check for understanding 2 (3.6 PPT).
Core learning
1. Outline a general routine (working from whole system to single object) for analysing the forces and acceleration applied to a system of objects in contact. Model the process using a worked example from 3.6 PPT ‘Solving connected body problems’ (3 slides).
Check students can apply the routine to find the acceleration of 2 boxes on a frictionless horizontal plane using Check for understanding 3 (3.6 PPT).
Students practise applying this independently by completing Questions 1–3 in the Student resource – forces acting on connected bodies.
1. Demonstrate how to determine forces, contact pairs and acceleration of a system that contains more than 2 connected bodies using 3.6 PPT ‘Connected system 3 bodies in contact’ (2 slides). 
Complete Check for understanding 4 (3.6 PPT) to confirm students understand how to calculate the acceleration and forces within a connected system with 3 bodies in contact. 
Students complete Questions 4–5 in the Student resource – forces acting on connected bodies.
1. Deliver 3.6 PPT ‘Connected systems with tension’ (4 slides) by sharing how to draw a free-body diagram on different connected systems with tension, how to express the forces present, and how to calculate acceleration and tension force. 
Complete Check for understanding 5 (3.6 PPT) to confirm that students can apply the same routine as before but on the vertical axis. 
Students practise calculating forces and accelerations for connected systems by completing Questions 6–7 in the Student resource – forces acting on connected bodies.
1. Present 3.6 PPT ‘Multiple objects connected’ (2 slides) and demonstrate how to construct free-body diagrams for multiple objects connected vertically by strings.
Use Check for understanding 6 (3.6 PPT) to determine whether students can quantitatively analyse the forces for connected objects hanging vertically before continuing.
Students practise with Questions 8–9 in the Student resource – forces acting on connected bodies.
Consolidate
1. Project Check for understanding 7 (3.6 PPT) and ask students to complete the cloze passage summarising the general method for analysing forces on connected bodies.


[bookmark: _Student_resource_–_7][bookmark: _Ref232165816][bookmark: _Toc242873568]Student resource – forces acting on connected bodies
1. Draw all the forces acting within the connected system, as shown below. 
[image: Physics diagram showing two touching blocks in series, A 2 kg and B 3 kg, with a rightward applied force of 25 N acting on block A.]
Two boxes, Box A (6 kg) and Box B (4 kg) are sitting on a frictionless horizontal surface in contact with each other. A forward horizontal force of 50 N is applied as shown below, pushing both boxes to the right. 
[image: Physics diagram showing two touching blocks in series, A 6 kg and B 4 kg, with a rightward applied force of 50 N acting on block A.]
1. Calculate the acceleration of the 2-box system. 
	


Determine the contact force acting between the 2 boxes.
	


Two boxes, Box A (3 kg) and Box B (5 kg) are sitting on a frictionless horizontal surface in contact with each other. A forward horizontal force of 50 N is applied as shown below, pushing both boxes to the left. 
[image: Physics diagram showing two touching blocks in series, A 3 kg and B 5 kg, with a leftward applied force of 40 N acting on block B.]
1. Calculate the acceleration of the 2-box system. 
	


Determine the contact force acting between the 2 boxes. 
	


What is the ratio of the mass of Box A to the mass of Box B (), and how does this compare to the ratio of the net forces accelerating each box individually ()? Why must these 2 ratios be identical?
	


If the applied force were directed from the left (pushing Box A into Box B) instead of from the right, how would the ratio of the contact force to the applied force change, and why?
	


If the mass of Box B were doubled while Box A remained , what would happen to the ratio of the contact force to the applied force?
	


Three blocks (, , and ) are sitting in contact with one another in a line on a frictionless horizontal surface, as shown below. A horizontal force of  is applied to the left side of Block A, pushing the entire system to the right.
[image: Physics diagram showing three touching blocks in series, A 2 kg, B 4 kg, and C 6 kg, with a rightward applied force of 60 N acting on Block A.]
Determine the:
1. acceleration of the connected system
	


net force acting on each individual block (, , and )
	


contact force pairs between the blocks ( between A and B, and  between B and C).
	


Three blocks (,  and ) sit in contact with one another on a frictionless horizontal surface, as shown below. A horizontal force of  is applied to Block A, causing the entire system to accelerate at  to the right. 
[image: Physics diagram showing three touching blocks in series, A 3 kg, B (unknown mass, ?) kg, and C 10 kg, with a rightward applied force of 90 N acting on block A.]
Determine: 
1. the unknown mass of Block B ()
	


the contact force between Block B and Block C ()
	


the contact force between Block A and Block B ().
	


An Atwood’s machine consists of 2 masses,  and , connected by a light, inextensible string passing over an ideal (frictionless and massless) pulley, as shown below. The system is released from rest. 
[image: Physics diagram of an Atwood machine with two suspended masses, block A 4 kg on the left and block B 6 kg on the right, connected over a single pulley.]
1. Draw a free-body diagram for Mass A and Mass B.
	


Write the individual force balance equations along the vertical axis for Mass A and Mass B.
	


Calculate the magnitude of the acceleration of the system.
	


Calculate the magnitude of the tension force () in the string during motion.
	


A cart of Mass  rests on a frictionless horizontal table, as shown below. It is attached to a light, inextensible string that passes over an ideal (frictionless and massless) pulley and connects to a hanging block of Mass . The system is released from rest.
[image: Physics diagram of a connected system featuring a red cart m1 = 7 kg on a flat surface connected by a string over a pulley to a hanging light blue mass m2 = 3 kg.]
1. Draw a free-body diagram for Mass  and Mass .
	


Write the individual force balance equations along the direction of motion for Mass  and Mass .
	


Calculate the magnitude of the acceleration of the system.
	


Calculate the magnitude of the tension force () in the string during motion.
	


Why is the weight of Mass  () completely irrelevant to the force pulling the system forward, whereas the weight of Mass  () drives the motion? What role does  actually play in determining acceleration?
	


The following diagram shows 2 static masses suspended vertically in series from a ceiling by light strings.
[image: Physics diagram showing two suspended masses, m1 = 2 kg and m2 = 5 kg, hanging vertically in series from a horizontal support beam by strings.]
1. Construct individual free-body diagrams for Mass 1 () and Mass 2 ().
	


Compare the relative lengths of the upward tension vector and downward weight vector acting on Mass 1 while the system remains in static equilibrium.
	


State the net force () acting on Mass 1 and Mass 2.
	


Calculate the magnitude of tension in the upper string () and the lower string (). 
	


Two static masses ( and ) are suspended vertically in series from a ceiling by light, inextensible strings, as shown below.
[image: Physics diagram showing two suspended masses, m1 = 2 kg and m2 = 5 kg, hanging vertically in series from a horizontal support beam by strings.]
1. Identify all vertical forces acting on Mass 1. Using Newton’s first and third laws of motion, explain why:

	


Calculate the magnitude of tension in both the upper string () and the lower string (). Show that the vector sum of all vertical forces on the entire system () equals zero. 
	




Sample response – student resource – forces acting on connected bodies
1. Draw all the forces acting within the connected system, as shown below. 
[image: Physics diagram showing two touching blocks in series, A 2 kg and B 3 kg, with a rightward applied force of 25 N acting on block A.]
Two boxes, Box A (6 kg) and Box B (4 kg) are sitting on a frictionless horizontal surface in contact with each other. A forward horizontal force of 50 N is applied as shown below pushing both boxes to the right. 
[image: Physics diagram showing two touching blocks in series, A 6 kg and B 4 kg, with a rightward applied force of 50 N acting on block A.]
1. Calculate the acceleration of the 2-box system. 
	




Determine the contact force acting between the 2 boxes. 
	Using Box B alone ():



Two boxes, Box A (3 kg) and Box B (5 kg) are sitting on a frictionless horizontal surface in contact with each other. A forward horizontal force of 50 N is applied as shown below pushing both boxes to the left. 
[image: Physics diagram showing two touching blocks in series, A 3 kg and B 5 kg, with a leftward applied force of 40 N acting on block B.]
1. Calculate the acceleration of the 2-box system. 
	


Determine the contact force acting between the 2 boxes. 
	Analysing Box A alone (), the contact force from Box B () is the only horizontal force accelerating Box A to the left:

(Alternatively, for Box B: )


What is the ratio of the mass of Box A to the mass of Box B (), and how does this compare to the ratio of the net forces accelerating each box individually ()? Why must these 2 ratios be identical?
	Mass ratio ():

Net force ratio ():


Both boxes are in physical contact and move together with the same acceleration (). According to Newton’s second law of motion (), since  is constant across the system,  is directly proportional to mass (). Therefore, the ratio of net forces must directly match the ratio of their masses:



If the applied force were directed from the left (pushing Box A into Box B) instead of from the right, how would the ratio of the contact force to the applied force change, and why?
	When you push from the right, the contact force only has to accelerate Box A (). So, the contact force only needs to be  of the total applied force.
When you switch sides and push from the left, the contact force now has to accelerate Box B (). Because Box B has more mass, it requires a larger force to accelerate at the same rate as the system. This means  of the total applied force must be passed through the contact point to move Box B.


If the mass of Box B were doubled while Box A remained , what would happen to the ratio of the contact force to the applied force?
	Since the force is pushed from the right into Box B, the contact force between the boxes is only responsible for accelerating Box A ().
The formula for this ratio is:

If Box B’s mass doubles, the total mass of the system in the denominator gets bigger, but the mass of Box A in the numerator stays at . Because Box B is now much heavier, it takes up a larger share of the applied force just to accelerate itself. This leaves a smaller fraction of the applied force ( or about ) to be passed across to Box A.


Three blocks (, , and ) are sitting in contact with one another in a line on a frictionless horizontal surface, as shown below. A horizontal force of  is applied to the left side of Block A, pushing the entire system to the right.
[image: Physics diagram showing three touching blocks in series, A 2 kg, B 4 kg, and C 6 kg, with a rightward applied force of 60 N acting on block A.]
Determine the:
1. acceleration of the connected system
	


net force acting on each individual block (, , and )
	Since all 3 blocks move together with an acceleration of , we use Newton’s second law of motion () for each block individually:
Block A (): 
Block B (): 
Block C (): 


contact force pairs between the blocks ( between A and B, and  between B and C).
	Between Block A and Block B (). This contact force must accelerate both Block B and Block C ():

(Block A exerts  right on B; Block B exerts  left on A.)
Between Block B and Block C (). This contact force accelerates only Block C ():

(Block B exerts  right on C; Block C exerts  left on B.)


Three blocks (,  and ) sit in contact with one another on a frictionless horizontal surface, as shown below. A horizontal force of  is applied to Block A, causing the entire system to accelerate at  to the right. 
[image: Physics diagram showing three touching blocks in series, A 3 kg, B (unknown mass, ? kg, and C 10 kg, with a rightward applied force of 90 N acting on block A.]
Determine: 
1. the unknown mass of Block B ()
	Find the total mass of the system using Newton’s second law of motion ():

Subtract the known masses ( and ) to find :



the contact force between Block B and Block C ()
	The contact force between B and C () is the only horizontal force accelerating Block C () to the right:





the contact force between Block A and Block B ().
	The contact force between A and B () must accelerate both Block B () and Block C () together ():



An Atwood’s machine consists of 2 masses,  and , connected by a light, inextensible string passing over an ideal (frictionless and massless) pulley, as shown below. The system is released from rest. 
[image: Physics diagram of an Atwood machine with two suspended masses, block A 4 kg on the left and block B 6 kg on the right, connected over a single pulley.]
1. Draw a free-body diagram for Mass A and Mass B.
	[image: Free-body diagrams for A and B. each have the same magnitude of tension but B has a larger weight force. ]




Write the individual force balance equations along the vertical axis for Mass A and Mass B.
	Taking the direction of motion as positive for each mass (upward as positive for Mass A, downward as positive for Mass B):
For Mass A (accelerating upward): 
For Mass B (accelerating downward): 


Calculate the magnitude of the acceleration of the system.
	Add the two force balance equations together to eliminate tension ():



Calculate the magnitude of the tension force () in the string during motion.
	Substitute  back into the force balance equation for Mass A:



A cart of Mass  rests on a frictionless horizontal table, as shown below. It is attached to a light, inextensible string that passes over an ideal (frictionless and massless) pulley and connects to a hanging block of Mass . The system is released from rest.
[image: Physics diagram of a connected system featuring a red cart m1 = 7 kg on a flat surface connected by a string over a pulley to a hanging light blue mass m2 = 3 kg.]
1. Draw a free-body diagram for Mass  and Mass .
	[image: Free-body diagram.][image: Free-body diagram.]


Write the individual force balance equations along the direction of motion for Mass  and Mass .
	For Cart ( – horizontal motion to the right):

For Hanging Mass ( – vertical downward motion):



Calculate the magnitude of the acceleration of the system.
	Substitute  into the equation for :



Calculate the magnitude of the tension force () in the string during motion.
	Substitute  back into the cart's equation:



Why is the weight of Mass  () completely irrelevant to the force pulling the system forward, whereas the weight of Mass  () drives the motion? What role does  actually play in determining acceleration?
	Why  doesn't pull the system forward:
 points straight down, which is perpendicular to the table. It is completely balanced out by the upward normal force (), so there is no net vertical force on . Since  acts vertically, it has no component acting along the horizontal direction to push or pull the cart along the table.
Why  drives the motion:
 is the downward weight of the hanging block, which acts directly in its direction of motion. Because there is no supporting surface underneath  to balance this force,  acts as the net driving force () that pulls the whole system forward.
The actual role of :
Even though  doesn't drive the motion, the mass of  still matters because it adds inertia to the system. Since both masses accelerate together,  adds to the total mass () in the denominator of . This means a larger mass for  increases resistance to acceleration, making the overall system accelerate more slowly.


The diagram shows 2 static masses suspended vertically in series from a ceiling by light strings.
[image: Physics diagram showing two suspended masses, m1 = 2 kg and m2 = 5 kg, hanging vertically in series from a horizontal support beam by strings.]
1. Construct individual free-body diagrams for Mass 1 () and Mass 2 ().
	[image: Free-body diagrams for mass 1 and for mass 2. The upward and downward forces acting on each box are balanced. ]


Compare the relative lengths of the upward tension vector and downward weight vector acting on Mass 1 while the system remains in static equilibrium.
	In static equilibrium, the sum of downward forces must equal the upward force:

Therefore, the upward tension vector () is longer than the downward weight vector of Mass 1 () alone. Specifically,  must equal the length of Mass 1's weight vector plus the downward tension vector () pulling down on it from Mass 2.


State the net force () acting on Mass 1 and Mass 2.
	Since both masses are in static equilibrium (at rest and not accelerating):



Calculate the magnitude of tension in the upper string () and the lower string (). 
	Lower string (): supports only Mass 2 ()

Upper string (): supports both Mass 1 and Mass 2 ()



Two static masses ( and ) are suspended vertically in series from a ceiling by light, inextensible strings, as shown below.
[image: Free body diagram for mass m1 = 1 kg showing an upward arrow labeled T1 and two downward arrows representing tension T2 and weight m1.]
1. Identify all vertical forces acting on Mass 1. Using Newton’s first and third laws of motion, explain why:

	Vertical forces on Mass 1:
Upward: tension in the top string () pulling Mass 1 up toward the ceiling
Downward: gravity pulling Mass 1 down ()
Downward: tension in the lower string () pulling Mass 1 down because Mass 2 is hanging from it.
Explanation using Newton’s laws of motion:
Newton’s first law of motion
Mass 1 is completely still (), so it's in static equilibrium. Newton’s first law of motion says all the vertical forces acting on it must add up to zero:

This means the upward pull from the top string () has to balance both downward forces combined ().
Newton’s third law of motion
Mass 2 pulls down on the lower string with its weight (), so by Newton’s third law of motion, the string pulls back up on Mass 2 with an equal force (). At the same time, this string pulls down on Mass 1 with that exact same tension force (). Because this force transfers through the string, Mass 1 ends up holding both its own weight () and the pull from Mass 2 ().


Calculate the magnitude of tension in both the upper string (and the lower string (). Show that the vector sum of all vertical forces on the entire system () equals zero. 
	


[bookmark: _Check_for_understanding_13][bookmark: _Check_for_understanding_14][bookmark: _Check_for_understanding_15][bookmark: _Check_for_understanding_16][bookmark: _Check_for_understanding_17][bookmark: _Check_for_understanding_18][bookmark: _Check_for_understanding_19][bookmark: _Toc242873569]
Teaching advice
Background information
Teaching connected bodies is about training students to switch between 2 distinct perspectives: a ‘whole’ and a ‘single’. It is best to start with the ‘whole’, treating the entire system as a single, combined mass. Because all internal contact forces and tensions cancel out when looking at the system, students can easily calculate the uniform acceleration using . Once they determine this acceleration, they switch to the ‘single’ perspective, isolating a single object to calculate the specific internal forces acting upon it.
Before introducing the mathematics, dedicate time solely to constructing free-body diagrams. Students frequently crowd forces from multiple objects onto one diagram, which causes immediate confusion. To prevent this, instruct them to draw the connected masses with a clear physical gap between them, enforcing the rule that a diagram must only feature forces directly acting on that specific block. A train analogy is highly effective here: reminding students that all carriages must move at the same rate helps clarify that all connected objects share identical acceleration, regardless of their individual masses.
To build confidence, scaffold the problems from simplest to most complex. Begin with frictionless horizontal blocks in contact to introduce action-reaction pairs, then move to blocks connected by strings to introduce tension, emphasising that strings can only pull, never push. Once horizontal motion is mastered, progress to vertical scenarios like elevators before finally tackling pulley systems. Providing a consistent checklist – draw separate diagrams, calculate system acceleration, isolate the simplest block, and solve for the missing force – turns a daunting topic into a logical, step-by-step process.
Checks for understanding
Check for understanding 1 (3.6 PPT)
1. What information must appear on a free-body diagram?
1. What does Newton’s third law of motion tell us about forces between 2 interacting objects?
1. If connected objects move together, what can we say about their acceleration?
Check for understanding 1 sample response
1. All the forces acting on the object, shown as labelled arrows with the correct direction.
1. Each object exerts a force on the other that is equal in magnitude and opposite in direction. These forces act on different objects.
1. If the connected objects move together, they have the same magnitude of acceleration.
Check for understanding 2 (3.6 PPT)
Draw all the forces acting within the connected system.
[image: A physics diagram illustrating a connected system of two adjacent rectangular blocks - Block A and Block B. A force is being applied horizontally to the left such that both blocks are being pushed.]
Check for understanding 2 sample response
[image: A physics diagram illustrating a connected system of two adjacent rectangular blocks - Block A and Block B. A force is being applied horizontally to the left so that both blocks are being pushed.
Vector arrows showing forces between objects have been added. ]
Check for understanding 3 (3.6 PPT)
[image: Two boxes one labelled A = 6 kg and the other B = 4 kg. An applied force is pushing west onto box B which is pushing against box A. Both boxes are connected as one system which is circled around both in red with dashes. All the forces are labelled on both boxes. ]
1. Calculate the common acceleration of the whole system. 
Determine the magnitude and direction of the contact force exerted by Block A on Block B .
State the magnitude and direction of the contact force exerted by Block B on Block A  using Newton’s third law of motion.
Check for understanding 3 sample response
1. Acceleration of the combined system

Contact force exerted by Block A on Block B ()
Analysing Block A on its own ():
Block A accelerates left at solely due to the contact force exerted on it by 
Block B ().

Contact force exerted by Block B on Block A ()
By Newton's third law, is equal in magnitude and opposite in direction to .

Check for understanding 4 (3.6 PPT)
[image: Physics diagram showing three touching blocks on a surface, C (2 kg), B (4 kg), and A (6 kg), with a horizontal blue arrow pointing left directed at block A.]
1. Calculate the acceleration of the connected system.
1. Determine the net force acting on each individual block.
1. Calculate the magnitude and direction of the contact force pairs:
between Block A and Block B ( and )
between Block B and Block C ( and ).
Check for understanding 4 sample response
1. Acceleration of the connected system
 
 
Net force acting on each individual block
Block A: 
Block B: 
Block C: 
Magnitude and direction of contact force pairs
Between Block A and Block B ( and ):
Block A must push both Block B and Block C 
(combined mass ).
 
By Newton's third law: 
Between Block B and Block C ( and ):
Block B only needs to push Block C ().
 
By Newton's third law: 
Check for understanding 5 (3.6 PPT)
The diagram depicts a red cart on a horizontal track, connected via a light string over a frictionless pulley to a hanging mass.
[image: Physics diagram of a connected system featuring a red cart (m1 = 7 kg) on a flat surface connected by a string over a pulley to a hanging light blue mass (m2 = 3 kg).]
1. Construct individual free-body diagrams for both the cart () and the hanging mass (). 
State which pair of forces on the cart balance out vertically and explain why the horizontal forces are unbalanced.
Compare the length of the upward tension vector () to the downward weight vector () for the hanging mass while the system is accelerating downward.
Check for understanding 5 sample response
1. Free-body diagrams
Cart (): 
Upward: normal force () 
Downward: gravitational weight force () 
Rightward: tension force () along the string
Hanging mass (): 
Upward: tension force () 
Downward: gravitational weight force ().
Force balance on the cart
Balanced vertical forces: the upward normal force () and downward weight force () balance out completely () because there is no vertical acceleration on the track.
Unbalanced horizontal forces: the tension force () acts to the right, and because the surface is frictionless, there is no leftward friction force () to oppose it. This net horizontal force () causes the cart to accelerate toward the pulley.
Vector length comparison
For the hanging mass () to accelerate downward, the net vertical force must point downward ().
Therefore, the downward weight vector () must be drawn longer than the upward tension vector ().
Check for understanding 6 (3.6 PPT)
Two static masses ( and ) hang in series from a ceiling by light strings.
[image: Physics diagram showing two suspended masses, m1 = 2 kg and m2 = 3 kg, hanging vertically in series from a horizontal support beam by strings.]
1. Sketch free-body diagrams for Mass 1 and Mass 2.
State the net force () on Mass 2 and compare the lengths of its upward tension () and downward weight () vectors.
Calculate the tensions  (lower string) and (upper string).
Check for understanding 6 sample response
1. Free-body diagrams:
Mass 1: 
Upward arrow (); 
Downward arrows for weight () and lower string tension ()
Mass 2: 
Upward arrow (); 
Downward arrow for weight ().
Net force and vector comparison:
 (static equilibrium).
 and  vectors are equal in length because acceleration is zero.
Tension calculations:
Lower string ():
 
Upper string ():
 
Check for understanding 7 (3.6 PPT)
Complete the cloze passage below using the following words:
	vector
	force
	internal
	acceleration


1. Treat the system as a whole to find the common ___________ () since all connected parts move together. 
Isolate each body and draw individual free-body diagrams, representing forces as ______ arrows. 
Identify __________ pairs acting between the bodies (Newton’s third law of motion).
Apply  to a single body to calculate the ___________ forces.
Check for understanding 7 sample response
1. Treat the system as a whole to find the common acceleration () since all connected parts move together. 
Isolate each body and draw individual free-body diagrams, representing forces as vector arrows. 
Identify force pairs acting between the bodies (Newton’s third law of motion).
Apply  to a single body to calculate the internal forces.


[bookmark: _Toc242873570]3.7 Static and kinetic friction
Students learn to compare and describe static and kinetic friction in various situations, applying the equation for frictional force to relate the normal force, the coefficients of friction and the size of the frictional force.
Table 7 – learning intentions and success criteria
	We are learning:
	I can:

	to use models of friction to analyse the motion of objects in contact.
	identify whether static or kinetic friction applies in a given situation
compare static and kinetic friction in terms of magnitude and direction
explain that static friction increases up to a maximum value
calculate maximum static and kinetic friction using the coefficient of friction and normal force, 
solve problems involving friction and Newton’s laws of motion.


[bookmark: _Toc230584774][bookmark: _Toc242873571]Lesson sequence instructions
Activate
1. Conduct a demonstration of the behaviour of friction as follows: place a block on a table and apply a slowly increasing pulling force on the block, using a spring scale to display the magnitude of the force. Use effective questioning to scaffold student thinking.
What happened when we first started pulling on the block? (When the pulling force first increased, the block stayed still even though the spring scale reading increased.)
What happens just before the block begins to move? (Just before the block moved, the spring scale reading became quite large and then the block suddenly started sliding.)
Does it become easier or harder to keep the block moving once it starts sliding? (Once the block started moving, the spring scale reading became smaller and it was easier to keep the block sliding across the table.)
1. Tell students that the observations they have made are a result of the behaviour of friction. Use scaffolded questioning to explore the role of friction in the motion of the block demonstrated. 
Present the video, Real Life Examples of Friction (2:26) on slide PPT 3.7 Everyday friction to highlight that friction acts to prevent or oppose motion.
Invite students to list other everyday situations where friction is important. (Walking, braking a bicycle, sliding furniture to move it across a room.)
Discuss some of the examples provided to outline the role of friction. For example, walking: when we walk, friction between our shoes and the ground allows us to move forward. As we walk, we push backwards on the ground with our foot. Static friction acts forward on our shoe, preventing it from slipping and providing the force that accelerates us forward. Without sufficient friction, such as on ice or a wet floor, our feet would slide backwards instead of pushing us forwards effectively. This demonstrates that friction is not always a force that opposes motion; in some situations, it is the force that makes motion possible.
Core learning
1. Use slide PPT 3.7 Static versus kinetic friction to introduce the concepts of static friction and kinetic friction and to display a simple force diagram to show that friction acts parallel to a surface and opposes motion or attempted motion. Explain that static friction acts when objects are not moving relative to each other and increases up to a maximum value (fixed for the particular objects used), while kinetic friction acts when objects slide across a surface and is generally smaller than the maximum static friction (for the same combination of object and surface).
1. Use slide PPT 3.7 Friction force equation and slide PPT 3.7 Two coefficients of friction to introduce the equation, . Introduce each term and clarify that there are 2 coefficients of friction,  for static friction and  for kinetic friction.
Present Check for understanding 1 (3.7 PPT) to check student understanding of the coefficients of friction, and of the notion of friction as a reactive force that can increase up to a maximum value in a given situation.
1. Present PPT 3.7 Worked examples – friction (2 slides) to model how to calculate the frictional force from the coefficient and the normal force, how to determine the minimum force required to start motion, and to analyse situations where friction affects acceleration. Ensure the appropriate use of significant figures in the answers is highlighted.
1. Students work through the Student resource – solving problems involving friction using the scaffolds provided.
Differentiation: scaffolds can be removed earlier for more confident students and can be included for all questions for students who benefit from the additional support.
Consolidate
1. Students use the Student resource – What friction? to respond to a number of scenarios; identifying the type of friction that applies, drawing a free-body diagram and calculating the frictional force.
1. Present Check for understanding 2 (3.7 PPT) with the question: Why is it usually harder to start moving an object than to keep it moving? Students use Claim-Evidence-Reasoning to produce a short, written response on mini whiteboards.

[bookmark: _Student_resource_–_8][bookmark: _Ref230946803][bookmark: _Toc242873572]Student resource – solving problems involving friction
Solve these problems, showing all working.
1. A 68 kg soccer player slides across wet grass. The coefficient of kinetic friction between the player and the grass is 0.42.
Determine the kinetic friction force acting on the player.
Step 1 – determine the normal force.
	



Step 2 – determine the kinetic friction force.
	



A 950 kg car is stuck in the mud. The coefficient of static friction between the tyres and the mud is 0.58.
Determine the minimum driving force required to start moving the car.
Step 1 – determine the normal force.
	


Step 2 – determine the maximum static friction force.
	


Step 3 – interpret the result.
	Minimum driving force required = 


A 72 kg swimmer pushes backward on the wall of a pool with a force of 520 N. Water resistance (a form of friction) opposing the swimmer is 135 N.
Determine the swimmer’s acceleration.
Step 1 – determine the net force acting on the swimmer.
	


Step 2 – apply Newton’s second law of motion to determine acceleration.
	


A 45 kg student pushes a trolley with a horizontal force of 210 N. The trolley experiences a frictional force of 84 N.
Determine the acceleration of the trolley.
Step 1 – determine the net force acting on the trolley.
	


Step 2 – apply Newton’s second law of motion to determine acceleration.
	


A 1,200 kg caravan is pulled forward by a 250 kg tow vehicle. The towing force acting through the tow bar is 3,600 N. Friction forces opposing the caravan total 1,450 N.
Determine the acceleration of the caravan.
Step 1 – determine the net force acting on the caravan.
	


Step 2 – apply Newton’s second law of motion to determine acceleration.
	


A 78 kg snowboarder is pulled horizontally across the snow by a rope tow exerting a force of 260 N. The coefficient of kinetic friction between the snowboard and the snow is 0.18. You can ignore the mass of the snowboard.
Determine the acceleration of the snowboarder.
Step 1 – determine the normal force.
	


Step 2 – determine the kinetic friction force.
	


Step 3 – determine the net force acting on the snowboarder.
	


Step 4 – apply Newton’s second law of motion to determine acceleration.
	


A 1,500 kg rescue vehicle attempts to pull a 950 kg car from the mud using a tow rope. After the car begins moving, the tow rope exerts a constant forward force of 5,200 N on the car. The coefficient of kinetic friction between the car’s tyres and the mud is 0.42.
Determine the acceleration of the car once it starts moving.
Step 1 – determine the normal force.
	


Step 2 – determine the kinetic friction force.
	


Step 3 – determine the net force acting on the car.
	


Step 4 – apply Newton’s second law of motion to determine acceleration.
	


Challenge questions
A 2.5 kg box is held against a vertical wall by a horizontal force. The coefficient of static friction between the box and the wall is 0.35.
Calculate the minimum horizontal force that must be applied to prevent the box from sliding down the wall.
	


A 1,200 kg car accelerates from rest along a level road. The coefficient of static friction between the tyres and the road is 0.65.
Determine the greatest speed the car could reach after accelerating for 5.0 s without the tyres slipping.
	


A 15 kg sled is pulled horizontally across level snow by a constant force of 50 N. Starting from rest, it reaches a speed of 6.0 m s⁻¹ after travelling 12 m.
Determine the coefficient of kinetic friction between the sled and the snow.
	


A 75 kg equipment trolley is moving at 1.5 m s⁻¹ across a level warehouse floor. A worker applies a constant horizontal force to the trolley. The coefficient of kinetic friction between the trolley and the floor is 0.22. After travelling 12 m, the trolley reaches a speed of 5.0 m s⁻¹.
Determine the magnitude of the constant force applied by the worker.
	




Sample responses – student resource – solving problems involving friction
Solve these problems, showing all working.
1. A 68 kg soccer player slide slides across wet grass. The coefficient of kinetic friction between the player and the grass is 0.42.
Determine the kinetic friction force acting on the player.
Step 1 – determine the normal force.
	


Step 2 – determine the kinetic friction force.
	


A 950 kg car is stuck in the mud. The coefficient of static friction between the tyres and the mud is 0.58.
Determine the minimum driving force required to start moving the car.
Step 1 – determine the normal force.
	




Step 2 – determine the maximum static friction force.
	


Step 3 – interpret the result.
	Minimum driving force required = 5 400 N


A 72 kg swimmer pushes backward on the wall of a pool with a force of 520 N. Water resistance (a form of friction) opposing the swimmer is 135 N.
Determine the swimmer’s acceleration.
Step 1 – determine the net force acting on the swimmer.
	


Step 2 – apply Newton’s second law of motion to determine acceleration.
	


A student pushes a 45 kg trolley with a horizontal force of 210 N. The trolley experiences a frictional force of 84 N.
Determine the acceleration of the trolley.
Step 1 – determine the net force acting on the trolley.
	




Step 2 – apply Newton’s second law of motion to determine acceleration.
	


A 1,200 kg caravan is pulled forward by a 250 kg tow vehicle. The towing force acting through the tow bar is 3,600 N. Friction forces opposing the caravan total 1,450 N.
Determine the acceleration of the caravan.
Step 1 – determine the net force acting on the caravan,
	


Step 2 – apply Newton’s second law of motion to determine acceleration,
	


A 78 kg snowboarder is pulled horizontally across the snow by a rope tow exerting a force of 260 N. The coefficient of kinetic friction between the snowboard and the snow is 0.18. You can ignore the mass of the snowboard.
Determine the acceleration of the snowboarder.
Step 1 – determine the normal force.
	




Step 2 – determine the kinetic friction force.
	


Step 3 – determine the net force acting on the snowboarder.
	


Step 4 – apply Newton’s second law to determine acceleration.
	


A 1,500 kg rescue vehicle attempts to pull a 950 kg car from the mud using a tow rope. After the car begins moving, the tow rope exerts a constant forward force of 5,200 N on the car. The coefficient of kinetic friction between the car’s tyres and the mud is 0.42.
Determine the acceleration of the car once it starts moving.
Step 1 – determine the normal force.
	


Step 2 – determine the kinetic friction force.
	


Step 3 – determine the net force acting on the car.
	


Step 4 – apply Newton’s second law to determine acceleration.
	


Challenge questions
A 2.5 kg box is held against a vertical wall by a horizontal force. The coefficient of static friction between the box and the wall is 0.35.
Calculate the minimum horizontal force that must be applied to prevent the box from sliding down the wall.
	At the minimum force, the maximum static friction must equal the weight of the box.

Therefore, the minimum horizontal force required is 70 N.


A 1,200 kg car accelerates from rest along a level road. The coefficient of static friction between the tyres and the road is 0.65.
Determine the greatest speed the car could reach after accelerating for 5.0 s without the tyres slipping.


	
Therefore, the greatest speed is approximately 32 m s-1.


A 15 kg sled is pulled horizontally across level snow by a constant force of 50 N. Starting from rest, it reaches a speed of 6.0 m s⁻¹ after travelling 12 m.
Determine the coefficient of kinetic friction between the sled and the snow.
	


A 75 kg equipment trolley is moving at 1.5  across a level warehouse floor. A worker applies a constant horizontal force to the trolley. The coefficient of kinetic friction between the trolley and the floor is 0.22. After travelling 12 m, the trolley reaches a speed of . 
Determine the magnitude of the constant force applied by the worker.
	


[bookmark: _Student_resource_–_9][bookmark: _Ref231388746]

[bookmark: _Toc242873573]Student resource – What friction?
For each scenario:
1. identify the type of friction acting
1. draw a free-body diagram
1. calculate the frictional force and/or acceleration where appropriate.
1. A 110 kg filing cabinet is pushed horizontally with a force of 260 N. The cabinet does not move.
	


A 32 kg suitcase slides across an airport floor. The relevant coefficient of friction between the suitcase and the floor is 0.28. Ignore any differences in friction due to any rolling effects.
	


A 14 kg bicycle is travelling along a path. The brakes apply a frictional force of 56 N opposing the motion. Ignore any differences in friction due to any rolling effects.
	


A 78 kg washing machine is dragged across a floor with a horizontal force of 420 N. The relevant coefficient of friction between the washing machine and the floor is 0.31.
	


A 62 kg runner pushes backward on the ground with a force of 510 N while accelerating forward as the race begins.
	


A 2 400 kg light aircraft is pulled along a runway by a towing vehicle. The towing force is 6 200 N. The relevant coefficient of friction between the aircraft wheels and the runway is 0.12. Ignore any differences in friction due to any rolling effects.
	


Reflection
Why can static friction cause motion even though the surfaces do not slide?
	


Why is kinetic friction usually smaller than the maximum static friction for the same pair of surfaces?
	


Explain why friction does not always stop an object from moving.
	




Sample responses – student resource – What friction?
For each scenario:
1. identify the type of friction acting
1. draw a free-body diagram
1. calculate the frictional force and/or acceleration where appropriate.
1. A 110 kg filing cabinet is pushed horizontally with a force of 260 N. The cabinet does not move.
	The filing cabinet does not move, so static friction is acting.
[image: Free-body diagram.]
Because the cabinet remains stationary, the net horizontal force is zero. Therefore, static friction balances the applied force.
Static friction force = 260 N in the direction opposite to the push.


A 32 kg suitcase slides across an airport floor. The relevant coefficient of friction between the suitcase and the floor is 0.28. Ignore any differences in friction due to any rolling effects.
	The suitcase is sliding, so kinetic friction is acting.
[image: Free-body diagram.]



Therefore, the kinetic friction force is 88 N against the direction of motion. If this is the only horizontal force acting on the suitcase, then it will experience an acceleration of  in the direction opposite to its motion.


A 14 kg bicycle is travelling along a path. The brakes apply a frictional force of 56 N opposing the motion. Ignore any differences in friction due to any rolling effects.
	The bicycle is moving, so kinetic friction is acting.
[image: Free-body diagram.]

Therefore, the acceleration of the bike is  in the direction opposite to its motion.


A 78 kg washing machine is dragged across a floor with a horizontal force of 420 N. The relevant coefficient of friction between the washing machine and the floor is 0.31.
	The washing machine is sliding, so kinetic friction is acting.
[image: Free-body diagram.]

Therefore, the washing machine will experience an acceleration of  in the direction of its motion.


A 62 kg runner pushes backward on the ground with a force of 510 N while accelerating forward as the race begins.
	The runner accelerates because static friction acts forward on the runner’s foot, so static friction is acting.
[image: Free-body diagram.]
Note the direction of static friction is still against the direction of motion since this is focused on the foot which pushes backwards into the ground.
By Newton’s third law of motion, the runner pushes backward on the ground, and the ground exerts a forward static friction force on the runner, therefore:

Therefore, the acceleration of the runner is  in the direction of motion.


A 2 400 kg light aircraft is pulled along a runway by a towing vehicle. The towing force is 6 200 N. The relevant coefficient of friction between the aircraft wheels and the runway is 0.12. Ignore any differences in friction due to any rolling effects.
	The aircraft is moving along the runway, so kinetic friction is acting.
[image: Free-body diagram.]

Therefore, the aircraft will experience an acceleration of  in the direction of its motion.


Reflection
Why can static friction cause motion even though the surfaces do not slide?
	Static friction can cause motion because it acts between surfaces that are not sliding relative to each other. When a runner pushes backward on the ground, static friction from the ground acts forward on the runner, allowing them to accelerate.


Why is kinetic friction usually smaller than the maximum static friction for the same pair of surfaces?
	Kinetic friction is usually smaller than maximum static friction because stationary surfaces can form stronger microscopic interactions before sliding begins. Once the surfaces are sliding, these contact points are continually broken and re-formed, reducing the average friction force.


Explain why friction does not always stop an object from moving.
	Friction does not always stop an object from moving. It acts to oppose relative motion between surfaces. If an applied force is larger than friction, the object can still accelerate. In some cases, such as walking or running, static friction helps produce motion.




[bookmark: _Toc242873574]Teaching advice
Checks for understanding
[bookmark: _Check_for_understanding_20][bookmark: _Ref241496516]Check for understanding 1 (3.7 PPT)
For each situation, predict:
1. if friction is static or kinetic
1. if the friction force is increasing, constant, or at its maximum value.
Situations
1. A student gently pushes a heavy box and it does not move.
1. The student pushes harder and the box still does not move.
1. The student pushes just hard enough for the box to begin sliding.
1. The box slides across the floor at constant velocity.
Check for understanding 1 sample response
In situation a, the box does not move, so the friction is static. Because the push is gentle, the static friction force is also relatively small. The friction force matches the applied force to keep the box stationary.
In situation b, the student pushes harder and the box still does not move. Static friction is still acting, but now the friction force has increased in magnitude to continue balancing the larger applied force.
In situation c, the student pushes just hard enough for the box to begin sliding. At this point, the static friction force has reached its maximum possible value. Any further increase in applied force will cause motion.
In situation d, the box is sliding, so the friction is now kinetic friction. Because the box moves at constant velocity, the kinetic friction force balances the applied force overall.
[bookmark: _Check_for_understanding_21][bookmark: _Ref241648986]Check for understanding 2 (3.7 PPT)
Why is it usually harder to start moving an object than to keep it moving?
Check for understanding 2 sample response
Claim:
It is usually harder to start moving an object than to keep it moving because static friction is greater than kinetic friction.
Evidence:
The maximum static friction force is larger than the kinetic friction force for the same surfaces:

Reasoning:
When an object is stationary, static friction opposes the applied force and increases up to a maximum value before motion begins. Once the object starts sliding, the friction changes to kinetic friction, which is smaller in magnitude. As a result, a larger force is required to overcome static friction initially than to continue moving the object once it is already in motion.


[bookmark: _Toc242873575]3.8 Problem-solving – Newton’s laws of motion
Students learn to apply Newton’s laws of motion to a variety of static and dynamic situations to solve problems.
Table 8 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse motion and events using Newton’s laws of motion.
	distinguish between static and dynamic situations
identify whether a net force acts in a given situation
determine how Newton’s laws apply to both static and dynamic situations
follow a structured format to solve mathematical problems by drawing a free-body diagram, analysing the forces acting and applying Newton’s laws.


[bookmark: _Toc242873576]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of forces and Newton’s laws of motion developed across Forces and motion lessons. Explain that many real-world physics problems involve applying more than one of Newton’s laws together to analyse forces and motion. 
Present slide PPT 3.8 Analysing a situation using Newton’s laws of motion to illustrate this with an example.
Lead a class discussion to review the key concepts from Activity 3.7 and reinforce that Newton’s laws apply to both stationary and moving systems, including situations with balanced and unbalanced forces.
Note: sample prompts and responses are provided in the Teaching advice should these be needed to further explore student understanding.
Core learning
1. Use slide PPT 3.8 Static versus dynamic situations to distinguish between static and dynamic situations.
Present the everyday situations shown on PPT 3.8 Static or dynamic? (3 slides), and have students work in pairs to decide whether the situation is static (no motion) or dynamic (motion occurring), whether the net force is zero or non-zero, and which of Newton’s laws of motion might best explain the situation. Students can share their reasoning with the class. 
Use Check for understanding 1 (3.8 PPT) to check that students can distinguish between static and dynamic situations. 
Use Check for understanding 2 (3.8 PPT) to check that students can apply Newton’s laws to solve quantitative static and dynamic problems.
Support students to practise applying Newton’s laws as they complete questions in the Student resource – problem-solving using Newton’s laws.
Students engage in peer teaching with the independent problems from the student resource, taking it in turns to teach and be taught by a peer using the mini whiteboards. Students use the peer feedback scaffold on the Student resource – peer teaching feedback scaffold to provide feedback on each other’s solutions.
[bookmark: _Ref231388814]Consolidate
1. Students respond on mini whiteboards to the question, ‘How do free-body diagrams help you apply Newton’s laws of motion to real-world problems?’ to complete the exit ticket, Check for understanding 3 (3.8 PPT).


[bookmark: _Student_resource_–_10][bookmark: _Ref241650728][bookmark: _Toc242873577]Student resource – problem-solving using Newton’s laws
1. A 58 kg crate is pushed across a warehouse floor with a horizontal force of 480 N east. Friction opposing the motion is 210 N west. Calculate the acceleration of the crate.
	


A 980 kg lift accelerates upwards at 1.6 . Determine the tension force in the supporting cable.
	


112. Two students stand on low-friction skateboards facing each other. Student A has a mass of 54 kg. Student B has a mass of 72 kg. Student A pushes student B with a force of 180 N. Calculate the accelerations of both students.
	


An astronaut doing repairs on the outside of the International Space Station loses contact with the space station and is left holding only their drill. Explain how the astronaut could possibly make their way back to the space station.
	


A 65 kg parachutist falls vertically downwards. At one point during their descent, the air resistance acting on them is 637 N upwards. Explain their motion at this point.
	


A horizontal force is applied to a 5 kg block, holding it motionless against a vertical wall, as shown below. The crate is not touching the ground. The coefficient of friction between the crate and wall is 0.2. 
[image: Force diagram showing unknown force acting horizontally on a 5 kg block.]
1. Construct a free-body diagram to show the forces acting on the block.
	


Calculate the minimum horizontal force that needs to be applied to prevent it from sliding down the wall.
	


A full and an empty beaker are placed on a piece of paper as shown below. A force is applied to the paper causing it to rapidly accelerate to the right.
[image: a beaker filled with water and an empty beaker resting on a piece of paper on a bench. The paper is accelerating to the right.]
1. Compare the friction force between the paper and each beaker.
	


Explain why the full beaker behaved in the same way as the empty beaker.
	


Determine the reading on the spring balance as shown below.
[image: Spring balance connected at either end to 20 N weights around pulleys. ]
	


A 5 kg mass is suspended by 2 ropes as shown below. Calculate the tension in each rope.
[image: 5 kg mass hanging from 2 strings, each at 40 degrees below horizontal.]
	


A 25 kg toolbox rests loosely in the back of a cargo van which is moving at 10 ms-1. The coefficient of friction between the floor of the van and the toolbox is 0.2. Calculate the maximum acceleration that can be applied to the van to cause it to stop without causing the toolbox to move forward relative to the van.
	


A bag is held stationary at different heights, as shown below. Explain why a greater tension is required in the rope to hold the bag stationary as its height increases.
Height

	




Student resource – sample response – problem-solving using Newton’s laws
1. A 58 kg crate is pushed across a warehouse floor with a horizontal force of 480 N east. Friction opposing the motion is 210 N west. Calculate the acceleration of the crate.
	 


A 980 kg lift accelerates upwards at 1.6 . Determine the tension force in the supporting cable.
	


114. Two students stand on low-friction skateboards facing each other. Student A has a mass of 54 kg. Student B has a mass of 72 kg. Student A pushes student B with a force of 180 N. Calculate the accelerations of both students.
	According to Newton’s third law of motion, when student A pushes B with 180 N, student B exerts an equal and opposite force of 180 N on student A 
Student A 

Student B



An astronaut doing repairs on the outside of the International Space Station loses contact with the space station and is left holding only their drill. Explain how the astronaut could possibly make their way back to the space station.
	The astronaut can throw the drill away from the space station. According to Newton’s third law of motion, when the astronaut exerts a force on the drill, the drill exerts an equal and opposite force on the astronaut. So, if you throw the drill away, the astronaut will accelerate in the opposite direction from the drill towards the space station.


A 65 kg parachutist falls vertically downwards. At one point during their descent, the air resistance acting on the parachutist is 637 N upwards. Explain their motion at this point.
	
There is no net force acting on the parachutist, so the parachutist will fall at a constant velocity (terminal velocity)


A horizontal force is applied to a 5 kg block, holding it motionless against a vertical wall, as shown below. The crate is not touching the ground. The coefficient of friction between the crate and wall is 0.2. 
[image: ]
1. Construct a free-body diagram to show the forces acting on the block.
	[image: Free-body diagram.]


Calculate the minimum horizontal force that needs to be applied to prevent it from sliding down the wall.
	For block to remain stationary



A full and an empty beaker are placed on a piece of paper as shown below. A force is applied to the paper causing it to rapidly accelerate to the right.
[image: A beaker filled with water and an empty beaker resting on a piece of paper on a bench. The paper is accelerating to the right.]
1. Compare the friction force between the paper and each beaker.
	 increase in mass will result in higher friction; hence full beaker will experience greater friction compared to empty beaker.


Explain why the full beaker behaved in the same way as the empty beaker.
	This is because both beakers will experience same acceleration.
If friction force is the only force acting horizontally to accelerate each beaker:
Therefore, acceleration is independent of mass of beaker.


Determine the reading on the spring balance as shown below.
[image: Spring balance connected at either end to 20 N weights around pulleys. ]
	Since the 2 hanging masses are equal, the forces are balanced and the system is stationary. The tension in the rope must equal the weight of either hanging object: 

The Newton balance measures the tension in the rope.


A 5 kg mass is suspended by 2 ropes as shown below. Calculate the tension in each rope.
[image: 5 kg mass hanging from 2 strings, each at 40 degrees below horizontal.]
	For arrangement of symmetrical angle, the tension in each rope is equal 

For the rope to be stationary the vertical forces are balanced 



A 25 kg toolbox rests loosely in the back of a cargo van which is moving at 10 ms-1. The coefficient of friction between the floor of the van and the toolbox is 0.2. Calculate the maximum acceleration that can be applied to the van to cause it to stop without causing the toolbox to move forward relative to the van.
	The maximum frictional force between the toolbox and van is
The maximum force applied to the box cannot be bigger than the maximum friction without causing the toolbox to move 



A bag is held stationary at different heights, as shown below. Explain why a greater tension is required in the rope to hold the bag stationary as its height increases.
Height


	When bag is raised at a constant speed, the vertical forces are balanced 
As the bag gets higher, the angle decreases, so  decreases, hence T increases. 
Since the applied downward force is equal to the tension in the rope, the force required to raise the bag increases as the bag gets higher. 




[bookmark: _Student_resource_–_11][bookmark: _Ref231388882][bookmark: _Toc242873578]Student resource – peer teaching feedback scaffold
Peer feedback checklist:
	Did your partner …
	Yes, no or not applicable

	correctly identify the forces acting?
	

	distinguish between balanced and unbalanced forces?
	

	draw an accurate free-body diagram?
	

	refer to and apply Newton’s laws of motion correctly?
	

	show clear mathematical working, including stating the relevant equations?
	

	include correct units and directions?
	


Reflection:
What was done well?
	


One suggestion for improvement
	


One thing I learnt from my partner’s explanation
	




Sample response – student resource – peer teaching feedback scaffold
Peer feedback checklist:
	Did your partner …
	Yes, no or not applicable

	correctly identify the forces acting?
	yes

	distinguish between balanced and unbalanced forces?
	yes

	draw an accurate free-body diagram?
	yes

	refer to and apply Newton’s laws of motion correctly?
	yes

	show clear mathematical working, including stating the relevant equations?
	no

	include correct units and directions?
	yes


Reflection:
What was done well?
	The explanation clearly separated forces acting on different objects and correctly identified the Newton’s third law force pairs. The reasoning linked the free-body diagram, net force and acceleration logically.


One suggestion for improvement
	Include the equation before substituting values and show every working step in the acceleration calculation.


One thing I learnt from my partner’s explanation
	I learnt that Newton’s third law force pairs never cancel because they act on different objects, while balanced forces act on the same object.


[bookmark: _Toc242873579]Teaching advice
Background information
Discussion prompts and sample responses are provided below.
1. What does it mean if the net force acting on an object is zero?
If the net force acting on an object is zero, the forces are balanced. Balanced forces do not change the motion of the object. This means the object will either remain at rest or continue moving at a constant velocity in a straight line. Zero net force does not always mean the object is stationary.
1. Can an object still be moving if the net force is zero? Explain.
Yes. An object can still be moving when the net force is zero if it is travelling at a constant speed in a straight line. In this situation, the forces acting on the object are balanced, so there is no acceleration. For example, a car travelling at constant velocity on a straight road has zero net force because the driving force balances resistive forces such as friction and air resistance.
How can you tell whether a situation is static or dynamic?
A static situation is one where the object is stationary and remains at rest. A dynamic situation is one where the object is moving. To determine whether forces are balanced or unbalanced, it is important to consider whether the object’s motion is changing, not just whether it is moving.
Which of Newton’s laws of motion best explains why an object at rest stays at rest unless acted on by an unbalanced force?
Newton’s first law of motion explains this behaviour. The law states that an object will remain at rest, or continue moving with constant velocity, unless acted upon by a net external force. This demonstrates the concept of inertia, where objects resist changes to their state of motion.
Why do objects accelerate when the forces acting on them are unbalanced?
When forces are unbalanced, there is a non-zero net force acting on the object. According to Newton’s second law of motion, a net force causes acceleration. The acceleration occurs in the direction of the net force, and a larger net force produces a greater acceleration for the same mass.
How does Newton’s third law of motion apply when a person pushes against a wall?
When a person pushes on a wall, the wall pushes back on the person with an equal and opposite force. These forces are an example of Newton’s third law of motion because they act on different objects and are equal in magnitude but opposite in direction. Even though the wall does not visibly move, it still exerts a reaction force on the person.
Checks for understanding
[bookmark: _Check_for_understanding_22][bookmark: _Ref241650633]Check for understanding 1 (3.8 PPT)
A car is travelling in a straight line at constant velocity along a flat road.
Which statement is correct?
A. The car is static because the net force is zero.
B. The car is dynamic and the net force is non-zero.
C. The car is dynamic and the net force is zero.
D. The car is accelerating because it is moving.
Check for understanding 1 sample response
Correct answer: C
A. Incorrect
The car is not static because it is moving. Static situations involve no motion relative to the observer.
B. Incorrect
The car is moving, so the situation is dynamic, but because the velocity is constant, the acceleration is zero. Therefore the net force is also zero.
C. Correct
The car is in a dynamic situation because motion is occurring. However, because the velocity is constant, there is no acceleration and therefore the net force is zero.
D. Incorrect
Motion does not necessarily mean acceleration. Acceleration only occurs when velocity changes in magnitude or direction. Constant velocity means zero acceleration. 
[bookmark: _Check_for_understanding_23][bookmark: _Ref241651091]Check for understanding 2 (3.8 PPT)
A 24 kg crate is initially stationary on a horizontal surface. The coefficient of static friction is 0.35. A worker applies a horizontal force of 90 N on the crate.
What will happen to the crate?
A. The crate remains stationary because static friction balances the applied force.
B. The crate accelerates because the applied force is greater than friction.
C. The crate moves at constant velocity because the net force is zero.
D. The crate accelerates upward because the normal force is greater than the weight.
Check for understanding 2 sample response
This check for understanding assesses students’ ability to apply Newton’s laws of motion and friction concepts to determine whether or not acceleration will occur in a real-world situation.
Students must determine whether the applied force exceeds the maximum static friction force.
First determine the normal force. On a horizontal surface:

Then determine the maximum static friction force:

Because the applied force of 90 N is greater than the maximum static friction force, the crate begins moving.
Therefore the forces are unbalanced and the crate accelerates.
Correct answer: B
This question checks whether students can:
identify static friction as reactive (increases up to a maximum value as per the equation)
determine when motion begins 
distinguish balanced from unbalanced forces 
apply Newton’s second law of motion conceptually without necessarily calculating acceleration.
[bookmark: _Check_for_understanding_24][bookmark: _Ref241651284]Check for understanding 3 (3.8 PPT)
How do free-body diagrams help you apply Newton’s laws of motion to real-world problems?
Check for understanding 3 sample response
Free-body diagrams help apply Newton’s laws of motion because they show all the forces acting on an object clearly and separately. This makes it easier to identify whether the forces are balanced or unbalanced and predict how the object will move. In static situations, the diagrams show that the forces are balanced and the object remains at rest. In dynamic situations, they help identify if a net force is acting, thereby causing acceleration. Free-body diagrams also help organise information when solving real-world physics problems involving gravity, friction, normal force, tension and applied forces.
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