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[bookmark: _Toc191041232]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. The activities should be adapted to suit the students’ needs.
Duration: while timing will vary based on the mode of delivery, differentiation strategies employed and class or school context, the series of activities in TRB2 should take approximately 19 hours, which includes 5 hours for the Depth study (Assessment task – Forces).
Risk management: teachers are advised to undertake a risk assessment before conducting any investigation or experiment in their classrooms. For more information on developing risk assessments, see Risk Assessment – a pre-requisite for risk control.Risk Assessment – a pre-requisite for risk control.
This resource book elaborates on many of the activities in the Forces sample learning program. Some activities also reference the Forces slide deck (identified as FOR PPT throughout this document).


[bookmark: _Toc191041233]Tier 3 vocabulary glossary
Note: 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.
[bookmark: _Ref190933015]Table 1 – glossary of key terms for Forces essential question 2
	Term 
	Definition

	Complex machine
	A machine comprising 2 or more simple machines that combine to reduce the effort and force needed to complete a task.

	Gear
	A toothed wheel that works in combination with other gears to alter the direction or the speed of another.

	Hydraulic
	A hydraulic machine or tool that operates by using power from the pressure of water or another liquid.

	Lever
	A simple machine comprising a long beam or rod fixed to a pivot point (fulcrum) onto which a load is attached and an effort force is applied (Biology_geek 2014).

	Magnitude of force
	This refers to the size or strength of the force applied to an object. It measures how much push or pull is exerted on an object and is expressed in Newtons (N).

	Mechanical advantage
	A measure of the force amplification achieved using a simple or complex machine to complete a task. It measures how much a machine can make a job easier by using less force to do it.

	Pulley
	A simple machine consisting of a wheel with a grooved rim through which a rope or cord runs. It changes the direction of the applied force and can be used to lift or move heavy objects, often providing a mechanical advantage.

	Ramp
	A sloped surface used to extend the distance of the action to raise or lower a load, thereby decreasing the effort required.

	Screw
	A ramp/wedge wrapped around a cylinder providing a rotating surface which translates this force to lateral movement.

	Simple machine
	A tool that makes a task easier by applying a force to move an object. Simple machines change the direction or size of the force needed to do a task.

	Wedge
	A simple machine formed by a piece of material having one thick end and tapering to a thin edge that is driven into a gap of an object to secure or separate.

	Wheel
	A round object that rotates around an axel to allow reduced effort for moving heavy objects.

	Woomera
	A simple machine developed by Aboriginal People that allows a spear to be thrown with greater force, allowing higher speeds and travel distances.




[bookmark: _Toc191041234]2.1 Simple machines around us
[bookmark: _Ref189578294]Table 2 – learning intentions and success criteria for 2.1 Simple machines around us
	[bookmark: _Toc128649917][bookmark: _Toc141426382] We are learning:

	 I can:


	how simple machines modify the action and magnitude of forces
	define a simple machine and mechanical advantage
explain how a wedge, lever, ramp, screw, pulley and wheel provide mechanical advantage

	to use data to solve problems when using simple machines.
	extract information from text and diagrams about simple machines.


[bookmark: _Toc191041235]Simple machines and mechanical advantage
Define the terms ‘simple machine’ and ‘mechanical advantage’ and unpack them with students.
A simple machine is a mechanism (which forms part of a tool) that changes the direction and/or magnitude of an effort force. There are 6 classical simple machines we will consider – wedge, lever, ramp, screw, pulley and wheel.
Mechanical advantage is a measure of the force amplification achieved using a simple or complex machine to complete a task. It measures how much easier it can make a task by using less force to do it. It is represented by the ratio of the load (output) force to the effort (input) force of a simple machine. Often written as a ratio Load:Effort. Since mechanical advantage is a ratio, it does not have units.
Show FOR PPT ‘2.1 Simple machines’ (multiple slides) to unpack wedges, levers, inclined planes, screws, wheel and axle, gears and pulleys. A short YouTube clip and speaker notes have been included on each slide.
Describe the classification of levers. Explain to students that the classification scheme is based on the relative positions of the load, effort and fulcrum on the lever. Each type of lever makes a task easier in a different way. The video Types of levers (3:24) unpacks each type of lever, and the information is also summarised in Table 3 – types of levers. Students can use the mnemonic FLE–123 to remember which component is in the middle in each order of lever (Fulcrum–1, Load–2, and Effort–3).
[bookmark: _Ref190932980][bookmark: _Ref188607393]Table 3 – types of levers
	Type of lever
	Component in the middle of the lever
	Examples

	First order
	Fulcrum
	scissors, claw hammer, seesaw 

	Second order
	Load
	wheelbarrow, nutcracker 

	Third order
	Effort
	shovel, tweezers, stapler, tongs and a fishing rod


Figure 1 – types of levers
[image: A labelled diagram showing the 3 orders of levers. The diagram refers to the levers as Class 1, Class 2 and Class 3.]
’Lever (PSF).png’ by Pearson Scott Foresman is in the Public Domain.
Explain that each simple machine provides a method to create a mechanical advantage to make a task easier to accomplish. Table 4 outlines the typical mechanical advantage ratios for simple machines and unpacks what this means.
[bookmark: _Ref190933019]Table 4 – typical mechanical advantage ratios
	Mechanical advantage ratio
	Load force versus effort force
	Effect on effort required

	1:1
	Load = Effort
	No reduction in effort, but the direction of the force changes.

	2:1
	2 × Load = Effort
	The same effort can lift 2 times the load, or the effort required is  the load.

	3:1
	3 × Load = Effort
	The same effort can lift 3 times the load, or the effort required is the load.

	4:1
	4 × Load = Effort
	The same effort can lift 4 times the load, or the effort required is  the load.


Note: different pulley systems' operation and mechanical advantages will be further investigated in the next lesson sequence.
[bookmark: _Toc191041236]Different types of tools
1. Discuss the use of tools as objects that we use to complete a task more easily or efficiently. Consider the tools we have used in everyday life, how they work (for example, a cricket bat or a joystick) and the alternatives without them. Discuss how much more difficult this task is to complete.
Provide students with Student resource – alphabet of tools to identify an example of a tool for each letter of the alphabet during a set period of time. Encourage students to collaborate and share diverse solutions for each letter.
Note: a suite of resources for teaching simple machines can be found on Teach Engineering: Simple Machines and various practical investigations using Lego, which can further support this learning where the opportunity exists.
[bookmark: _Student_resource_–][bookmark: _Ref178856040]Student resource – alphabet of tools
	Tool
	Simple machine(s)
	Describe how this tool makes a task easier by using simple machines

	A
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	Z
	
	




[bookmark: _Toc191041237]Complex machines
1. Define complex machines as a machine comprising of 2 or more simple machines that combine to reduce the effort and force needed to complete a task. 
1. Discuss the modern implementation of simple machines with modern technology, for example, electric or hydraulic systems, to further enhance a simple machine by increasing the effort force possible beyond human limits.
Unpack examples of complex machines with students by identifying the simple machines they are made from. Examples could include:
How Log Splitters Work – using a mechanism to force large pieces of wood over a static wedge.
Large Hydraulic Machines – excavators use hydraulic pistons acting on a long lever arm to move materials.
How Escalators Work – using an electric motor to drive a moving flat ramp or staircase.
What Is an Auger Drill & All Amazing Things You Can Do With It – using a mechanism to drive a large screw into the ground and remove material to produce a hole.
Elevators – using a mechanism to pull a passenger car up or down a building using a system of pulleys and counterweights.
How Cars Work – using several mechanisms to translate forces produced in the motor to the wheels on the road.
Note: pulleys and gears are a common inclusion in many complex machines, but due to their sensitive nature, they are typically hidden or protected by other physical components, and students may not immediately recognise a pulley or gear as a component of a complex machine.


[bookmark: _Toc191041238]2.2 Investigating simple machines
Table 5 – learning intentions and success criteria for 2.2 Investigating simple machines
	Learning intentions
	Success criteria

	We are learning:
how simple machines modify the action and magnitude of forces
	I can:
identify the load and effort when using simple machines
describe how a simple machine provides a mechanical advantage

	to ask questions and make predictions when using simple machines
to use data to solve problems when using simple machines.
	make predictions when using levers and pulleys
accurately record data in a table
calculate the mean and range of data.


Checkpoint: conduct a quick quiz to activate learning from prior lesson(s).
E: What are simple machines, and what are some examples of simple machines used in everyday life?
Answer: a simple machine is a tool or part of a tool that changes an effort force's direction and/or magnitude. Examples of simple machines in everyday life include scissors (lever), doorknobs (wheel and axle), flagpoles (pulley), ramps (inclined plane), knives (wedge) and jar lids (screws).
MC: describe how one type of simple machine, such as a lever or screw, has been used in both historical and modern contexts. Give specific examples of its use in everyday life.
Answer: lever.
Historical context: 
In ancient Egypt levers were used to move large stones for building pyramids. Workers used long wooden poles as levers to lift and position heavy blocks.
Modern context: 
Today, levers are used in various tools and devices to make tasks easier. For example, a seesaw on a playground is a simple lever with the fulcrum (pivot point) in the middle. Children sit on either end to balance and move up and down. Another example is a crowbar used to lift heavy objects.
SC: Explain how simple machines make work easier. Discuss how the principles behind simple machines have influenced the design of modern machinery and technology.
Answer: simple machines make work easier by allowing us to apply a smaller force over a greater distance or change the direction of the force. This means less effort is needed to move an object.
The principles of simple machines have been fundamental in developing more complex machines and technology. For example, the wheel and axle principle is used in vehicles to reduce friction and make movement more efficient.
[bookmark: _Toc191041239]Investigating levers
Lesson instructions
Before the lesson, order the equipment for the First-order levers practical investigation. You will need to order the following equipment per group of students:
A ruler
An object to act as a fulcrum (this could be a whiteboard marker, a pipe or a triangle-shaped object)
50–100 g mass
Spring balance (this is an opportunity to have students select an appropriate spring balance)
1 m ruler
1. Revise the parts of the lever and types of levers by showing the slides ‘2.2 First-order levers’, ‘2.2 Second-order levers’, and ‘2.2 Third-order levers’ in the FOR PPT. Speaker notes are provided with each slide.
Outline that for all levers, the mechanical advantage of a lever is the effort arm length to the fulcrum divided by the load arm length to the fulcrum. A shorter distance from the fulcrum to the load and/or a longer distance from the fulcrum to the effort provides a greater mechanical advantage.

Work through an example of mechanical advantage calculation for each type of lever. An example is provided in Mechanical advantage in levers – worked examples below.
Provide students with a copy of Student resource – first class levers practical investigation. Students conduct the practical investigation to measure the effort required to lift a load at different distances from the fulcrum using a first-order lever.
Differentiation: a simpler version of the first-order lever practical investigation called Lab: The Clever Lever can be used to collect qualitative data. 
[bookmark: _Mechanical_advantage_of][bookmark: _Ref188619224]Mechanical advantage of levers – worked examples
First-order levers
Scissors are a commonly used first-order lever where the effort in the handle is transferred via the fulcrum in the middle to the load at the tip of the blade, as shown in Figure 2.
[bookmark: _Ref189147652]Figure 2 – scissors showing the effort, fulcrum and load (FOR PPT 2.2 First-order levers)
[image: Annotated image of scissors showing the effort, fulcrum and load.]
This work has been generated using Draw.io.
In this example, the distance between the handle (where the effort force is applied) and the fulcrum is 120 mm. The distance from the fulcrum to the tips of the scissor blades (where the load force is applied) is 95 mm. The mechanical advantage is:



By applying an effort force of 10 N, we can achieve an output force at the load of:



This additional force is then applied to the wedge-shaped blades and is used to divide the material being cut into 2 pieces, one on either side of the wedges.
Figure 3 – scissor blade action
[image: Scissor blade action showing effort forces on the paper.]
This work has been generated using Draw.io
Figure 4 – scissor blade action cutting the paper
[image: Scissor blade action showing the load force cutting the paper.]
This work has been generated using Draw.io.
Second-order levers
A wheelbarrow is a commonly used second-order lever where the effort in the handle is transferred via the fulcrum at the opposite end to the load in the middle.
Figure 5 – wheelbarrow showing the effort, fulcrum and load (FOR PPT 2.2 Second-order levers)
[image: Annotated image of a wheelbarrow showing the effort, fulcrum and load.]
‘The Old Red Wheelbarrow’ by Calaveras KT is licensed under CC BY 2.0.
In this example, the distance from the handle (where the effort force is applied) to the fulcrum is 1280 mm, and the length of the tub (where the load force is applied) to the fulcrum is 400 mm. The mechanical advantage is:



By applying an effort force of 30 N, we can achieve an output force at the load of:



This larger force is why by using the wheelbarrow, we can carry a far greater amount of material than we would be able to carry by hand.
Third-order levers
Tweezers are a commonly used third-order lever where the effort is now in the middle and is transferred via the fulcrum at the end to the load at the opposite end.
Figure 6 – tweezers showing the effort, fulcrum and load
[image: Annotated image of tweezers showing the effort, fulcrum and load.]
This work has been generated using Draw.io.
In this example, the distance from where the effort is applied to the fulcrum is 50 mm, and the length of the tips (where the load force is applied) to the fulcrum is 100 mm. The mechanical advantage is:



By applying an effort force of 5 N, we can achieve an output force at the load of:



Note: third-order levers always have a mechanical advantage <1, meaning they do not provide as much force to the load as the effort applied. These levers are used in tools where additional precise movement is required to apply forces rather than the magnitude of the force, as the focus is on first- and second-order levers.
[bookmark: _Ref188975596]

[bookmark: _Student_resource_–_1]Student resource – first class levers practical investigation
A first-order lever has the fulcrum positioned between the effort and the load. Examples include seesaws, crowbars and scissors. The lever’s ability to amplify force depends on the distances between the fulcrum, the effort and the load.
Aim: to determine how changing the distance between the load and fulcrum affects the effort force required to lift the load.
Prediction
	


Equipment
Figure 1 – first-order lever investigation set-up
[image: First-order lever investigation setup. A load sits on one end of the lever, the fulcrum is in the middle and a spring balance is used at the other end to measure the amount of effort required to lift the load.]
This work has been generated using Chemix.
Procedure
1. Select an appropriate spring balance to use in the investigation. Check this with your teacher before using the spring balance.
Use a spring balance to determine the weight force (N) of the mass you use as a load. Write this value in each cell of the ‘Load (N)’ column in the results table.
Set up the equipment as shown in the diagram, with the fulcrum between the load and the effort (spring balance). The spring balance will be over the edge of the table.
Adjust the location of the load (see ‘d’ in Figure 1) to the required distance from the fulcrum (see column 1 of Table 1) and ensure that the spring balance remains at 50 cm from the fulcrum.
Pull down gently on the spring balance to lift the load so the ruler is level. Record the reading on the spring balance in the Effort (N) column.
Repeat steps 4 and 5 until all measurements are collected.
Calculate the mechanical advantage of each of the levers. Use the equation:

Results
Table 1 – the mechanical advantage of first-class levers 
	Distance of fulcrum to load (cm)
	Distance of fulcrum to effort (cm)
	Load (N)
	Effort required (N)
	Mechanical advantage of the lever

	50
	50
	
	
	

	40
	50
	
	
	

	30
	50
	
	
	

	20
	50
	
	
	

	10
	50
	
	
	


Discussion
1. What trend did you observe in the effort force as the load’s distance from the fulcrum changed?
	[bookmark: _Hlk188975325]


How did the calculated mechanical advantage values compare across the different levers? What does this tell you about the relationship between effort and load in first-order levers?
	


Outline a real-life example that relies on the mechanical advantage of a first-order lever.
	


How might the results change if the spring balance was moved closer to the fulcrum? Use a calculation to support your response.
	




[bookmark: _Ref189122729][bookmark: _Toc191041240]Investigating pulleys
Background information
The variety of pulleys found in schools will vary considerably. The typical examples of a single-wheel and double-wheel pulley would be like those shown in Figure 7 and Figure 8. These pulleys can be either clamped to the desk edge or suspended via a retort stand and clamp using string or a wire hook. Using a slotted mass carrier as a load force allows for an easily adjustable amount of mass added or removed during an investigation.
	[bookmark: _Ref189488928]Figure 7 – a typical single- and double-wheel pulley
[image: A typical single and double wheel pulley.]
	[bookmark: _Ref189488932]Figure 8 – a bench pulley (a type of single pulley)
[image: A bench pulley.]


The mechanical advantage of a pulley is determined by the number of times the rope passes through a pulley before the load force connection. This can be complicated as some pulleys have multiple wheels, meaning the rope may pass through the same pulley two or three times.
Lesson information
Before the lesson, you will need to order the following equipment for each group of students:
1 × bench pulley and 1 × single-wheel pulley
2 m string or thin rope
1 × slotted mass carrier and 5 × slotted masses
5 N spring balance
1 × retort stand and retort clamp
1 × 30 cm ruler
1 × black marker.
1. Provide students with a copy of the Student resource – investigating pulleys.
Instruct students to complete method 1, collecting baseline data without a pulley.
Checkpoint: Why does the amount of force change with the increasing mass?
Sample response: the slotted mass carrier is raised directly in opposition to gravity, which pulls down on the mass as the weight force. The force measured on the spring balance is equivalent to the weight force of the connected slotted masses.
Show ‘2.2 Pulley investigation’ from the FOR PPT. Students set up method 2, the single fixed pulley arrangement, and collect data.
Discuss the distance measurements (load position, rope position) and point out that the distance the rope was pulled was the same as the height to which the load was lifted. Compare the force recorded for load and applied force and point out that they are the same.
Note: a single fixed system does not provide any mechanical advantage (1:1). However, it does provide a change in direction for the effort force, which may be more convenient than being in line with the load force.
Checkpoint: What is the mechanical advantage of a single fixed pulley compared to the effort required to lift the same load without a pulley (baseline measurement)? Why is a single fixed pulley useful in some situations?
Sample response: the single fixed pulley provides no mechanical advantage as the effort force and distance remain unchanged compared to the baseline measurements for the load. A fixed pulley is useful in some situations because it changes the direction of the effort force. On the other hand, if a fixed pulley is used to lift the object, the effort force acts in the same direction as the force of gravity. Thus, pulling down on the pulley rope makes it easier to lift the object, even though the pulley does not provide a mechanical advantage.
Students set up method 3, the single moveable pulley arrangement (FOR PPT ‘2.2 Pulley investigation’) and collect data. 
Point out the difference in the height lifted and the distance pulled. Students should notice that the distance is twice that of the height lifted. Compare this result with the students' results. Point out the load force and the effort force and note that the applied force in this scenario is half the load force.
Checkpoint: What mechanical advantage is observed in the moveable pulley system compared to baseline measurements? Where could this pulley system be useful?
Sample response: the moveable pulley system provided a mechanical advantage in a 2:1 ratio. The effort force was halved, and the effort distance was doubled for the same load force and distance compared to the baseline measurements for each load mass. This moveable pulley system would be useful where a heavy load needs to be raised with half the effort.
Outline how students can use their raw data to present a data summary that shows the mean result of their investigation. Tables 4 and 5 in the Student resource – investigating pulleys have been provided for students to calculate the mean effort distance, mean effort force and mechanical advantage.
Differentiation: challenge students to connect and operate a range of additional pulley combinations using double and triple pulleys (which have 2 or 3 wheels) to create compound pulley systems and compare their mechanical advantages, as shown in Figure 9 – different pulley systems.
Checkpoint: complete a power ticket (FOR PPT ‘2.2 Power ticket checkpoint’) for students to reflect on 3 facts they have learned in this work unit over the past few weeks. This includes 3 facts about pulleys learned today, levers yesterday, magnetism last week, and gravity and friction last month. This can be completed as a Think-Pair-Share activity.
[bookmark: _Ref189061817]Figure 9 – different pulley systems
[image: A diagram showing different styles of pulley systems each with their mechanical advantages.
1. Shows a single fixed pulley with a 1:1 mechanical advantage. 
2. Shows 2 single pulleys with a mechanical advantage of 1:2.
3.  Shows a triple pulley system with a mechanical advantage of 1:3.
4. Shows a quadruple pulley system with a mechanical advantage of 1:4.]
‘Pulley diagram with 4 pulleys’ by Prolineserver, Tomia is licensed under CC BY 2.5.
[bookmark: _Ref189122743]

[bookmark: _Student_resource_–_2][bookmark: _Ref189508531]Student resource – investigating pulleys
Aim: to compare the mechanical advantage of pulleys.
Method 1 – collect baseline data for the system without the pulley.
1. Attach the slotted mass carrier directly to the spring balance.
Lift the slotted mass carrier 10 cm above the table surface, recording the distance travelled by the spring balance and the force required in Table 1.
Method 2 – set up a fixed pulley (see Figure 1).
1. Attach the bench pulley to the side of the table so it is securely fixed and can rotate freely.
Thread the string through the pulley, ensuring the string stays within the groove on the pulley wheel.
Attach the slotted mass carrier to one end of the string and place this on the floor directly below the bench pulley.
Attach the spring balance to the other end of the string (this will measure the effort force) and slide the loop over the retort stand to secure it in place.
Shorten the string as much as needed to bring the spring balance close to the bench pulley as a starting position for this part of the investigation.
Slowly move the retort stand and spring balance away from the pulley until the slotted mass carrier is raised 10 cm.
Record the force on the spring balance in Table 2. Measure the distance that the spring balance moved away from the pulley (this is the effort distance).
Repeat the measurement according to Table 2.
[bookmark: _Ref189505390]Figure 1 – single fixed pulley set-up 
[image: Diagram of a bench pulley setup with a mass carrier and a spring balance.
]
This work has been generated using Chemix.
Method 3 – set up a single moveable pulley (see Figure 2).
1. Place the retort stand close to the table's edge and attach the retort clamp extending over the edge.
Attach the spring balance loop over the retort clamp with the hook suspended over the table's edge.
Attach the spring balance hook to the string (this will measure the effort force) and allow the rest of the string to fall to the floor freely.
Attach the slotted mass carrier to the pulley.
Thread the string through the pulley, ensuring the string stays within the groove on the pulley wheel.
Take the free end of the string and clamp it with the retort clamp so that the pulley and slotted mass carrier are just resting on the floor (this provides tension on the string to stabilise the pulley system).
Figure 2 – single moveable pulley set-up
[image: Diagram of a single wheel 2-string pulley setup with a mass carrier and a spring balance.]
Using the marker, mark the string just below the retort clamp (this will serve as the zero mark).
Loosen the retort clamp and pull the string to raise the slotted mass carrier 10 cm above the floor and tighten the retort clamp to secure the clamp at this position.
Measure the length of string pulled through the retort clamp by measuring the distance between your original zero mark and the bottom of the clamp.
Repeat for the range of masses as shown in Table 3.
Results
Table 1 – baseline measurements (Method 1)
	Mass of load (g)
	Spring balance effort distance (cm)
	Load force (N)

	50 (trial 1)
	
	

	100 (trial 1)
	
	


Table 2 – fixed pulley investigation (Method 2)
	Mass of load (g)
	Spring balance effort distance (cm)
	Spring balance effort force (N)

	50 (trial 1)
	
	

	50 (trial 2)
	
	

	50 (trial 3)
	
	

	100 (trial 1)
	
	

	100 (trial 2)
	
	

	100 (trial 3)
	
	


Table 3 – moveable pulley investigation (Method 3)
	Mass of load (g)
	Spring balance effort distance (cm)
	Spring balance effort force (N)

	50 (trial 1)
	
	

	50 (trial 2)
	
	

	50 (trial 3)
	
	

	100 (trial 1)
	
	

	100 (trial 2)
	
	

	100 (trial 3)
	
	


Calculate the average of each trial of the data collected in this investigation:
Table 4 – summary of pulley data for a 50 g mass of pulley data for 50 g mass raised 10 cm
	Pulley arrangement
	Mean effort distance (cm)
	Mean effort force (N)
	Mechanical advantage 
()

	No pulley – control
	
	
	N/A

	Single fixed pulley
	
	
	

	Single moveable pulley
	
	
	


Table 5 – summary of pulley data for a 100 g mass raised 10 cm
	Pulley arrangement
	Mean effort distance (cm)
	Mean effort force (N)
	Mechanical advantage 
()

	No pulley – control
	
	
	

	Single fixed pulley
	
	
	

	Single moveable pulley
	
	
	




[bookmark: _Toc191041241]Investigating gears (optional investigation)
Background information
Gears are rotating mechanical components with evenly spaced teeth that interlock to transmit force and motion from one part of a machine to another. They modify the force, speed or direction of motion:

If a small gear drives a larger gear, the speed decreases and the rotational force (torque) increases. 
If a large gear drives a smaller gear, the speed increases and the rotational force (torque) decreases.
Gears of the same size have a gear ratio of 1:1. The speed and the rotational force are equal, but the direction changes.
A range of resources are available online, providing students with opportunities to construct or manipulate gears in a practical investigation. Some of these resources are included in Table 6.
[bookmark: _Ref189578304]Table 6 – gears practical investigation opportunities
	Activity webpage
	Overview

	Purposeful practical: exploring gears
	This is a simple investigation where students make simple gears using craft sticks and cardboard. The resource includes teacher instructions, pedagogical considerations, and reflection questions to facilitate the activity.

	LEGO Education: Simple Machines – Principle Models: Gears
	This resource contains teacher support and student material, which can be used to learn about the function of the gears used in LEGO education equipment.

	Gear Generator
	A range of gears can also be simulated using the Gear Generator simulation website, which visually represents the gear systems created using the available parameters. Further instructions have been provided on how to use this simulation in class – see Gear generator simulation.


[bookmark: _Ref189053238]Gear generator simulation
Note: in this activity, you will demonstrate the action of various gears. Students will extract information from the simulation to respond to questions. Spend some time familiarising yourself with the Gear Generator before the lesson.
Using the Gear Generator dashboard
Figure 10 – Gear Generator simulation dashboard
[image: A screenshot of the Gear Generator simulation dashboard showing the main settings menu on the left and the gear simulation display on the right.]
In this simulation, several settings are used to alter the system being simulated:
Start/Stop – a button to start and stop the simulation animation using the settings provided
Speed (RPM)* – adjusts the speed of the starting gear (labelled as #0)
Number of teeth* (N) – adjusts the number of teeth on the selected gear
Click on a gear to manipulate its number of teeth.
Note: adjusting the RPM does not change the nature of the simulated gear system, as the gear ratio is determined by the relative number of teeth in each gear. Changing this setting can be used to demonstrate this feature of gear systems.
Do not change the other settings in the gear properties section, as the resulting effect on the gear ratios is beyond the scope of this learning.
Facilitating the simulation with the class
1. Provide students with the Student resource – investigating gears.
1. Using the Gear GeneratorGear Generator with the initial set-up conditions, talk students through the features of the gears:
The gears have the same number of teeth. Gear #0 is on the left, and gear #1 is on the right.
When ‘Start/Stop’ is pressed, the gears turn at the same speed (10 RPM) but in opposite directions.
Point out that the circle marker on the gear tooth of each gear will help you see how many rotations Gear 1# makes compared to Gear #0.
Using Gear Generator, manipulate the variables as outlined in Table 7 columns 1–3. Guide students in extracting the speed (RPM) from the simulation and calculating the gear ratio. Sample answers are provided in red text.
[bookmark: _Ref189590871]Table 7 – gear combinations and sample results for student information
	Gear #0
	Gear #1
	Gear ratio

	Number of teeth (N)
	Speed (RPM)*
	Number of teeth (N)
	Speed (RPM)
	

	10
	10
	10
	10
	1:1

	10
	10
	20
	5
	2:1

	10
	10
	50
	2
	5:1

	10
	10
	5
	20
	1:2


[bookmark: _Ref189510897]Discuss the findings with the class:
1. Setting 1 – in this set-up, the gears were the same size, and therefore, the gear ratio was 1:1. This means there is no mechanical advantage. The benefit is that it can change the direction of the force.
1. Setting 2 – in this set-up, the smaller gear (gear #0) rotated twice for one rotation of gear #1. This means the gear ratio is 2:1. The gear speed is measured in revolutions per minute (RPM). Since gear #1 took twice as long to make one revolution, we can determine its speed as 5 RPM 
1. Setting 3 – in this set-up, the smaller gear (gear #0) rotated 5 times per single rotation of gear #1. This means that the gear ratio is 5:1. The speed is also one-fifth that of the speed of gear #0 (2 RPM).
1. Setting 4 – in this set-up, gear #0 is larger than gear #1. The calculated ratio is 0.5:1, the same as the ratio 1:2. Gear #1 had a higher speed of 20 RPM.


[bookmark: _Student_resource_–_3][bookmark: _Ref190945816]Student resource – investigating gears
Table 1 – gear simulation
	Gear #0 number of teeth* (N)
	Speed (RPM)*
	Gear #1 number of teeth* (N)
	Gear #1 RPM
	Gear #1 ratio

	5
	10
	10
	
	

	10
	10
	5
	
	

	15
	10
	45
	
	

	20
	10
	10
	
	

	25
	10
	50
	
	




[bookmark: _Toc191041242]2.3 Traditional knowledge of forces
Table 8 – learning intentions and success criteria for 2.3
	Learning intentions
	Success criteria

	We are learning:
how simple machines modify the action and magnitude of forces
	I can:
identify how Aboriginal knowledge of forces was applied to solve problems

	to solve problems when using simple machines.
	identify the cause-and-effect relationship when modelling the use of a woomera.


Aboriginal and Torres Strait Islander People’s culture and history
When planning and programming content relating to Aboriginal and Torres Strait Islander histories and cultures, teachers are encouraged to:
· involve local Aboriginal communities and/or appropriate knowledge holders in determining suitable resources or use Aboriginal or Torres Strait Islander-authored or endorsed publications
· read the principles and protocols relating to teaching and learning about Aboriginal and Torres Strait Islander histories and cultures and the involvement of local Aboriginal communities.
The Australian Institute of Aboriginal and Torres Strait Islander Studies (AIATSIS) Guide to evaluating and selecting education resources has been developed to assist teachers in selecting appropriate resources for teaching about Aboriginal and Torres Strait Islander histories, cultures, and languages respectfully and effectively.
[bookmark: _Toc191041243]Traditional tools
1. Provide students with a digital copy of the Student resource – traditional tools.
Show FOR PPT slide ‘3.3 Traditional tools’ and unpack the axe by:
outlining how the tool was made
describing how it functions as a simple machine
outlining the forces involved in its use
drawing a force diagram to represent the forces involved. A force diagram is provided in the sample response in Table 9.
Students use secondary source research to investigate other tools and weapons used by Aboriginal and Torres Strait Islander Peoples in the local area. Students complete the table in the resource to:
summarise how the tool is made and used
identify the simple machines involved and how they provide a mechanical advantage if relevant
draw force diagrams to represent the forces used in traditional Aboriginal and Torres Strait Islander tools or weapons. 
Note: if the tool or weapon is a lever, students should label the fulcrum, effort, and load and describe the mechanical advantage provided.
Some examples of tools or weapons that require a knowledge of forces include:
axe
boomerang
spear
digging stick
grinding stones
woomera.
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[bookmark: _Ref189656882]Table 9 – sample response for tools and weapons used by Aboriginal and Torres Strait Islander Peoples that take advantage of forces and simple machines
	Weapon or tool
	How was it made and used?
	Describe the simple machine that it illustrates
	Insert a picture or draw a diagram of the weapon or tool.
Convert to a force diagram.

	Axe head
	The axe head would have been chipped from a larger rock, and the edge ground to a point. 
Resin or kangaroo sinew was used with string made from plant fibres to attach the handle.
The axe had multiple uses, including cutting wood, serving as a weapon, and cutting up food.
	An axe head is a wedge.
The wedge is 2 inclined planes that convert the applied force into perpendicular forces over a longer distance (reducing the effort needed) to split objects.
Note that the axe handle is a lever that reduces the effort needed when applying a force.
	Figure 11 – force diagram for an axe
[image: An axe from the Murugin tribe in North East Arnhem land. The images shows that the applied force is on the top of the wedge. ]
‘Axe, Murugin tribe, NE Arnhemland, Australia’ by Daderot is licensed under CC0 1.0.
Figure 12 – force diagram for axe wedge
[image: A force diagram of an axe. The applied force (effort) is at the wider head of the axe and the force is transferred through the wedge to the split the wood.] This work has been generated using Draw.io

	Boomerang
	There are many different types of boomerangs, and most are non-returning.
The wood was carefully dried, shaped and smoothed by hand. 
They had many uses, including hunting for ground animals, birds and even fish, as weapons, for digging, and as percussion instruments.
	When throwing a boomerang, your arm works as a lever, which is a simple machine.
For example, the load is the boomerang, the effort comes from your arm muscles, and the fulcrum is your elbow or shoulder.
When used for digging, the boomerang could be considered a wedge, a simple machine. A wedge consists of 2 inclined planes that convert the applied force into perpendicular forces over a longer distance (reducing the effort needed) to break up the ground.
	Figure 13 – simple force diagram of a boomerang
[image: A simple force diagram of a boomerang showing the forces acting on it. Lift and weight oppose each other and thrust and drag oppose each other.]

	Spear
	There were many different types of spears based on their use. Lighter wooden spears made from saplings, the grass tree or reeds. Heavier hunting spears could be made from hardwood.
The lighter spears were usually used for hunting animals, including kangaroos to fish. The heavier hardwood spears were used as weapons.
	When throwing a spear, your arm works as a lever, which is a simple machine.
For example, the load is the spear, the effort comes from your arm muscles, and the fulcrum is your elbow or shoulder.
	Figure 14 – force diagram of a thrown spear
[image: A force diagram of a spear. The push from a person propels the spear forwards, drag resists the motion.]
Figure 15 – simple machine diagram of a spear as a lever
[image: A diagram of a person throwing a spear showing that the person's arm acts as a lever to throw the spear. ]
‘Javelin’ by j4p4n is licensed under CC0 1.0.


[bookmark: _Ref189208374]Table 10 – sample reference table
	What you are referencing
	Reference

	A book
	Gammage B. (2020). The Biggest Estate on Earth. Allen & Unwin.

	A website
	First Peoples – State Relations. (2024). Fact sheet: Aboriginal ground-edge axes. Victorian Government. https://www.firstpeoplesrelations.vic.gov.au/fact-sheet-aboriginal-ground-edge-axes. Accessed 31 January 2025.

	A website
	Koori History. (2019). Spears: Form & Function. Koori History. https://koorihistory.com/spears/. Accessed 3 February 2025.

	A website
	National Museum of Australia. (n.d.). Earliest evidence of the boomerang in Australia. National Museum of Australia. https://www.nma.gov.au/defining-moments/resources/earliest-evidence-of-the-boomerang-in-australia Accessed 31 January 2025.


Note: the above references focus only on the Author, date, title, source, and URL. Students are not required to follow ‘an accepted referencing style’ until Stage 5, however, they do need to acknowledge their sources.


[bookmark: _Student_resource_–_4][bookmark: _Ref189641379]Student resource – traditional tools
Aboriginal and Torres Strait Islander Peoples have developed a diverse array of tools and weapons, each designed to harness specific forces and simple machine principles. Conduct secondary source research on tools and weapons used by Aboriginal and Torres Strait Islander Peoples to respond to the questions in the table below. Acknowledge your sources of information in Table 2.
Table 1 – tools and weapons used by Aboriginal and Torres Strait Islander Peoples that take advantage of forces and simple machines
	Weapon or tool
	How was it made and used?
	Is it a simple machine? Why or why not?
	Insert a picture or draw a diagram of the weapon or tool.
Convert to a force diagram.

	
	
	
	

	
	
	
	

	
	
	
	


Table 2 – references
	What you are referencing
	What you need to include

	A website
	Author or organisation. Year. Title. Website name. URL. Date accessed.

	A book
	Author. Year. Title. Publisher.




[bookmark: _Toc191041244]Optional secondary source research
Use ABC iView First Weapons Series 1 Episode 2: Amerr (28:00) as a stimulus to promote discussion about Aboriginal and Torres Strait Islander Peoples’ application of knowledge about forces.
Note: this First Weapons episode is set in Alyawarr country in the Northern Territory, where the Woomera is called the amerr (pronounced Ah-mud-da).
Questions to complete when watching the episode:
1.	Document a procedure for making an amerr or woomera.
2.	What mechanical advantage did the spear thrower, amerr or woomera, provide?
3.	What forces knowledge would you need to create an amerr or woomera?
4.	Document the evidence provided for the effectiveness of the amerr or woomera.
[bookmark: _Toc191041245]Optional practical investigation
Culturally and historically, the development of weapons and tools would be a cycle of creation, testing, observation, and ongoing refinement, with considerations based on the availability of materials, as opposed to using the Western scientific method and ways of doing things and thinking. Knowledge of weapon and tool making is passed on through art, story, song and dance. Materials would be collected in a manner ensuring that Country was cared for and not damaged, while limiting waste. This process can be used to investigate the force multiplying effect of using a woomera.
Note: where possible, identify local resources and advocate for local people to come and teach and/or demonstrate the making and use of a woomera.
The woomera is a very effective force multiplier. It allows a spear to be thrown faster and more precisely. A tennis ball thrower, like the one in Figure 16, can be used to model the woomera.
[bookmark: _Ref189161367]Figure 16 – a tennis ball thrower and cricket sidearm
[image: A cricket sidearm and tennis ball thrower.]
In this investigation, students will develop a scaled-down model of the woomera that is safe to test. The Student resource – practical investigation scaffold can be used to write up the investigation to test the effectiveness of a model of the woomera.
1. The following equipment is required for this activity: Safety glasses, a spear and woomera made from small sticks such as barbeque skewers or bamboo (with sharp ends removed), tape and a paperclip. Alternatively, ball launchers can be used.
Note on safety: this investigation should be done outdoors in a set direction away from people. Safety glasses should always be worn.
Identify the variables that are used in this investigation:
Independent variable – use of woomera
Dependent variable – throwing distance in metres
Controlled variables – the amount of force applied to throw the spear, the person throwing the spear, environmental conditions (wind, temperature).
Work with the students to design their investigation. Discuss how they can control variables and how much data should be collected.
Guide students through the conducting and reporting on the investigation using the Student resource – practical investigation scaffold.
Students discuss the results, advantages, and disadvantages of using this model to demonstrate the benefits of using a woomera.
Students highlight how a woomera provides an advantage in effort and why it was important in Aboriginal and Torres Strait Islander culture and history.
Figure 17 – equipment for constructing a woomera and spear model using barbeque skewers, paperclip and tape
[image: Equipment needed to make a model woomera: pliers, BBQ skewers, paperclip and tape.]
Note: the teacher can fill in or remove sections in the planning, conducting and communicating phases of Student resource – practical investigation scaffold based on the class context and progression of student learning. Working Scientifically outcomes are for teacher reference and can be removed.


[bookmark: _Student_resource_–_5][bookmark: _Ref189657350]Student resource – practical investigation scaffold
Investigation title: the title of your report should be concise and informative.
(SC4-WS-08 communicates scientific concepts and ideas using a range of communication forms)
Planning phase
Table 11 – investigation planning template
	Section
	Description
	Student response

	Observation (SC4-WS-01 uses scientific tools and instruments for observations).
	Use your senses to make observations of the natural phenomena that sparked this line of scientific inquiry.
	

	Aim
(SC4-WS-02 identifies questions and makes predictions to guide scientific investigations).
	The aim is a short statement using the dependent and independent variables to describe the intent of the experiment.
	

	Prediction
(SC4-WS-02 identifies questions and makes predictions to guide scientific investigations).
	The prediction is a proposed explanation based on limited evidence, which is used as a starting point for further investigation.
Write it as an if … then … because … statement.
	

	Procedure
(SC4-WS-03 plans safe and valid investigations).
	List the materials used
The steps used to test the prediction
Use a verb at the start of each sentence 
Control variables 
Use repeat trials
Ensure correct use of equipment
	

	Risk assessment
(SC4-WS-03 plans safe and valid investigations).
(SC4-WS-04 follows a planned procedure to undertake safe and valid investigations).
	A suitable assessment of possible risks during an activity is an important part of preparation.
With each type of risk identified, it is important to review which control measures are most suitable for managing the risk they pose.
Identify the risk, why it is a risk and list the control measures.
	


Conducting phase
Table 12 – investigation conducting template
	Section
	Description
	Student response

	Diagram
(SC4-WS-04 follows a planned procedure to undertake safe and valid investigations).
(SC4-WS-08 communicates scientific concepts and ideas using a range of communication forms).
	A clear drawing (or photo) of this experimental set-up.
Important parts of the diagram should be labelled on the right-hand side and arranged so that objects are clearly labelled without obscuring the diagram.
Where possible, pointers are to be horizontal and equally spaced with labels written in lowercase.
	

	Results
(SC4-WS-05 uses a variety of ways to process and represent data).
	The results section describes but does not explain your observations and measurements in this experiment.
Use tables and appropriate graphs to present your data.
	


Communicating phase
Table 13 – investigation communicating template
	Section
	Description
	Student response

	Conclusion
(SC4-WS-06 uses data to identify trends, patterns and relationships and draw conclusions).
(SC4-WS-07 identifies problem-solving strategies and proposes solutions).
	A short statement using the dependent and independent variables to summarise your findings and whether experimental results support or contradict your prediction for this investigation.
	

	Discussion
(SC4-WS-06 uses data to identify trends, patterns and relationships, and draw conclusions).
(SC4-WS-07 identifies problem-solving strategies and proposes solutions).
	The discussion is used to explain your experiment's results and explore the significance of your experimental findings.
Identify any new research questions or areas your results have suggested for future research.
Identify any concerns with the investigation.
	

	Optional:
Appendices
(SC4-WS-05 uses a variety of ways to process and represent data).
(SC4-WS-08 communicates scientific concepts and ideas using a range of communication forms).
	Additional resources produced during the experiment are retained here for future reference.
Any photos or videos taken during the experiment.
	




[bookmark: _Toc191041246]2.4 Solving problems with machines
Table 14 – learning intentions and success criteria for 2.4 Solving problems with machines
	Learning intentions
	Success criteria

	We are learning:
how simple machines modify the action and magnitude of forces
	I can:
identify and label 3 simple machines used in the depth study
explain how each simple machine changes the magnitude of force needed when performing a task

	to ask questions and make predictions when using simple machines
	identify if a question can be investigated
make a prediction based on observations

	to use data to solve problems when using simple machines.
	collect and organise force data in a table
use my understanding of forces to identify relationships 
suggest a solution to a scientific problem.


Checkpoint: conduct a quick quiz to activate learning from prior lesson(s).
E: Name one traditional tool used by Aboriginal and Torres Strait Islander Peoples that demonstrates their understanding of forces.
Answer: One traditional tool is the woomera.
MC: Explain how the woomera demonstrates the application of knowledge about forces by Aboriginal and Torres Strait Islander Peoples.
Answer: The woomera, a spear-throwing tool, demonstrates the application of knowledge about forces by enhancing a spear's throwing force and accuracy. By extending the lever arm, the woomera allows the thrower to apply more force over a greater distance, increasing the speed and distance the spear can travel. This use of leverage and mechanics shows an understanding of the principles of force and motion.
[bookmark: _Toc191041247]Hydraulics investigation – extension activity
Note: hydraulics is not explicitly called out in the Science 7–10 Syllabus. If time permits, you may use this activity to extend students' understanding of forces beyond the simple machines covered previously.
Hydraulics is a branch of science that deals with the movement and control of liquids, usually water or oil, to generate force. In simple terms, hydraulics uses liquids to transfer force from one place to another.
Hydraulics is a familiar context where forces can be investigated. It is often used in combination with simple machines to solve everyday issues. For example, in a hydraulic system, you apply effort (a push or pull) to a small area, creating a force transferred through a liquid to move or lift something much heavier. This is possible because liquids can transmit force efficiently, allowing a small effort to create a large force. This principle is commonly used in machines like car brakes and hydraulic lifts.
1. Watch How do Hydraulic Machines Work? (3:39)
1. Ask students the following questions based on the video:
1. What type of fluid is commonly used in hydraulic systems?
1. What is one common hydraulic machine application mentioned in the video?
1. Why is it important to ensure there are no air bubbles in a hydraulic system?
Sample answers:
	1. Hydraulic systems typically use water (or oil) as the working fluid to transmit force.
One common application of hydraulic machines is in a hydraulic press, where hydraulic fluid transmits force to crush cars, and so on. 
Air bubbles can compress under pressure, which reduces the efficiency of force transmission in the hydraulic system.


Students conduct the investigation using Student resource – hydraulics practical investigation.
Note: in this investigation, students apply pressure to the large syringe to show how a small movement of the syringe causes a larger movement (greater distance) in the smaller syringe. In machines, this usually operates in the other direction, where a smaller force is applied over a greater distance, multiplying the force to move a heavier object at a smaller distance.
Sample answers for the hydraulic investigation analysis and discussion questions
1. Calculate the ratio of displacement using the equation:

	If there is a displacement of 10 mm in the larger syringe and a displacement of 30 mm in the smaller syringe, the displacement ratio is 1:3.


Compare this ratio to the diameter of the plungers of both syringes.
	The diameter of the large syringe was 15 mm, and the diameter of the smaller syringe was 5 mm. The ratio of the plunger is the same as the displacement ratio of 1:3.


1. Explain how the investigation models a hydraulic system, where the force applied to the larger syringe is transmitted through the fluid to move the smaller syringe.
	This investigation models a hydraulic system because it demonstrates how a force applied to one part of the system is transmitted through an incompressible fluid to exert a force elsewhere. When the plunger of the larger syringe is pushed inward, it increases the pressure in the fluid-filled system (water in the tubing and syringes).
The pressure is evenly transmitted throughout the fluid. The smaller syringe responds to this increase in pressure by moving its plunger outward, showing how the applied force is transferred through the hydraulic system. This models the principle of hydraulics, where force is multiplied or transmitted to perform work, such as in car brakes, lifts or heavy machinery.


Relate this investigation to real-life examples of hydraulic machines, such as hydraulic lifts, car brakes or construction equipment.
	Hydraulic brakes in cars use liquid pressure to make braking easier and stronger. When you press the brake pedal, it pushes brake fluid through tubes to the wheels. This fluid pressure causes the brake pads to press against the spinning wheels, creating friction that slows the car down. The force is spread evenly, making braking smooth and powerful. When you let go of the pedal, the fluid moves back, and the brakes release. This system helps stop cars safely with little effort.


Discuss the advantages of using hydraulics in machines, such as increased force multiplication and smooth operation.
	Hydraulics allow a small force to be multiplied into a much larger force. This will enable machines like car brakes and excavators to perform heavy lifting or stopping with minimal effort. Unlike mechanical systems with gears and levers, hydraulics provide steady and controlled movement, which is important in machines like cranes where smooth motion is needed to avoid sudden movements.


Checkpoint: explain how hydraulics can solve everyday issues.
Sample response: hydraulic systems supplement simple machines, allowing larger forces to be transferred with reduced effort.
[bookmark: _Ref189659754]

[bookmark: _Student_resource_–_6]Student resource – hydraulics practical investigation
Practical investigation
Title: Exploring and modelling hydraulics
Aim: to explore the principles of hydraulics as a simple machine and demonstrate hydraulic multiplication using a model.
Equipment: two syringes of different sizes (one larger and one smaller), plastic tubing that fits tightly onto the syringe nozzles, beaker, water and optional food colouring, ruler.
Method:
Figure 1 – hydraulic system model
[image: Diagram of example method of modelling hydraulics using 2 different sized syringes. ]
This work has been generated using Chemix.
1. Securely attach one end of the tubing to the nozzle of the larger syringe.
Ensure the connections are tight to prevent leaks.
Fill a beaker with water and add a couple of drops of food colouring (optional).
Fill the larger syringe with water from the beaker.
Connect the smaller empty syringe (with the plunger pushed in all the way) to the other end of the tubing.
Place both syringes on a flat surface.
Measure and record the initial positions of the plungers of both syringes using a ruler.
Slowly and steadily push the plunger of the larger syringe inward.
Use a ruler to measure the final positions of both plungers after the movement has stabilised.
Calculate the change in position of the plunger for each syringe using the equation:

Results:
Table 1 – large syringe plunger positions
	Initial position (mm)
	Final position (mm)
	Change in position (mm)

	
	
	


Table 2 – small syringe plunger positions
	Initial position (mm)
	Final position (mm)
	Change in position (mm)

	
	
	


Analysis:
The mechanical advantage of hydraulic machines is measured using a ratio of:

1. Calculate the mechanical advantage of the syringe hydraulic model.
	


Compare this ratio to the diameter of the plungers of both syringes.
	


Discussion and conclusion:
Explain how the investigation models a hydraulic system, where the force applied to the larger syringe is transmitted through the fluid to move the smaller syringe.
	


Relate this investigation to real-life examples of hydraulic machines, such as hydraulic lifts, car brakes or construction equipment.
	


Discuss the advantages of using hydraulics in machines, such as increased force multiplication and smooth operation.
	




[bookmark: _Toc191041248]2.5 Assessment task – depth study
Note: detailed information on this task can be found in Assessment task – Forces (DOCX 2.75 MB) on the Science Stage 4 Forces webpage.
In class, students conduct a depth study to explore how simple machines were used to build the Great Pyramids of Egypt and how they are used in the modern world. The task is divided into 3 parts.
Part 1 – students investigate how ramp angle affects the effort (force) required to move a block and compare this to how the Egyptians might have moved the heavy sandstone blocks to build the pyramids.
Part 2 – students expand on the investigation in Part A to include another simple machine to try and reduce the effort (force) required to move the block.
Part 3 – students explore modern-day complex machines – often made up of many simple machines. Students identify a problem and design a machine to make a task easier.
Note: any ancient culture could be substituted for this task. Consider which ancient culture is being addressed by the history teachers as an opportunity for cross-KLA collaboration.
Images of possible investigation method
In Part 1 Step A, students collect baseline data on their given block. This can be simply completed by lifting the block with an appropriate spring balance, as shown in Figure 18.
[bookmark: _Ref189636478]Figure 18 – Part 1 Step A: lifting the block
[image: A spring balance measuring the force of a block of wood.]
Figure 19 shows one way that the ramp investigation can be set up for the ramp investigation in Part 1. Students will adjust the ramp's angle and measure how much force is required to drag the block to the predetermined height.
[bookmark: _Ref189636490]Figure 19 – Part 1 Steps C and D: using a ramp to lift the block (FOR PPT)
[image: A spring balance measuring the force of a block of wood up a ramp.]
In Part 2, students add another level of modification to their simple machine system. They can use a variety of methods in an attempt to reduce the effort required to move the block along the ramp to the pre-determined height. Figure 20 and Figure 21 show one way a student may change their simple machine system.
[bookmark: _Ref189636750]Figure 20 – Part 2 Steps A, B and C: using wheels and a ramp to lift the block
[image: A spring balance measuring the force of a block of wood with wheels up a ramp.]
[bookmark: _Ref189636767]Figure 21 – Step 2 Part A, B and C: using a pulley and a ramp to lift the block
[image: A spring balance measuring the force of a block of wood with a pulley up a ramp.]
[bookmark: _Toc147840979][bookmark: _Toc160623936]
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