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[bookmark: _Toc172114181][bookmark: _Toc191372067]Overview
Stage and learning area: Stage 4 Science
Description: this resource complements the Forces program of learning. It aims to serve as a teacher reference, offering practical strategies and ideas to enrich teaching practices and create engaging learning environments. These activities should be adapted to suit the needs of students.
Duration: while timing will vary based on the mode of delivery, differentiation strategies employed and class or school context, the series of activities in TRB1 should take approximately 13 hours to complete.
Risk management: teachers are advised to undertake a risk assessment before conducting any classroom investigation or experiment. For more information on developing risk assessments, see Risk Assessment – a pre-requisite for risk control.
This resource book elaborates on many of the activities in the Forces sample program of learning. Some activities also reference the Forces slide deck (identified as FOR PPT throughout this document).


[bookmark: _Toc191372068]Force alternative conceptions
This list of alternative conceptions is not meant to be comprehensive but instead aims to provide a starting point for constructing new knowledge in this focus area. Alternative conceptions should be identified and addressed throughout the teaching and learning process.
Table 1 – alternative conceptions and their corresponding accepted conception
	Alternative conception
	Accepted conception

	Energy and force are interchangeable
	A force is an external influence that can cause an object to alter its speed, shape or direction. For example, leaning on a desk exerts a push force on it, which is present even if the desk remains stationary; this force could result in a change if the net force acting on the desk is unbalanced. It’s important to note that force is applied to an object rather than transferred between them. Energy, on the other hand, is a property of a system associated with the extent of an object's movement or the amount of heat it contains. The transformations of energy from one form to another can be tracked and measured.

	Forces cause motion
	Unbalanced forces cause a change in motion (acceleration or direction).

	Faster objects have more force
	An object moving fast has a larger amount of kinetic energy. Energy and force are different entities.

	Everything that moves will eventually stop. Rest in the ‘natural’ state of all objects.
	Forces need to be unbalanced for a motion to change. This includes moving objects slowing down to a stop. Things come to a stop when there is a higher friction force than push/pull force.

	A continuous force is needed for continuous motion.
	For an object's state of motion to change, the forces acting upon it must be unbalanced. Once an object begins to move, it will continue moving at a constant speed unless acted upon by an external force. If friction or air resistance is present, these forces must be countered with a continuous push or pull to maintain that speed.

	An object is hard to push because it is heavy.
	Large objects resist a change in motion (inertia). This will depend on the amount of friction between the object and the surface.

	Friction is not a force.
	Friction is a force that resists the movement of one surface over another.

	Friction is only present when something is moving.
	Even stationary objects can experience frictional forces. For example, consider a person pushing against a large rock. The rock does not move because friction between the rock and the ground resists the push force.

	Friction always needs to be removed from a system.
	Friction can be useful in many situations. For example, the friction between car tyres and the road allows the car to move forward.

	Friction gradually uses up the forward push or pull.
	An object moving at a constant speed and direction will have a zero net force (the friction can balance the push/pull force).

	Heavier objects fall faster than light objects.
	All objects fall at the same acceleration due to gravity, regardless of their mass (in the absence of air resistance). Air resistance affects lighter objects more significantly, which can make it appear that heavier objects fall faster.

	Gravity is due to air pressure or the earth’s spin.
	Gravity is proportional to the mass of an object. The larger the mass, the greater the distortion of space and time, which is gravity.

	Gravity is weaker under water.
	The buoyancy of water is a push force that is in the opposite direction of the pull force of gravity. The gravitational force is not weaker.

	Objects speed up as they fall because gravity gets stronger closer to Earth.
	While the pull of gravity is marginally smaller on a mountain (a 75 kg person at sea level will weigh 74.75 kg on Mt Everest), objects speed up as they fall due to the acceleration caused by gravity.

	There is zero gravity in space.
	There is gravity in space, although it is very small. This is referred to as microgravity. Astronauts appear weightless because they are in freefall as they orbit the Earth.

	An object at rest has no forces acting on it.
	An object at rest has no net force acting on it. The gravitational force of a book resting on a table is balanced by the opposite force of the table pushing up on the book.

	If an object is moving, then it has a net force acting on it.
	An object moving at a constant speed and direction will have a net force of zero.

	If an aircraft climbs steadily, the lift force (upward force) will be greater than the downward force from gravity.
	An object moving at a constant speed and direction will have a net force of zero (the forces are balanced).

	Rocket propulsion is due to the exhaust gases pushing on something behind the rocket.
	The combustion of fuel releases gases from the base of the rocket. This outward push of gas causes the air at the base of the rocket to push back and move it upwards.

	Larger magnets are stronger than small magnets.
	The magnetic strength does not depend on size.

	All metals are attracted to a magnet.
	Aluminium (for example) is not attracted to a magnet.


Adapted from Physical science conceptions from Primary Connections by Australian Academy of Science under CC BY-NC-SA-4.0.
[bookmark: _Toc191372069]Tier 3 key vocabulary glossary
Tier 3 words are those that are relevant for subject-specific content. Tier 3 words are encountered less frequently and are often limited to specific topics. They are likely to be new for all students and are best learned within context. The Guide for planning and implementing explicit vocabulary instruction can be used by teachers across all curriculum areas, and it provides a process for planning and implementing explicit vocabulary instruction.
Table 2 – glossary for key Working scientifically terms
	Term
	Definition

	Inference
	The process of drawing a conclusion is based on evidence and reasoning. It involves using observations and known facts to make logical conclusions or predictions.

	Phenomenon
	An observable event or process that occurs in the natural world, such as weather patterns, geological events, astronomical events, or biological processes (NESA 2023).

	Precision
	The extent to which repeated measurements of the same item are close to each other (NESA 2023).

	Prediction
	A statement or estimate about what will happen in the future, often based on available evidence, past experiences, or statistical analysis (NESA 2023).

	Reliability
	An extent to which repeated observations and/or measurements taken under identical circumstances will yield similar results (NESA 2023).


Table 3 – glossary for key content terms
	Term
	Definition

	Applied force
	A force exerted by a person or an object. Applied forces is also referred to as an effort force.

	Air resistance (drag)
	Air resistance is a type of friction that acts in the opposite direction of motion, resisting the objects motion.

	Direct force
	A force applied to an object by another object through physical contact.

	Electromagnet
	A type of magnet created by passing an electric current through a wire coiled around a metal core. The magnetic field is temporary and only exists when the current is flowing.

	Electrostatic
	Relating to electricity or fields that do not move in a current but are instead attracted to the surface of an object, as opposed to electric currents (NESA 2023).

	Field
	Refers to a region in space where a particular force has an influence. Fields can describe various types of forces, such as gravitational, electric and magnetic.

	Free-body diagram
	A visual representation used in physics to show all the forces acting on a single object. It helps to analyse the forces and predict the object's motion.

	Friction
	A contact force which opposes the motion of an object. It acts parallel to the surfaces and can prevent motion (static friction) or resist ongoing motion (kinetic friction).

	Gravitational
	The force of attraction that objects with mass exert on each other (NESA 2023).

	Gravity
	The force of attraction that objects with mass exert on each other.

	Indirect force
	A force that acts on an object without direct physical contact. These forces can act over distances.

	Normal force
	The force that acts perpendicular to the contact surface between 2 objects. The normal force is usually represented in force diagrams as a force vector arrow perpendicular to the surface. For an object on a horizontal surface, the normal force balances the downward force of gravity (the weight force).

	Orbit
	Moving in a curved path around a body such as the Earth, an atom or the Sun (NESA 2023).

	Polarity
	The property of a magnet that determines its north and south poles. The north pole is the end of the magnet that points towards Earth's north when freely suspended, and the south pole is the opposite end.

	Weight
	The measure of the force of gravity acting on a body with a given mass. An object can be weightless without its mass being zero. (NESA 2023 – glossary). Weight force is the mass × acceleration due to gravity (g) (F =mg) (NESA 2023 – Science 7–10 Syllabus).


[bookmark: _Toc191372070]Key numeracy focus for this essential question
Table 4 – definitions of key numeracy terms for this focus area
	Term
	Definition

	F = mg
	F (Force) is the object's weight, measured in newtons (N). m (mass) is the amount of matter in the object, measured in kilograms (kg). g (acceleration due to gravity) is the rate at which objects accelerate towards a mass (usually Earth), approximately 9.8 meters per second squared (m/s²) on the Earth's surface.

	Mean
	The sum of values in a data set divided by the total number of values in the data set. Also called the average (NESA 2023).

	Range
	The difference between the highest and lowest values in a dataset (NESA 2023).

	Ratio
	A comparison of magnitudes of sets, quantities of the same kind, or algebraic expressions. It is often used to compare the size of 2 (or more) quantities relative to each other (NESA 2023).

	Unit conversion
	Unit conversion is a multi-step process that involves multiplication or division by a numerical factor, selection of the correct number of significant digits, and rounding (NIST 2024). For example, the conversion of 14 000 grams (g) to kilograms (kg):







[bookmark: _Toc172114182][bookmark: _Toc191372071]1.1 The forces around us
Table 5 – learning intention and success criteria for 1.1 The forces around us
	[bookmark: _Toc128649917][bookmark: _Toc141426382]We are learning:
	I can:

	about the effects of forces in everyday situations.
	identify how forces act on an object
describe the result of forces acting on an object
explain the difference between direct and indirect forces,using examples.


[bookmark: _Toc191372072]What are forces?
Note: students may not have investigated forces in science since Stage 2. Therefore, it is recommended that teachers activate their prior learning about the scientific definition of a force (a push or a pull) and what it can do (change the motion or shape) to objects.
Review students’ understanding of a force and what forces do. A force is a push or pull between objects that may cause one or both objects to change the speed, and/or direction of their motion, and/or their shape (NESA 2024).
Outline the range of forces that students will be using throughout the learning for this focus area. The forces are outlined in Table 1 of the Student resource – the force around us.
Students undertake activities like walking, squashing modelling clay and playing ball sports to identify the forces involved. Discuss how the application of forces results in changes in movement or shape and record their ideas in Table 2 of the Student resource – the force around us. Sample activities and the forces involved are provided in Table 6. A blank template is provided in FOR PPT ‘1.1 Force examples’ to assist students in summarising the forces involved in each activity discussed.
Discuss the difference between direct (contact) and indirect (non-contact) forces. Students categorise the forces from the activities above and record them in Table 3 of the Student resource – the force around us. A sample response is provided in Table 7.
[bookmark: _Ref177118871]Table 6 – examples of forces involved in a range of activities
	Activity
	Forces involved

	Walking
	When taking each step, there is a push/pull between the soles of your feet and the ground. Friction provides traction to move, and gravity holds you to the surface.

	Lifting a box
	When lifting a box, you pull the box upwards against the downward force of gravity.

	Basketball
	Pushing to throw the ball to another student or through the hoop. Gravity pulls the ball back down.

	Pulling apart a pair of magnets
	Magnetic force (attractive force) between the magnets resists your effort to pull them apart.

	Moulding modelling clay
	Push the clay to make indentations or roll it into a ball. Pull the clay to draw it out. The push and pull forces change the shape of the clay. 


[bookmark: _Ref189324711]Table 7 – sample response for categorising activities as direct and indirect forces
	Force type and definition
	Examples

	Direct – requiring physical contact between objects
	Pushing down on the ground when walking.
Pushing and pulling a lid and clay.
Friction between ground and soles of shoes.

	Indirect – not requiring physical contact. The force is applied through a field.
	Gravity is pulling us down.
Magnets are pulling on the metal surface of the fridge (holding paper in place).


[bookmark: _Toc191372073]The size and direction of forces
1. Tell students that forces range in size (magnitude) from very large or strong to very small or weak. Forces are also applied in a particular direction. 
1. View videos showing the range of magnitude and direction of forces. Discuss the forces involved in each video (some examples have been outlined in Table 8). Students suggest the forces involved and the direction in which they are applied.
[bookmark: _Ref188027076]Table 8 – video resources and some of the forces involved in each
	Video resource
	Forces involved
	The direction that the forces are applied

	Where Are the Ants Carrying All Those Leaves? | Deep Look – Deep Look (3:30)
	Friction
	The ants push on each side of the leaf, gripping it between their powerful mandibles.

	
	Applied force
	The ant applies a greater force from either side of the leaf with their mandibles to cut it.

	STS-135 Space Shuttle Launch | European Space Agency, ESA (2:33)
	Weight (due to gravity)
	Pulling towards the centre of the Earth.

	
	Thrust
	The combustion of rocket fuel generates high-pressure exhaust gases that are expelled downward, pushing the rocket up.

	Aircraft Carrier Takeoffs & Landings | Gung Ho Vids (1:42)
	Weight (due to gravity)
	The force due to gravity acts downward. It must be overcome by lift (upward force) for take-off.

	
	Lift
	The wings provide an upward lift force.

	
	Drag
	Air resistance acts in the opposite direction to motion, reducing the aircraft's forward motion.


Explain, using the diagrams in FOR PPT ‘1.1 Forces on a car’, that forces can be drawn using arrows. Explain that:
the base of the arrow is on the object experiencing the force
the direction of the arrow (arrowhead) shows the direction of the force
longer arrows show larger forces; shorter arrows show smaller forces.
Students should complete the forces on a car scenario in the Student resource – the force around us based on the information that was presented in the FOR PPT ‘1.1 Forces on a car’ slides.
Students apply this learning by drawing arrows to indicate the qualitative size and direction of forces on the remaining images in the Student resource – the force around us. Look out for misconceptions in students’ diagrams such as, unequal forces when an object is moving at constant speed. Sample responses are provided in the slides FOR PPT ‘1.1 Forces on a weightlifter’, FOR PPT ‘1.1 Forces on a boat’ and FOR PPT ‘1.1 Forces on a skydiver’.
Note: the images provided use relative sizes of the arrows to introduce quantitative thinking about forces using these diagrams.
Differentiation: SpaceX rockets
Spaceflight is expensive for any company or nation to undertake. SpaceX is the first company to operate a reusable rocket, which will help reduce the cost of launching satellites into orbit. Using an automated process, these rockets can lift a spacecraft into orbit and return to a landing area.
Watch Fly to space and back in amazing SpaceX booster cam video - Launch to Florida landing (1:47). Discuss the forces produced by the large booster rocket for the journey to space (from start to 0:26) and the white puffs from the manoeuvring jets to start and stabilise the return journey (from 0:27 to end). These components provide the necessary manoeuvring forces to conduct the complete mission.
[bookmark: _Toc172114184]Construct diagrams to represent the forces involved in the flight of a rocket as it launches from the platform and returns safely to Earth. Sample answers are provided in Figure 1, Figure 2, and Figure 3.
Example force diagrams for SpaceX rockets extension activity
	[bookmark: _Ref190805637]Figure 1 – force diagram of a rocket just after launch (0:00 to 0:27 minutes in the video)
[image: A force diagram of a rocket just after launch.]
	The rocket is accelerating away from Earth after launching. The weight force and drag (air resistance) act in the opposite direction to the thrust. The net force is equal to thrust minus drag and weight forces.

	[bookmark: _Ref190805639]Figure 2 – force diagram of a rocket after initial thrust has finished (0:48 to 1:13 minutes in the video)
[image: A force diagram of a rocket after initial thrust has finished.]
	The rocket has stopped the initial thrust required to leave the Earth and is now accelerating back toward Earth. The net force is equal to the weight force minus the drag force.
Note: in this figure, the change in weight due to the fuel being spent has not been factored in. The sideward thrusts are not accounted for in this diagram. 

	[bookmark: _Ref190805641]Figure 3 – force diagram of a rocket during re-entry so it lands as it was launched (1:27 to 1:36 minutes in the video)
.[image: A force diagram of a rocket during re-entry so it lands as it was launched.]
	The rocket is moving towards the Earth. The thrust slows the rocket down. Because the rocket is slowing down as it comes into land, the direction of movement is opposite to the net force.
Note: the net force, acting in the opposite direction to the rocket's motion, slows the rocket down.


[bookmark: _Student_resource_–][bookmark: _Ref178775823][bookmark: _Ref187667806][bookmark: _Ref187670087]Student resource – the force around us
What are forces?
A force is a push or pull between objects, which may cause one or both objects to change the speed, and/or direction of their motion, and/or their shape (NESA, 2023). There are many different types of forces which are outlined below.
Table 1 – different types of forces
	Type of force
	Description

	Applied force
	A force exerted by a person or an object. Applied forces is also referred to as an effort force.

	Friction
	A contact force which opposes the motion of an object. It acts parallel to the surfaces and can prevent motion (static friction) or resist ongoing motion (kinetic friction).

	Air resistance (drag)
	Air resistance is a type of friction that acts in the opposite direction of motion, resisting the objects motion.

	Normal force
	The force that acts perpendicular to the contact surface between 2 objects. The normal force is usually represented in force diagrams as a force vector arrow perpendicular to the surface. For an object on a horizontal surface, the normal force balances the downward force of gravity (the weight force).

	Gravitational force
	The force of attraction that objects with mass exert on each other (NESA 2023).

	Magnetic force
	The field force exerted by magnets when they attract or repel each other or certain types of metals.

	Electrostatic
	Relating to electricity or fields that do not move in a current but are instead attracted to the surface of an object, as opposed to electric currents (NESA 2023).


[bookmark: _Toc172114185]Participate in a range of activities as instructed by your teacher. In Table 2 below, describe the forces involved for each activity. You can refer to the pushes and pulls involved, and also the forces outlined in Table 1.
Table 2 – forces involved in various activities
	Activity
	Forces involved

	Walking
	

	
	

	
	

	
	

	
	

	
	


In Table 3 below, classify forces outlined in Table 1 as direct (contact) and indirect (non-contact) forces.
Table 3 – examples of direct and indirect forces
	Force type and definition
	Examples

	Direct – requiring physical contact between objects
	

	Indirect – not requiring physical contact. The force is applied through a field.
	




The size and direction of forces
Add arrows and labels to the images below to the forces acting on the object for each scenario:
· The base of the arrow is on the object experiencing the force.
· The direction of the arrow (arrowhead) shows the direction of the force.
· Longer arrows show larger forces; shorter arrows show smaller forces.
· Each arrow should be labelled with the type of force.
For each scenario identify if the forces acting on the object are balanced or unbalanced.
Table 4 – force diagrams for a range of scenarios
	Scenario
	Force diagram

	The car is stationary.
The forces are:
☐ Balanced
☐ Unbalanced
	
[image: A car diagram for students to complete the force arrows acting in this example.]
‘Green classic car illustration’ by Rawpixel is licensed under CC0.

	The car is speeding up (accelerating).
The forces are:
☐ Balanced
☐ Unbalanced
	
[image: A car diagram for students to complete the force arrows acting in this example.]
‘Green classic car illustration’ by Rawpixel is licensed under CC0.

	The car is moving at a constant speed.
The forces are:
☐ Balanced
☐ Unbalanced
	
[image: A car diagram for students to complete the force arrows acting in this example.]
‘Green classic car illustration’ by Rawpixel is licensed under CC0.

	The barbell is being held steady at the athlete’s chest.
The forces are:
☐ Balanced
☐ Unbalanced
	
[image: A cartoon of a weightlifter holding a barbell to their chest.]

‘Barbell-upright-rows-1’ by Everkinetic is licensed under CC BY-SA 3.0.

	The barbell is being lifted upwards.
The forces are:
☐ Balanced
☐ Unbalanced
	
[image: A cartoon of a weightlifter holding a barbell to their chest.]
‘Barbell-upright-rows-1’ by Everkinetic is licensed under CC BY-SA 3.0.

	A boat is speeding up.
The forces are:
☐ Balanced
☐ Unbalanced
	

[image: A cartoon speed boat moving through the water to the left.]



	A sky diver has deployed their parachute and is descending to ground at constant speed.
The forces are:
☐ Balanced
☐ Unbalanced
	
[image: A person parachuting.]





[bookmark: _Toc191372074]1.2 Use the force
Table 9 – learning intentions and success criteria for 1.2 Use the force
	We are learning:
	I can:

	about the effects of forces in everyday situations
	accurately use tools to measure forces
compare different forces on objects quantitatively

	to use data to solve problems about forces.
	record data accurately in a table
compare the range and mean of data sets.


Checkpoint: this is a quick quiz to activate learning from prior lesson(s). Sample answers are provided after each question.
Everybody (E): What is a force?
Sample response: a force is a push or pull between objects, which may cause one or both objects to change the speed and/or direction of their motion and/or their shape (NESA 2024).
Mini-challenge (MC): 
Identify examples of direct and indirect forces.
Sample response: direct forces are forces that occur when objects are physically touching each other. Examples include:
· Friction – the force that resists the motion of one surface sliding over another.
· Push – opening the classroom door to enter the classroom.
· Pull – taking out your chair from under the desk so you can sit down.
Indirect forces act on objects without physical contact. Examples include:
· Gravity – the force of attraction that objects with mass exert on each other.
· Magnetic force – the force between magnets or magnetic materials when they attract or repel each other.
Super challenge (SC): qualitatively describe the forces on a moving car.
Sample response: when a car is moving, several forces are acting on it:
· Driving force (or thrust) – this is provided by the car's engine, pushing it forward.
· Friction – the friction between the car's tyres and the road surface helps the car move forward and also allows it to stop when the brakes are applied.
· Air resistance (or drag) – this is the force of the air pushing against the car, trying to slow it down.
· Gravity – this pulls the car towards the Earth.
· Normal force – this is the force the ground exerts to support the car and counteract gravity.
These forces work together to determine how the car moves. For example, the car will speed up if the driving force is greater than the road friction and air resistance, and it will slow down if the friction and air resistance are greater.
Teacher note:
· E (Everybody) question – it is expected that all students will be able to respond to this question without difficulty.
· MC (Mini Challenge) question – this question is moderately difficult, as students have to distinguish between direct and indirect forces with several examples.
· SC (Super Challenge) question – using technical vocabulary in their responses makes this question challenging for students. It is also fairly abstract, as students will have to imagine the interactions of forces to describe their effects on the moving car.
[bookmark: _Toc191372075]Qualitative vs quantitative measurement
1. Undertake an activity to demonstrate the benefits of making quantitative temperature measurements.
Pose the following questions to the students: 
Is today a hot or cold day?
Does everyone have the same understanding of a ‘hot day’?
At what temperature do we use the term ‘hot day’ or ‘cold day’ to describe how we feel?
Draw or project a number scale on the board. Students place a mark on the temperature scale for the temperature they perceive as hot or cold days. Discuss how each student has their own concept and method to determine their own definition of hot and cold.
	
	
	
	
	
	
	
	
	
	


Discuss how these definitions might be thought of in different parts of the world. Use the following questions to prompt discussion:
Would our concept of a hot day be equivalent to the definition used by people living in India?
Would our concept of a cold day be equivalent to the definition people in Alaska might use?
Figure 4 – annual average temperature of locations across the world
[image: World map showing colour gradation of annual average temperature.]
'Annual Average Temperature Map' by Robert A. Rohde for Berkely Earth is licensed under CC BY 4.0.
Referring to the work completed in the Observing the Universe focus area, qualitative observations and descriptions are not as clearly communicated as their equivalent quantitative observations. Qualitatively referring to ‘hot’ and ‘cold’ days may not mean the same thing for people from different countries. The Celsius scale provides a quantitative scale to describe the observed temperature, which is easily and clearly communicated and compared worldwide.
Tell students that when watching rugby (or any contact sport), the crowd may observe ‘That was a hard tackle’. Brainstorm other words that qualitatively describe forces (such as weak, gentle, small and large). Identify the subjective nature of these words. What some people see as a hard tackle, others may not. Therefore, using the word ‘hard’ is not an accurate measure of the force of the tackle. Identify the need to quantitatively measure the size of forces to ensure precision, accuracy and reliability.
[bookmark: _Toc191372076]Measuring forces (practical investigation)
Using spring balances
Each spring balance has a hook at the bottom to attach the tested object (test hook) and a loop at the top to attach to a stable anchor point, such as a retort clamp (attachment loop). This is preferable to holding the spring balance due to the wobbling motion of the user’s hand and arm, causing measurement variations. This is particularly evident in smaller force measurements. Allowing the spring to become stationary and bringing your eyes level with the scale indicator before measuring will also improve reliability (due to less variation) and precision (due to less possibility of parallax error).
Information on parallax errors can be found on the Mini Physics Parallax Error, Zero Error, Accuracy & Precision webpage.
	[bookmark: _Ref178919713][bookmark: _Ref178919708]Figure 5 – spring balances of different capacities
[image: Spring balances showing the colour coding for different capacities. Labels showing each part of the spring balance.]
	Figure 6 – a spring balance measuring a weight force
[image: A spring balance measuring the weight force of a slotted mass carrier.]




Conducting the practical investigation
1. Before the lesson, set up the workstations outlined in Table 10. Provide a suitable spring balance and a spring balance of a higher scale.
Note: avoid providing students with a spring balance of a lower scale range than required to reduce the chance of students overstretching the spring balance, causing damage.
Introduce the Newton as the unit used to indicate the size of a force.
Demonstrate the range of scales indicating the force-measuring capacity of the spring balance (measured in Newtons) and equivalent weight measurements on Earth (in grams or kilograms). Model the proper use of force meters, starting with the ones with the highest force capacities. Figure 5 shows the labelled components of spring balance and how to determine the maximum force that can be measured.
Note: if you have broken spring balances, this would be a good opportunity to demonstrate how improper use compromises the reliability of these measurements.
Differentiation: for students comfortable with using spring balances, introduce the concept of sensitivity and how this may impact the accuracy and precision of measurements. For example, discuss with students the appropriate spring balance for measuring the weight of a 50 g object. Note that spring balances with larger capacities have stiffer springs – the scale intervals are larger than those on those with lower capacities. Those factors may impact the sensitivity of the instruments, including the accuracy and precision of measurements.
Explain to students that reliability is the extent to which repeated observations and/or measurements taken under identical circumstances yield similar results regarding force measurements using quantitative values.
Use a spring balance and a wooden block to demonstrate the smooth actions required to make reliable measurements of the force required to move an object.
Checkpoint: How are force measurements affected if the spring in force meters is damaged or if the measurements are not conducted properly? (Encourage students to use the terms ‘precision’ and ‘reliability’).
Sample response: if the spring is stretched beyond its capacity too often, it cannot return to its original resting position. This will result in the irregular stretching of the spring, making the measurements less precise and reliable.
Provide students with the Student resource – measuring forces. Students move around the stations under teacher instruction to:
determine which spring balance should be used to take the measurements
collect 3 trial measurements (following the instructions at each workstation). Record the measurements in Table 1 of Student resource – measuring forces.
[bookmark: _Ref178924867]Table 10 – workstation overview for the measuring forces practical investigation
	Workstation
	Instruction
	Equipment*

	1
	Pull a pencil case (mass < 500 g) along the desk.
	5 N spring balance
50 N spring balance

	2
	Open and close the classroom door.
	10 N spring balance
50 N spring balance

	3
	Pull a test tube rack along the desk at a steady speed.
	5 N spring balance
10 N spring balance

	4
	Lift a 200 g mass with a single pulley system.
	5 N spring balance
10 N spring balance

	5
	Lift a 200 g mass with a double pulley system.
	5 N spring balance
10 N spring balance

	6
	Open a zipper on a pencil case
	5 N spring balance
10 N spring balance

	7
	Have one student place their arm (mass < 5 kg) flat on the ground, pretending they are unable to move it so as not to provide any muscle resistance. Another student lifts the arm with the spring balance.
	50 N spring balance


* Teachers should ensure that appropriate force meters are used for all activities in this lesson. Activities should be modified or substituted if appropriate equipment is unavailable. 
Calculating the range and mean
Demonstrate how to calculate the range and the mean before students calculate these for their collected data.
1. On sticky notes, write the values: . Work with students to sort each set of sticky notes into ascending order (values sorted from lowest to highest). The range is calculated by taking the maximum value and subtracting the lowest value, for example:



Work with students to calculate the mean for the set of sticky notes.
1. Calculate the sum of all values within the same set of sticky notes for each workstation, for example:


Count the number of values by counting the number of sticky notes within the same set for each workstation. There are no units for the count of values:


Calculate the mean (average) by dividing the sum of the values by the number of values within the same set for each workstation:



Discuss with students the significance of the mean value for any data set. Every data set collected in the same situation will have a range of values depending on the measurement techniques or apparatus employed, with a larger range indicating lower measurement precision. Often, repeated measurements are not identical but vary slightly. To address this variation, we calculate various measures of the central tendency of datasets, such as mean, median or mode. Means, medians and modes allow us to compare data across multiple datasets. For example, one group’s measurements can be compared across all groups in the class.
Students should then calculate the sum and mean for each data set.
Differentiation: for an additional challenge, the class data set can be pooled. Students can compare the range and mean between groups and compare it to the class mean and range.
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[bookmark: _Student_resource_–_2][bookmark: _Ref187758950]Student resource – measuring forces
At each station, select the appropriate spring balance of the appropriate size to measure the force required to complete the task outlined in the instruction column. Record 3 trials of data in the trial data column.
Table 1 – measuring the force in a variety of scenarios
	Station
	Instruction
	Spring balance size (N)
	Trial data (N)
	Range (N)
	Sum (N)
	Mean (N)

	1
	Pull a pencil case (mass < 500 g) along the desk
	
	
	
	
	
	
	

	2
	Open and close the classroom door using the 10 N spring balance
	
	
	
	
	
	
	

	3
	Pull a test tube rack along the desk at a steady speed
	
	
	
	
	
	
	

	4
	Lift a 200 g mass with a single pulley system
	
	
	
	
	
	
	

	5
	Lift a 200 g mass with a double pulley system
	
	
	
	
	
	
	

	6
	Open a zipper on a pencil case
	
	
	
	
	
	
	

	7
	Lift a student’s arm. The student should lay their arm on the desk and not provide any resistance (dead arm).
	
	
	
	
	
	
	



[bookmark: _Toc172114188][bookmark: _Toc191372077]1.3 Let’s create a little friction
Table 11 – learning intentions and success criteria for 1.3 Let’s create a little friction
	We are learning:
	I can:

	about the effects of forces in everyday situations
	· measure kinetic friction force in a range of situations
· describe examples of positive and negative impacts of frictional forces
· describe how to increase or decrease frictional forces where required

	to use data to solve problems about forces.
	· accurately collect data and produce an appropriate column graph
· identify the cause-and-effect relationship of friction as a force for multiple examples.


Checkpoint: quick quiz to activate learning from the previous lesson.
E: How do you calculate the mean of a set of numbers?
Answer: add up all the numbers in the set and divide the sum by the total number of measurements in the set.
MC: How do we quantitatively measure force? What instrument can we use to do this?
Answer: force is quantitatively measured in Newtons (N). A force meter or a spring balance is the instrument used to measure force. It measures the amount of force applied to an object, often by how much it stretches a spring.


SC: 
In science, tables are used to record and organise data. What are the main features of a scientific table?
Answer: a scientific table should include the following features:
· a title – a title that describes what the data in the table represents
· column and row headings – descriptive headings for each column and row to indicate what data is being recorded (for example, time, temperature, trial number)
· units of measurement – indicate the units of measurement for each variable (for example, Newtons). Units of measurement should appear in the column heading and not in the body of the table.
[bookmark: _Toc191372078]Friction simulation
1. Display the FOR PPT ‘1.3 Forces Predict-Observe-Explain’ slide and ask students to predict what will happen to a ball of wax when it is rolled in their hands. Students record their predictions in their workbooks.
Demonstrate friction by rolling the solid wax ball in your hands. The friction between your hands and the solid wax ball transfers heat energy, causing the solid wax to soften and deform. Explain that this results from a combination of frictional heating and the physical forces from the rolling hands, which provide forces to reshape the ball of wax. Students complete the observe and explain components in their workbooks.
Predict-Observe-Explain
The Predict-Observe-Explain routine aims to develop students' conceptual understanding.
Predict (before a demonstration, experiment or investigation): What do you think will happen? 
Observe (during): What actually happened? Was it different from your prediction?
Explain (after): Why did that happen? Discuss responses.
Use the PhET Friction simulation to model the concept of friction between surfaces. This simulation shows friction on a molecular level. It is useful to point out to students that despite a surface appearing smooth to our touch, if you zoom in far enough, you will see that the surface is, in fact, rough. Hence, 2 common consequences of friction are (1) heat generation and (2) the ‘wearing down’ of the interacting surfaces. Use everyday examples such as rubbing hands together or using sandpaper to illustrate these effects of friction.
Note: access the Teacher Tips and Video Primer for PhET Friction simulations to learn how to use the interface and collect data with students. This requires a free sign-up and login process.
[bookmark: _Toc191372079]Surface friction investigation
In this activity, students can explore the characteristics of surface materials and determine the amount of frictional force experienced by a block as it moves across the surface. This can be related to slip testing of surfaces where important health and safety measurements and calculations are used to determine the suitability of different materials for built environments.
1. Provide students with a copy of Student resource – surface friction investigation, including the ‘explain’ scaffold. 
Show FOR PPT slide ‘1.3 Surface friction investigation’ (same as Figure 7). Tell students that a force equal to and opposite the friction force must be applied to sustain constant motion along a surface. The spring balance must be kept parallel with the surface to measure the force accurately.
Demonstrate how to drag the block across a surface with the spring balance to measure the force caused by the friction.
[bookmark: _Ref189222465]Figure 7 – a spring balance measuring the frictional force of the desk surface
[image: Diagram showing a spring balance pulling a block along the desk surface.]
This image has been generated using Chemix.
Students conduct the investigation to collect data and calculate the range and mean for each surface.
Students respond to a question in the Student resource – surface friction investigation using an ‘explain’ scaffold. This is an opportunity to unpack causal connectives with students. A sample response is provided in Table 12.
Link the investigation back to everyday needs to ensure safe walking spaces. Pose questions to students about the suitability of these different surfaces as footpaths and ramps and what steps may need to be taken to improve the safety of the public.
Students can use a variety of connectives to explain the cause-and-effect relationships they observe in investigations. Here are some examples of connectives that can help them articulate these relationships. ‘Because’ is the sentence starter for how and/or why there is a cause-and-effect relationship:
Because: the plant grew faster because it received more sunlight. This is because…
Since: since we added more water, the reaction slowed down. This is because…
As a result: the temperature increased, and as a result, the ice melted faster. This is because…
Therefore: the circuit was incomplete; therefore, the light did not turn on. This is because…
Due to: the decrease in temperature was due to the ice added to the water. This is because…
So: the plant did not receive enough water, so it wilted. This is because…
Leads to: the presence of a catalyst leads to a faster reaction. This is because…
Encouraging students to use these connectives in their explanations can help them structure their thoughts and understand the key components of a high-quality explanation, including the relationships between different scientific phenomena.
[bookmark: _Ref188950718][bookmark: _Ref188950714]Table 12 – explain writing scaffold sample response: How does the surface type influence the frictional force experienced by the block?
	Step
	Response

	Cause
	Surfaces have different levels of roughness. For example, sandpaper is rough and plastic is smooth. Rough surfaces have more irregularities on their surfaces than smooth surfaces.

	Effect
Use connectives such as: because, since, as a result, therefore, due to, so, leads to…
	As a result, the frictional forces are higher for rougher surfaces than smoother surfaces.

	Reason
This is because…
	This is because the rough surfaces have many irregularities that rub against the irregularities on the wooden block. The irregularities on the surfaces of the objects reduce movement. 

	Response to question
	Rougher surfaces experience more friction due to more irregularities and contact points between the surface and the block. This requires more force to move the block. On the other hand, smooth surfaces have fewer irregularities and thus require lesser force for movement. For example, sandpaper has a rougher surface than plastic, so a greater force is required to move the block across the sandpaper surface than the plastic surface.


Note: when discussing students’ responses in Table 12, teachers may consider revisiting the PhET Friction simulation to reinforce the relationship between surface structures and friction.
Extending the practical investigation
By modifying the surface, students can explore how to increase or decrease the frictional forces involved for any single surface material. Different materials can be inserted as additional layers between the block and the existing surface to measure an increase or decrease in the frictional force.
Sample materials that could be used include:
Cotton
Plastic
Rubber
Water (to carefully dampen the surface)
Figure 8 – a spring balance measuring the frictional force of the surface material being tested (FOR PPT)
[image: Diagram showing a spring balance pulling a block along the desk surface with a surface additive being tested.]
This image has been generated using Chemix.
Kinetic and static friction
Students have explored frictional forces of constant motion, more accurately described as ‘kinetic friction’. In addition, static friction is the maximum applied force before the object starts moving. Once the block starts moving, the force required to maintain motion will slightly reduce and, with constant motion, will be equal and opposite to the kinetic friction.
Static friction represents the applied force required to ‘unlock’ the block-desk surface (or surface material) contacting features. Static friction may be decreased by adding lubrication or polishing surfaces to reduce the imperfections that add to these interlocking features.


[bookmark: _Student_resource_–_1][bookmark: _Ref189222336][bookmark: _Ref179280973]Student resource – surface friction investigation
Do different surfaces affect the frictional forces between objects?
Aim: to compare the frictional force acting on a block dragged at a constant speed across different surfaces.
Prediction
	


Variables
Independent variable: type of surface
Dependent variable: magnitude of frictional force
Controlled variables:
mass of the block
surface material of the block (for example, wood, cardboard)
Experimental setup
The experimental setup for this investigation is shown in Figure 1.
Figure 1 – experiment setup
[image: Diagram showing a spring balance pulling a block along the desk surface.]
This image has been generated using Chemix.


Different surface materials can be tested, for example:
Wood
Carpet
Linoleum
Concrete
1. Drag the block by hooking the spring balance (force meter) to it at one end and pulling it across various surfaces over a distance of 40 cm.
Improving accuracy: try to apply a consistent force and drag the block at a steady speed while keeping the spring balance horizontal. You may need to practise this a few times to get it right.
Measure the force required to drag the wooden block across each surface 4 times. Record your data in Table 1.
Calculate the data summaries and record your findings in Table 2.
Results
Table 1 – raw data for friction experienced by a block dragged over different surfaces at a constant speed
	
	Kinetic friction (N)

	Surface material
	Trial 1
	Trial 2
	Trial 3
	Trial 4

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Table 2 – summary data for kinetic friction experienced on each surface
	Surface material
	Range (___)
	Mean friction force (___)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Draw a column graph of the mean friction force for each surface material. Include a title, axis labels, appropriate scale and a key to identify each surface material.
[image: A section of grid paper for students to construct a column graph.]
[bookmark: _heading=h.gjdgxs]

Explain – writing scaffold
Explain is to:
relate cause and effect
make the relationships between things evident
provide why and/or how.
Question
How does the surface type influence the frictional force experienced by the block?
Explain – writing scaffold
	Step
	Response

	Cause
	

	Effect
Use connectives such as: because, since, as a result, therefore, due to, so, leads to…
	

	Reason
This is because…
	

	Response to question
	




[bookmark: _Toc191372080]Friction – A friend or foe?
1. Discuss with the class how friction can be useful or not in different situations. The following points could be used in the discussion:
Some examples of situations where friction is useful include
walking on surfaces with low friction (this could lead to falls and other injuries)
cars relying on the grip between their tyres and the road to start, stop or change the direction of motion.
Some examples of situations where friction creates problems to be overcome include:
in tyres and the mechanical components of bikes and cars, when friction increases the heat and wear of these materials. Tyres wear through their rubber tread, requiring periodic replacement, and mechanical parts require lubrication to reduce frictional wear over time.
spacecraft re-entering the Earth’s atmosphere hitting the thick atmosphere at high speeds. The frictional forces slow the spacecraft down and heat the outer materials of the spacecraft to extreme temperatures. Videos that show this incredible action of frictional forces can be viewed on REAL TIME - Artemis 1 Orion Re-Entry (25:00) and Wow! Watch SpaceX Starship re-enter Earth's atmosphere in these incredible views (8:07). Careful engineering and physics are required to reduce the likelihood of disaster, as occurred with the space shuttle Columbia incident in 2003 (see Columbia Disaster: What happened and what NASA learned). Friction is essential for slowing down re-entering spacecraft. Without it, a spacecraft would have hit the Earth at a speed of around 8 km/s.
Provide students with a copy of the Student resource – friction: a friend or foe? Students select 3 scenarios from the list provided in the resource to unpack using the provided scaffold. Once students have completed 3 scenarios, lead a class discussion about the student’s responses.
Then, students identify a new scenario and provide it to their peers to solve.


Sample responses – friction: a friend or foe?
[bookmark: _Ref189040529]Scenario – a heavy desk needs to be moved across the room
	Friend or foe? Friction is a foe in this scenario, making the desk difficult to move.
Cause of problem: rough surfaces between the desk legs and the floor.
Effect: the desk is difficult to push, requiring a lot of force, and may scratch the floor.
Overcoming the problem: use smooth sliders (for example, felt pads) under the desk legs to reduce surface roughness.


Scenario – a bike's brakes are squeaky and don’t work as well
	[bookmark: _Hlk188968947]Friend or foe? Friction is a friend in this scenario because brakes help to slow or stop the bike.
Cause of problem: worn-out brake pads rubbing against the metal wheel rim or disc or debris on the brake pads.
Effect: the brakes make a loud noise and are less effective at stopping the bike.
Overcoming the problem: replace the brake pads or clean debris from the braking surface to restore smooth contact.


Scenario – a floor is slippery when wet
	Friend of foe? Friction is a friend in this scenario because it will stop people from slipping over.
Cause of friction: water reduces the friction between shoes/feet and the floor.
Effect: loss of grip, leading to slips or falls.
Overcoming the problem: use non-slip mats or shoes with textured soles to increase grip. OR replace the floor material with a more suitable surface that maintains friction when it is wet.


Scenario – a soccer ball is not rolling far on grass.
	Friend of foe? Friction is a foe in this scenario because it stops the ball from rolling across the grass.
Cause of problem: high friction between the ball and the long, uneven grass.
Effect: the ball slows down quickly and stops short of its target.
Overcoming the problem: play on a smoother surface (for example, by mowing the grass so that it is shorter or playing on a synthetic turf field) or inflate the ball properly to reduce deformation.


Scenario – a wooden drawer is difficult to open
	Friend of foe? Friction is a foe in this scenario as it stops the drawer from opening easily.
Cause of problem: uneven or swollen wood surfaces rubbing against each other.
Effect: the drawer is hard to open or close smoothly.
Overcoming the problem: apply wax or lubricant to the drawer rails to reduce contact friction.


Scenario – a student playing indoor basketball keeps sliding on the floor
	Friend of foe? Friction is a foe in this scenario as the student slides on the floor.
Cause of problem: the student’s shoes may be worn out or not fit for purpose.
Effect: friction is reduced between the shoe and the floor, causing the shoes to slide over the surface.
Overcoming the problem: wear suitable shoes that have appropriate rubber soles with a tread that can grip the floor.


Scenario – moving parts in a machine are getting too hot
	Friend of foe? Friction is a foe in this scenario because the surfaces rub together and heat up, which can cause fires and damage the machine.
Cause of problem: heat is produced when 2 surfaces rub together. The greater the friction, the more heat generated.
Effect: the heat can damage parts of the machine or cause a fire.
Overcoming the problem: lubricate the moving parts with oil or grease.




[bookmark: _Student_resource_–_3][bookmark: _Ref189227375]Student resource – friction: a friend or foe?
Friction is a force that occurs when 2 surfaces are in contact and resist each other’s motion. It can be both helpful and problematic, depending on the situation. Understanding friction and how to manage it is important to solving everyday problems.
Select 3 scenarios from the list, identify the cause of the friction and its effect and propose a strategy for overcoming the problem of the friction.
Friction, friend or foe scenarios:
A heavy desk needs to be moved across the room
A bike's brakes are squeaky and don’t work as well 
A floor is slippery when wet
A soccer ball is not rolling very far on the grass
A wooden drawer is difficult to open
A student playing indoor basketball keeps sliding on the floor
Moving parts in a machine are getting too hot
Scenario 1 – 
	Friend or foe?
Cause of problem:
Effect:
Strategy to overcome the problem:




Scenario 2 – 
	Friend or foe?
Cause of problem:
Effect:
Strategy to overcome the problem:


Scenario 3 – 
	Friend or foe?
Cause of problem:
Effect:
Strategy to overcome the problem:


Create your own scenario where friction needs to be increased or decreased. Swap the scenario with your peer and solve their scenario.
Scenario 4 – 
	Friend or foe?
Cause of problem:
Effect:
Strategy to overcome the problem:


[bookmark: _Toc172114190]

[bookmark: _Toc172114191][bookmark: _Toc191372081]1.4 Force diagrams
Table 13 – learning intentions and success criteria for 1.4 Force diagrams
	We are learning:
	I can:

	about the effects of forces in everyday situations
	
identify the different forces acting on a range of objects
analyse a force diagram to determine the net force
identify if a net force is balanced or unbalanced

	to use data to solve problems about forces.
	draw force diagrams representing a range of situations
analyse and predict any changes to the motion of an object from a force diagram.


Checkpoint sample answers: quick quiz to activate learning from the prior lesson.
E: What is friction, and how does it affect the movement of objects?
Sample response: friction is a direct force that occurs when 2 surfaces come into contact and move against each other. It resists the motion of objects.
MC: 
Give examples of how you can increase and decrease friction.
Sample response:
Increase friction
· Rough surfaces: adding texture or roughness to surfaces (for example, using sandpaper on a ramp).
· More weight: adding weight to an object to press the surfaces together more firmly.
Decrease friction
· Smooth surfaces: making surfaces smoother (for example, polishing them).
· Lubricants: applying oil, grease, or other lubricants reduces contact between surfaces.
SC: When comparing friction on different surfaces, how do you ensure it is a fair test? 
Sample response: use the same object for testing on different surfaces, apply the same force to the object, ensure all surfaces are level (or on the same incline), and use the same spring balance.
[bookmark: _Toc191372082]Reviewing scaled diagrams
Create or view scaled diagrams to examine the importance of scale for effective communication in diagrams (leading to force diagrams), for example, house plans or navigation instructions. In these examples, the direction and magnitude of the lines drawn are critical to effectively communicating information.
House floor plans are drawn to a scale. This allows the drawing to fit onto a page and shows the relative sizes of the different parts of the house.
Develop driving or walking instructions (using Google Maps) that will provide clear details on the direction, time and distance of each step in the journey (FOR PPT ‘1.4 Scaled diagrams’). These instructions provide the clearest possible communication of complex information to ensure clarity for the end user.
Students brainstorm and discuss other applications of scaled diagrams to communicate potentially complex information, such as star maps, anatomical diagrams, parts of a car and road maps.
[bookmark: _Toc191372083]Free body diagrams
The normal force
Describe the ‘normal force’ as a contact force that acts perpendicular to the contact surface between 2 objects. The normal force is usually represented in force diagrams as a force vector arrow perpendicular to the surface. For an object resting on a horizontal surface, the normal force balances the downward force of gravity (the weight force), preventing the object from falling through its surface.
The ‘normal force’ should be clearly shown as extending perpendicular ( from the contact surfaces. The magnitude of the normal force is equal to the weight force on a static object on a flat surface. This is represented in Figure 9.
[bookmark: _Ref190772034]Figure 9 – a block at rest on a flat surface showing the weight and normal forces acting on it
[image: A block at rest showing the weight and normal forces acting on it.]
This image has been generated using draw.io online.
If the material is on a sloping surface, the normal force vector is drawn on an angle and will be smaller than the weight force (an example is shown in Figure 10). As the angle of the surface incline increases, the magnitude of the normal force will reduce (zero at ). This trigonometric relationship is viewable using this DESMOS simulation, The inclined plane. Note that Year 7 do not need to understand normal force on inclined planes at this level.
[bookmark: _Ref190772271]Figure 10 – a block at rest on a sloped surface showing the weight and normal forces acting on it
[image: A block at rest on a sloped surface showing the weight and normal forces acting on it.]
Checkpoint: What happens to an object when its normal force is less than the force of gravity acting on it?
Sample response: if the normal force is less than the gravitational force, the object will sink into the surface it is on. This continues until the normal force equals the gravitational force on the object. This occurs when heavy objects sink into soft surfaces. For example, when a brick is dropped onto soft dirt, it will slightly sink into the surface.
Drawing free-body diagrams
Demonstrate how to draw a free body diagram using FOR PPT ‘1.4 Forces on a car’. Vector arrows for each force are shown in the diagram and example calculations of net forces are shown. Speaker notes are included in the slide. Provide other scenarios and diagrams for students to work with using scaled vectors to represent forces.
Steps to draw a free-body diagram:
1. Identify the object – decide which object you want to focus on. Isolate it from the rest of the system.
1. Draw the object – represent the object as a simple shape such as a square.
1. Identify all forces – represent each force acting on the selected object with an arrow. Each arrow
starts on the object and points in the direction of the force
has a length proportional to the magnitude of the force
is clearly labelled.
Note: using graph paper to draw free-body diagrams simplifies scaling and aligning the vector arrows. Force diagrams can also be created digitally on draw.io using the flow chart icons and tools.


The net force
The ‘net force’ is the sum of all forces acting on the object. Opposing forces may cancel each other out by subtraction of the force magnitudes. For example, consider a block resting on the ground that is pushed from the left side (see Figure 11):
[bookmark: _Ref190874307]Figure 11 – a block being pushed from left to right, showing the forces acting on it (FOR PPT)
[image: A block being pushed showing the forces acting on it.]
This image has been generated using draw.io online.
The vertical forces of the weight force and normal force are equal (in magnitude) and opposite (in direction) and therefore cancel each other out by subtraction:



The horizontal applied force is in the opposite direction (right) to the kinetic friction (left):



This overall calculation results in the sole vector showing the net force of 7.5 N to the right, which would cause the block to begin moving to the right:
Figure 12 – a block showing the net force acting on it (FOR PPT) 
[image: A block showing the net force acting on it. ]
Image generated using draw.io online.
Net force simulation
Discuss adding or removing forces as vectors to these force diagrams. Changing force vectors can either balance, unbalance or shift the balance of the net force on objects.
Use the PhET Forces and Motion: Basics simulation, including Teaching Resources,to model the ‘Net Force’ tug-o-war game with one-dimensional forces by applying different combinations of players on each side of the cart. Support the modelling of the concept of net force and motion.
Note: access the Teacher Tips and Video Primer for PhET Forces and Motion: Basics simulations to learn how to use the interface and collect data with students. This requires a free sign-up and login process.
Differentiation: help students gain confidence in force diagrams by limiting the vectors to one dimension only and using small integers with subtraction equations to calculate the net force in the consistent direction of the larger force.
Checkpoint: How do force diagrams help us predict and explain the change in motion of objects?
Sample response: by showing all the forces acting on an object, we can determine the net force acting on it. The direction and magnitude of this net force predict the change in motion the object will experience.
[bookmark: _Toc191372084]Paper planes
Paper planes act as rudimentary planes, with additional layers of paper and folding styles that create an aerofoil shape for generating lift. As the paper plane is pushed into the air by hand, thrust is only applied at launch, unlike powered heavier-than-air flight, which experiences continuous thrust. An example force diagram is provided in Figure 13 which shows a paper plane accelerating as it is thrown.
[bookmark: _Ref187848983]Figure 13 – a paper plane in flight showing the forces acting on it (FOR PPT)
[image: A paper plane with vector arrows. ]
‘Paperairplane.png’ by Akkana is licensed under CC BY-SA 3.0. This image has been edited using draw.io online.
The net force in this example would account for the vertical and horizontal components where the lift opposes the weight and the push opposes air resistance:






Note: for simplicity, we will keep the horizontal and vertical components of the net force separate. This avoids using trigonometry while still allowing students to determine the characteristics of the motion due to the net horizontal force and net vertical force.
Figure 14 – a paper plane in flight showing the net force acting on it
[image: A paper plane in flight showing the net force acting on it.]
‘Paperairplane.png’ by Akkana is licensed under CC BY-SA 3.0. This image has been edited using draw.io online.
This type of investigation into force diagrams for customisable paper plane designs could be extended by developing into a paper plane design challenge. A primer video from Behind the News could help act as a hook event for students, followed by a competition design with the ability to make some adjustments to the designs provided online or students' own designs. The challenge can be set for students to aim for the current world records for the paper plane in a range of dependent variables that can be measured. Optionally, the experimental design of these activities can be further developed by implementing a paper plane launcher to provide a consistent launch platform.
Differentiation: challenge students to develop consistent techniques to test finer adjustments to paper plane or helicopter designs, such as adding paperclip weights or building control surfaces into the wings/blades. This may include mechanical launchers inside a controlled environment or developing a rudimentary wind tunnel to evaluate their designs.

[bookmark: _Toc172114193][bookmark: _Toc191372085]1.5 Storing energy
Table 14 – learning intentions and success criteria for 1.5 Storing energy
	We are learning:
	I can:

	about the effects of forces in everyday situations
	identify 2 examples of the relationship between force and energy.
describe the changes in the energy stores of an object as forces act on it

	to ask questions and make predictions about forces.
	predict what would happen to an object if a force was applied to it
use a force-energy diagram to represent the energy changes as forces act on an object.


Checkpoint sample responses: quick quiz to activate learning from the prior lesson.
E: What are balanced forces and unbalanced forces? Give an example of each.
Sample response:
Balanced forces are forces that are equal in magnitude and opposite in direction, resulting in no change in motion. For example, a book resting on a table experiences balanced forces: the downward force of gravity is balanced by the upward normal force from the table.
Unbalanced forces are forces that are not equal and/or not opposite, causing a change in motion. For example, pushing a toy car results in unbalanced forces that cause it to accelerate.
MC: 
Draw a force diagram for a book resting on a table and label the forces acting on it. Explain why the forces are balanced.
Sample response: the force diagram is provided in Figure 15. The book rests on the table, indicating that the forces acting on it are balanced. The gravitational force (weight) pulling the book downwards is equal in magnitude and opposite in direction to the normal force exerted by the table pushing upwards. These 2 forces cancel each other out, resulting in no net force and no change in motion.
[bookmark: _Ref189494541]Figure 15 – sample force diagram of a book at rest on a table
[image: A force diagram of a book at rest on a table.]
This image has been generated using Chemix.
[bookmark: _Toc191372086]Forms of energy
Note: students learn about energy transfers in more detail in the Stage 4 Change focus area. They are introduced here to meet the content ‘Examine the relationship between force and energy’. Students in Year 7 should recognise that forces are the energy carriers from one store to another (transfer or transformation).
1. Outline for students that forces can be used to add or remove energy from objects. For example, toys can operate with springs or elastic bands to store energy and perform an action. This energy can be stored as kinetic energy, propelling the toy. Electrically-powered toys have energy stored in a battery, which is released on-demand by the circuit to the toy, producing a force of some form that powers the corresponding action of the toy.
Unpack Table 15 with students to outline the different types of energy storage and an example of where it is observed in relation to forces. How energy is stored in a system influences the properties of objects and how objects interact with their surroundings. Describe how energy can be transferred from one form to another by applying forces, such as heat production by friction (kinetic) between 2 moving surfaces.
[bookmark: _Ref187852576]Table 15 – different forms of energy stores that relate to the Forces focus area
	Energy store
	Definition
	Example

	Kinetic
	The energy that an object possesses by virtue of its motion (NESA 2023).
	A moving car

	Elastic potential
	Elastic potential energy is energy stored as a result of applying a force to deform an elastic object.
	A stretched rubber band
A compressed or stretched spring

	Thermal
	Thermal energy is the total kinetic energy of the particles within a substance.
	Thermal energy increases when there is friction between surfaces.

	Gravitational potential
	The energy that an object possesses due to its position in a gravitational field.
	A car at the top of a ramp has gravitational potential energy.


[bookmark: _Toc191372087]Describing energy transfers
Note: energy transfers will be covered in more detail in the Change focus area. Focus on the relationship between the applied force and the transfer of energy in a variety of scenarios in this activity.
1. Illustrate the action of forces using FOR PPT ‘1.5 Describing energy transfers’ to describe a simple example involving energy transfers. An example of this is provided in Table 16 and in FOR PPT ‘1.5 Describing energy transfers’. Speaker notes are provided on the slide to support the explanation of each part of the force-energy diagram.
1. Illustrate a range of other examples to discuss with the class how forces can transfer energy between objects.
[bookmark: _Ref191879644]Table 16 – energy transfers in a spring car with annotations for the teacher
	[image: A force-energy cycle diagram showing a spring powered car having energy added to it, contained within the spring, released to motion and returning to its rest state.]
	Note: a system is defined as a set of components in the natural and made environments that interact.
The circle around the car defines the system as the car and the spring. The car is stationary and the spring is at rest so there is no energy stored in the system.

	[image: A force-energy cycle diagram showing a spring powered car having energy added to it, contained within the spring, released to motion and returning to its rest state.]
	A force is being applied to the car by a person pulling the car backwards. This adds energy to the system.
The arrow crossing the system boundary (circle) shows the energy being transferred to the system.
The energy transferred to the system as the car is pulled back is stored in the car’s spring as elastic potential energy.

	[image: A force-energy cycle diagram showing a spring powered car having energy added to it, contained within the spring, released to motion and returning to its rest state.]
	When the car is released, the elastic potential energy stored in the spring is transformed into kinetic energy. The car speeds up.

	[image: A force-energy cycle diagram showing a spring powered car having energy added to it, contained within the spring, released to motion and returning to its rest state.]
	Forces are acting on the moving car which slow it down. Friction including air resistance causes energy to be lost from the system to the surrounding environment.
The arrows crossing the system boundary represent the energy leaving the system.


‘Retro Sports Car’ by Vectorportal.com is licensed under CC BY 4.0. This image has been edited using draw.io online, and includes image content from Chemix.


[bookmark: _Toc191372088]1.6 Zap!
Table 17 – learning intentions and success criteria for 1.6 Zap!
	We are learning:
	I can:

	about the effects of forces in everyday situations
	identify examples of electrostatic forces
describe why electrostatic forces are an indirect force
describe electrostatic forces using the terms ‘neutral charge’, ‘positive charge’ and ‘negative charge’, as well as their interactions with a range of materials

	to ask questions and make predictions about forces.
	· make predictions about the action of electrostatic charges
identify the relationship between different electrostatic charges
draw conclusions based on the collected data.


Checkpoint sample answers: quick quiz to activate learning from the prior lesson(s).
E: What is the relationship between force and energy? Provide a simple example.
Sample response: forces transfer energy between interacting objects, causing movement or change in direction of movement. For example, when you push a ball, you apply a force that transfers energy from you to the ball, making it roll.
MC: 
Explain, using a toy example, how a force can be applied to the toy firstly to store energy and then release the energy.


Sample response:
Storing energy – by winding up the toy car, you apply force to compress a spring, storing energy as elastic energy.
Releasing energy – when you let go, the spring unwinds, releasing the stored elastic energy as kinetic energy, which moves the car.
[bookmark: _Toc191372089]Charges on objects
1. Introduce the term ‘electrostatic’ as the more precise term to replace the commonly used term ‘static electricity’.
Electrostatic: relating to electricity or fields that do not move in a current but are instead attracted to the surface of an object, as opposed to electric currents. (NESA 2023)
Show slide FOR PPT ‘1.6 Charged objects’ (same as Figure 16). Tell students that all objects are neutrally charged in a normal state, with an equal number and distribution of positive and negative charges. If this balance of charges in an object is affected by some action, it will become positively or negatively charged.
[bookmark: _Ref179817099]Figure 16 – a neutral, positive and negative charged object (FOR PPT 1.6 Charged objects)
[image: A neutral, positive and negative charged object showing the distribution of charges within each situation.]
‘Neutral, positive and negative charges on objects’ by Siyavula Education is licensed under CC BY 4.0.
Note: the concept of a ‘net charge’ can be related to the ‘net force’ concept covered earlier using force diagrams. The net charge results in an overall positive or negative charge on a material, depending on the excess positive or negative charges in it.
[bookmark: _Toc191372090]Electrostatic charges simulations
1. Use the PhET John Travoltage simulation, including Teaching Resources, to support modelling the concept of electrostatic charges in everyday situations.
Discuss the PhET John Travoltage simulation to show the mechanism by which we experience the small shocks from these electrostatic charges. By moving the character's leg on the floor, you can see the addition of charges to the normally neutral environment. The pointed finger can be moved near the doorknob, which attracts the negative charges and creates a small electrical shock as the charge imbalance returns to neutral (discharge).
Note: access the Teacher Tips and Video Primer for PhET John Travoltage simulations to learn how to use the interface and collect data with students. This requires a free sign-up and login process.
Checkpoint: 
The simulation shows negative charges only as the leg is moved and the pointed finger touches the doorknob. What other charge movements are NOT shown in this simulation?
Sample response: the charges in a neutral object are equal in number and distribution. As an object becomes charged, the respective charges will be redistributed in opposite directions. This simulation does not show the positive charges moving from the leg to the floor or the positive charges moving from the doorknob to the finger.
Use the PhET Balloons and Static Electricity simulation to model the movement of electrostatic charges between materials.
Discuss the production of electrostatic charges using PhET Balloons and Static Electricity to depict the charges present in all materials as balanced in the first instance. Adjust the settings to ‘Show no charges’ and ask students to predict what will happen when the balloon is rubbed on the jumper. Show the students how the balloon is now attracted to the jumper and ask them to infer why this is happening. Re-adjust the settings to ‘Show all charges’ and explain: 
as the balloon is rubbed on the jumper, the charge distribution changes to make the balloon negative and the jumper positive
moving the balloon near the neutrally charged wall will also disturb the charge distribution there. 
Link these simulation observations to students’ real-world observations with balloons. For example, they may have observed how a balloon can make hair stand on its end.
Outline some uses of static electricity in industry. Static Electricity: Uses | Physics (4:15) outlines how static electricity is used to spray paint cars and remove smoke and dust particles in industrial chimneys and photocopiers.
Checkpoint: Which charges are attracted to each other, and which are repelled by each other?
Sample response: 
Like charges repel each other, opposite charges attract each other. Positive and positive, or negative and negative will repel, positive and negative will attract.
[bookmark: _Toc191372091]Perspex and ebonite rods investigation
Provide each group of students with different materials to generate a positive and negative electrostatic charge, which can then be used in various test situations to observe their effects. Example activities using ebonite and Perspex rods are outlined in Table 18.
Note:
· Perspex rods (clear) rubbed with a wool cloth generate a positive charge on the rod while leaving a negative charge on the wool cloth, which quickly dissipates.
· Ebonite rods (black) rubbed with a silk cloth generate a negative charge on the rod while leaving a positive charge on the silk cloth, which quickly dissipates. 
To maximise these charges and enhance their influence in this investigation, it is important to understand that physical contact and movement are needed to encourage the charge redistribution. Any rapid movement or physical impact of the charged rods will cause these charges to partially neutralise by collision with particles in the air or on any surface. It is best to charge the rod immediately before its use in any scenario.
Figure 17 – a perspex rod with a wool cloth and an ebonite rod with a silk cloth
[image: Perspex rod with a wool cloth and ebonite rod with a silk cloth.]
[bookmark: _Ref189396791]Table 18 – suggested activities using charged ebonite and Perspex rods
	Activity
	Notes

	Repelling an ebonite rod
Charge an ebonite rod and carefully lay it on a watch glass (without touching the charged end). Charge another ebonite rod, bring it close to the charged end of the first rod and observe what happens.
	Both ebonite rods will hold a negative charge. When the charged ebonite rod is placed near the charged ebonite rod on the watch glass, it will be pushed away (causing it to turn/spin slightly).

	Attracting an ebonite rod
Charge an ebonite rod and carefully lay it on a watch glass (without touching the charged end). Charge a perspex rod and, bring it close to the charged end of the ebonite rod, and observe what happens.
	The ebonite rod is negatively charged and the perspex rod is positively charged. Because the charges are opposite, they are attracted to each other, so the ebonite rod moves toward the perspex rod. 

	Water stream bending
Students charge a perspex or ebonite rod and bring it close to a steady stream of water.
	The water stream must be continuous but not flowing any faster than sufficient to prevent individual water drops from forming in the stream. This can be difficult to manage if the water pressure in the classroom may vary when additional taps are turned on. No deflection is observed when the neutral perspex rod is brought close to the water stream. After the wool cloth charges the perspex rod, some degree of deflection towards the rod is observed (See Figure 18).
Using sequential perspex rods on opposing sides of the water stream will cause deflection in alternating directions.

	Rolling can competition
Place aluminium cans on their side at a start line. Students compete to use a charged rod to either ‘push’ or ‘pull’ the can past a certain point using electrostatic force.
	The can will roll or tip toward the rod if the induced attraction is strong enough to overcome the friction between the can and its resting surface. The stronger the charge on the rod, the more the can will be attracted to the rod, allowing it to roll faster.


[bookmark: _Ref187855481]Figure 18 – a charged perspex rod showing the bending effect of a water stream
[image: A charged perspex rod showing the bending effect of a water stream.]
[bookmark: _Toc191372092]The Van de Graff generator
1. Set the scene for larger electrostatic charges by showing FOR PPT ‘1.6 Lightning’ and using the speaker notes to outline why lightning occurs.
Ask students, ‘If lightning is the discharge between the clouds and the ground, what is thunder?’. Explain that thunder is the explosive sound produced by the rapid thermal expansion of the air surrounding the lightning strike, which can reach more than 25,000°C. This shock wave radiates outwards in all directions at the speed of sound (~1235 km/h).
Tell students: ‘You can easily approximate how far away a lightning strike is by counting the time delay between seeing it and the corresponding thunderclap. The light from the lightning strike reaches your eye effectively instantaneously, but sound travels much slower and can be measured. For every second delay, the lightning strike is 343 m away. This can be approximated to 1 km every 3 seconds (1029 m to be exact)’.
The Van de Graff generator generates a large electrostatic charge on the upper dome. These charges can produce a voltage of more than 200 kV, and although their discharge spark provides very little electrical current, contact with these sparks can cause considerable discomfort.
It is vital to ensure the safety of all persons while the Van de Graff generator is in use. Conducting a suitable risk assessment before use will ensure that appropriate controls are in place to provide a safe working environment for teachers and students. The risk assessment needs to consider students and staff with electronic medical devices. Science Assist has developed a useful standard operating procedure SOP: Demonstrating the Van de Graaf generator.
Show FOR PPT ‘1.6 Van de Graff generator’ and outline how the device works using the speaker notes. The device functions as an electrostatic charge transfer and collector by doing the following.
1. The electrical motor powers the roller holding the belt. This non-conductive belt passes across the lower metal comb, removing negative charges and leaving behind a positively charged belt segment. The negative charges are passed to the earth wand by a connecting wire.
The positively charged belt segment travels up to the upper dome, where the upper metal comb transfers negative charges from the dome to the positively charged belt segment, leaving the metal dome surface positively charged. The belt is now neutrally charged for its return path to the lower metal comb.
The positively charged dome and negatively charged earth wand remain charged until they are brought close enough that the discharge spark can jump between the 2 through the air. This neutralises the charge in the upper dome and the process restarts.
Note: the distance at which the discharge spark can jump through the air depends on the environment in the room. This is known as the ‘breakdown voltage’ and, at atmospheric pressure, is approximately 30 kV/cm, meaning that a 30 kV spark can discharge across a 1 cm gap of air. For a 200 kV Van de Graff generator, this would represent a spark gap of 6.6 cm. High humidity causes this breakdown voltage to increase so that a smaller spark gap will be observed in humid air environments.
Figure 19 – a labelled diagram of a typical Van de Graff generator (FOR PPT 1.6 ‘Van de Graff generator’)
[image: A labelled diagram of a typical Van de Graff generator.]
Set up the Van de Graff generator and perform various demonstrations. Remember to turn it off and discharge it using the earth wand between demonstrations. The demonstrations show that the charges can become large enough to produce a force that can cause the movement of light materials.
Table 19 – demonstration activities that can be conducted with the Van de Graff generator
	Demonstration
	Notes

	Turn the Van de Graff generator on. Bring the earth wand close to the dome and show the spark that is discharged. This is most visible with the lights off.
	The dome has a build-up of negatively charged electrons that discharge into the earth wand to neutralise both objects.

	Stack aluminium pie dishes upside down on top of the dome and then turn the Van de Graff generator on. Figure 20 shows this setup.
	The pie dishes will fly off one by one as they build up a negative charge. As a result, they start to repel each other and then push the pie dishes off. 

	Stick long strips of paper to the dome of the Van de Graff generator and turn it on. 
	The strips of paper will become negatively charged and move away from the dome and each other in all directions. This is similar to hair standing on its ends.


Additional Van Der Graaf generator resources are on the STEM Learning – Electrostatics webpage.
[bookmark: _Ref187855739]Figure 20 – aluminium pie dishes resting on top of the upper dome of the Van de Graff generator
[image: Aluminium pie dishes resting on top of the upper dome of the Van de Graff generator.]

[bookmark: _Toc191372093]1.7 Hold me close
Table 20 – learning intentions and success criteria for 1.7 Hold me close
	We are learning:
	I can:

	about the effects of forces in everyday situations
	describe the gravitational forces acting on objects using the words indirect, matter and field
describe how orbits occur in a gravitational field

	to ask questions and make predictions about forces.
	make predictions based on observations of motion and gravitational forces
identify the relationship between matter, gravity, motion and orbits.


Checkpoint sample answers: quick quiz to activate learning from prior lesson(s).
E: What are electrostatic forces, and what causes them?
Sample response: electrostatic forces are the forces exerted between electrically charged objects. The attraction or repulsion between particles with electric charge causes them. Objects with opposite charges (positive and negative) attract each other, while objects with the same charge (positive-positive or negative-negative) repel each other.
MC: Briefly describe an experiment to demonstrate the effects of electrostatic forces between objects.
Sample response: by rubbing an ebonite rod with silk, the rod becomes negatively charged. If this rod is carefully positioned on a watch glass and another charged ebonite rod is brought close to the charged end, the negative charges repel each other, causing the ebonite rod on the watch glass to turn away.
[bookmark: _Toc191372094]Earth’s gravitational field
1. Ask students to explain why an object held in your outstretched hand will remain there until your hand is removed and why all heavier-than-air matter will undoubtedly fall to the floor. Demonstrate this with objects of various masses and situations where objects fall or roll down a slope. Discuss the forces involved using free-body diagrams.
Show students slide FOR PPT ‘1.7 Gravitational fields’ and use the information in the speaker notes to describe the Earth’s gravitational field and the field lines used to represent it.
Explain that the more matter an object contains (mass), the stronger the gravitational field it generates and the greater influence it has on surrounding objects. The Earth's gravitational field exerts a force on all of us, the satellites surrounding the Earth and the Moon. The Sun is much larger and has a stronger gravitational field that exerts a force on the planets and a range of comets and asteroids within and beyond our Solar System. Every object with mass has a gravitational field. For small objects, the strength of the gravitational field is exceedingly small and difficult to measure. Gravitational field strength increases with mass. One interesting limit regarding gravitational field strength is the ‘Potato radius’. It is the size at which gravity causes an object to transition form an irregular shape to a sphere. Below this radius of approximately 200–300 km, the object will not possess sufficient gravitational field strength and will be oddly shaped, much like a potato.
Figure 21 – a diagram showing the potato radius measure of gravitational strength needed to form a spherical object
[image: Diagram showing the potato radius measure of gravitational strength needed to form a spherical object.]
'The Potato Radius' by Sketchplanations is licensed under CC BY-NC 4.0.
Differentiation: extension question – How can we describe the forces that act on people and objects above ground level (surface of the Earth)? How does this knowledge influence the design of multistorey structures?
Sample response: above ground level, we are relying on the normal force to provide enough force to counter the weight force experienced by mass within the gravitational field. As buildings become taller, their masses will increase, thus increasing the gravitational and normal forces acting on them. Therefore, in multistorey structures, we use reinforced concrete floors to provide sufficient normal force to prevent people and objects on floors above ground level from falling.
[bookmark: _Toc191372095]Mass and gravity simulation
Explore the PhET Gravity Force Lab: Basics first, noting the extreme scale of masses in this simulation to have a noticeable effect. Each mass can be increased or decreased and moved closer or further from each other, and the corresponding forces are reported. Despite the significant masses involved and even at close distances, it must be noted that the forces involved are not very large compared to some previous contact forces discussed earlier in the unit.
Note: to learn how to use the interface and collect data with students, access the Teacher Tips and Video Primer for PhET Gravity Force Lab: Basics simulations. This requires a free sign-up and login process.
1. Using the initial set-up of the Gravity Force Lab simulation, explore the following features with students:
Mass 1 is 2 billion kg 
Mass 2 is 4 billion kg
the gravitational force is relatively small compared to the mass of the spheres
the gravitational force acting on each mass is the same
the distance between the objects is 4 km 
the people pulling on the masses in this model have no mass. They are stopping the masses from moving closer together so that we can see how the forces change in different scenarios.
Ask students to predict what will happen if Mass 2 is doubled to 8 billion kg and demonstrate it by doubling Mass 2.
Reset the simulation.
Ask the students what will happen if the 2 masses are brought closer together. Note that the initial distance is 4 km, and then click and drag one of the masses to change the distance. Students should notice that the force increases when the masses are closer together, and when the masses are further away, the force decreases.
Draw connections between the Forces and Observing the Universe focus areas by revising how tides occur. Show students slide FOR PPT ‘1.7 The Moon’s gravity causes tides’ and use the speaker notes to describe how the Moon is kept in orbit around Earth and how the Moon influences the tides.
Checkpoint: 
The Moon has a large mass, although its gravitational field is not strong enough to affect us. Where do we see its effect elsewhere on Earth?
Sample response: the interaction of the Moon and the Earth’s gravitational fields is the cause of our tides in large bodies of water. High tides exist on the sides of the Earth closest to and furthest from the Moon, and low tides exist on the perpendicular sides.
[bookmark: _Toc191372096]Orbits simulation
1. Discuss the nature of gravitational fields on a mass at any point in the Solar System. The Sun has a large gravitational field to hold all the planets in orbit around it, extending well beyond Neptune. The Earth’s gravitational field (also within the Sun’s gravitational field) holds the Moon and many satellites in orbit around us. Every planet has its own gravitational field and holds its respective natural satellites in orbit. 
Explore the PhET Gravity and Orbits simulation to describe the role of gravitational forces in retaining objects within an orbital pattern.
Note: to learn how to use the Gravity and Orbits interface and collect data with students, access the Teacher Tips PhET Gravity and Orbits simulations. This requires a free sign-up and login process.
1. Select the model and add ‘Gravity force’, ‘Path’ and ‘Grid’. Adding the ‘Gravity force’, ‘Path’ and ‘Grid’ will allow students to see how the gravitational attraction between the Sun and Earth is equal and opposite.
1. Press the play button to show students how the Earth orbits the Sun.
1. Briefly show the students how the model can be manipulated by toggling the mass sliders and by shifting the locations of the Earth and/or Sun (by clicking and dragging them).
1. Reset the simulation and press play. Ask students to predict what would happen to the Earth if there was no gravity. Using Predict, Observe, Explain (POE) will ensure students provide their reasoning for their predictions and then demonstrate how their reasoning changes after they make the observation. Turn gravity ‘off’ in the simulation and show that the Earth continues at the same speed but in a straight line (no longer orbiting the Sun). This is because gravity no longer acts on Earth, so it will continue in the same direction until another force acts on it.
1. Reset the simulation. Select the Earth and Moon view to observe how the Moon orbits the Earth. Turn on the ‘Gravity force’, ‘Path’ and ‘Grid’ options. Point out to students that the orbit is not circular but rather elliptical. This can be observed by zooming in on Earth and observing the ‘Gravity Force arrow’. The arrow changes in size slightly, which may not be noticeable at first glance. Tell the students this is why a ‘supermoon’ occurs when the Moon is closer than normal to the Earth, which causes abnormally large tidal shifts.
1. Ask student to propose testable questions and use PEOE to record their predictions, observations and reasoning. Adjust the parameters to test a range of student questions. Examples include:
What would happen if the Earth’s mass was half its actual mass?
What would happen if the Moon was twice as big as its actual mass?
What would happen if the Moon was further from Earth?
What would happen if the Moon was closer to Earth?
Checkpoint: display the Gravity and satellites: true or false activity to check students' understanding of concepts. Students could identify each scenario as true or false on a mini whiteboard before revealing the correct answer. Review students’ responses and identify any misconceptions that they may have so they can be addressed promptly.
Differentiation: challenge students by further exploring ellipses and elliptical orbits. NASA’s What is an Orbit? provides additional information.


[bookmark: _Toc191372097]1.8 Weigh up your options
Table 21 – learning intentions and success criteria for 1.8 Weigh up your options
	We are learning:
	I can:

	about the effects of forces in everyday situations
	calculate the weight force of an object within a gravitational field using F=mg
describe how a net force acting on an object changes the apparent weight

	to ask questions and make predictions about forces.
	predict the weight force experienced by an object in a range of situations
convert between units of measurement.


Checkpoint sample answers: quick quiz to activate learning from prior lesson/s.
E: What is gravity, and how does it affect the motion of objects on Earth?
Sample response: gravity is a force that attracts objects toward each other. On Earth, gravity pulls objects toward the centre of the planet. This force gives objects weight and causes them to fall when dropped. For example, if you drop a ball, it falls to the ground because gravity pulls it downward.
MC: What happens to the strength of gravitational forces when the distance between objects changes?
Sample response: the strength of the gravitational force depends on the objects' masses and the distance between them. If the distance between 2 objects increases, the gravitational force between them decreases. Conversely, if the distance decreases, the gravitational force increases. For example, the gravitational pull between the Earth and the Moon keeps the Moon in orbit around the Earth. If the Moon were further away, the gravitational force would be weaker.


SC: Describe how gravitational forces keep objects, like satellites or planets, in orbit.
Sample response: consider a satellite orbiting Earth. The gravitational force pulls the satellite toward Earth while its forward motion keeps it moving around the planet. The result is a continuous curved path around Earth, called an orbit.
If the satellite's forward speed is just right, it will stay in a stable orbit. If it moves too slowly, gravity will pull it down to Earth. If it moves too quickly, it will escape Earth's gravitational pull and move into space.
[bookmark: _Toc191372098]Mass vs weight
1. Ask students what the weight and mass of an object are to start them thinking about the possible differences between these terms.
1. Ask students, ‘When we send people to space, we colloquially describe this as ‘weightless’, so does this mean they have no mass?’. Clarify the use of these terms with students to engage their prior experiences with both terms in various contexts. Clear definitions of these 2 commonly conflated terms are critically important to this learning sequence.
Mass is the measure of how much matter is contained within an object, measured in the SI unit of kilograms (kg).
Weight is the force experienced by an object within a gravitational field, measured in the SI unit of Newtons (N).
Show students slide FOR PPT ‘1.8 Weight’ (also provided in Figure 22). As an object moves within and between different gravitational fields, the amount of matter within it is constant, so its mass remains constant. The strength of the gravitational field changes, so the weight force experienced will increase in a stronger gravitational field and decrease in a weaker one.
[bookmark: _Ref187926200]Figure 22 – the mass, gravitational acceleration and weight across the Earth and Mars
[image: Diagram showing the mass, gravitational acceleration and weight across the Earth and Mars.]
'Mass versus weight on earth and mars' by VectorVoyager is licensed under CC BY-SA-3.0.
Tell students that the weight force is calculated using the below equation.


Note: it is important to convert all mass units to the SI units of kilograms before performing these calculations. Select objects with a range of masses and practise the conversion between grams (1 gram = 0.001 kg) and tonnes (1 tonne = 1000 kg) to kilograms while undertaking weight calculations.
Outline that on Earth, the acceleration due to gravity is 9.8. Although it does vary slightly, this standard value is generally accepted for calculations. Demonstrate this using an example. A mass of 35 kg on Earth would experience a weight force of:


Checkpoint: show FOR PPT 1.8 Checkpoint 2, a photo of spring balances to use as a question stimulus. 
Question: If we took the spring balances to another planet, could it be used to measure the mass of an object accurately? Why or why not?
Sample response: mass measurements made with a spring balance on another planet would not be accurate. Spring balances measure force; for example, the weight of an object. Some spring balances provide a scale for mass, however, this scale is calibrated for Earth's gravitational field. An object’s weight depends on gravity, which varies from planet to planet. So, any change in gravity will affect the accuracy of mass measurements.
Tell students that objects in areas without a gravitational field, such as in deep space far away from any planetary or larger-sized objects, experience true weightlessness. For example, if we took this same 35 kg mass into deep space where there was no gravity:


Checkpoint: 
Astronauts in orbit around the Earth on the International Space Station (ISS) experience gravitational fields from various sources, such as the Earth, the Sun and Moon. Are the astronauts actually ‘weightless?
Sample response: the ISS orbits the Earth at an altitude of approximately 370 km to 460 km. It is still well within the Earth’s gravitational field, and its astronauts are not actually experiencing weightlessness.
Demonstrate how to use and rearrange the formula . This formula can be rearranged into the other 2 forms where mass and gravity can be calculated:


Students complete the table in the Student resource – weight throughout the Solar System using the equations provided to fill in the blank spaces. Sample answers are provided in red text in Table 22.
[bookmark: _Ref180140482]Table 22 – sample answers for ‘Comparing weight experienced on different celestial bodies and its equivalent on Earth’
	Location
	Mass (kg)

	Gravity (ms-2)

	Weight (N)

	Equivalent mass on Earth (kg)


	Venus
	50
	8.87
	443.5
	45.26

	Mars
	80
	3.73
	298.4
	30.45

	Jupiter
	100
	24.79
	2,479
	252.96

	Titan
	50
	1.35
	67.5
	6.88

	Pluto
	80
	0.62
	49.6
	5.06


Discuss with students the implications of these calculations. Despite never being able to experience this gravitational field strength while on Earth, we can convert each weight to the equivalent mass on Earth. Using this new weight force, the equivalent mass on Earth can be calculated to demonstrate to students what this would feel like in their real-world experience.
Checkpoint: ask students to consider the following video of the Apollo astronauts moving on the moon (6:53), where they appear to move in large leaps and bounds despite wearing an 80 kg space suit. How can an adult in a heavy space suit move with such ease? Consider a 100 kg adult with an 80 kg suit, giving a total mass of 180 kg.
Suggested solution: total mass is 180 kg on the Moon with a gravity of 1.62 ms-2, giving a weight of:



This weight force is equivalent to a much lower equivalent mass on Earth:




This task is much easier because despite being in a very heavy space suit, the astronaut can move as if they were only a 29.8 kg mass on Earth.
[bookmark: _Ref180140396][bookmark: _Ref180141397]

[bookmark: _Student_resource_–_4]Student resource – weight throughout the Solar System
Consider objects of different mass and their corresponding weight force on Earth. If this mass is relocated to other locations within our Solar System (where gravity is stronger or weaker), its weight force will change while its mass remains constant.
Complete the following table using the equations provided.
Table 1 – comparing the weight experienced on different celestial bodies and its equivalent on Earth
	Location
	Mass (kg)

	Gravity (ms-2)

	Weight (N)

	Equivalent mass on Earth (kg)


	Moon
	50
	1.62
	
	

	Venus
	50
	
	443.5
	

	Mars
	
	3.73
	298.4
	

	Jupiter
	
	24.79
	2,479
	

	Titan
	50
	
	67.5
	

	Pluto
	80
	0.62
	
	




[bookmark: _Toc191372099]1.9 Is it attractive?
Table 23 – learning intentions and success criteria for 1.9 Is it attractive?
	We are learning:
	I can:

	about the effect of forces in everyday situations
	use the words magnetism, polarity, north, south, repel and attract to explain how a magnet works
identify and describe, using the words above, the polarity in different types of magnets
observe and map the magnetic fields of magnets

	to ask questions and make predictions.
	make a prediction of the forces (push or pull) involved when different poles from different magnets are brought close together.


Checkpoint sample answers: quick quiz to activate learning from prior lesson/s.
E: What is a force?
Sample response: a force is a push or pull between objects, which may cause one or both objects to change the speed and/or direction of their motion and/or their shape (NESA 2024).
MC: What are the 2 categories of forces? Give examples of both categories of forces.
Sample response: direct forces (friction) and indirect forces (gravity)
SC: How do we calculate weight force? If an object has a mass of 20 g and is in a gravitational field of 9.8 ms-2, calculate the weight force on this object.
Sample response: 
 (or )

[bookmark: _Toc191372100]How magnets work
1. Display the KWLH chart on the board. Students can start their KWLH tables on magnets, in their workbooks. By completing the K and W columns, you will gain insight into the range of prior knowledge and students' potential interests in this content. You will also support students' recall of prior knowledge to help them build new knowledge. Revisit the H and L columns at the end of the lesson sequence on magnetism.
Explain that a magnet is an object that can attract certain metals, such as iron, nickel and cobalt, due to the magnetic field that it produces. Magnets are made of ferromagnetic metals such as iron, nickel and cobalt. For example, a refrigerator magnet sticks to the metal door because it is made of a material that is attracted by the magnetic field produced by the magnet.
Note: ferromagnetism is a type of magnetism in which certain materials can exhibit strong, permanent magnetic properties. Paramagnetism could be introduced as a differentiation point, but this is not necessary. Paramagnetism is a type of magnetism in which an external magnetic field weakly attracts materials and does not retain magnetic properties once the external field is removed. Examples include aluminium and platinum.
Define magnetism as the field force exerted by magnets when they attract or repel each other or certain types of metals. For example, the force that pulls a paper clip towards a magnet.
Describe polarity: polarity refers to the 2 ends (or poles) of a magnet, known as the north and south poles, where the magnetic field is strongest. If you place 2 bar magnets near each other, one magnet's north pole will attract the other magnet's south pole, demonstrating magnetic polarity.
Unpack the terms ‘attract’ and ‘repel’ while demonstrating with 2 bar magnets, highlighting the orientation of the north and south poles.
Repel means to push away. For magnets, like poles (north-north or south-south), repel each other. When you try to push the north pole of one magnet towards the north pole of another magnet, they will push away from each other.
Attract means to pull towards. For magnets, opposite poles (north-south) attract each other. If you bring one magnet's north pole close to another magnet's south pole, they will pull towards each other and stick together.
Differentiation: use a Frayer diagram to define the following words: Magnetism, magnet, polarity, repel and attract.
Checkpoint
1. What type of force is magnetism? Why? 
Sample response: magnetism is a non-contact or indirect force because they pull or push on objects without touching them.
2. When is a magnetic force a push or a pull? 
Sample response: when like poles are near each other, it is a push (repel). When the poles are opposite, it is a pull (attraction).
Demonstrate, using 2 bar magnets, the effect of polarity on attraction and repulsion. Talk through the demonstration to model your thinking on what is occurring. Balance the bar magnets on top of each other in both directions. Discuss the effect of gravity and the magnetic field (a second magnet can hover above another, resisting the force of gravity).
Demonstrate the interaction of a magnet with a compass using the PhET Magnet and Compass simulation.
Show students slide FOR PPT ‘1.9 Magnetic field lines’ (same as Figure 23) and explain that the lines represent the magnetic field. The closeness of the lines to each other shows the strength of the magnetic field – the closer the lines, the stronger the magnetic field.
[bookmark: _Ref180070286]Figure 23 – Bar magnets and magnetic field lines
[image: Bar magnets showing magnetic field lines including filed lines when North-South poles brought together and North-North poles brought together.]
‘Openstax physics2 11.6 Bfield-barmagnet-ends’ by OpenStax Physics 2 is licensed under CC BY 4.0.
Checkpoint
0. What factors affect the action of a magnet?
Sample answer: the magnet's strength, the distance between the magnets, the magnets' shape and the poles' position are important factors that influence the action of a magnet.
0. How do everyday magnets work? 
Sample answer: 
Magnetic poles – every magnet has 2 poles: a north pole and a south pole. The interactions between these poles determine whether magnets attract or repel each other. Like poles (north-north or south-south) repel each other, while opposite poles (north-south) attract each other
Magnetic fields – a magnet's force is due to its magnetic field, an invisible area around the magnet where magnetic forces are exerted. This field is strongest at the magnet's poles and diminishes with distance from the magnet.
Materials affected by magnets – magnets can attract materials that contain iron, nickel or cobalt. They do not affect materials like paper, glass or plastic.
3.	What would happen if you broke a magnet in half?
Sample answer: you would create 2 magnets, each with north-south poles.
Extension
Tool design investigation
Design a new tool that uses magnets, drawing inspiration from existing applications. Consider innovative ways to leverage their magnetic properties. Engineering design principles (safety, functionality, good design, innovation and sustainability) could be applied. Here are some key considerations and ideas for designing a magnetic tool:
1.	Understand magnetic properties
Draw on understanding about permanent and non-permanent magnets, the strength of magnetic fields, polarity and other magnetic properties.
2.	Consider practical applications
Think about everyday problems or tasks that could be improved using magnetic forces. Some potential areas to explore include the organisation and storage solutions, safety devices, educational or interactive toys, assistive devices for people with disabilities
3.	Brainstorm design ideas
Sketch out multiple concepts for your magnetic tool, focusing on how the magnets will be incorporated to solve a specific problem or perform a particular function. 
Consider factors such as the strength of the required magnetic force, how the tool will be manipulated or controlled, the materials used with the magnets, and safety considerations, especially if the tool will be used around electronic devices.
4.	Prototype and test (optional)
Create a simple prototype of your magnetic tool using basic materials like bar magnets, modelling materials and common household items. Test your design to ensure it functions as intended and make iterative improvements.
5.	Consider manufacturing and practicality
As you refine your design, think about how the tool could be mass-produced, the cost of materials and its durability in real-world use.
Some innovative ideas for magnetic tools could include:
· a magnetic organisation system for workshop tools that allows for easy access and storage
· an assistive device that uses magnets to help people with limited mobility perform daily tasks
· a safety latch system for cabinets or doors that uses magnetic forces for secure closure
· encourage creativity in the design process and look to combine magnetic properties with other technologies or materials to create a truly innovative tool.


[bookmark: _Toc191372101]Mapping magnetic fields
1. Provide students with the Student resource – mapping magnetic fields. Students make predictions about the location and shape of magnetic field lines for the range of magnet combinations.
Demonstrate using iron filings to show and draw magnetic field lines for one magnet shape.
Note: place the magnet in a small plastic zip-lock bag. Also, iron filings can be placed inside a sealed plastic sleeve and reused.
In small groups and for different-shaped magnets, students map the magnetic field lines and determine and label the poles. Show students the following questions, which also appear on slide FOR PPT ‘1.9 Mapping magnetic field lines’. Students respond to the questions based on their observations:
Note: it is important to explain that the lines represented by the iron filings occur because they behave like small magnets when placed near a magnetic field. The filings align themselves in the direction of the magnetic force and tend to stick together in chains due to their magnetic attraction. The magnetic field itself is a continuous field that gradually decreases in strength the further away from the magnet.
Sample response: Student resource – mapping magnetic fields 
Example investigation results are shown in Figure 24 – Figure 28. Annotations are included as notes beneath some of the magnet combinations.
[bookmark: _Ref180157194]Figure 24 – single bar magnet iron filing magnet field map
[image: Iron filing magnetic field map - one bar magnet.]
Figure 25 – single U-shaped magnet iron filing magnet field map
[image: Iron filing magnetic field map - U-magnet.]
Figure 26 – 2 bar magnets, unlike N-S alignment, iron filing magnet field map
[image: Iron filing magnetic field map - two bar magnets aligned North-South.]
Note: iron filings are lined up between the opposite poles in the 2 bar magnets. The grouping of the iron filings shows that the magnetic field is strongest between the 2 magnets with opposite poles close together.
Figure 27 – 2 bar magnets, like N-N alignment, iron filing magnet field map
[image: Iron filing magnetic field map - two bar magnets aligned North-North.]
Note: there are no iron filings between the adjacent poles because they are ‘like’ and therefore are repelling each other.
[bookmark: _Ref180157207]Figure 28 – bar magnet and U-shaped magnet iron filing magnet field map
[image: Iron filing magnetic field map - bar magnet and U-shaped magnet.]
Note: the top part of the U magnet is the opposite pole to the right side of the bar magnet. The bottom part of the U-magnet is the same pole (like) and, therefore, repels the iron filings.
1. What patterns were evident in the magnetic field lines?
	The filings formed curved lines that emerge from one end and enter the other. The lines were closer together near the poles. The further away from the magnet, the more spread out the filings were.


1. Predict what the field lines would look like beyond the page on which the iron filings were placed.
	The field lines would continue as long as the magnetic filings can still move due to the magnetic force. The lines that go straight out the end of the magnet would start to curve around to the other end of the magnet.


1. Describe what these field lines would look like in 3 dimensions.
	The magnetic field lines would curve out in all directions around the magnet.




[bookmark: _Student_resource_–_5][bookmark: _Ref180072224]Student resource – mapping magnetic fields
Aim: to observe and map the magnetic field lines around different magnets using iron filings.
Materials: bar magnets, U-shaped magnets, iron filings, white paper or cardboard, plastic resealable bags
Procedure
1. Cover a bar magnet with the plastic zip-lock bag
1. Place the bar magnet horizontally on the desk
1. Lay out a piece of white paper over the top
1. Apply the iron filings by carefully sprinkling them onto the paper surface
1. Tap the paper so the iron filings are evenly spread over the paper
1. Observe the pattern formed by the iron filings around the magnet
1. Use a pencil to trace the outlines of the iron filings on the paper
1. Record your observations, noting the shape and direction of the magnetic field lines
1. Repeat using:
1. 2 bar magnets north-north 
2 bar magnets north-south
a single U-shaped magnet
a U-shaped magnet and bar magnet.
Results
Note: red represents the north pole, and blue represents the south pole.
	Map of magnetic fields evident from iron filings

	Single bar magnet

[image: Bar magnet image for drawing magnetic field lines.]

	Single u-shaped magnet

[image: U-shaped magnet for drawing magnetic field lines.]

	Two bar magnets – opposite poles

[image: Two bar magnets aligned North-South for drawing magnetic field lines.]

	Two bar magnets – same poles

[image: Two bar magnets aligned North-North for drawing magnetic field lines.]

	Bar magnet and u-shaped magnet

[image: A bar magnet and a u-shaped magnet for drawing magnetic field lines.]


These images have been generated using Chemix.
1. What patterns were evident in the magnetic field lines?
	


Predict what the field lines would look like beyond the page on which the iron filings were placed.
	


Describe what these field lines would look like in 3 dimensions.
	




[bookmark: _Toc191372102]1.10 Testing for attraction
Table 24 – learning intentions and success criteria for 1.10 Testing for attraction
	We are learning:
	I can:

	about the effects of forces in everyday situations
	observe and map the magnetic fields of magnets

	to ask questions and make predictions about forces
to use data to solve problems about forces.
	identify a question that can be tested
make a prediction based on prior knowledge
organise data in a table
make a conclusion based on the relationship evident in the data
identify how the investigation can be improved.


Checkpoint sample answers: quick quiz to activate learning from prior lesson(s).
E: What are the 2 poles of a magnet called?
Sample response: the 2 poles of a magnet are called the north pole and the south pole.
MC: What happens when the north pole of one magnet is brought close to the south pole of another magnet? Explain why this happens.
Sample response: when the north pole of one magnet is brought close to the south pole of another magnet, they attract each other. This happens because opposite poles of magnets create magnetic field lines that flow from the north pole of one magnet to the south pole of the other. These lines were visibly close together in the iron filings investigation, which indicates that the magnetic field is strong between the opposite poles of magnets when they are close. This results in a force which pulls the 2 magnets together.

SC: 
Describe the behaviour of 2 bar magnets when their north poles are brought close together and explain the underlying reason based on the concept of magnetic fields and polarity.
Sample response: when the north poles of 2 bar magnets are brought close together, they repel each other. This repulsion occurs because like poles (north-north or south-south) create magnetic fields that push against each other.
[bookmark: _Toc191372103]Quick quiz – investigations
This activity is designed to assess student understanding of testable questions, representing data and reliability, prior to the students applying this understanding in designing the investigation on the effect of distance on the action of a magnet. Ask students the questions below and reteach students where required. Sample responses are provided below each question.
1. What are the features of a good question for a scientific investigation?
	The question is specific to the topic being investigated
The question is testable through investigation
The answer to the question is important to understanding the topic
The question references an independent and dependent variable


How can we organise the data we have collected in an investigation?
	We could use graphs, keys, models, diagrams and tables – further clarification of students' understanding of these might be needed.


What does the word reliable mean? How would we determine if something was reliable in science?
	Reliable: consistently good in quality or performance; able to be trusted. We compare information or data in science with published scientific writing from reputable or credible sources. Check the student's understanding of a reputable source (for example, a trusted source of information written by an expert in the field, education resources or government resources) and check understanding of the possible implications of using artificial intelligence to summarise data and information from secondary sources.


[bookmark: _Toc191372104]Investigating the effect of distance on the action of a magnet
Note: there are multiple ways that this investigation could be conducted using magnets or a magnetometer. The investigation options below provide 2 ways to address this content point. The first option is provided in this activity, while the second option, using an electromagnet, is outlined in Alternative activity for action of a magnet at a distance.
1. Show the students the diagrams of the possible investigation setup – see slide FOR PPT ‘1.10 Magnetic field strength’ (also in Figure 29 and Figure 30). In small groups, students are given equipment and they are to set up one of the investigations to test the effect of distance on the action of a magnet.
Provide students with the Student resource – magnetic field strength. Students work in small groups to:
1. create a scientific question for the investigation that can be tested
1. make a prediction for the investigation
1. identify, collect and organise data in a table
1. compare collected data with others in the classroom
1. identify any patterns in the data and come up with a conclusion
1. identify ways that the investigation could be improved
1. write a cause-and-effect statement.
Move around the groups of students and provide advice on experimental design, equipment setup and provide feedback on the table constructed to record the data. Where required, provide additional scaffolds to support students.


Possible investigations
[bookmark: _Ref190885373]Figure 29 – example 1 of a possible experiment set-up (FOR PPT ‘1.10 Magnetic field strength’)
[image: Example 1 of a possible experiment setup to test magnetic field strength.]
This image has been generated using Chemix.
Note: this investigation will collect qualitative data on the effect of distance on a magnet – that is, the magnet may or may not be able to hold the paper clip attached to the string mid-air.
[bookmark: _Ref190885375]If students opt to conduct the investigation using the setup in Figure 29 they will need to:
1. Start with the paperclip touching the magnet and tape the thread to the bench.
Measure the distance between the magnet and the paperclip (it will be 0 for the first measurement). Record if the paperclip stayed up.
Adjust the string by 1–2 mm at a time and then record if the paperclip stayed up in the air.
Repeat step 3 until the paperclip no longer stays up.
[bookmark: _Ref190886902][bookmark: _Ref191297299]Figure 30 – example 2 of a possible experiment set-up (FOR PPT ‘1.10 Magnetic field strength’)
[image: Example equipment setup to test magnetic field strength. This setup shows a magnet a ruler and a paperclip. ]
This image has been generated using Chemix.
Note: this investigation will collect qualitative data on the effect of distance on a magnet – that is, the distance at which the magnet can make the paperclip start to move.
If students opt to conduct the investigation using the setup in Figure 30 they will need to:
1. Place a ruler flat on the table and position the end of the paper clip at 0 cm. 
Place the end of the magnet on the 15 cm line.
Move the magnet forward until the paperclip begins to move. Record the distance. 
Repeat step 3 several times so that a mean can be calculated.
Sample student investigation design
Note: this sample response relates to the investigation identified in Figure 29.
Scientific question – create a scientific question for the investigation that can be tested.
	What is the effect of distance from the paperclip on the action of a magnet?


Prediction – predict what you think the results will show.
	Magnetic field strength decreases with increasing distance from the magnet.


Note: in their groups, students should determine how they might modify the distance between the paper clip and the magnet and how that distance will be measured consistently.
Students identify, collect and organise data in a table. Table  shows a sample table that students could construct to record their results.
[bookmark: _Ref180419773]Table 25 – magnetic attraction over a distance
	Distance between magnet and paper clip (mm)
	Magnetic attraction yes/no

	[insert more rows as required]
	[insert more rows as required]


Table 25 provides a sample table that students may construct to record the data collected by different groups.
[bookmark: _Ref180419713]Table 25 – comparing the largest distance that the magnet could attract the paper clip
	Group number
	The largest distance of attraction between the magnet and the paper clip (mm)

	[insert more rows as required]
	[insert more rows as required]


Discussion – respond to the questions about the investigation.
1. Compare your collected data with others in the classroom who did the same investigation.
	The mean maximum distance that the paperclip could stay in the air for our group was 19 mm. Of the 5 groups we compared, the mean distance was 22 mm, and the range was 16 mm to 27 mm. Our data fit within the range of results from other groups in the class.


1. Identify any patterns in the data and draw a conclusion.
	As the distance between the magnet and the paper clip increased, the attraction between them decreased. Beyond 19 mm (for our group), there was no attraction between the magnet and the paper clip.


1. Identify a way that the investigation could be improved.
	A magnetic field sensor would provide quantitative measurements of the magnetic field strength.


1. Write a cause-and-effect statement for the effect of distance on the action of a magnet.
	Possible answers
When the magnet is moved further away from the paperclip, the paperclip falls to the table because the gravitational force is larger than the magnetic force.
When the magnetic force is greater than the gravitational force, the paperclip appears to ‘float’ because the forces acting (gravity and the tension from the string) on the paperclip are balanced.


State a new question that could be investigated. The question should aim to expand on your findings further.
	How does the size of the paperclip influence the magnet’s ability to hold the paperclip in the air?
Does the number of magnets increase the distance at which the paperclip can be held in the air?
Does the strength of the magnet impact the distance at which the paperclip can be held in the air?


Note: increasing the distance between a metal object and a magnet decreases their attraction to each other. This is because magnetic field strength decreases as one moves away from the magnet. Since the students are not measuring the magnetic field strength quantitatively, they can only make assumptions about the strength of the magnetic field.


[bookmark: _Student_resource_–_6][bookmark: _Ref189423416]Student resource – magnetic field strength
Select either Figure 1 or Figure 2 and design an investigation to test the effect of distance on the action of a magnet.
Figure 1 – option 1 equipment set-up to test the effect of distance on the action of a magnet
[image: Example 1 of a possible experiment setup to test magnetic field strength.]
This image has been generated using Chemix.
Figure 2 – option 2 equipment set-up to test the effect of distance on the action of a magnet.
[image: Example equipment setup to test magnetic field strength. This setup shows a magnet a ruler and a paperclip. ]
This image has been generated using Chemix.
Scientific question – create a scientific question for the investigation that can be tested.
	




Prediction – predict what you think the results will show.
	


Method – describe how you adjust the distance in your chosen investigation
	


Results – construct a table to record your results.
	


Results – construct a table to compare the furthest distance that the magnet could still attract the paperclip for each group.
	


Discussion – respond to the questions about the investigation.
1. Compare your collected data with others in the classroom who did the same investigation.
	


1. Identify any patterns in the data and draw a conclusion.
	


1. Identify a way that the investigation could be improved.
	


1. Write a cause-and-effect statement for the effect of distance on the action of a magnet. The following scaffold can be used to structure the statement: ‘When [cause happens], it leads to [effect happening] because [reason why the cause leads to the effect].’
	


State a new question that could be investigated. The question should aim to expand on your findings further.
	




[bookmark: _Toc191372105]1.11 Making magnets
Table 26 – learning intentions and success criteria for 1.11 Making magnets
	We are learning:
	I can:

	about the effects of forces in everyday situations
	describe the action of an electromagnet

	to ask questions and make predictions about forces
to use data to solve problems about forces.
	predict the relationship between coil number on an electromagnet and its magnetic field strength
graph data (including labelling axis, using an appropriate scale)
collect, process and use data on the magnetic field strength of an electromagnet to solve problems.


Checkpoint: quick quiz to activate learning from prior lesson(s).
E: What is one variable you need to keep constant when testing the effect of distance on a magnet's action?
Sample response: the type of magnet used in the investigation.
MC: How does the strength of the magnetic field on a metal object change as the distance between the object and a magnet increases?
Sample response: the magnetic force on the object decreases as the distance between the magnet and the metal object increases. This means the farther the magnet is from the object, the weaker the magnetic attraction.


SC: 
Describe the pattern you would expect to see when using iron filings to map the magnetic field around a bar magnet.
Sample response: the iron filings will align along the invisible magnetic field created by the magnet. You will see the filings form curved lines that extend from the north pole of the magnet to the south pole. The lines will be denser near the poles, indicating a stronger magnetic field.
[bookmark: _Toc191372106]What is an electromagnet?
1. Explain to students that when an electric current flows through a wire, it creates a magnetic field around it. This magnetic field can attract magnetic materials, just like a regular magnet.
Show slide FOR PPT ‘1.11 What is an electromagnet?’ and unpack the definition of electromagnet. Watch How ElectroMagnets Work – Middle Grade Science w/ Untamed Science (4:43). Students list examples of where electromagnets are used from the video and from their own experiences.
Discuss how electromagnets are widely used in many applications, including motors and generators, transformers, electric bells and buzzers, loudspeakers and headphones, hard disk drives and other data storage devices, MRI machines, industrial lifting magnets for moving heavy metal objects, magnetic separation equipment, electric door locks, home safety devices (circuit breakers), magnetic levitation trains and particle accelerators.
Outline electromagnets' main advantages are that their magnetic field can be quickly controlled by adjusting the electric current and can be turned on and off as needed. This makes them very versatile for applications requiring variable or switchable magnetic fields.
[bookmark: _Ref190884093][bookmark: _Ref190895525][bookmark: _Toc191372107]Electromagnet practical investigation
1. Provide students with a copy of the Student resource – investigating the strength of electromagnets. Display slides FOR PPT ‘1.11 Investigating the strength of electromagnets’ (1 of 2) on the projector.
Read through the aim and support students in developing a prediction for the investigation.
Unpack with students how to determine the independent, dependent and controlled variables from the information provided in the aim, equipment list and procedure.
Independent variable: number of coils in the copper wire
Dependent variable: the number of paper clips the electromagnet can hold
Controlled variables:
the length and gauge of the copper wire
the same nail (core) is used throughout the investigation
the same voltage on the power source is used for each trial
the type of paper clip is kept consistent (mass of paper clips)
Point out the features of the table that make it suitable for communicating information and data. Tables should have a general heading that describes the data it contains. The table’s columns and rows also have headings.
Differentiation: the entire table, or the column and row headers, could be removed from the student resource to allow students to apply their understanding of appropriate table construction.
Demonstrate how to set up the equipment. Figure 31 shows how the copper wire should be wound around the nail in the investigation and Figure 32 shows the equipment set up and running. Display FOR PPT ‘1.11 Investigating the strength of electromagnets (2 of 2)’ and describe the equipment setup for the students.
Note: a resistor should be included in the circuit as it limits the current to a safe level, preventing overheating of the wire and causing a short circuit.
Allocate students to groups to conduct the investigation and collect data. Students conduct the investigation.
Ask students what type of graph should be constructed to represent this data. Lead a discussion about graph types and conclude that this data should be represented in a line graph. Step students through labelling the graph's axes, evenly spacing their units on the axes and plotting the data.
	[bookmark: _Ref180433637]Figure 31 – an example of a nail and enamelled copper coil
[image: Nail with copper wires coil.]
	[bookmark: _Ref180433672]Figure 32 – electromagnet experiment setup
[image: Nail electromagnet attracting multiple paper clips. ]


Lead a discussion about the results. Students respond to the discussion question in the student resource. Check students’ responses and provide feedback as required.
Display the slides FOR PPT ‘1.11 Method evaluation’ on the projector and guide students through evaluating the various components of the method and experimental design.
Tell students that the conclusion is a short statement that refers to the dependent and independent variables. In their conclusions, students summarise their findings and state whether the experiment’s results support or contradict their prediction.
Checkpoint: Exit ticket
What are the advantages of electromagnets?
Sample response: electromagnets are more versatile than permanent magnets. They can be designed to have different strengths and they can be turned on and off by controlling an electric circuit. The strength of an electromagnet can be controlled by increasing the or decreasing the electric current or by adding more coils of wire.
Sample responses – investigating the strength of electromagnets
Graph
What type of graph should be used to represent this data?
	A line graph.


Justify your choice of graph.
	Because we are trying to determine a relationship between 2 variables a line graph is suitable.


Discussion
What relationship did your graph show?
	As the number of coils in the electromagnet increased so did the number of paperclips it was able to hold.


Why was your procedure suitable or not suitable for testing the aim or prediction?
	The procedure was suitable for testing the aim because it allowed for appropriate data to be collected. The variables were easy to manipulate, and the investigation was able to demonstrate how an electromagnets strength can be modified.


Conclusion
	The results of this experiment demonstrate a clear relationship between the number of coils on an electromagnet and its magnetic field strength. As the number of coils increased, the electromagnet was able to hold more paper clips, indicating a stronger magnetic field. Other variables such as current, wire thickness and nail material could further affect the results. Future investigations could explore these factors to gain a more comprehensive understanding of electromagnetism.




[bookmark: _Student_resource_–_7][bookmark: _Ref180428547][bookmark: _Ref180428593]Student resource – investigating the strength of electromagnets
Aim: to determine the relationship between the coil number on an electromagnet and its magnetic field strength.
Prediction
	Step
	Description
	Your response

	If…
	How will you change the independent variable?
	

	Then…
	Predicted change to the dependent variable.
	

	Because…
	A logical reason for the change.
	


Equipment: enamelled copper wire, sandpaper, a large nail, small steel paper clips, power source, leads and alligator clips, a rheostat or 10-ohm resistor or similar with small resistance.
Figure 1 – diagram of electromagnet experiment design
[image: Diagram of electromagnet experiment design.]
This image has been generated using Chemix.

Variables
	Independent:
	

	Dependent:
	

	Controlled:
	


Procedure
1. Set up the equipment as shown in Figure 1. Remove enamel from the ends of the copper wire for the alligator clip connection.
Connect the leads to DC and set the power pack to 12 volts.
Wind the copper wire around the nail for 5 turns and connect it to the circuit.
Turn the circuit on and bring one paper clip close to the nail. If it holds, add another to see if it will hold (you will need to join/loop the paper clips). Record the total number of paper clips held in a chain.
Turn the power pack off. Add 5 coils.
Repeat Steps 4 and 5 until all data is collected.
Risk Assessment
Table 2 – risk assessment
	Risk
	Likelihood
	Prevention measures

	Burns from overheating wires or nail
	2
	Ensure DC power is used at all times. Turn the power off between trials.




Results
Table 3 – results table coil number and number of paper clips attracted
	Coil number
	Magnetic field strength (number of paper clips)

	0
	0

	5
	

	10
	

	15
	

	20
	

	25
	

	30
	

	35
	

	40
	


Graph
What type of graph should be used to represent this data?
	


Justify your choice of graph.
	




Construct a graph of the data. Do not forget to include a title and labels on each axis.

Discussion
What relationship did your graph show?
	


Why was your procedure suitable or not suitable for testing the aim or prediction?
	


Conclusion
	


Evaluation of method: use the criteria in Table 4 to support the evaluation of the investigation method.
Table 4 – evaluation of the method
	Criteria
	Assessment
	Evidence in method

	Is the purpose of the investigation identified through a prediction and/or aim?
	Choose an item.
	

	What are the independent and dependent variables in the experiment? Are they clearly defined?
	Choose an item.
	IV is …
DV is…

	Have all controlled variables been identified and accounted for?
	Choose an item.
	Controlled variables are:

	Is the experimental method clearly outlined in a step-by-step format using accurate equipment?
	Choose an item.
	

	Are the steps logical and easy to follow?
	Choose an item.
	

	Does the method allow the aim or prediction to be answered?
	Choose an item.
	

	Is it evident in the method how the data will be collected, for example, units provided in a table?
	Choose an item.
	

	A labelled diagram of the experiment setup is included.
	Choose an item.
	


In the space provided, evaluate the method based on the criteria. Ensure you include evidence supporting your evaluation and make a final judgement on the method.
Table 5 – evaluation
	Evaluation

	Problem to be solved (investigation aim or question):

	Criteria used:

	Evidence:

	Judgement:


[bookmark: _Student_resources]If needed, refine your method by making any changes necessary.

[bookmark: _Alternative_activity_for][bookmark: _Ref190899478][bookmark: _Toc191372108]Alternative activity for action of a magnet at a distance
In this investigation, students will explore how the strength of an electromagnetic field changes with distance by using a compass to detect the magnetic field. Students will observe how the electromagnet deflects the needle of the compass at various distances.
Note: the electromagnet made in Electromagnet practical investigation can be used in this investigation.
1. Tell students that a compass is an instrument that incorporates a permanent magnet and directions that line up with the Earth’s magnetic field. Since the compass needle is aligned with the magnetic field of Earth, it points north. A compass can be affected by other magnetic fields and the needle will deflect to point at the dominant magnetic field.
Tell students that they can test the strength of an electromagnetic field using a compass, by seeing how much it deflects the needle from Earth’s magnetic north.
Provide students with a copy of Student resource – the strength of an electromagnet at a distance. Assist students in setting up the equipment and collecting the data. Sample data has been provided in Table 25.
Note: The equipment needs to be set up in a direction based on the location of North on the compass (see Figure 33). The electromagnet needs to be brought towards the compass in line with East on the compass. This will ensure the angle measurements are between 0° and 90°. If the electromagnet deflects the needle towards West, then the wires at the power supply should be swapped to change the polarity of the electromagnet.
[bookmark: _Ref191645756]Figure 33 – setup up of compass showing the 0° at North and the ruler perpendicular to compass needle.
[image: A compass and a ruler. The compass needle points North and the ruler is positioned perpendicular to the direction of the needle.]
Note: Over time the coil of the electromagnet will heat up. Students need to be cautioned to handle the electromagnet by the insulated connectors on the wires instead of the nail itself. The electromagnet should be turned off when not in use.
Students construct a line graph of the data collected in the investigation.
Sample response – the strength of an electromagnet at a distance
Table 27 – sample results for the investigation testing the action of an electromagnet at a distance.
	Distance (cm)
	Angle of deflection (°)
	
	Distance (cm)
	Angle of deflection (°)

	20
	0
	
	10
	17

	19
	0
	
	9
	22

	18
	0
	
	8
	27

	17
	1
	
	7
	33

	16
	3
	
	6
	38

	15
	5
	
	5
	47

	14
	7
	
	4
	56

	13
	10
	
	3
	70

	12
	12
	
	2
	80

	11
	15
	
	1
	90


Figure 34 – sample graph of experiment data
[image: A sample graph of the experiment data. The effect of the distance between the electromagnet and compass on the deflection of the compass needle.]
What relationship did your graph show?
	The graph shows an inverse relationship between the distance between the compass and the electromagnet and the deflection of the compass needle. At small distances the deflection of the compass needle is larger.


Why was your procedure suitable or not suitable for testing the aim or prediction?
	This procedure was suitable for testing the aim as it provided a way of quantifying the strength of a magnetic field. It allowed the aim and prediction to be tested.


Conclusion
	The strength of the electromagnetic field decreases as the distance between the electromagnet and the compass increases. The data showed that as the electromagnet was bought closer to the compass, the needle turned further toward the electromagnet (90°). The electromagnetic field started to influence the direction of the compass needle from 17 cm away, where it moved the needle approximately 1°. The closer the electromagnet the came to the compass the greater the influence on the needle, between 1 and 5 cm changed the needle angle by 43°, and between 6 and 10 cm away it moved the needle by 21°. Therefore, the results support the prediction and demonstrate that the closer the electromagnet is to the compass, the stronger the electromagnetic influence.




[bookmark: _Student_resource_–_8][bookmark: _Ref190898818]Student resource – the strength of an electromagnet at a distance
Aim: to investigate the strength of an electromagnetic field over a distance.
Prediction: when the electromagnet is closer to the compass, then the compass needle will be more strongly deflected from the Earth’s magnetic North.
Equipment
· 1 × compass (which has degrees like Figure 1)
· 1 × 30 cm ruler
· 1 × steel nail with enamelled copper wire coiled around it
· 1 × powerpack
· 3 × connecting wires with alligator clips
· 1 × resistor
· 1 × sticky tape
Figure 1 – a compass
[image: A compass.]
Figure 2 – equipment set-up to test the action of an electromagnet at a distance
[image: An equipment set-up to test the action of an electromagnet at a distance.]
This image has been generated using Chemix.
Method
1. Place the compass on a flat non-metallic surface and ensure the needle moves freely.
Rotate the compass until the needle aligns with the 0° (North) mark.
Place the ruler perpendicular to the compass needle so that the lowest number (in cm) touches the compass.
Secure the ruler and compass in place so they will not move.
Construct the electromagnet as shown in the diagram, connecting the leads to the DC terminals.
Set the powerpack to 6–8 volts, turn the powerpack on and test if the electromagnet attracts the north end of the compass needle. If it repelled instead, reverse the connections on the battery to change the polarity.
Place the electromagnet so the tip of the nail is at the 20 cm mark and turn it on.
Record the distance from the compass and the deflection in degrees (°) that the compass points.
Move the electromagnet 1 cm closer each time and record the result.
Plot a line graph of the distance versus the angle of deflection to determine the relationship between the distance and the action of a magnet.
Results
Table 1 – the effect of an electromagnet on a compass needle over different distances
	Distance (cm)
	Angle of deflection (°)
	
	Distance (cm)
	Angle of deflection (°)

	20
	
	
	10
	

	19
	
	
	9
	

	18
	
	
	8
	

	17
	
	
	7
	

	16
	
	
	6
	

	15
	
	
	5
	

	14
	
	
	4
	

	13
	
	
	3
	

	12
	
	
	2
	

	11
	
	
	1
	




Construct a graph of the distance between the compass and the electromagnet and the angle of deflection. The distance is the independent variable so it should go on the X axis, and the angle of deflection should go on the Y axis.

Discussion
What relationship did your graph show?
	


Why was your procedure suitable or not suitable for testing the aim or prediction?
	


Conclusion
	




[bookmark: _Toc191372109]Optional depth study – constructing a simple motor (1 hour)
Note: this activity goes beyond the core content of the Forces focus area, Magnets in everyday life content group. It may be used to deepen students' understanding of forces and pursue their interests.
This hands-on activity demonstrates key concepts of electromagnetism, allowing students to build and test their own working electric motor. A video outlining how to build the motor can be found at Science Buddies: Build a Simple Electric Motor!
Aim: to construct a simple motor to demonstrate how electricity and magnetism are interconnected and can be applied to real-world technologies.
Equipment
1 × AA battery 
2 × large paper clips
1 × small neodymium magnet
1 × enamelled copper wire (about 1 metre)
Electrical tape
Sandpaper
Figure 35 – diagram of a simple motor built using this procedure.
[image: A labelled diagram of a simple motor.]
This image has been generated using Chemix and draw.io online.
Figure 36 – image of a simple motor built using this procedure.
[image: A labelled image of a motor constructed in the school science laboratory.

]
Instructions to build the motor
1. Straighten the paper clips and bend them into a U-shape to create supports for the axle. Attach them to opposite ends of the battery using electrical tape.
1. Create the armature by wrapping the copper wire around a cylindrical object like a marker about 15–20 times to form a coil. Leave about 3 cm of straight wire on each end.
1. Remove the enamel coating from one-half of each straight end of the enamelled wire using sandpaper. This creates the commutator.
1. Place the coil between the paper clip supports, with the straight ends resting on top of the paper clips.
Attach the neodymium magnet to the side of the battery directly under the coil using tape.
Give the coil a gentle spin to start the motor.
How does the motor work?
The motor works through electromagnetic interaction. The current flowing through the coil creates a magnetic field. This field interacts with the permanent magnet's field. The alternating attraction and repulsion cause the coil to spin continuously.


Experimenting with a simple motor
Students can experiment with different variables to see how they affect the motor's performance. These variables could include:
number of wire coils
strength of the magnet
battery voltage
size or shape of the coil.
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