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[bookmark: _Toc243050571]Rationale
[bookmark: _Hlk112402278][bookmark: _Hlk112408500][bookmark: _Toc112681289][bookmark: _Hlk112408586][bookmark: _Hlk112408794]This sample program of learning has been developed by the NSW Department of Education. NSW Education Standards Authority (NESA) defines programming as the process of selecting and sequencing learning experiences which enable students to engage with syllabus outcomes and develop subject-specific skills and knowledge (NESA 2026).
This program has been developed to assist teachers in NSW Department of Education schools to create learning experiences contextualised to their classroom. The program has suggested timeframes that may need to be adjusted by the teacher to align with the school calendar and meet the needs of their students. The program may provide links to webpages that are not part of the department’s website. These links are provided as a source of information or activities that may be suitable for delivering the course content. These sites are managed by organisations, companies or individuals outside of our control, and the department is not responsible for the information or subsequent links on these webpages.


[bookmark: _Toc243050572]Overview
This program of learning aligns with the Department of Education’s Physics 11–12 (2025) scope and sequence. It outlines one way of covering the syllabus content for Fundamentals of mechanics.
The Fundamentals of mechanics focus area develops students’ understanding of motion, forces, energy and momentum, building foundational physics skills grounded in both theory and practical investigation. This area is essential because it explains how and why objects move, whether it is a car accelerating on a highway, a ball flying through the air, or everyday actions such as walking, cycling or sliding down a playground slide.
By learning these concepts, students gain insight into the natural laws that govern the physical world. This knowledge is central to physics and applies across numerous fields, including engineering, technology, robotics, sports science and environmental science. The ability to analyse forces and motion helps students predict outcomes, solve practical problems, and develop innovative solutions in real-world contexts.
In addition to mastering fundamental physics content, students develop working scientifically skills such as planning and conducting investigations, analysing experimental data, constructing and interpreting graphs, and applying mathematical tools such as vectors and equations. These scientific inquiry skills are crucial for developing critical thinking and problem-solving abilities that are valuable both within and beyond science.
Table 1 – overview
	Feature
	Details

	Outcomes
	A student:
analyses motion and events using scientific laws and models PY-11-01
designs and evaluates scientific investigations PY-11WS-03
selects and processes qualitative and quantitative data and information PY-11WS-04
analyses and evaluates primary and secondary data and information PY-11WS-05
uses scientific processes to solve scientific problems PY-11WS-06
Physics 11–12 Syllabus © NSW Education Standards Authority (NESA) for and on behalf of the Crown in right of the State of New South Wales, 2025.

	Assessment
	Topic test

	Duration
	12 weeks

	Special materials and equipment
	Dynamics carts, motion sensors, force sensor, pulleys, inclined planes, spring balances, mass carriers, ticker timer.


Risk management: teachers are advised to undertake a risk assessment before conducting any investigation or experiment. For more information on developing risk assessments, refer to Risk Assessment – a pre-requisite for risk control.
[bookmark: _Toc243050573]Progression of learning
Prior learning
Students should come into this unit with an understanding of:
balanced and unbalanced forces (Stage 4 Science Syllabus (2023) – Forces)
force diagrams (Stage 4 Science Syllabus (2023) – Forces)
weight force as the mass x acceleration due to gravity (Stage 4 Science Syllabus (2023) – Forces)
potential and kinetic energy (Stage 4 Science Syllabus (2023) – Change)
examples of how energy can change from one form into another (Stage 4 Science Syllabus (2023) – Change)
the law of conservation of energy (Stage 4 Science Syllabus (2023) – Change)
the law of conservation of energy (Stage 5 Science Syllabus (2023) – Energy)
the relationship between distance, time, speed, displacement and velocity (Stage 5 Science Syllabus (2023) – Waves and motion)
how to represent motion using motion diagrams (Stage 5 Science Syllabus (2023) – Waves and motion)
the relationship between force, mass and acceleration (Stage 5 Science Syllabus (2023) – Waves and motion)
applications of Newton’s laws of motion (Stage 5 Science Syllabus (2023) – Waves and motion)
net force on an object in one dimension using vector analysis (Stage 5 Science Syllabus (2023) – Waves and motion)
mathematical representations including graphs and algebraic formulas, of simple relationships between force, mass, acceleration and speed, displacement, time and acceleration (Stage 5 Science Syllabus (2023) – Waves and motion)
Future learning
Students will use learning from this unit to:
analyse vertical and horizontal motion of projectiles by applying the component method and equations of uniformly accelerated motion (Year 12 Physics – Advanced mechanics)
analyse circular motion, including satellites in orbit using vector diagrams and force, motion and energy concepts (Year 12 Physics – Advanced mechanics)
analyse motion in gravitational fields by extending view of gravity beyond the local frame at Earth’s surface as modelled by Newton’s law of universal gravitation (Year 12 Physics – Advanced mechanics)
analyse the motion of charged particles in uniform electric fields in terms of work and energy (Year 12 Physics – Electromagnetism).
[bookmark: _Toc185250187][bookmark: _Toc223546022][bookmark: _Toc243050574]Navigating the resources
The focus area lesson sequences are grouped by content group titles as in the figure below.
[image: Reference to lesson sequence numbering.]
The focus area resources refer to teacher resource books and slide decks using codes. For example, lesson sequence '1.1 Scalars and vectors’ in the Fundamentals of mechanics program is aligned with:
the activities in Fundamentals of mechanics 1.1 Teacher Resource Book (1.1 TRB)
the Fundamentals of mechanics 1.1 slide deck (1.1 PPT).
Learning intentions and success criteria, teaching advice, detailed lesson instructions and student resource information are located in the 1.1 teacher resource book and 1.1 slide deck.
The resources use feature boxes to highlight key information as shown below:
Note: grey feature boxes highlight a note in teacher-facing material. 
Differentiation: blue feature boxes highlight a differentiation opportunity.
These resources use the teaching phases activate, core learning and consolidate during each lesson sequence. 
Activate: a short activity at the start of the lesson sequence that activates relevant prior knowledge and/or builds essential background knowledge. It prepares students for the core learning by helping them recall and connect key skills and content, identify misconceptions, and make meaningful links to the new learning.
Core learning: the main teaching and learning phase where new knowledge, understanding and skills are explicitly taught. Students progressively develop understanding through teacher modelling, guided practice, and independent practice and application. 
Consolidate: a short activity at the end of the lesson sequence to reinforce and retrieve the learning from the lesson. Students review, recall and apply the key content or skills introduced during the core learning to strengthen understanding and inform the teacher about student progress. 
[bookmark: _Toc243050575]
Program of learning
[bookmark: _Toc243050576]1. Quantities of motion
Table 2 – content and teaching and learning activities for Quantities of motion
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Quantities of motion
Classify distance, displacement, time, speed, velocity and acceleration as either scalar or vector quantities
Use vector diagrams to represent the displacement, velocity and acceleration of an object
Processing data and information
Apply quantitative processes to data, including unit conversions
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Analysing data and information
Use appropriate scale prefixes for powers of 10: femto (f) = , pico (p) = , nano (n) = , micro (μ) = , milli (m) = , kilo (k) = , mega (M) = , giga (G) = , tera (T) =  and peta (P) = 
	[bookmark: _Toc243050577]1.1 Scalars and vectors (approximately 1 hour)
Activate
Activate students’ prior knowledge of key motion terms (distance, speed, velocity, displacement, acceleration) by having them match each term to its correct definition in Stage 5 Waves and motion.
Core learning
Review SI units and ensure students can correctly associate them with their physical quantity.
Guide students through the application of physics prefixes from femto- () to peta- (). Ensure students can:
identify metric prefixes and their corresponding powers of 10
convert fluently between raw base units, prefixed values and standard scientific notation.
Introduce scalars as magnitude-only values and vectors as magnitude-and-direction values. 
Demonstrate how to represent vectors visually using arrows, where length indicates magnitude and the arrowhead indicates direction.
Outline the standard conventions for describing direction in physics. Instruct students to express the direction of vectors appropriately using the following:
Expressed relative to the observer or motion: left, right, up, down, forwards, backwards
Cardinal points: primary directions used for basic orientation, for example, north, south, east, west
Standard bearings: precise directions measured in degrees clockwise from true north ( to )
Quadrant bearings: angle measured relative to the nearest north or south line toward east or west, for example, .
Introduce distance as a scalar quantity and displacement as a vector quantity, defining their symbols, SI units and unit symbols. Explain the comparison using an example, such as a car's actual route taken (distance) with the straight-line measurement between its start and end points (displacement).
Define time and its SI units, converting seconds into hours and vice versa. Demonstrate how to convert seconds into hours and vice versa. 
Consolidate
Direct students to pair up and explain to each other why returning to the starting line results in a displacement of 0 m despite a 400 m distance. Then, cold call a few pairs to share their explanations with the class to consolidate the key definitions.
	

	Quantities of motion
Solve total distance and displacement problems
	[bookmark: _Toc243050578]1.2 Distance and displacement (approximately 30 minutes)
Activate
Complete a Venn diagram comparing distance and displacement. Discuss the answers with students to ensure they can calculate the difference between the 2.
Demonstrate the difference between distance and displacement using 2 students and a ball:
Have Student A roll a ball to Student B across a measured distance (for example, 2 ). Prompt the class to identify both the total distance travelled (2) and the displacement from the starting point (2 toward Student B).
Have Student B roll the ball back to Student A. Prompt students to recalculate the cumulative distance () versus the net displacement ().
Differentiation: Google Maps activity – the teacher selects 2 well-known locations, for example, the school and a local park, and uses the map features to compare the total distance and displacement. Details on running this Google Maps activity are included in the Teaching advice
Core learning
Complete the distance and displacement questions, focusing on how to calculate each quantity using the provided swimmer example. 
Use this example to check students’ understanding of the difference between distance and displacement.
Students are guided to complete problems where they explain how they would measure and calculate distance and displacement in different scenarios.
Consolidate
Students complete Frayer diagrams to define and describe ‘distance’ and ‘displacement’.
	

	Quantities of motion
Use vector diagrams to represent the displacement, velocity and acceleration of an object
Solve problems to determine speed, velocity, distance, displacement and time
Problem-solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050579]1.3 Representing vectors (approximately 1 hour)
Activate
Activate student prior knowledge of how to graphically represent the magnitude and direction of vectors from Activity 1.1.
Identify the components of a vector (tail, shaft and arrowhead).
Discuss magnitude and direction with a focus on direction as either a bearing or angle.
Discuss how to apply and calculate vectors in one and 2 dimensions. 
Core learning
Model a step-by-step process for drawing scaled vector arrows, including the choices of scale using worked examples. Students complete guided and independent practice drawing vectors to represent displacement and velocity vectors using common scales. Ensure students use a pencil and ruler.
Guide students to practise constructing vector diagrams to represent the addition of vectors in one dimension and use for problems in the student resource. Focus on adding vectors head-to-tail and identifying the resultant vector. 
Consolidate
Complete the Frayer diagram provided for ‘vectors’. Once complete, check for students’ understanding on vectors within the checks for understanding.
	

	Quantities of motion
Explain how instantaneous speed, average speed, instantaneous velocity and average velocity are measured and calculated
Solve problems using 
Solve problems to determine speed, velocity, distance, displacement and time
Processing data and information
Apply quantitative processes to data, including unit conversions
	[bookmark: _Toc243050580]1.4 Speed and velocity (approximately 1 hour)
Activate
Complete a Venn diagram comparing speed and velocity, then discuss as a class to clarify key differences between speed (scalar) and velocity (vector).
Conduct a short practical activity to measure the speed that students can throw a table tennis ball:
Measure and mark out an 8 m track. 
In pairs, students estimate how fast they can throw in .
Students measure the time take for table tennis balls to travel 8 m. This data is used to calculate average speed in the Core learning section of this lesson.
Core learning
Students calculate the ball’s average speed using:

The teacher uses the results to explicitly introduce and distinguish average speed, instantaneous speed, average velocity and instantaneous velocity. The class compares its average speed measurements with the maximum instantaneous speed of a tennis serve.
Students complete quick checks to identify whether familiar examples describe average or instantaneous speed or velocity. They then categorise common measurement methods including stopwatches, speedometers, radar guns and GPS, according to the quantities they measure.
Demonstrate how to calculate both speed and velocity, highlighting the distinction between scalar (speed) and vector (velocity) quantities. 
Define and contrast constant, average and instantaneous motion states for both speed and velocity. A glossary of key terms is provided in the teaching advice. 
Students complete a variety of mathematical questions for both speed and velocity.
Differentiation: investigate motion using toy cars on tracks, measuring distance and time to calculate average speed before finding displacement to determine average velocity. Record results in a table for easy comparison, and use a think-pair-share activity to answer reflection questions. Extend the learning with a school zone check, where students measure the time cars take to travel a fixed distance to calculate their real-world speeds.
Consolidate
Project the concept map from the PowerPoint which compares the key differences between speed and velocity. Focus on each heading: definition, quantity, units, formula and real-world example. A sequence of effective questioning to deepen student thinking is outlined in the teacher resource book. 
	

	Quantities of motion
Add and subtract vectors in 2 dimensions
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
	[bookmark: _Toc243050581]1.5 Vector addition and subtraction (approximately 1 hour)
Activate
Activate students’ prior knowledge of representing vectors from 1.3 by asking students to draw velocity vectors on a Cartesian plane.
Core learning
Outline how vector addition and subtraction are applied to solve physical problems in 2 dimensions, focusing on combining sets of vectors that are directed along orthogonal axes (for example, east-west and north-south).
Model using examples of the application of Pythagoras' theorem () to determine the magnitude of the resultant.
Model using examples of how trigonometric ratios () can be used to determine the direction of the resultant. 
Outline methods for describing the direction of vectors using:
quadrant bearings: directional notation relative to cardinal directions (for example, )
true bearings: 3-digit angles measured clockwise from true north (for example, ).
Lead students through the questions in the student resource to determine vector magnitudes and directions in 2-dimensional scenarios. 
Differentiation: demonstrate the PhET simulation (vector addition) for students, then have them complete an activity adding the listed vectors.
Demonstrate vector subtraction using the head-to-tail method by adding the negative of the vector. Use the provided diagrams to support both one-dimensional and 2-dimensional scenarios. 
Support students as required as they complete independent practice problems from the student resource to calculate the magnitudes and direction of vector differences.
Consolidate
Deliver checks for understanding slides to evaluate student proficiency in solving vector addition and subtraction problems.
	

	Quantities of motion
Resolve vectors into components
Problem-solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050582]1.6 Resolving vector components (approximately 1 hour)
Activate
Activate prior knowledge of vector addition and subtraction from Activity 1.5 by asking students to construct a scaled vector diagram for combinations of additions and subtractions of the orthogonal and simple angled vectors (for example, 30 m north + 25 m north-east).
Core learning
Use vector diagrams to demonstrate how a vector ( or ) can be broken down into horizontal ( or ) and vertical components ( or ). Highlight the symbols used, including the lack of a vector arrow on the components.
Outline steps for adding vectors using the component method and explain how this method can be used to systematically combine non-perpendicular vectors.
Work through a modelled example to demonstrate the steps. Check that students understand the need to resolve any vectors not along the chosen axes before supporting them to complete guided and independent practice by solving the problems in the student resource. 
Differentiation: advanced students may be familiar with alternative methods for solving non-right-angled vector diagrams including the use of the sine and cosine rules.
Consolidate
Students compare the 2 different choices for axes used to add a set of 2 vectors using the component method, and explain why one choice is more efficient than the other, despite producing the same result.
Differentiation: ask students to create a variety of vectors with associated angles from the horizontal on mini-whiteboards, then swap questions to solve them. 
	

	Quantities of motion
Solve problems involving the calculation of velocity in 2 dimensions
Problem-solving
Apply scientific principles to address real-world applications and problems
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050583]1.7 Calculating velocity in 2 dimensions (approximately 1 hour)
Activate
Activate students’ prior knowledge of vector addition by asking students to draw vector diagrams to represent the addition of 2 perpendicular vectors and to identify the mathematics they could use to calculate the resultant magnitude and direction. 
Core learning
Explain that the motion of an aeroplane over the ground results from combining the aeroplane’s velocity through the air and the velocity of the wind.
Introduce key terms used to describe the motion of aeroplanes, including air velocity, wind velocity, ground velocity.
Model headwind, tailwind and crosswind examples.
Check students can apply vector addition to crosswind examples before asking them to solve problems in the student resource.
Relate the velocities for a river crossing by boat to the relative velocities already introduced for aeroplanes and complete a worked example. 
Students complete practice problems in the student resource. 
Consolidate
Students compare 2 approaches to crossing the same river (angling up the river such that resultant velocity is directly across, and sailing directly across and allowing current to take the boat downstream) and explain which will cross the river fastest.
	

	Quantities of motion
Solve problems in one and 2 dimensions using 
Problem-solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050584]1.8 Calculating acceleration in one and 2 dimensions (approximately 1 hour)
Activate
Activate students’ prior knowledge of acceleration from Stage 5 Waves and motion by collaboratively completing a Frayer diagram for ‘acceleration’. Detail its definition, key characteristics, real-world examples and non-examples.
Core learning
Review the definition and mathematical formula for acceleration, verifying that students understand it conceptually as the rate of change of velocity.
Define and outline acceleration using the equation . Explain each term and relate it to the equation through worked examples, clearly identifying the change in velocity and the time interval.
Demonstrate several calculations step-by-step, including identifying known variables, substituting values into the formula and interpreting the result. Also, unpack for students that calculating acceleration requires a frame of reference. Demonstrate how to establish a frame of reference.
Deliver a varied set of one-dimensional and 2-dimensional acceleration problems from the student resource that incorporate vector diagrams to visually represent changes in magnitude and direction. 
Differentiation: differentiate and extend learning by challenging students to rearrange the acceleration formula () to solve for unknown initial velocity, final velocity or time intervals in multi-step scenarios.
Consolidate
Direct students to complete a check for understanding to verify they can:
define a vector quantity
identify its 2 key properties as magnitude and direction
recall and state the formula for average acceleration.
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Table 3 – content and teaching and learning activities for Motion relationships
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Motion relationships
Use data to construct displacement-time graphs, velocity-time graphs and acceleration-time graphs
Conducting scientific investigations 
Use equipment appropriately and systematically to collect and record data, information, evidence and findings
	[bookmark: _Toc243050586]2.1 Constructing motion graphs – uniform velocity (approximately 2 hours)
Activate
Activate students’ prior knowledge of motion diagrams and the relationship between displacement, time and velocity from Activity 1.4 by comparing motion dot diagrams for 2 objects moving at uniform velocity (fast and slow).
Core learning
Guide students to collect displacement-time data for an object travelling at 2 different uniform velocities using ticker timer tape. 
Check students’ understanding of how the speed of the ticker tape affects the spacing of the dots by having them describe the pattern they would expect to see for uniform motion at different speeds.
Model how to measure displacement from the ticker tapes using sample data, before guiding students to make these measurements themselves.
Check for students’ understanding of how to extract time and displacement data from ticker tapes using an image of a sample ticker tape.
Students independently take measurements of their ticker tapes and complete a table of results showing displacement versus time for both motions.
Activate prior knowledge by reviewing the features of a continuous graph and the correct placement of a line of best fit. Ask questions in which students identify missing graphical features and the appropriate line of best fit, providing their reasoning.
Differentiation: 2.1 PPT ‘Features of a line graph’ can be used to review the correct way to graph continuous data. Teaching advice provides support for reviewing lines of best fit as needed.
Students complete initial calculations to determine average velocity using total displacement over total time.
Guide students to construct displacement-time graphs with appropriate lines of best fit for both their ticker tape datasets using a scaffolded worksheet.
Facilitate a discussion around the features of the graph and the significance of its straight-line trend.
Explicitly teach the equation of a line and the calculation of gradient, guiding students through a worked example of this calculation. Then, check their understanding of the significance of the gradient by comparing displacement-time graphs.
Students complete guided questions on the trends in their data before independently determining and analysing the gradients of their own graphs.
Consolidate
Students complete the reflection questions in the student resource to consolidate their understanding of the interpretation of displacement-time using specific evidence from their graphs, before applying their understanding to a different dataset.
	

	Motion relationships
Use data to construct displacement-time graphs, velocity-time graphs and acceleration-time graphs
Conducting scientific investigations 
Use equipment appropriately and systematically to collect and record data, information, evidence and findings
	[bookmark: _Toc243050587]2.2 Constructing motion graphs – uniformly accelerated motion (approximately 2 hours)
Activate
Briefly review how a ticker timer works before activating students’ prior knowledge from Stage 5 Waves and motion on interpretating motion diagrams. Use a matching activity and a quick whiteboard question to represent slow uniform, fast uniform and accelerated motion.
Core learning
Students follow guided instructions to use ticker timers to perform an investigation of uniformly accelerated motion.
Instruct students to annotate their ticker tape as motion diagrams by drawing vectors between intervals.
Explicitly teach and model for students how to record data from the ticker tape before allowing students to complete a displacement-time table independently.
Explicitly teach how to convert displacement-time data into velocity-time data. Model this for students, then allow them to independently complete a velocity-time table.
Explicitly teach how to convert velocity-time data into acceleration-time data. Model this for students, then allow them to independently complete an acceleration-time table.
Students use scaffolds to construct 3 motion graphs based on their ticker timer results – displacement-time, velocity-time and acceleration-time – and draw lines or curves of best fit as appropriate.
Differentiation: scaffolds are provided for the tables of data and all 3 graphs that students will draw. However, students who more rapidly become adept at identifying the appropriate data and/or constructing graphs may be extended through removal of the scaffolds so that they can make their own decisions about the data that is appropriate to use and the features of a line graph that need to be included. 
Students independently complete scaffolded questions on the trends in the graphs before a class discussion consolidates the key findings and trends.
Consolidate
Direct students to the Physics classroom – graph that motion. Students complete the ‘Graph that motion’ activity, selecting graphs that match the ticker tape diagram produced by the moving car, then use a think-pair-share activity to share their reasoning.
Use a check for understanding to check students’ understanding of ticker tape motion diagrams and the link between these and the shapes of the displacement-time, velocity-time and acceleration-time graphs.
	 

	Motion relationships
Use data to analyse motion graphs to describe the displacement, velocity and acceleration of an object
Processing data and information 
Select qualitative and quantitative information from texts, diagrams, flow charts, tables, databases, graphs and multimedia resources
Analysing data and information
Interpret data and information to identify outliers, make predictions, explain results and draw conclusions
	[bookmark: _Toc243050588]2.3 Analysing motion graphs (approximately 2 hours)
Activate
Activate students’ prior knowledge of the relationship between the gradient of a displacement-time graph and the motion it describes from Activity 2.1 by asking students to state the significance of upwards, downwards and horizontal slopes.
Core learning
Present students with the oPhysics motion graph simulator and model how to interpret the 3 graphs initially presented (displacement-time, velocity-time, acceleration-time) before facilitating a discussion to guide students’ interpretation of the graphs. Prompt students to consider the significance of intercepts, slope and areas between the graphs as appropriate, as well as changes in sign as they manipulate the simulator.
Check students’ understanding of the links between different motion graphs using a multiple-choice question.
Guide students to complete questions linking a motion story to its graph to consolidate and apply their knowledge from Activity 2.1 and Activity 2.2.
Review the significance of the gradient in displacement-time and velocity-time graphs.
Explicitly teach the significance of the area between the curve and the x-axis in velocity-time and acceleration-time graphs.
Consolidate
Students work in pairs to manipulate motion on the simulator and observe the corresponding changes. They use a scaffold to predict the shapes of motion graphs for a given motion scenario, justify their reasoning and then check their predictions.
	

	Motion relationships
Solve problems involving uniformly accelerated motion in one dimension using , and 
Analysing data and information 
Describe qualitative and quantitative relationships between variables 
Use appropriate significant figures to express quantitative solutions
Problem-solving 
Apply scientific principles to address real-world applications and problems
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050589]2.4 Applying the equations of motion (approximately 2 hours)
Activate
Engage students with the ‘washer drop’ demonstration and ask students to describe/explain their observations. This activity will be an anchor that is revisited and analysed quantitatively later in the lesson sequence when students have been taught the requisite knowledge.
Review the concept of acceleration by analysing a displacement-time graph that represents an accelerating object.
Core learning
Define acceleration as a change in velocity over time and guide students to move from the expression   to  .
Model a problem-solving strategy that can be applied to numerical problems throughout the course, then apply it to some simple examples using . Use the teaching strategies of ‘think aloud’ and ‘gradual release of responsibility’.
Identify examples of data that are not always explicitly given in the question but are implied. For example, v = 0 at the top of the flight of a projectile. Continue to use the strategies of think aloud and gradual release of responsibility to solve examples of problems that contain implied data.
Analyse the gradient of and the area under velocity versus time graphs to demonstrate the relationships   and  .
Continue to use the strategies of think aloud to model worked solutions and gradual release of responsibility to solve problems in the student resource using  then 
Differentiation: if students need more support solving these problems, spend more time on ‘we do’ examples where you work with the class to solve the problem.
Provide students with a variety of problems to solve where they are required to select which equation(s) to use.
Note: the use of SI units, significant figures, acceleration due to gravity, the significance of expressions such as ‘from rest’, ‘dropped’ and ‘stationary’, as well as the selection of a positive direction in motion, will all need to be reviewed with students to activate prior knowledge and fill in gaps as required.
Consolidate
Students write a list of instructions that summarises a systematic strategy for solving quantitative physics problems.
	

	Motion relationships
Conduct a laboratory experiment to compare 2 methods of graphically determining a value for acceleration due to gravity and assess the accuracy and reliability of the experimental results
Conducting scientific investigations 
Use equipment appropriately and systematically to collect and record data, information, evidence and findings
Analysing data and information 
Explain patterns and trends, including inconsistencies in data and information
Assess error, uncertainty and limitations in data and include calculations of percentage error, range, mean and standard deviation
Assess the validity, reliability, accuracy and precision of data and information
Interpret data and information to identify outliers, make predictions, explain results and draw conclusions
Evaluate data and information to suggest improvements or further investigations
	[bookmark: _Toc243050590]2.5 Practical investigation – determining ‘g’ (approximately 2 hours)
Activate
Review students’ prior knowledge of acceleration due to gravity from Stage 5 Waves and motion using a mini whiteboard quiz activity.
Differentiation: teachers may choose to show Brian Cox visits the world's biggest vacuum (4:41) as a refresher on the independence of the acceleration due to gravity from an object’s mass. This video provides an effective visual demonstration of this concept using a falling bowling ball and a feather in an evacuated chamber.
Core learning
Introduce the idea that ‘g’ can be determined through more than one graph constructed from an investigation and that different graphical methods may produce results of different accuracy and reliability.
Review with students the method for collecting and recording data when determining acceleration due to gravity with an object dropped from rest, using scaffolded tables.
Differentiation: teachers may choose to provide the headings for the results table to support students who may need additional scaffolding or, alternatively, remove the tables entirely to provide more confident students greater independence in constructing their tables.
Students conduct an experiment in which they drop an object from rest and use a scaffold to record their data (displacement versus time), before constructing a displacement-time graph with an appropriate curve of best fit.
Model how to determine the gradient of the tangent to the curve at a particular point as a measure of instantaneous velocity. Then check for students’ understanding of how to do this by using a mini whiteboard question that requires them to calculate the instantaneous velocity at an identified point on a displacement-time curve.
Students apply this technique independently to their own displacement-time graphs to determine the instantaneous velocity at 3 different points.
Students use a scaffold and their instantaneous velocity calculations to determine a value for the acceleration due to gravity and the percentage error in their value.
Students use a scaffold to linearise the relationship between displacement and time variables and construct a different graph from the same data obtained in their experiment. They use this graph to obtain a value for the acceleration due to gravity, then determine the percentage error.
Differentiation: students can use a pendulum to determine the acceleration due to gravity, linearising the pendulum equation and using the gradient of a period2 versus length graph to determine ‘g’. PPT 2.4 Using a pendulum to determine ‘g’ and PPT 2.4 From the pendulum equation to a graph (2 slides) can be used to guide students through this process. 
Review the definitions of mean, range and standard deviation from Stage 5 Data science 2.
Pool class results for the earlier calculations of ‘g’ and model how to calculate the mean, range and standard deviation for the first set of data before students repeat the calculations for the second set. Students consider the strengths and limitations of each graphical method used to obtain ‘g’ by examining the mean and spread of the data.
Facilitate a class discussion to compare the 2 graphical methods of determining ‘g’.
Consolidate 
Model a scaffolded Claim-Evidence-Reasoning (CER) activity to evaluate the accuracy of each graphical method used in obtaining ‘g’.
Guide students to complete a scaffolded CER activity to evaluate the reliability of each graphical method used in obtaining ‘g’.
Check students’ understanding of reliability and accuracy and the links between these and the measures of mean, standard deviation, range and percentage error using a multiple-choice question.
Students use a scaffold to independently write an evaluation of the 2 methods in terms of both accuracy and reliability.
	

	Motion relationships
Analyse problems of relative velocity involving motion in two dimensions using 
Processing data and information 
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
	[bookmark: _Toc243050591]2.6 Relative velocity (approximately 1 hour)
Activate
Project the slide deck animation of moving people and facilitate a discussion on relative motion, guiding students to consider reference frames, directional vectors and relative outcomes. There is a set of effective questions provided in the teacher resource book. 
Differentiation: students stand up and describe their position using a shared frame of reference centred on the middle of the room.
Core learning
Outline what relative velocity means as well as the idea of frame of reference. Unpack why it is important to establish a frame of reference. Provide multiple examples of objects in motion to reinforce the concept.
Explain that the motion of an object A, relative to object or medium B, can be determined from the vector subtraction: .
Review vector subtraction by drawing and analysing vector diagrams for some relative motion scenarios. Emphasise that relative velocity problems are vector problems, so both magnitude and direction must be considered.
Demonstrate how to solve a variety of relative motion questions using the 'I do, we do, you do' approach, establishing a consistent methodology:
define the frames of reference as well as different observations
draw a labelled vector diagram showing the velocities involved
apply the relative velocity equation
resolve vectors into components if required
calculate the magnitude and direction of the resultant velocity.
Students then practise solving several scaffolded examples, beginning with problems where vectors are perpendicular, before progressing to more complex situations requiring component resolution.
Consolidate
Provide a 2-dimensional question to check students’ understanding on how to determine relative velocity to different scenarios.
	




[bookmark: _Toc243050592]3. Forces and motion 
Table 4 – content and teaching and learning activities for Forces and motion
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Forces and motion
Use free-body diagrams and vector analysis to determine the net force acting on an object
Analyse the forces acting on an accelerating object
Solve problems involving Newton’s second law of motion using 
Problem-solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050593]3.1 Newton’s second law of motion in one dimension (approximately 2 hours)
Activate
Activate prior knowledge of Newton’s second law of motion from Stage 5 Waves and motion.
Relate F = ma to the equations of motion from Activity 2.4 to solve problems involving force and motion that require 2 equations.
Check that students can apply , then solve some simple one-dimensional problems in the student resource.
Core learning
Review the concept of weight from Stage 4 Forces and calculate the weight of masses on Earth and the moon.
Define a ‘normal force’ as a supportive contact force exerted by a surface of an object, acting perpendicular (normal) to the surface.
Check that students understand the relationship between the normal force and weight force.
Demonstrate strategies for solving problems that require proportional reasoning in relation to Newton’s second law of motion, using an example to determine the effect of doubling the force and halving the mass on an object’s acceleration.
Students complete guided and independent practice applying  to solve problems in the student resource that have only a single force acting. 
Define the term ‘net force’ as the sum of all forces acting on a body.
Demonstrate a step-by-step procedure for drawing free-body diagrams using examples of boxes resting on surfaces and being pulled by ropes and use free-body diagrams to help determine the net force on each object.
Model how to apply  and solve problems where all forces are perpendicular and the net force is along the X or Y axis.
Check students’ ability to solve such problems before they independently work through a variety of examples.
Consolidate
Students work backwards to describe real-world scenarios that would match example free-body diagrams.
	

	Forces and motion
Apply Newton’s first law of motion to stationary objects and objects moving with a constant velocity
Analyse the forces acting on an object moving with constant velocity
Problem solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050594]3.2 Newton’s first law of motion (approximately 1 hour)
Activate
Analyse the forces acting on objects moving with constant velocity and construct free-body diagrams to represent these forces.
Activate students’ prior knowledge of Newton’s first law of motion and the concept of inertia from Stage 5 Waves and motion.
Core learning
Analyse scenarios which demonstrate the impact of Newton’s first law of motion in collisions using Predict-Explain-Observe-Explain (PEOE). Identify cause and effect to explain the observations from these collisions.
Model how to incorporate cause and effect into explanations using scaffolds with faded examples.
Differentiation: depending on the needs of your students, you can vary the release of responsibility to students when constructing explanations in the student resource.
Watch Forces and Motion The Physics of Car Crashes (preview) (2:40) to demonstrate the impact of Newton’s first law of motion in car crashes and explain how safety features such as seatbelts and headrests prevent injury.
Students analyse and then construct cause-and-effect explanations to account for the effectiveness of seatbelts and headrests.
Consolidate
Revisit the ‘tablecloth trick’ and explain the effects in terms of Newton’s first and second laws of motion.
Students write, then peer mark, a brief explanation as to why cargo barriers are installed in courier vehicles?.
	

	Forces and motion
Conduct a scientific investigation to illustrate the relationship between force, mass and acceleration
Planning scientific investigations
Justify the use of independent, dependent and controlled variables, and experimental controls in a valid scientific investigation
Processing data and information
Apply quantitative processes to data, including unit conversions
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Analysing data and information
Describe qualitative and quantitative relationships between variables
Assess the validity, reliability, accuracy and precision of data and information
	[bookmark: _Toc243050595]3.3 Newton’s second law of motion (practical investigation) (approximately 2 hours)
Activate
Activate prior knowledge of variables with a simple matching definitions activity.
Analyse a qualitative investigation into Newton’s second law of motion where a controlled force is applied to varying masses.
Core learning
Demonstrate how to set up equipment to investigate the relationship between force, mass and acceleration by assembling the dynamics trolley, string, pulley, mass carrier and masses in the classroom. Model the procedure for transferring masses from trolley to mass carrier and explain how this keeps the system mass constant. 
Check students understand the reasoning for this process before proceeding. 
Students conduct a practical investigation using a half-Atwood’s machine by systematically collecting and recording data to investigate the relationship between force and acceleration and graphing the results.
Consolidate
Students complete a series of questions to analyse the investigation in terms of accuracy and validity and determine the system’s mass using the graph's gradient.
	

	Forces and motion
Use free-body diagrams and vector analysis to determine the net force acting on an object
Resolve vectors into perpendicular components using and where  is the angle with the -axis
Problem-solving
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050596]3.4 Newton’s second law of motion in 2 dimensions (approximately 1 hour)
Activate
Check prior learning of net force and acceleration in some simple one-dimensional situations.
Core learning
Model how to use free-body diagrams to write expressions for net force before students independently solve a variety of problems.
Connect students’ prior knowledge of vector components (from the content group Quantities of motion) to show how forces can also be broken into perpendicular components.
Model how to resolve forces into components to determine the net force on an object.
Check that students can resolve forces before they work independently to solve a variety of problems where they determine net force and apply .
Consolidate
Students revisit the spring balance scenario from the student resource and use the component method to determine the net force of 3 spring balances pulling on a ring. Students compare this result to their earlier result calculated using a scaled vector diagram and explain which method they prefer for determining a precise quantitative solution.
	

	Forces and motion
Use examples to describe the effects of Newton’s third law of motion
Problem-solving
Apply scientific principles to address real-world applications and problems
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050597]3.5 Newton’s third law of motion (approximately 1 hour)
Activate
Identify the forces acting in a variety of scenarios and distinguish between contact and non-contact forces.
Core learning
Review Newton’s third law of motion from Stage 5 Waves and motion, including common examples that show how forces act in pairs, and review the tests used to identify Newton’s third-law (or action-reaction) force pairs. 
Check that students can distinguish between force pairs and balanced forces. 
Demonstrate how force pairs can be clearly represented using the notation  and , where  describes the force of A acting on B. Students use this notation to annotate diagrams in the student resource to show the force pairs acting.
Model how to construct cause-and-effect explanations of the resultant interaction between 2 bodies through the use of faded examples.
Students perform a qualitative investigation to analyse the motion of dynamics trolleys resulting from ‘explosions’. For example, dynamics trolleys with varying masses pushing off from a fixed object and 2 dynamics trolleys pushing away from each other.
Students predict and explain the resulting motion of 2 objects pushing off from one another.
Consolidate
Students analyse the motion of a skateboarder pushing off, then coasting, and incorporate all 3 laws to explain the motion.
Differentiation: this is a difficult question to address so depending on your context this can be done as a class discussion where students are guided to identify examples that illustrate each law. Alternatively, more capable students can write an explanation and peer mark.
	

	Forces and motion
Analyse the forces acting on connected bodies in physical contact and linked by ropes using vector diagrams and Newton’s laws of motion
	[bookmark: _Toc243050598]3.6 Forces acting on connected bodies (approximately 2 hours)
Activate
Activate students’ prior knowledge of the key features of free-body diagrams (from Activity 3.1) and Newton’s third-law force pairs (from Activity 3.5) by asking them to construct a free-body diagram for a scenario that includes force pairs.
Core learning
Outline what a connected system is, starting with 2 connected boxes. Explain how these 2 boxes interact with each other by applying Newton’s laws of motion.
Model how to analyse the forces and acceleration, including identifying force pairs for systems containing 3 bodies as well as for bodies connected by strings in vertical and horizontal planes. 
Students practise solving the problems in the student resource to analyse the forces acting on a range of connected systems.
Consolidate
Students complete a cloze passage summarising the general approach to analysing the forces acting on connected bodies. 
	

	Forces and motion
Compare static and kinetic friction
Solve problems using 
	[bookmark: _Toc243050599]3.7 Static and kinetic friction (approximately 1 hour)
Activate
To demonstrate friction, place a block on a table and slowly increase the pulling force on it using a spring scale to display the magnitude of the force. Ask students to observe what happens as the force increases. Use scaffolded questions to explore friction’s role in the block’s motion.
Present the video, Real Life Examples of Friction (2:26), to highlight that friction acts to prevent or oppose motion.
Students list everyday situations where friction is important (for example, walking, braking a bicycle, sliding furniture). Briefly discuss how friction prevents or opposes motion.
Core learning
Explicitly introduce the concepts of static friction and kinetic friction. Explain that static friction acts when objects are not moving relative to each other and increases up to a maximum value (fixed for the particular objects used). In contrast, kinetic friction acts when objects slide across a surface and is generally smaller than the maximum static friction (for the same combination of object and surface).
Use a simple force diagram to show that friction acts parallel to the surface and opposes motion or attempted motion.
Introduce the equation for frictional force, . Explain each term and clarify that there are 2 coefficients:  for static friction and  for kinetic friction.
Check students’ understanding of the coefficients of friction and of the notion of friction as a reactive force that can increase up to a maximum value in a given situation.
Model worked examples demonstrating how to calculate the friction force from the coefficient of friction and the normal force, how to determine the minimum force required to start motion, and how to analyse situations where friction affects acceleration.
Students complete a scaffolded set of questions in the student resource using gradual release of responsibility to practise applying their understanding.
Consolidate
Students are presented with several scenarios such as a crate being pushed across a floor, a car braking on the road and a box resting on an incline. For each scenario, students identify whether static or kinetic friction applies, draw a free-body diagram showing the forces acting and calculate the frictional force.
Students produce a written response as an exit ticket to the question: Why is it usually harder to start moving an object than to keep it moving?
	 

	Forces and motion
Solve a variety of problems in static and dynamic real-world situations by applying Newton’s laws of motion
	[bookmark: _Toc243050600]3.8 Problem-solving – Newton’s laws of motion (approximately 1 hour)
Activate
Explain that many real-world physics problems involve applying multiple Newton’s laws together to analyse forces and motion.
Lead a brief class discussion that reviews key concepts and reinforces that Newton’s laws apply to both stationary and moving systems, including situations with balanced and unbalanced forces.
Core learning
Distinguish between static and dynamic situations in terms of changes in motion.
Present several everyday situations (images or short descriptions), such as a car travelling at constant speed on a highway, a person pushing a heavy box across a floor, a book resting on a table, or a parachutist falling at terminal velocity. Students work in pairs to decide:
whether the situation is static (no motion) or dynamic (motion occurring)
whether the net force is zero or non-zero (emphasise and activate prior learning that net force being zero does not preclude motion)
which of Newton’s laws might best explain the situation.
Use checks for understanding to establish students’ understanding of static versus dynamic situations, and their ability to identify when a net force is acting.
Support students to practise applying Newton’s laws of motion as they complete questions in the student resource.
Peer teaching activity: in pairs, students take turns teaching each other how to solve one question from a set and get feedback from their peers.
Consolidate
Students respond on mini whiteboards as an exit ticket to the question: How do free-body diagrams help you apply Newton’s laws of motion to real-world problems?
	 
 




[bookmark: _Toc243050601]4. Motion on inclined planes
Table 5 – content and teaching and learning activities for Motion on inclined planes
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Motion on inclined planes
Determine the normal force on objects on inclined planes
Explain why Aboriginal and/or Torres Strait Islander Peoples used inclined planes to move heavy objects
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Describe the Cultural Knowledges and observations of Aboriginal and Torres Strait Islander Peoples and examine how these contribute to the development of scientific knowledge
	[bookmark: _Toc243050602]4.1 Using inclined planes (approximately 1 hour)
Activate
Activate students’ prior understanding of forces (Stage 4 – Forces), including friction (from the content group Forces and motion), by completing a series of short questions.
Ask students: ‘Have you ever needed to move something really heavy, like a box, furniture or equipment?’ ‘What did you do to make it easier? Did you use any tools or tricks?’
Demonstrate how the angle of the inclined plane changes the force required to move objects. Students use simple materials such as a spring balance, a book and a pencil case to measure the change in force needed to drag an object across a flat surface versus up/down a slope.
Core learning
[bookmark: _Ref227245093]Activity 1 – Aboriginal and Torres Strait Islander Peoples used inclined planes
Describe the Mount William Quarry as a heritage-listed site. It contains a quarry and over 30 flaking pits. Some of the flaking pits are downhill from the quarry. Discuss why the flaking pits are downhill from the quarry. Lead a discussion focused on how gravity helps move the stones from the quarry to the flaking pit.
Explain that Aboriginal and Torres Strait Islander Peoples did not use formal physics equations; however, they used observations of their natural surroundings to make decisions that rely on the laws of physics.
Activity 2 – constructing free-body diagrams on an inclined plane
Explain the normal force to students using everyday examples such as wheelchairs, car ramps and slippery dips.
Use gradual release of responsibility to teach students how to draw free-body diagrams of objects on an inclined plane.
Show students the sequence of steps used to construct free-body diagrams for objects on an inclined plane. First, identify all forces acting on the object, then establish a set of axes aligned with the plane, and finally construct the free-body diagram.
Check students’ understanding of how to draw a free-body diagram using an example of a skier going down a hill.
Guide students to construct free-body diagrams for everyday examples involving inclined planes. When students are competent, have them practise constructing free-body diagrams independently.
Students complete slide 3 of the Amplify activity Resolving weight force to explore how the normal force changes as the angle of incline changes.
Differentiation: use physical models as anchors to help students better understand the forces acting on objects on inclined planes. Refer back to them regularly when introducing new or complex concepts or skills.
Consolidate
Ask students: ‘Why were the flaking floors downhill from the quarry?’ Students draw a free-body diagram to support their answer.
	

	Motion on inclined planes
Determine the normal force on objects on inclined planes
Construct free-body diagrams to show the gravitational, normal, frictional and net force acting on an object on an inclined plane
Resolve the weight force into perpendicular and parallel components on inclined planes using and 
Problem solving
Apply scientific principles to address real-world applications and problems
Communicating
Construct evidence-based arguments and recognise the role of peer review in the evaluation of scientific practices, solutions or conclusions
	[bookmark: _Toc243050603]4.2 Resolving weight force (approximately 2 hours)
Activate
Activate students’ prior understanding of forces on an inclined plane (Activity 4.1) by showing students a range of skate ramps and asking them which one will produce the greatest acceleration.
Check students’ prior understanding of resolving vectors by asking them to calculate the horizontal and vertical components of a basketball’s initial velocity in flight.
Core learning
Remind students that changing the angle of an inclined plane changes the normal force acting on an object. Explain that they will now resolve the weight force into components parallel and perpendicular to the slope to determine how the net force and motion of the object are affected.
Discuss how engineers who design ramps need to balance speed and safety carefully. To make these decisions, they must resolve the weight force into its components. This allows them to predict how quickly an object will accelerate and how stable riders will be on a ramp.
Ask students to draw a free-body diagram of an object on a ramp and identify all forces acting on the object. Explain that the weight force always acts vertically downward regardless of the angle of the ramp.
Use gradual release of responsibility to teach students how to resolve weight force into its components, including how to calculate the perpendicular and parallel components of the weight.
Model for students resolving the weight force into its perpendicular and parallel components using free-body diagrams. Identify each component and represent them mathematically: 

Model for students how to calculate the perpendicular and parallel components of the weight force using trigonometry.
Guide students through a worked example, prompting them to complete each step before confirming the solution.
Differentiation: challenge students by asking them to resolve the weight force into 2 vectors and provide the mathematical representation without scaffolding.
Students independently complete a set of calculations to practise resolving the weight force.
Students independently use calculations to solve the real-life problem of: Which ramp provides the best balance between the parallel and perpendicular components of the weight force to make a fun but safe skate ramp that is suitable for a moderate to experienced rider?’ Have students develop an evidence-based claim.
Differentiation: provide students with a scaffolded activity in which they organise a series of sentences into a cohesive evidence-based argument using the ‘given and new’ technique.
Consolidate
Students explain why engineers must consider both the parallel and perpendicular components of the weight force when designing an accessible ramp for a wheelchair, using appropriate diagrams, equations and/or calculations to support their answer.
	

	Motion on inclined planes
Conduct a laboratory experiment to analyse the relationship between the angle of an inclined plane and the acceleration of an object
Plan an investigation 
Justify the use of independent, dependent and controlled variables
Analysing data and information
Assess error, uncertainty and limitations in data and include calculations of percentage error, range, mean and standard deviation
Assess the validity, reliability, accuracy and precision of data and information
	[bookmark: _Toc243050604]4.3 Investigating the effect of inclined angle on acceleration – practical investigation (approximately 2 hours)
Activate
Activate students’ prior knowledge of reliability, validity and accuracy from Activity 2.5 by using 3 brief experimental scenarios to identify quality issues and discuss their reasoning.
Activate students’ prior knowledge of free-body diagrams and acceleration on an inclined plane (Activity 4.2) to predict the relationship between incline angle and acceleration, and derive the model 
Core learning
Activity 1 – plan and conduct the investigation
Students plan, justify and conduct a valid and reliable investigation into the effect of incline angle on the acceleration of a trolley. Students use a planning scaffold with prompting questions to guide their planning before writing their completed method. 
Differentiation: students may use the self-assessment guide to provide feedback on the work of other students.
Students conduct the investigation in small groups to gather primary data.
Activity 2 – data processing and analysis
Students process experimental data using Excel or Google Sheets by calculating , mean time and acceleration. Students then analyse the relationship between acceleration and  through graphing, interpret the gradient as the acceleration due to gravity, and evaluate the reliability and accuracy of their results.
Consolidate
Students evaluate the quality of their investigation by calculating percentage error, analysing sources of uncertainty, and reflect on the reliability, accuracy and validity of their results to suggest improvements.
	


	Motion on inclined planes
Derive  to describe the acceleration on an object on an inclined plane with friction using Newton’s second law parallel to the plane
Analysing data and information
Describe qualitative and quantitative relationships between variables
	[bookmark: _Toc243050605]4.4 Acceleration on an inclined plane (approximately 1 hour)
Activate
Activate students’ prior knowledge of forces acting on an inclined plane (Activity 4.1 and 4.2) by asking them to recall a time they saw an object sliding down a slope. Ask what surfaces were involved and how friction affected how quickly the object accelerated. Students share their thoughts with a partner.
Check students’ prior understanding of Newton’s laws of motion and friction by conducting a short quiz.
Core learning
Introduce a scenario such as a pencil case sliding down a tilted book or a person skiing down a snowy hill experiencing friction. Facilitate a discussion of the object’s motion and the forces involved. Make the connection between the angle of the inclined plane, friction and acceleration more concrete by using a book as a ramp and changing the angle. 
Students make qualitative observations of a pencil case’s motion as the angle changes. Change the friction by using an eraser or wooden ruler in place of the pencil case. Students construct a labelled free-body diagram.
Model for students how to derive a formula for the acceleration of an object down an inclined plane with friction: .
Students resolve the weight force on the free-body diagram:
 parallel: 
perpendicular: 
friction: .
Differentiation: challenge students by asking them to work in pairs to derive the equation themselves and share their reasoning.
Students calculate the acceleration of objects on inclined planes by progressing from a teacher-modelled worked example, to a supported pair activity, and finally to independently solving problems involving different angles and coefficients of friction.
Differentiation: provide students with colour-coded partially completed diagrams to scaffold solutions.
Consolidate
Students use their understanding of acceleration down a slope and friction to select the safest slide.
	

	Motion on inclined planes
Solve problems involving objects with constant velocity and objects accelerating on inclined planes
Problem-solving
Apply scientific principles to address real-world applications and problems
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050606]4.5 Solving problems – motion on an inclined plane (approximately 1 hour)
Activate
Activate students’ prior understanding of Newton’s second law of motion and friction (from the content group Forces and motion) by having students solve a problem involving forces acting on an object moving at constant velocity, determining net force and friction when an applied force is given.
Core learning
Students work in small groups to solve a range of problems at stations around the room.
Differentiation: support students by using gradual release of responsibility.
Students complete a range of problems on an inclined plane individually, addressing a variety of aspects of motion.
Differentiation: provide students with partially completed diagrams to scaffold solutions.
Consolidate
Students design a safe but enjoyable waterslide and justify their design choices.
	




[bookmark: _Toc243050607]5. Momentum and energy
Table 6 – content and teaching and learning activities for Momentum and energy
	Content
	Teaching and learning activities
	Registration and evaluation notes

	Momentum and energy
· Compare conservative forces and non-conservative forces
· State the conditions under which total mechanical energy is conserved
	[bookmark: _Toc243050608]5.1 Conservative and non-conservative forces (approximately 1 hour)
Activate
Demonstrate a scenario where a ball bounces to a lower height than its initial position.
Students retrieve prior knowledge of systems, energy stores, energy transfers and transformations from Stage 5 Energy to define a system and describe any energy changes using mini whiteboards.
Check for understanding to confirm all students recall the law of conservation of energy before proceeding.
Differentiation: provide students with sentence starters for each section and a word bank to support students to construct written responses.

Core learning
Introduce total mechanical energy as KE + U and explain work as a process that changes the energy of a system.
Introduce notation to describe changes in energy (∆E, ∆KE, ∆U, and so on) reminding students that ∆ = ‘change in’ and the change can be calculated as final – initial.
Introduce conservative forces, where the work done depends only on the start and end position, and non-conservative forces, where the path matters. Demonstrate by comparing the forces on a book as it is lifted and then dropped versus a book dragged or pushed around a table.
Students practise classifying forces and explaining whether mechanical energy is conserved in familiar scenarios including falling objects, springs, pendulums and sliding objects.
Consolidate
Students return to the bouncing ball scenario and re-explain why the ball returns to a lower height using the terms conservative force, non-conservative force, KE, U, mechanical energy and energy transfer.
Check for understanding: students state that mechanical energy is conserved when only conservative forces act within the system, and non-conservative effects or external work are negligible.
	

	Momentum and energy
Relate the work done on an object to the change in its kinetic energy during accelerated rectilinear motion using 
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
	[bookmark: _Toc243050609]5.2 Work (approximately 1 hour)
Activate
In pairs, students take turns sliding coins across the table to see who can get the coin to the other side of the table using only 3 flicks, or to travel a fixed distance. Ask students to identify the factors affecting the distance the coin travelled during each flick.
On mini whiteboards, students draw 2 free-body diagrams, one diagram showing forces acting on the coin during the flick and the other after the flick while the coin is in motion.
Activate prior understanding of systems from Activity 5.1 by asking students to identify the relationship between work and energy.
Core learning
Introduce  and work energy theorem 
Use force diagrams to model the forces on an object pushed horizontally, at an angle between 0 and 90 degrees, and then at 90 degrees, to explore the impact of the angle between force and displacement vectors on the work done by that force.
Students apply the formulas in familiar contexts.
Use a challenge question that requires students to apply their prior knowledge of friction to determine the work done by friction on a sliding object, using  as a multi-step work calculation. 
Consolidate
Students complete and self-mark the problem set in the student resource applying equations to calculate the work done and the energy changes. 
	

	Momentum and energy
Solve problems involving changes in gravitational potential energy in a uniform gravitational field using 
Solve problems involving kinetic energy using 
Analysing data and information
Use appropriate significant figures to express quantitative solutions
Use appropriate scale prefixes for powers of 10: femto (f) = 10-15, pico (p) = 10-12, nano (n) = 10-9, micro (μ) = 10-6, milli (m) = 10-3, kilo (k) = 103, mega (M) = 106, giga (G) = 109, tera (T) = 1012 and peta (P) = 1015
Problem-solving
Apply scientific principles to address real-world applications and problems
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050610]5.3 Problem-solving with energy (approximately 1 hour)
Activate
Students activate prior knowledge of mechanical energy, potential energy and kinetic energy from Activity 5.1 by answering short qualitative questions.
Use questioning to establish the relationship between energy, force, displacement and work through familiar scenarios involving vehicles, books and falling objects.
Core learning
Introduce equations for calculating changes in the mechanical energy of objects  and .
Model the derivation of  by relating it to students’ prior knowledge (from Activity 5.2) of work done by or against gravity when objects are moved through a vertical distance (height).
Model, using worked examples, how to apply the formula to solve familiar problems. Check students can use these to calculate kinetic energy and changes in gravitational potential energy before progressing.
Students in groups of 3 solve progressively challenging problems from Level 1–4 using mini whiteboard banner sprint activity
Note: when applying formulas relating to gravitational potential energy (U=mgh or ), make your choice of frame of reference explicit for students. That is, define where 
h = 0 (or the height at which U=0) to reinforce the problem-solving framework.
Differentiation: complete worked examples to model strategies for solving problems at each level. This could be done at a small group level as each group moves on to the next level. 
Consolidate
Students complete an exit ticket containing progressively demanding questions involving kinetic energy, changes in gravitational potential energy, proportional relationships and explanations.
	

	Momentum and energy
Apply the law of conservation of mechanical energy and use  and to solve problems
Analyse energy transformations and calculate the work done when an object moves within a uniform gravitational field, including changes in gravitational potential energy due to height and identifying the forces responsible for doing work
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
	[bookmark: _Toc243050611]5.4 Work, systems and conservation of energy (approximately 1 hour)
Activate
Demonstrate a falling ball and prompt students to compare a ball-only system with a Ball and Earth system.
Students retrieve prior knowledge of systems, and energy models, to identify whether gravity is internal or external and explain how this affects the representation of energy.
Confirm students can distinguish between energy transformation within a system and work done across a system boundary by representing energy changes for simple gravitational systems.
Core learning
Use the PhET Energy Skate Park simulation to investigate how energy changes within an Earth and skater system, focusing on the transformation between gravitational potential energy and kinetic energy.
Students active prior learning from Stage 5 Energy, representing energy on energy flow diagrams (EFDs) and work-energy bar charts (WEBCs)
Students analyse different positions on the ramp and use EFDs and WEBCs to represent energy changes for both the Earth and skater and skater-only systems.
Introduce conservation of mechanical energy and use the simulation to evaluate the claim that a heavier skateboarder reaches the bottom faster. Students use evidence and equations to explain why final speed depends on height rather than mass in an ideal gravitational system.
The PhET Energy Skate Park simulation can be used to verify the transformation of KE and U, model the impact of non-conservative forces and demonstrate a simple form of WEBC.
Consolidate
Students test their understanding of energy representation by accessing the Energy bar charts interactive on the Universe and More website. Demonstrate the first example by (1) selecting an event, (2) playing the video, (3) selecting the system, (4) adding the required energy bars (and work if it is an open system), (5) adding the amounts of energy to each side, and (6) selecting ‘Check’ to show how automatic feedback is provided.
Students identify and correct common misconceptions about mechanical energy, work and system boundaries, rewriting explanations using appropriate physics terminology.
	

	Momentum and energy
Solve problems involving momentum using  and 
Processing data and information
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
Problem-solving
Apply scientific principles to address real-world applications and problems
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050612]5.5 Momentum and impulse (approximately 1 hour)
Activate
Activate students’ understanding of Newton’s laws of motion from the content group Forces and motion through familiar scenarios, focusing on cause-and-effect relationships between force, mass, acceleration and time.
Establish the need for momentum to describe quantity of motion, and impulse to describe how force acting over time changes motion.
Core learning
Distinguish between force, momentum and inertia by introducing momentum, comparing the 3 concepts through examples, and ranking objects according to their momentum.
Develop understanding of impulse as the effect of force acting over time by analysing force- time graphs and applying the relationship between force, collision time and change in momentum to airbags, catching a cricket ball and crash mats.
Students apply these concepts to complete a card sort activity to categorise scenarios into the groups: momentum, force, inertia and impulse. Students justify their choices based on which quantity or concept best explains what is happening. 
Apply the impulse-momentum relationship mathematically by modelling worked examples analysing collision scenarios, identifying known quantities, selecting appropriate relationships and interpreting the physical meaning of the result.
Consolidate
Apply the impulse-momentum relationship to mathematical problems, linking equations to physical meaning.
Solve progressively challenging momentum and impulse problems collaboratively, explaining and justifying reasoning through whiteboard banner activity.
	

	Momentum and energy
State the conditions under which momentum is conserved
Explain why momentum is conserved during collisions
Solve problems involving the conservation of momentum using  and, where appropriate, conservation of kinetic energy 
Analysing data and information
Use appropriate significant figures to express quantitative solutions
Use appropriate scale prefixes for powers of 10: femto (f) = 10-15, pico (p) = 10-12, nano (n) = 10-9, micro (μ) = 10-6, milli (m) = 10-3, kilo (k) = 103, mega (M) = 106, giga (G) = 109, tera (T) = 1012 and peta (P) = 1015
Problem-solving
Apply scientific principles to address real-world applications and problems
Use modelling and cause-and-effect relationships, including mathematical examples, to make predictions, explain phenomena, and solve problems
	[bookmark: _Toc243050613]5.6 Collisions and conservation of momentum (approximately 1 hour 30 minutes)
Activate
Use a car crash test video and a stacked ball demonstration to activate students’ prior knowledge of forces and momentum from Activity 5.4, and to build curiosity before introducing formal definitions and equations relating to collisions.
Use effective questioning to elicit students’ understanding of inertia, momentum, force, impulse and energy transfer during collisions.
Encourage students to explain observations in terms of interactions between objects, including Newton’s laws of motion and forces acting during a collision.
Core learning
Introduce the law of conservation of momentum, relating the equation to familiar examples of interactions/collisions.
Establish that momentum is a vector quantity and interpret the sigma (Σ) notation to describe the sum of momentum before and after an interaction.
Use the Richard Garriott space video blog: conservation of momentum (1:58) video to highlight that momentum conservation is most evident when there are no (or negligible) net external forces acting on a system.
Introduce the concept of an isolated system and identify the objects and forces within a system.
Use Newton’s cradle to distinguish internal forces, which transfer momentum within a system, from external forces, which change the system’s total momentum.
Develop the conservation of momentum relationship from Newton’s third law of motion, linking equal and opposite forces acting over the same time interval to equal and opposite impulses and changes in momentum.
Use checks for understanding and a guided example to reinforce the conditions for momentum conservation and connect the conceptual model to mathematical applications.
Differentiation: use the Collision Lab PhET simulation to provide a wider range of examples students can explore, simplify data collection to focus learning on applying mathematical models, or extend analysis to include 2-dimensional collisions.
Consolidate
Use the conservation of momentum exit ticket to assess conceptual understanding and calculation skills.
	

	Solve problems involving the conservation of momentum in elastic collisions using 
Classify collisions as elastic or inelastic by calculating and comparing the total kinetic energy before and after the collision
	[bookmark: _Toc243050614]5.7 Elastic and inelastic collisions (approximately 1 hour 30 minutes)
Activate
Activate students’ prior knowledge of conservation of energy from Activity 5.4 by dropping a table tennis ball and a ball of playdough to demonstrate energy transformations during collisions.
Prompt students to compare rebound, deformation and energy changes, using conservation of energy to explain the different outcomes.
Establish that kinetic energy can be transformed into elastic potential, thermal, sound and deformation energy, and that energy is not lost.
Core learning
Distinguish between elastic and inelastic collisions, recognising that momentum is conserved in both, while kinetic energy is conserved only in elastic collisions.
Use the Collision Lab PhET simulation to investigate how changing mass, velocity and elasticity affects collisions.
Differentiation: extend analysis to include collisions in 2 dimensions for higher ability students to practise applying the component method for adding/subtracting vectors.
Students work in pairs to analyse real-world collision designs and classify collisions based on changes in kinetic energy and energy transfer. Students explain how collision design can be used to achieve different purposes, such as absorbing energy for safety or maximising rebound and performance.
Students work in pairs and practise applying the kinetic energy formula to compare total kinetic energy before and after collisions, classifying example collisions as elastic or inelastic.
Address misconceptions that energy is lost during collisions or that inelastic collisions are always undesirable.
Consolidate
Apply understanding of elastic and inelastic collisions to a real-world design problem, justifying the most appropriate collision type using energy transfer, momentum, safety and performance.
Design and solve a mathematical collision problem using realistic values, appropriate units and kinetic energy calculations, then classify the collision.
	

	Momentum and energy
Conduct a practical investigation to analyse the conservation of momentum in collisions
Conducting scientific investigations
Construct and manipulate identified materials and technologies to perform scientific investigations
Use equipment appropriately and systematically to collect and record data, information, evidence and findings
Processing data and information
Apply quantitative processes to data, including unit conversions
Select and use a range of representations to organise data and information, including graphs, keys, models, diagrams, tables and spreadsheets
	[bookmark: _Toc243050615]5.8 Collisions – practical investigation (approximately 2 hours)
Activate
Use a collision scenario to activate prior knowledge about forces, motion and momentum, prompting students to explain their observations and consider momentum at the system level.
Use students’ responses to establish the measurements required to investigate momentum conservation, then transition to the practical investigation.
Core learning
Students undertake a practical investigation using smart carts to collect data on 3 types of collisions (a sticky collision, an ‘explosion’ and an elastic collision between carts of different masses).
Using an electronic balance to weigh each cart and labelling it with masking tape before class saves valuable class time.
Analyse class data to determine whether momentum is conserved, evaluate anomalous results and identify sources of experimental error and limitations.
Use video analysis as an alternative method to investigate and analyse collision data where practical equipment is unavailable. 
Present experimental results, including tabulated data, descriptive statistics and annotated graphs (F-t, v-t, p-t), identifying key features such as the time interval when the collision occurred, maximum force and changes in velocity and momentum.
Consolidate
Analyse a flawed scientific report to identify errors and areas for improvement, then use the identified criteria to independently write a scientific report based on their own investigation and evidence.
	


[bookmark: _Toc243050616]Glossary
Tier 3 words are those that are relevant for subject-specific content. The Guide for planning and implementing explicit vocabulary instruction can be used by teachers across all curriculum areas.
Table 7 – glossary of key terms for Fundamentals of mechanics
	Term
	Meaning

	Acceleration
	How quickly velocity changes over time; it can result from a change in speed, direction or both.

	Accuracy
	The extent to which measurements are considered to be close to the true value (NESA 2025). 

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

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

	Controlled variable
	A variable that is kept constant (or changed in constant ways) during an investigation. For example, the same amount of water would be a controlled variable in an investigation comparing solubility (NESA 2025). 

	Dependent variable
	The factor in an experiment that changes in response to changes to the independent variable (NESA 2025). 

	Displacement
	A vector quantity that describes the straight-line change in position of an object from its starting point to its finishing point, including both magnitude and direction.

	Distance
	A scalar quantity that describes the total length of the path travelled by an object, regardless of direction.

	Force
	A push or pull between objects, which may cause one or both objects to change speed, and/or direction of their motion, and/or their shape (NESA 2025). 

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

	Frame of reference
	A chosen coordinate or directional system used to describe motion, including which directions are treated as positive and negative.

	Friction
	The resistance to motion that occurs when 2 surfaces rub against each other (NESA 2025). 

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

	Inclined plane
	A sloped surface used to move objects.

	Independent variable
	The variable that is deliberately changed, often through a series of pre-set values (NESA 2025). 

	Inelastic collision
	A type of collision where momentum is conserved but kinetic energy is not, as some of the kinetic energy is converted into other forms of energy (NESA 2025).

	Instantaneous speed
	The speed recorded at a particular moment in time.

	Instantaneous velocity
	The velocity recorded at a particular moment in time.

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

	Model
	A mathematical, conceptual or physical representation that describes, simplifies, clarifies or provides an explanation of the structure, workings or relationships within an object, system or idea. Models can provide a means of testing and predicting behaviour within limited conditions. Models may be physical or exist in digital form (NESA 2025).

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

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

	Outlier
	A data value that appears to stand out from the other members of the dataset by being unusually high or low (NESA 2025). 

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

	Pattern
	A pattern is made up of a number of elements that repeat or follow a rule (NESA 2025). 

	Percentage error
	The absolute error of a measurement expressed as a percentage of the recorded measurement (NESA 2025). 

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

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

	Precision
	The extent to which repeated measurements of the same item are close to each other (NESA 2025). 

	Prediction
	A statement or estimate about what will happen in the future, often based on available evidence, past experiences or statistical analysis (NESA 2025). 

	Qualitative
	To use descriptive explanations involving features, characteristics or properties to identify important components. Data and information that is not numerical in nature (NESA 2025).

	Quantitative
	Data or components that can be expressed or measured numerically, including chemical formulae or numbers (NESA 2025).

	Range (of a dataset)
	The difference between the highest and lowest values in a dataset (NESA 2025).

	Random error
	Unpredictable variation in measurements.

	Reliability
	An extent to which repeated observations and/or measurements taken under identical circumstances will yield similar results (NESA 2025).

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

	Resultant
	The net result of a combination of 2 or more vectors.

	Scalar
	A quantity in physics that can be completely described by its magnitude (size or numerical value) and has no direction.

	Scientific investigation
	A scientific process of answering a question, exploring an idea or solving a problem, which requires activities such as planning a course of action, collecting data, interpreting data, reaching a conclusion and communicating these activities. Investigations can include practical and/or secondary-source data or information (NESA 2025).

	Standard deviation
	A measure of the variability or spread of a dataset. It gives an indication of the degree to which the individual data values are spread around their mean.
Extended in Mathematics Standard and Advanced: For a random variable, the standard deviation is the square root of its variance.
It provides a measure of the spread of the probability density function (NESA 2025).

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

	Tension
	A force along the length of a medium, especially a force carried by a flexible medium, such as a rope or string.

	Time (cumulative)
	The continuous, total elapsed time measured from the absolute start of an event to a specific point.

	Time interval
	The specific slice of time that passes between 2 distinct markers or events, calculated as the change in time ).

	Trend
	A general direction or pattern in data or observations that shows how something changes over time or under different conditions. (NESA 2025)

	True bearing
	A direction measured in degrees clockwise from North, expressed as a three-figure bearing.

	Uncertainty
	The range of doubt in a measurement.

	Validity
	The extent to which the processes and resultant data measure what was intended (NESA 2025).

	Vector
	A quantity in physics that has both magnitude and direction.

	Vector addition
	The process of combining 2 or more vectors to determine a single resultant vector.

	Vector component
	The part of a vector that acts along one chosen axis.

	Vector subtraction
	The process of subtracting a vector by adding its negative; the vector being subtracted is reversed and then added using the head-to-tail method.

	Velocity
	How quickly displacement changes over time; because it includes direction, it is a vector quantity.

	Work
	The transfer of energy that occurs when an external force is applied to an object, causing it to move in the direction of the force (NESA 2025).
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