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[bookmark: _Toc223937737][bookmark: _Toc228890662][bookmark: _Toc243034359]Overview
Year and learning area: Year 11 Physics 
Description: this resource complements the Fundamentals of mechanics program of learning. It serves as a teacher reference, offering practical strategies and ideas to enrich teaching practices and create engaging learning environments. Adapt the activities to suit students' needs.
Duration: timing will vary based on the mode of delivery, differentiation strategies employed and class or school context; however, this series of activities should take approximately 9 hours.
Risk management: teachers are advised to undertake a risk assessment before conducting any classroom investigation or experiment. For more information on developing risk assessments, refer to Risk Assessment – a pre-requisite for risk control and WHS Risk assessment template.
This resource book elaborates on many of the activities in the Fundamentals of mechanics sample program of learning. Some activities also reference the Fundamentals of mechanics slide decks throughout this document. The resource package is available on Physics 11–12.
[bookmark: _Toc223937738]

[bookmark: _Toc228890667][bookmark: _Toc243034360]1.1 Scalars and vectors
This lesson breaks down the difference between scalar and vector quantities. It applies these ideas to show how distance differs from displacement, how speed differs from velocity, and how acceleration happens whenever something changes its speed or its direction.
[bookmark: _Ref240624271]Table 1 – learning intentions and success criteria
	[bookmark: _Toc128649917][bookmark: _Toc141426382]We are learning:
	I can:

	to describe motion using correct scientific terms
	define a scalar quantity as having magnitude only and a vector quantity as having both magnitude and direction
identify examples of scalar and vector quantities in mechanics
distinguish between a time interval and cumulative time

	to process quantitative data and information
	use correct units and symbols
represent a vector quantity using a scaled vector diagram
convert measurements between common units, including units of time

	to analyse and evaluate data.
	identify the power of 10 represented by common scale prefixes
convert between prefixed and base SI units.


[bookmark: _Toc223937739][bookmark: _Toc228890668][bookmark: _Toc243034361]Lesson sequence instructions
Activate
1. Students complete Question 1 in the Student resource – classifying physical quantities of motion: scalars versus vectors to match definitions for key quantities of motion.
Core learning
1. Present slide 1.1 PPT ‘SI Units’ to outline the standard SI units and discuss why a universal measurement system is essential for consistent data collection, scientific collaboration and accurate calculations in physics.
Guide students through 1.1 PPT ‘Prefixes in physics’ (2 slides) to establish how standardised symbols represent very large and very small values. 
Model the differences between the 2 examples, as shown in the second slide. For example, micro has a factor of 10-6, which is represented as a value with 6 decimal places.
Complete Check for understanding 1 (1.1 PPT) to confirm that students can convert between units with different prefixes. 
Students complete Question 2 in the Student resource – classifying physical quantities of motion: scalars versus vectors to convert different quantities of motion into the correct SI unit.
Define physical quantity and outline the difference between scalar and vector quantities using slide 1.1 PPT ‘What are scalar and vector quantities?’.
A physical quantity is any property of an object or system that can be measured or calculated.
A scalar quantity can be completely described by its magnitude (size or numerical value) and has no direction. For example, the mass of the cart is 10 kg. 
A vector quantity requires both magnitude and direction. For example, the velocity of the car is 80 km/h north. 
Students complete Question 3 in the Student resource – classifying physical quantities of motion: scalars versus vectors to categorise common quantities in physics as either scalar or vector.
Explain how arrows are used to represent vector quantities using slide 1.1 PPT ‘Representing vector quantities’.
Length of arrow is proportional to magnitude.
Direction of arrow shows the direction of the quantity.
Use slide PPT 1.1 'Describing direction in physics' to outline the various systems an observer can use to define the direction of a moving object. 
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, .
Students complete Question 4 in the Student resource – classifying physical quantities of motion: scalars versus vectors to demonstrate they can draw vectors to scale.
Outline the difference between distance and displacement using slide 1.1 PPT ‘Comparing distance and displacement’.
Distance is a scalar quantity that describes the total length of the path travelled by an object, regardless of direction.
Displacement is 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. 
Discuss time as a measurement in physics and outline its SI unit, which is the second, in slide 1.1 PPT ‘Time’.
Cumulative time: 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 (. 
Outline how to convert seconds into minutes, hours and days, as well as days into hours, minutes and seconds, using slide 1.1 PPT ‘Time conversion’. Share the example of:
Example: 365 days into seconds

Students complete Question 5 in the Student resource – classifying physical quantities of motion: scalars versus vectors.
Consolidate
1. [bookmark: _Toc223937740][bookmark: _Ref231988558][bookmark: _Ref231989213][bookmark: _Ref231989554][bookmark: _Ref231989791][bookmark: _Ref231989890][bookmark: _Ref231989988][bookmark: _Toc228890669]Project the Check for understanding 2 (1.1 PPT) slide and facilitate discussion comparing distance and displacement of a runner around a track. 
[bookmark: _Ref237363521]

[bookmark: _Student_resource_–][bookmark: _Toc243034362]Student resource – classifying physical quantities of motion: scalars versus vectors
1. Match each key term in the following table to its correct sentence starter, ending and final definition.
	Term 
	
	Definition beginning
	
	Definition ending

	Distance
	
	The straight-line distance and direction
	
	including speeding up, slowing down or changing direction.

	Displacement
	
	The rate at which an object
	
	path an object travels, regardless of direction.

	Speed
	
	The total length of the actual
	
	changes its position in a specific direction.

	Velocity
	
	The rate at which an object’s velocity changes
	
	distance over a specific amount of time.

	Acceleration
	
	The rate at which an object covers
	
	from an object’s starting point to its end.


Convert the physical quantities of motion into their standard SI units in the following table. 
	Quantity 
	Magnitude
	Prefix used 
	SI units
	Magnitude in SI units

	Distance
	5.2 km
	kilo ()
	
	

	Wavelength
	900 nm
	
	
	

	Time
	180 ms
	
	
	

	Frequency
	3.5 GHz
	
	
	

	Mass
	450 mg
	
	
	

	Time
	120 µs
	
	
	

	Length
	0.8 fm
	
	
	

	Energy
	6 PJ
	
	
	

	Energy
	12 TJ
	
	
	

	Wavelength
	430 nm
	nano ()
	
	


Complete the following table by sorting terms as scalar or vector quantities using the word bank below. For each quantity, include the appropriate unit of measurement.
Word bank:
Distance, Displacement, Speed, Velocity, Mass, Acceleration, Time, Temperature, Weight, Force
	Scalar
	Vector

	
	

	
	

	
	

	
	

	
	

	
	




Draw the following vectors on the grid below (the first vector has been demonstrated):
1. 7 m east
1. 10 m north
1. 8 m south
1. 6 m west. 
[image: Grid paper annotated with 2 m for each square. A vector labelled 7 m east has been drawn to cover 3.5 boxes pointing to the right.
Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.
]
Convert the following:
1. 720 minutes into seconds
	


2 days into minutes
	


259,200 seconds into days
	


900 minutes into hours.
	


Sample response: Student resource – classifying physical quantities of motion: scalar versus vector
1. Match each key term in the following table to its correct sentence starter, ending and final definition.
	Term
	Definition

	Distance
	The total length of the actual path an object travels, regardless of direction.

	Displacement
	The straight-line distance and direction from an object’s starting point to its end.

	Speed
	The rate at which an object covers distance over a specific amount of time.

	Velocity
	The rate at which an object changes its position in a specific direction.

	Acceleration
	The rate at which an object’s velocity changes, including speeding up, slowing down or changing direction.


Convert the physical quantities of motion into their standard SI units in the following table.
	Quantity 
	Magnitude
	Prefix used 
	SI Units
	Quantity in correct SI units

	Distance
	5.2 km
	kilo ()
	m
	

	Wavelength
	900 nm
	nano ()
	m
	

	Time
	180 ms
	milli ()
	s
	

	Frequency
	3.5 GHz
	giga ()
	Hz
	

	Mass
	450 mg
	milli ()
	kg
	

	Time
	120 µs
	micro ()
	S
	

	Length
	0.8 fm
	femto ()
	m
	

	Energy
	6 PJ
	peta ()
	J
	

	Energy
	12 TJ
	tera ()
	J
	

	Wavelength
	430 nm
	nano ()
	m
	


Complete the following table by sorting terms as scalar or vector quantities using the word bank below. For each quantity, include the appropriate unit of measurement.
Word bank: Distance, Displacement, Speed, Velocity, Mass, Acceleration, Time, Temperature, Weight, Force
	Scalar
	Vector

	Distance
	Displacement

	Speed
	Velocity

	Mass
	Weight

	Time
	Acceleration

	Temperature
	Force




Draw the following vectors on the grid below (the first has been demonstrated):
	1. 7 m east
1. 10 m north
1. 8 m south
1. 6 m west
	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]



	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	7 m east

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	8 m south

	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	10 m north

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	6 m west

	
	
	
	
	
	
	
	2 m
2 m

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


[bookmark: _Toc225239357][bookmark: _Toc228890670]Convert the following:
1. 720 minutes into seconds
	720 minutes x 60 = 43 200 seconds


2 days into minutes
	2 days x 24 x 60 = 2 880 minutes


259,200 seconds into days
	259 200 seconds ÷ 60 ÷ 60 ÷ 24 = 3 days


900 minutes into hours
	900 minutes ÷ 60 = 15 hours 


[bookmark: _Toc243034363]Teaching advice
Background information
The fundamentals of mechanics underpin many complex concepts taught later in this course. Emphasising the distinction between scalars and vectors is critical during initial delivery, as assessment questions frequently distinguish between the 2 quantities.
Students must understand that many physics problems require more than a numerical value; they also require a direction to provide a complete and accurate solution. Mastering these quantities at the start of the course prevents conceptual errors as students later move into more advanced Year 12 topics.
SI units
When teaching SI units, explain they are the universal language of science that ensures everyone measures the same way. Keep it simple by first grounding students in the base units they already know (metres, kilograms and seconds) before introducing how they combine into derived units like newtons or watts. Emphasise symbol accuracy, ensuring students write lowercase ‘s’ for seconds (not sec) and lowercase ‘kg’ for kilograms, as this prevents major confusion when they begin plugging values into physics formulas.
Prefixes
To teach prefixes effectively, help students bridge the gap between abstract powers of 10 and real-world scales. Start with familiar terms like kilo- and milli-, then map extreme scales using concrete examples such as computer hard drives for tera- and atomic sizes for pico-.
Scalar and vector
When teaching scalars, emphasise that they consist of magnitude only, whereas vectors require both magnitude and direction. Unpack the various ways direction can be expressed to ensure students are comfortable with different contexts:
Relative: left, right, up, down, forwards, backwards.
Compass bearings:
cardinal points, for example, north, south, east, west.
standard bearings: measured in degrees clockwise from north (0° to 360°).
quadrant bearings, for example, S 15° E.
Representing vectors
Define a vector simply as a quantity that combines a size (magnitude) with a specific direction, using velocity as your primary example. Emphasise that the arrow is a precise mathematical tool where the length represents how big the value is, and the arrowhead shows exactly which way it is moving. To prevent calculation errors later, stress the importance of drawing these vectors accurately to scale, preferably on a grid, so students can easily compare and add their relative magnitudes.
Distance and displacement
Clearly distinguish between distance (scalar) and displacement (vector). Emphasise that a displacement response is incomplete without a direction. Ensure students can represent this visually by drawing a vector arrow from the start point to the end point of the motion, regardless of the path taken.
Time
When teaching time in physics, start by establishing the second (s) as the fundamental SI base unit, and explicitly caution students against non-standard abbreviations like ‘sec’. It is crucial to clearly differentiate between cumulative time (a specific timestamp or clock reading, like t = 3 s) and a time interval (the duration elapsed between 2 events, or ∆𝒕= 𝒕𝒇𝒊𝒏𝒂𝒍 − 𝒕𝒊𝒏𝒊𝒕𝒊𝒂𝒍), This distinction is vital because kinematics equations depend entirely on the interval of motion rather than when the experiment started.
To teach conversions seamlessly, provide students with a structured visual pathway: 
to go from small units to large units, they step up by dividing (seconds to minutes ÷60, minutes to hours ÷60, hours to days ÷24) 
to reverse the process from days back down to seconds, they step down by multiplying (x24, then x60, then x60).


Checks for understanding
[bookmark: _Checkpoint_1_(1.1][bookmark: _Ref235182602]Check for understanding 1 (1.1 PPT)
A red laser pointer emits a light wave that travels exactly 5 metres (m) across a physics laboratory. What is this distance expressed in micrometres (μm)?
A. 5 000 μm
B. 0.000005 μm
C. 5 000 000 000 μm
D. 5 000 000 μm
Check for understanding 1 sample response
Answer D 
5 metres (m) x 1,000 x 1,000 = 5 000 000 μm
[bookmark: _Checkpoint_2_(1.1][bookmark: _Ref235182757]Check for understanding 2 (1.1 PPT)
A student completed a 400 m race on a circular track, starting and finishing at the same point.
1. What is the total distance travelled? 
What is the final displacement? 
Explain the difference between these 2 values. 
Check for understanding 2 sample response
1. 400 m – because distance is a scalar quantity that measures the total ground covered, regardless of direction.
1. 0 m – displacement is a vector quantity that measures the straight-line distance and direction from the start point to the end point. Since the runner finished exactly where they started, their change in position is zero.
1. Distance is a scalar quantity that describes the total length of the path travelled by an object, regardless of direction; therefore, the runner completes one lap of the 400 m track. Displacement is 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; since the runner starts and finishes at the same point, their straight-line change in position is 0 m.


[bookmark: _Toc228890671][bookmark: _Toc243034364]1.2 Distance and displacement
This lesson covers the distinction between distance and displacement as scalar and vector quantities, focusing on how to represent them using SI units and directional notation while solving practical motion problems.
Table 2 – learning intentions and success criteria
	We are learning:
	I can:

	to describe motion using distance and displacement.
	distinguish between distance and displacement
calculate the total distance travelled along a path
explain why objects with the same start and end points can have the same displacement but travel different distances.


[bookmark: _Toc228890672][bookmark: _Toc243034365]Lesson sequence instructions
Activate
1. Students complete the Venn diagram comparing distance and displacement within the Student resource – distance and displacement problems.
Demonstrate the difference between distance and displacement using a simple physical demonstration. 
You will need 2 students, a tennis ball and a whiteboard. Position the 2 students at the front of the classroom, standing 2 m apart in front of the whiteboard. Mark their starting positions on the board.
The first student rolls the ball along the floor or bench to the second student. 
Ask the class: ’What is the distance travelled by the ball, and what is its final displacement?’ The distance and the displacement are both 2 m.
The second student rolls the ball back to the first student. 
Ask the class the same question: ‘What is the total distance travelled now, and what is the final displacement?’ The total distance is now 4 m, but the displacement is zero because the ball is back at its starting position.
Ask the students to gently toss the ball through the air to each other in a high arc. Invite a student to the whiteboard to sketch the ball's path, using arrows or lines to show the distance (the curved path) versus the displacement (the straight-line vector from start to finish).
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 for this lesson.
Core learning
1. Demonstrate key differences between distance and displacement using 1.2 PPT ‘Swimmer example’ (3 slides).
Use Check for understanding 1 (1.2 PPT) to confirm students can distinguish between distance and displacement.
1. Guide students to determine the difference in calculating and measuring distance and displacement using slide 1.2 PPT ‘Distance and displacement problems’.
Students work independently to complete Questions 2–4 in the Student resource – distance and displacement problems.
Consolidate
1. Students complete Questions 5 and 6 within the Student resource – distance and displacement problems.


[bookmark: _Student_resource_–_1][bookmark: _Toc228890673][bookmark: _Ref231991791][bookmark: _Ref231993569][bookmark: _Ref231993731][bookmark: _Toc243034366]Student resource – distance and displacement problems
Venn diagram
1. Complete the Venn diagram by comparing distance and displacement.
[image: Venn Diagram for students to complete for distance and displacement.]
Using the stimulus below, answer the following questions:
[image: A grid map measuring paths taken by two cyclists, with grid squares representing 1 km by 1 km. A red cyclist icon traces a path from the top-left across and down the grid, while a blue cyclist icon traces a winding path from the bottom-left up and across the grid. Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]
		
1. What do the red and blue lines represent on the diagram?
	


Explain how you would represent the displacement for both cyclists.
	


Which cyclist covered a greater distance? Explain your reasoning.
	


Which cyclist’s displacement is greater? Explain your answer.
	




A student claims:
‘If 2 objects have the same displacement, they must have travelled the same distance.’
Evaluate the claim. Justify your conclusion.
	


Construct a journey on the grid provided below that satisfies all the following criteria:
1. Total distance travelled is 30 m. 
Overall magnitude of displacement is 10 m.
Consists of at least 3 movements
[image: Man with solid fill]Includes movement in at least 2 directions.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Complete a Frayer diagram for distance.
[image: Frayer diagram for distance. Students need to complete each section; definition, visual representation, SI units and mathematical examples. ]
Complete a Frayer diagram for displacement.
[image: Frayer diagram for displacement. 
Students need to complete the definition, visual representation, SI units and mathematical examples. ]


Sample response – student resource – Distance and displacement problems
Venn diagram
1. Complete the Venn diagram by comparing distance and displacement.
	[image: Venn diagram comparing distance and displacement concepts in physics, with distance represented as a scalar quantity involving magnitude only and displacement as a vector quantity involving magnitude and direction. 
For distance the definition is the actual path taken by the object. Distance is direction independent and it includes a diagram. For displacement the definition is it describes the straight-line change in position of an object from its starting point to its finishing point. It is direction dependent and it includes a diagram. 
The similarities are both quantify movement of an object, both are measured in the same units and magnitude is present in both. ]


Using the stimulus below, answer the following questions:
1. What do the red and blue lines represent on the diagram?
	The distance that both cyclists covered throughout their journey.


Explain how you would represent the displacement for both cyclists.
	A vector arrow from their origin to their final destination.


Which cyclist covered a greater distance? Explain your reasoning.
	The blue cyclist covered a greater distance (23 km) than the red cyclist (18 km), because distance is calculated by summing the length of the actual path taken.


Which cyclist’s displacement is greater? Explain your answer.
	The red cyclist's displacement is greatest because they are farthest from their origin.


A student claims:
‘If 2 objects have the same displacement, they must have travelled the same distance.’
Evaluate the claim. Justify your conclusion.
	Displacement measures only the straight-line change in position from start to finish, while distance measures the total path length travelled. For example, an object that moves 10 m east and 10 m west has a displacement of 0 m but a total distance of 20 m, whereas an object that remains stationary has a displacement of 0 m and a distance of 0 m.


Construct a journey on the grid provided below that satisfies all the following criteria:
1. Total distance travelled is 30 m.
Overall magnitude of displacement is 10 m.
Consists of at least 3 movements.
[image: Man with solid fill]Includes movement in at least 2 directions.5 m
10 m
10 m
45 m
25 m


	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	





1. Complete a Frayer diagram for distance.
[image: A completed Frayer diagram for distance. The definition for distance is the total length of the path travelled, regardless of the direction of movement. It is a scalar quantity. The SI units are in metres and the mathematical example is an athlete runs 400 m around a track, so the distance the runner has travelled is 400 m. ]
1. Complete a Frayer diagram for displacement.
[image: A completed Frayer diagram of displacement. The definition is the overall change in position of an object, measured in a straight line from the start to the end point. It is a vector quantity and the SI units are metres with a direction. The mathematical is if a runner completes a lap from start to finish its displacement will be zero.]
[bookmark: _Toc228890674]

[bookmark: _Teaching_advice][bookmark: _Toc243034367]Teaching advice
Background information
Distance and displacement are covered in Stage 5 and within Stage 6 – Fundamentals of mechanics – 1.1 Scalars and vectors. While students should have a foundation in these concepts, it is essential to reinforce that distance is a scalar and displacement is a vector, and to model how to present both answers correctly.
A common misconception is that displacement is simply ‘distance with a direction’. Emphasise that displacement is the straight-line change in position from start to finish. Regarding units, remind students that while the SI unit for both is metres (m), they must be comfortable converting between cm, km and other units as the scenario requires.
[bookmark: _Ref236898496]Google Maps activity
The teacher selects 2 well-known locations (for example, the school and a local park) and selects walking directions. This provides a total distance between the 2 locations. By right-clicking the first location and selecting ‘measure distance’, then right-clicking the second location and selecting ‘distance to here’, the tool provides the displacement between the 2 positions. 
The teacher can ask students to select known locations and predict the distances and displacements between them before checking how close they were. Focus on using the terms distance and displacement as students make guesses.
Students complete an activity where they calculate and record distances and displacements between listed locations. Students should reflect on the prerequisites for the distance and displacement to be equal. Facilitate a class discussion to develop their understanding.


Checks for understanding
[bookmark: _Checkpoint_1_(1.2][bookmark: _Ref236900215]Check for understanding 1 (1.2 PPT)
True or false? If 2 objects travel between the same start and end points, they must have the same displacement, even if they took completely different routes.
Check for understanding 1 sample response
This statement is true because displacement measures only the straight-line distance and direction from the start point to the end point. In contrast, distance depends on the actual path taken and accumulates every step of the journey.

[bookmark: _Toc228890679][bookmark: _Toc243034368][bookmark: _Toc228890675]1.3 Representing vectors
This lesson covers how to accurately draw vectors to represent magnitude and direction, use the head-to-tail method to add vectors in various scenarios, and apply mathematical techniques to calculate a resultant vector's final magnitude and direction.
Table 3 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse motion using vectors
	represent problems by drawing correctly scaled vector diagrams

	to use vector diagrams to solve displacement problems in one dimension.
	draw vector diagrams to scale to show magnitude and direction of quantities
combine vectors using the head-to-tail method.


[bookmark: _Toc228890680][bookmark: _Toc243034369]Lesson sequence instructions
Activate
1. Use slide 1.3 PPT ‘Vectors' to activate prior knowledge of vector definitions and their visual representation from Activity 1.1. Use slide 1.3 PPT ‘What do vectors describe?’ to connect the motion of objects to their representation as vectors.
Core learning
1. Use slide 1.3 PPT 'Drawing vectors' to model a step-by-step process for drawing vectors. Students should focus on ensuring each vector has:
a tail: the starting point
a shaft: the length, which must represent magnitude
an arrowhead: this indicates the direction.
1. Demonstrate using the example provided in slide 1.3 PPT ‘Drawing vectors to scale’ how to draw vectors to scale. That is:
determine the appropriate scale, as this affects the shaft (length of the arrow).
determine the direction the vector needs to follow
draw the tail, shaft (magnitude), and arrowhead (direction) proportional to the chosen scale
Check that students can apply this in Check for understanding 1 (1.3 PPT).
Students can independently continue working through Questions 1–3 in the Student resource – representing vectors.
1. Introduce the head-to-tail method for combining vectors to find the net or resultant vector using the sequence of steps in slide 1.3 PPT ‘Vector addition’. That is:
draw the first vector from the origin
draw the second vector starting from the first vector’s arrowhead
draw an arrow from the origin to the arrowhead of the final vector to produce the resultant vector.
1. Model how to apply the head-to-tail method to one-dimensional problems using the examples on slide 1.3 PPT ‘Vector addition – one dimension’. Emphasise that the first vector starts at the origin and subsequent vectors begin at the head of the previous vector.
Check that students can apply the head-to-tail method to add vectors in one dimension using Check for understanding 2 (1.3 PPT). 
Once completed, allow students time to answer Question 4–6 in the Student resource – representing vectors. 
Consolidate
1. Complete a Frayer diagram on vectors in the Student resource – representing vectors.
[bookmark: _Toc228890681]

[bookmark: _Student_resource_–_2][bookmark: _Ref232059348][bookmark: _Toc243034370]Student resource – representing vectors
Drawing vectors to scale
1. Using the scale provided, represent the remaining 3 displacement vectors. Complete the planning table below before drawing the vectors.
1. 50 km north
1.  20 km east
1.  35 km south
1.  45 km west
	Vector 
	Magnitude and direction 
	Chosen scale 
	Drawn length (cm)

	
	50 km north
	1 cm = 10 km
	5 cm

	
	
	
	

	
	
	
	

	
	
	
	



	
	



1. Represent the following velocity vectors by first choosing a common scale. Complete the planning table below before drawing the vectors.
1. 1 800 km/h north
1.  1 300 km/h east
1.  1 600 km/h south
1.  1 450 km/h west
	Vector 
	Magnitude and direction 
	Common scale 
	Drawn length (cm)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



	


21. The orange car travels along the following routes: 
1. 7 m east
10 m south 
9 m south-east.
Draw each vector below to represent its displacement.
	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.][image: ]
 1 m





Adding vectors
1. Add the vectors to determine the resultant displacement for each scenario. Show all working, including a scaled, vector diagram using the head-to-tail method and clearly label the resultant.
	1. A hiker walks 4 km north, stops for a break, and continues 6 km north.
	A swimmer swims 25 m east across a pool, turns around, and swims 10 m west.

	An elevator travels 15 m up, then travels 22 m down.
	A toy train moves 80 cm right, reverses 110 cm left, and then moves 40 cm right.




1. A drone takes off from a launch pad and flies 6 km east to deliver a package. Immediately after delivery, it turns around and flies 2 km west before running low on battery and landing.
1. Draw the individual vectors for each part of the trip and then draw the final displacement vector from the origin.
	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]


Explain why the value of distance differs from the magnitude of the final displacement. 
	


24. At an airport, Jo steps onto a moving travelator while carrying a luggage cart.
The travelator propels Jo forward at a velocity of  relative to the ground (). At the same time, Jo walks forward along the travelator belt at  ().
Meanwhile, Sam walks alongside the travelator on the stationary floor at a velocity of  ().
1. Construct a scale drawing to add  and  head-to-tail, and draw Jo's resultant vector ().
	


Draw  directly below Jo's resultant vector using the same scale drawing.
Based on your drawn vector lengths, state who is moving faster relative to the ground and explain why.
	


25. Complete a Frayer diagram for vectors.
[image: Frayer Diagram for Vectors. Students are to complete the following: definition, characteristics, visual example and non-examples. ]


Sample response – student resource – representing vectors
Drawing vectors to scale
1. Using the scale provided, represent the remaining 3 displacement vectors. Complete the planning table below before drawing the vectors.
1. Vector A: 50 km north
1. Vector B: 20 km east
1. Vector C: 35 km south
1. Vector D: 45 km west
	Vector 
	Magnitude and direction 
	Chosen scale 
	Drawn length (cm)

	
	50 km north
	1 cm = 10 km
	5 cm

	
	20 km east
	1 cm = 10 km 
	2 cm 

	
	35 km south
	1 cm = 10 km
	3.5 cm

	
	45 km west 
	1 cm = 10 km 
	4.5 cm



	






27. Represent the following velocity vectors by first choosing a common scale. Complete the planning table below before drawing the vectors.
1. 1 800 km/h north
1.  1 300 km/h east
1.  1 600 km/h south
1.  1 450 km/h west
	Vector 
	Magnitude and direction 
	Chosen scale 
	Drawn length (cm)

	
	1 800 km/h north
	1 cm = 200 km/h
	9 cm

	
	1 300 km/h east
	1 cm = 200 km/h
	6.5 cm

	
	1 600 km/h south
	1 cm = 200 km/h
	8 cm

	
	1 450 km/h west
	1 cm = 200 km/h
	7.25 cm



	






28. The orange car travels along the following routes: 
1. 7 m east
1. 10 m south 
1. 9 m south-east
Draw each vector to represent its displacement.
	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.][image: ]9 m south-east

1 cm = 1 m
10 m south
7 m east



Adding vectors
29. Add the vectors to determine the resultant displacement for each scenario. Show all working, including a scaled, vector diagram using the head-to-tail method and clearly label the resultant.
	1. A hiker walks 4 km north, stops for a break, and continues 6 km north.
[image: Vector diagram showing arrows added head to tail. 
"6 km"+"4 km"="10 km north"
]
	A swimmer swims 25 m east across a pool, turns around, and swims 10 m west.
[image: Vector diagram showing arrows added head to tail. 
Let east be positive (+)
25+(−10)=15 "m east"
]

	An elevator travels 15 m up, then travels 22 m down.
[image: Vector diagram showing arrows added head to tail. 
Let down be positive (+)
−15+22=7 "m down"
]
	A toy train moves 80 cm right, reverses 110 cm left, and then moves 40 cm right.
[image: Vector diagram showing arrows added head to tail. 
Let to the right be positive (+)
80+40+(−110)=10 "cm to the right"
]


[bookmark: _Toc228890682]

A drone takes off from a launch pad and flies 6 km east to deliver a package. Immediately after delivery, it turns around and flies 2 km west before running low on battery and landing.
1. Draw the individual vectors for each part of the trip and then draw the final displacement vector from the origin.
	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]



1 cm = 1 km



Explain why the value of distance differs from the magnitude of the final displacement. 
	Distance is a scalar quantity measuring the total path length travelled regardless of direction (6 km + 2 km = 8 km). In contrast, displacement is a vector quantity that measures only the straight-line change in position from the starting point to the final landing spot (6 km east − 2 km west = 4 km east). Because the drone changed direction, part of its backward motion reduced its overall displacement without reducing the total distance flown.


1. At an airport, Jo steps onto a moving travelator while carrying a luggage cart.
The travelator propels Jo forward at a velocity of  relative to the ground (). At the same time, Jo walks forward along the travelator belt at  ().
Meanwhile, Sam walks alongside the travelator on the stationary floor at a velocity of  ().
1. Construct a scale drawing to add  and  head-to-tail, and draw Jo's resultant vector ().




	


Draw  directly below Jo's resultant vector using the same scale drawing.
Based on your drawn vector lengths, state who is moving faster relative to the ground and explain why.
	Evidence: comparing the vector arrow lengths in the diagram shows that Sam’s vector arrow () is longer than Jo's resultant vector arrow (). Since vector length represents magnitude, a longer arrow indicates a greater velocity relative to the ground.
Values: Jo's total resultant velocity is the sum of the travelator's speed and Jo's walking speed:

Sam's velocity . Because , Sam moves faster.


31. Complete a Frayer diagram for vectors.
[image: A four-quadrant Frayer model centered around the title word "Vectors". Definition (Top-Left): "A vector is a quantity that has both magnitude and direction." Characteristics (Top-Right): "The length of the arrow shows the magnitude (how big the quantity is). The direction of the arrow shows the direction of the quantity (for example, east, or to the right)."Visual example (Bottom-Left): Shows a straight blue arrow labeled v = 10 m s-1 right. Pointers indicate three parts: the Tail (starting point), the Shaft (middle line), and the Arrowhead (pointing tip).Non-examples (Bottom-Right): Displays illustrations of lines that are not single vectors, including double-headed arrows (pointing two ways), a curved arrow, and a stepped perpendicular line segment.]


[bookmark: _Toc243034371]Teaching advice
Background information
To teach vectors effectively, start by showing students that some measurements need both a size and a direction to make sense. A basic distance only tells you how far to go, but a vector acts like a map instruction, telling you how far and in which direction. On graph paper, students draw this as an arrow where the length shows the size of the movement, and the pointed tip shows the exact direction.
Before drawing begins, students must establish a clear scale to bridge the mathematics and the page size. Without a scale like 1 cm = 5 units, the drawing will either be too small to measure accurately or too large to fit on the paper. Remind them that precision is key; a blunt pencil or a slight misalignment of the ruler can create a ‘hidden’ error that makes their final answer incorrect. Choosing a logical scale ensures that every millimetre on the paper corresponds to a real-world value they can verify later.
Direction only makes sense if the class agrees on a starting point, or ‘zero’. Whether using a Cartesian system (starting from the east) or a bearing system (starting from north), students should draw a light, pencil-thin ‘reference cross’ at the tail of every vector. This crosshair serves as the perfect alignment point for their protractor. If they skip this step, they risk measuring their angles from a slanted or inconsistent baseline, which would send their ‘object’ in the wrong direction entirely.
Finally, emphasise that physics is self-correcting. A scale drawing provides a geometric solution, but students can use Pythagoras’ theorem and trigonometry to find the algebraic ‘truth’. By measuring their drawn resultant with a ruler and then calculating it mathematically, they can see exactly how accurate their manual skills are. This verification step builds confidence, as the hypotenuse they calculate should always match the line they’ve drawn on the grid.
Equipment needed:
Protractor
Pencil 
Ruler 
[bookmark: _Checkpoint_1_(1.3][bookmark: _Ref235188992]Checks for understanding 
Check for understanding 1 (1.3 PPT)
1. Choose an appropriate scale, and then draw each of the following vectors. Clearly state your chosen scale and label the parts of your vector (tail, shaft, arrowhead).
A car travels 12 m to the west.
A cyclist moves east at a constant velocity of .
Check for understanding 1 sample response
	1 cm = 2 m Cyclist
Car



Using the same scale you chose for each example, how would you represent a second vector with a magnitude half of the original and in the opposite direction?
Check for understanding 1 sample response
	Shaft length: draw the arrow shaft at half the physical length of the original vector’s arrow. Direction: point the arrowhead in the exact opposite direction (180° turned around relative to the original arrow).
For the car, the arrow will need to be pointing to east and its shaft length would be now 3 cm. For the cyclist it would be now pointing west and its shaft length would be 3.75 cm. 


[bookmark: _Checkpoint_2_(1.3]

Check for understanding 2 (1.3 PPT)
A robot moves along a straight line.
1. First, it travels 8 m east. 
It stops and then travels 3 m west. 
Which vector diagram below best represents this scenario, including the resultant displacement vector in red?
[image: Four diagrams labeled A, B, C, and D showing configurations of red and blue arrows aligned horizontally in two parallel rows.

Option A: The top row shows a red left-pointing arrow placed end-to-end with a blue left-pointing arrow. The bottom row shows a single double-headed blue arrow pointing left and right.

Option B: The top row shows a red double-headed arrow pointing left and right placed end-to-end with a blue left-pointing arrow. The bottom row shows a single right-pointing blue arrow.

Option C: The top row shows a long right-pointing red arrow. The bottom row shows two right-pointing blue arrows placed end-to-end.

Option D: The top row shows a right-pointing red arrow pointing directly head-to-head at a left-pointing blue arrow. The bottom row shows a single right-pointing blue arrow spanning below both.]
Check for understanding 2 sample response
	D – each vector is clearly drawn with a tail and an arrowhead pointing in the correct direction. When added tip-to-tail, the vectors are oriented to yield a final resultant vector of 5 m east. 




[bookmark: _Toc243034372]1.4 Speed and velocity
This lesson defines and describes speed and velocity, focusing on recalling and applying equations to solve motion problems.
Table 4 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse motion using speed and velocity
	distinguish between average speed, instantaneous speed, average velocity and instantaneous velocity
explain how average and instantaneous speed and velocity can be measured
calculate average speed and average velocity from distance/displacement and time

	to apply quantitative processes to data.
	process distance and time measurements to determine average speed
convert speed values between km/h and .


[bookmark: _Toc228890676][bookmark: _Toc243034373]Lesson sequence instructions
Activate
1. Introduce a measurement challenge: ‘How fast can you throw a table tennis ball across the classroom?’ Ask students to predict a reasonable speed in km/h and record this on the Student resource – Measuring speed. 
Write the formula for calculating speed () on the board and ask students to outline how they might measure the speed of the ball. (We could measure speed by timing how long it takes to travel a known distance, then divide the distance travelled by the time taken.)
Core learning
1. Measure out and mark a line approximately 8.0 metres from the wall and use a pair of students to demonstrate how data will be collected:
Student A throws from the start line.
Student B starts the stopwatch when the ball is released and stops it when the ball reaches the wall. Record in the table in Question 1 on the Student resource – Measuring speed.
Repeat for 2 trials and then swap roles.
Students calculate the speed in metres per second (ms) and then convert to km/h. 
35. Model how to calculate speed and how to convert between km/h and ms-1 using one class result as a worked example. Emphasise that these are very approximate measurements due to the manual timing, reaction time uncertainty and the short travel time of the ball. Another example is outlined on 1.4 PPT ‘Calculating speed’ (2 slides).
	Student A’s ball travelled 8.0 metres in 0.67 seconds. 
Average speed  or 
Convert to km/h by either multiplying by 3.6 or by converting each of the units.
Average speed (km/h) = 43.2 or  43 km/h


36. Guide students to apply these steps to calculate the average speeds for their throws. 
37. Use 1.4 PPT ‘Comparing speed and velocity’ (2 slides) to highlight the differences between speed and velocity, along with the terms: constant, average and instantaneous. Definitions of terms are also included in the Key vocabulary in the Teaching advice for this lesson.
Emphasise that our 8 m timing measured the ball’s average speed over the whole track. It does not tell us how fast the ball was moving at every point. 
The ball may have been fastest after leaving the hand, slowed by air resistance and measured imprecisely because of human reaction time.
Guide students to complete Question 1, which is a Venn diagram comparing speed and velocity, and Question 2 in the Student resource – Calculating speed and velocity.
38. Write on the board, ‘The maximum tennis serve speed was 207 km/h.’ Ask:
Does this mean the ball travelled at 207 km/h for the entire serve? (No, this is only the fastest it was travelling, probably just after it was hit, before it slowed down due to air resistance.) 
Is this an average or instantaneous measurement? (Instantaneous, just at one particular moment.)
Does it describe speed or velocity? (It is a speed unless the direction is also stated.) 
Could our ball’s maximum instantaneous speed have been greater than its measured average speed? (Yes, it was probably fastest just after it left the hand.) 
39. Complete Check for understanding 1 (1.4 PPT) to confirm that students can differentiate between average speed, instantaneous speed, average velocity and instantaneous velocity.
40. Students complete the remaining questions on the Student resource – Measuring speed.
Differentiation: toy cars or fieldwork measuring the speed of cars on roads observable from school grounds could extend the focus to include further primary data collection, questioning and/or discussion of risk assessment. Further details are included in the Teaching advice for this lesson. 
1. Model how to calculate speed using examples in slide 1.4 PPT ‘Calculating motion’. 
Check that students can calculate speed for a second example using Check for understanding 2 (1.4 PPT). 
Guide students to complete Question 3 in the Student resource – Calculating speed and velocity.
Complete Check for understanding 3 (1.4 PPT) to assess students’ understanding of vector and scalar quantities used to describe motion.
Consolidate
1. Work with students to complete a concept map on motion on slide 1.4 PPT ‘Check for understanding – Concept map’, specifically focusing on the differences between speed and velocity. Complete each heading together as you project the slide on the whiteboard.
Use effective questioning to deepen students’ thinking: sample questions are outlined in Table 5 below.
[bookmark: _Ref240624289]Table 5 – prompts for effective questioning
	Concept
	Retrieve
	Deepen
	Justify

	Speed 
	Most of you have seen speed cameras on the road. A fixed-speed camera captures your photo at one exact moment. Does that camera measure your speed over your entire road trip, or your speed at that exact millisecond?
	Where would ‘average speed’ fit on our concept map compared to ‘instantaneous speed’? How do both relate to the core definition of speed?
	Now consider that an average-speed camera system records when you enter a highway and again 10 kilometres later. If you apply the brakes as you pass the second camera, will that trick the average-speed system? Justify your answer using the math of how average speed is calculated.

	Velocity 
	We have the words 'Scalar' and 'Vector' on our whiteboard. Based on our definitions, which heading on our concept map should 'Vector' connect to, and why?
	What about a meteorologist tracking a severe hurricane? If they tell the public, ‘The storm is moving at 40km/h’ but omit the direction, how does that impact emergency evacuations?
	For another profession, let’s look at a ship captain navigating a narrow shipping lane. If a navigator reports a nearby vessel's speed but fails to track its velocity vector, what specific problem occurs? Can someone build on that answer to justify why tracking the vector specifically prevents collisions?




[bookmark: _Student_resource_–_4][bookmark: _Ref236999973][bookmark: _Toc243034374][bookmark: _Toc228890677][bookmark: _Ref231997373][bookmark: _Ref231999574][bookmark: _Ref232000670][bookmark: _Ref232000722]Student resource – measuring speed
Prediction: 
	I predict that my table tennis ball will travel at approximately _____________ km/h.


Measurements:
Track length = ________ m
1. Complete the following table.
	Thrower
	Trial
	Time (s)
	Average speed ()

	Average speed ()


	
	1
	
	
	

	
	2
	
	
	

	
	1
	
	
	

	
	2
	
	
	


What did we measure?
Complete each statement using your fastest measurement of speed as an example.
	We measured the ball’s average speed because we divided its total ____________ by its total __________
We did not directly measure its instantaneous speed because __________________________
If the ball travelled directly towards the wall, its average velocity was ___________ km/h towards _____________.
One reason our result may be uncertain is _________________________. 


Compare these measurements by completing the following table.
	Quantity
	Whole journey or particular moment
	Direction required (Y/N)

	Average speed
	
	

	Instantaneous speed
	
	

	Average velocity
	
	

	Instantaneous velocity
	
	


Explain:
A tennis serve is reported as having a maximum speed of 210 km/h. 
Explain why this value is different from the measurement made in the table tennis ball activity.
	


Categorise:
For each method or device, indicate whether they measure average (Avg), instantaneous (Inst) or both (Both) depending on use and justify your choice in the table below.
	Method or device
	Avg/Inst/Both
	Reason

	Tape measure and stopwatch over 8 m
	
	

	Car speedometer
	
	

	Police radar gun
	
	

	GPS tracking app
	
	

	Athletics race time and track length
	
	


Sample response – student resource – measuring speed
Prediction: 
	I predict that my table tennis ball will travel at approximately 30 km/h.


Measurements:
Track length = 8.0 m
1. Complete the following table.
	Thrower
	Trial
	Time (s)
	Average speed ()

	Average speed ()


	Student A
	1
	0.67
	11.94
	43

	Student A
	2
	0.79
	10.13
	36

	Student B
	1
	0.53
	15.09
	54

	Student B
	2
	0.60
	13.33
	48


What did we measure?
Complete each statement using your fastest measurement of speed as an example.
	We measured the ball’s average speed by dividing its total distance by its total time.
We did not directly measure its instantaneous speed because we only measured the total time to travel the 8.0 m. 
If the ball travelled directly towards the wall, its average velocity was 54 km/h towards the wall.
One reason our result may be uncertain is that it was difficult to start and stop the stopwatch at the right time, as the time taken for the ball to travel 8 m was less than 1 s. 




Compare these measurements by completing the following table.
	Quantity
	Whole journey or particular moment
	Direction required (Y/N)

	Average speed
	Whole journey
	N

	Instantaneous speed
	Particular moment
	N

	Average velocity
	Whole journey
	Y

	Instantaneous velocity
	Particular moment
	Y


Explain:
A tennis serve is reported as having a maximum speed of 210 km/h. 
Explain why this value is different from the measurement made in the table tennis ball activity.
	The table tennis ball result is an average speed calculated over 8 m. The tennis value is the greatest instantaneous speed measured at a particular stage of the serve.


Categorise:
For each method or device, indicate whether they measure average (Avg), instantaneous (Inst) or both (Both) depending on use and justify your choice in the table below.
	Method or device
	Avg/Inst/Both
	Reason

	Tape measure and stopwatch over 8 m
	Average
	Uses total distance and total time

	Car speedometer
	Instantaneous
	Shows speed at that moment

	Police radar gun
	Instantaneous
	Measures speed at a particular moment

	GPS tracking app
	Both
	Can report current speed or calculate a trip average

	Athletics race time and track length
	Average
	Uses total race distance and time


[bookmark: _Student_resource_–_3][bookmark: _Ref237273479][bookmark: _Toc243034375]Student resource – calculating speed and velocity
1. Complete the Venn diagram comparing speed and velocity by adding qualities, characteristics, definitions, units or example values to each region. Some examples have been added to get you started
 [image: Venn diagram with the heading Speed in one circle and the heading Velocity in the other circle. ]

46. Complete the cloze passage below using the Word bank.
Word bank: scalar, vector, particular, direction, equal, moment, distance, displacement
	Speed
	A _________quantity that describes the rate at which an object covers distance. 
	Velocity
	The rate of change of an object's position with respect to time. It is a _________ quantity, meaning it has both magnitude and direction. 

	Constant speed
	When an object covers equal distances in _________ intervals of time, without changing how fast it is moving.
	Constant velocity 
	When an object moves in a straight line at the same speed, without changing _________.

	Average speed
	The total _________ an object travels divided by the time taken 
	Average velocity
	The total _________ an object undergoes divided by the time taken.

	Instantaneous speed
	The speed recorded at a _________ moment in time.
	Instantaneous velocity
	The velocity recorded at a particular ________ in time.


47. Calculate the missing values below:
	Scenario
	Displacement 
	Time (hours)
	Velocity (km/h)
	Velocity ()

	Commuter train
	120 km north
	2
	
60 km/h north
	
16.67  north

	Cyclist 
	45 km east
	3
	
	

	Bushwalker
	15 km south
	5
	
	

	Truck delivery 
	350 km west 
	4
	
	

	Container ship
	90 km north-east
	
	20 km/h 
north-east
	

	Marathon runner 
	
	3.5
	
	3.33  
south-east




Sample response – student resource – calculating speed and velocity
1. Complete the Venn diagram comparing speed and velocity by adding qualities, characteristics, definitions, units or example values to each region. Some examples have been added to get you started.
	[image: Completed Venn diagram for speed and velocity. For speed the answers are that it is a scalar quantity, it has magnitude only, it is calculated with distance over time, it does not change if direction changes and example is 20 ms-1. For velocity it is vector quantity with magnitude and direction, its formula is displacement over time and an example is 30 ms-1 North. ]


1. Complete the cloze passage below using the Word bank.
Word bank: scalar, vector, particular, direction, equal, moment, distance, displacement
	Speed
	A scalar quantity that describes the rate at which an object covers distance. 
	Velocity
	The rate of change of an object's position with respect to time. It is a vector quantity, meaning it has both magnitude and direction. 

	Constant speed
	When an object covers equal distances in equal intervals of time, without changing how fast it is moving.
	Constant velocity 
	When an object moves in a straight line at the same speed, without changing direction.

	Average speed
	The total distance an object travels divided by the time taken 
	Average velocity
	The total displacement an object undergoes divided by the time taken.

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


50. Calculate the missing values below:
	Scenario
	Displacement 
	Time (hours)
	Velocity (km/h)
	Velocity ()

	Commuter train
	120 km north
	2
	
60 km/h north
	
16.67  north

	Cyclist 
	45 km east
	3
	15 km/h east 
	4.17  east

	Bushwalker
	15 km south
	5
	3 km/h south
	0.83  south

	Truck delivery 
	350 km west 
	4
	87.5 km/h west
	24.31  west

	Container ship
	90 km 
north-east
	4.5
	20 km/h 
north-east
	5.56  
north-east

	Marathon runner 
	42 km 
south-east
	3.5
	11.99 km/h south-east
	3.33  
south-east


[bookmark: _Toc228890678]

[bookmark: _Teaching_advice_1][bookmark: _Ref237266877][bookmark: _Toc243034376]Teaching advice
Background information
Students enter Stage 5 Waves and Motion with a foundational exposure to speed and velocity, but they often treat the 2 terms as identical concepts. To break this misconception, begin by delivering speed strictly as a scalar quantity. Emphasise that speed depends only on total distance covered divided by time, focusing on how fast an object travels rather than where it ends up. A simple analogy, like a car's odometer recording total ground covered regardless of turns, works well here to anchor the concept of distance before moving into vectors.
Before introducing velocity calculations, it is critical to halt and ensure students completely master the concept of displacement. Do not allow them to plug numbers into a velocity formula until they can flawlessly differentiate between total distance and straight-line change in position. If students do not understand displacement first, they will naturally default to plugging total distance into the velocity formula, which means they are calculating average speed. Use a physical demonstration (such as walking 5 metres forward and 5 metres back to your starting point) to show that while the distance is 10 metres, the displacement is exactly zero. This establishes displacement as the essential mathematical gatekeeper to accurate velocity.
Once students can reliably determine displacement, you can formally introduce velocity as a vector quantity that requires both a magnitude and a direction. Emphasise that a velocity calculation is incomplete and mathematically incorrect without its directional component. To build robust skills, explicitly teach students how to express this direction using 2 distinct methods: cardinal coordinates (north, east, south, west) and true bearings (0° to 360° measured clockwise from north). Side-by-side practice where students write the same vector using both a coordinate and a bearing will help them see these methods as equivalent ways to describe the same physical motion.
Further investigations
Toy cars investigation – in groups, students set up toy cars on tracks. They measure the track distances and the time taken for the car to complete the track. They use these measurements to calculate average speed. They can then measure displacements and calculate average velocities. Students should record their results in a table that allows easy comparison of speeds and velocities, and answer reflection questions in a think-pair-share activity.
School-zone check activity – students measure the time cars take to travel a fixed distance and calculate their speeds, for example during school zone times. This investigation allows teachers to guide students in applying safe work practices and managing risks while conducting an investigation. Teachers should scaffold a complete risk assessment and co-construct it with students before performing the activity.
[bookmark: _Key_vocabulary][bookmark: _Ref237266597]Key vocabulary
Table 6 – glossary of terms
	Term
	Meaning

	Average speed
	The total distance an object travels divided by the time taken.

	Average velocity
	The total displacement an object undergoes divided by the time taken.

	Constant speed
	When an object covers equal distances in equal intervals of time, without changing how fast it is moving.

	Constant velocity
	When an object moves in a straight line at the same speed, without changing direction.

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

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

	Resultant velocity
	The single vector that represents the combined effect of 2 or more individual velocities acting on an object simultaneously.




Checks for understanding
[bookmark: _Checkpoint_1_(1.4][bookmark: _Ref237277336]Check for understanding 1 (1.4 PPT)
For each example, identify what is being described:
(AS) average speed, (IS) instantaneous speed, (AV) average velocity, (IV) instantaneous velocity.
	Example
	What is described

	A runner completes 100 m in 12.5 s. Their result is used to calculate .
	

	A car’s speedometer reads 60 km/h.
	

	A cyclist travels 5 km east in 15 minutes. Divide the displacement by the time taken.
	

	A weather station reports that the wind is moving at 35 km/h towards the south at that moment.
	

	A speed camera records a vehicle travelling at 74 km/h.
	

	A navigation display states that a plane is travelling at 850 km/h west at that moment.
	


Check for understanding 1 sample response
For each example, identify what is being described: (AS) average speed, (IS) instantaneous speed, (AV) average velocity, (IV) instantaneous velocity.
	Example
	What is described

	A runner completes 100 m in 12.5 s. Their result is used to calculate .
	(AS) average speed

	A car’s speedometer reads 60 km/h.
	(IS) instantaneous speed

	A cyclist travels 5 km east in 15 minutes. Divide the displacement by the time taken.
	(AV) average velocity

	A weather station reports that the wind is moving at 35 km/h towards the south at that moment.
	(IV) instantaneous velocity

	A speed camera records a vehicle travelling at 74 km/h.
	(IS) instantaneous speed

	A navigation display states that a plane is travelling at 850 km/h west at that moment.
	(IV) instantaneous velocity


[bookmark: _Checkpoint_2_(1.4][bookmark: _Ref235185371]Check for understanding 2 (1.4 PPT)
	
	Scenario 
	Distance (m)
	Displacement (m) 
	Time (s)
	Speed (ms-1)
	Velocity (ms-1)

	A
	A jogger runs 400 m directly east in a straight line.
	
	
	50
	
	

	B
	A dog runs 200 m north, turns around, and runs 200 m south back to the start line.
	
	
	80
	
	

	C
	A bird flies 1 200 m west, turns, and flies 400 m back east.
	
	
	200
	
	

	D
	A cyclist completes one full lap of a 250 m circular velodrome track.
	
	
	20
	
	


Check for understanding 2 sample response
	
	Scenario 
	Distance (m)
	Displacement (m) 
	Time (s)
	Speed (ms-1)
	Velocity (ms-1)

	A
	A jogger runs 400 m directly east in a straight line.
	400
	400 east
	50
	8
	8 east

	B
	A dog runs 200 m north, turns around, and runs 200 m south back to the start line.
	400
	0
	80
	5
	0

	C
	A bird flies 1 200 m west, turns, and flies 400 m back east.
	1 600
	800 west
	200
	8
	4 west

	D
	A cyclist completes one full lap of a 250 m circular velodrome track.
	250
	0
	20
	12.5
	0


[bookmark: _Ref235182783]

[bookmark: _Check_for_understanding]Check for understanding 3 (1.4 PPT)
What quantities could belong to each region?
Think about quantities of motion you have covered in class or other physical quantities.
[image: Venn diagram with three circles for:
Scalar quantity
Vector quantity
Can be calculated using displacement.]

Check for understanding 3 sample response
A – scalar quantities that have a magnitude but no direction, such as mass, temperature and time.
B – vector quantities that have both magnitude and direction, but are not calculated using displacement, such as force, weight and momentum.
C – this region is empty, as any measurable physical quantity in physics must be classified as either a scalar or a vector.
D – this region is empty because a quantity cannot logically have direction and no direction at the same time.
E – this region is empty because a quantity cannot simultaneously be a scalar and a vector.
Figure 1 – check for understanding – concept map
[image: A concept map with motion in the centre and two branches away from motion; velocity and speed. For each term speed and velocity students are to answer the following: what quantity is it? Define average speed or velocity, define instantaneous speed or velocity, formula, example and units for each. ]
Check for understanding – Concept map – sample response
Speed
	Quantity: Scalar or vector – scalar

	Average speed definition – the total distance an object travels divided by the time taken.

	Instantaneous speed definition – the speed recorded at a single or specific moment in time. Magnitude only.

	Formula: 

	Example – 20 m s-1 or 100 km/h

	Units – m s-1


Velocity
	Quantity: vector

	Average velocity definition: the total displacement an object undergoes divided by the time taken.

	Instantaneous velocity definition: the velocity recorded at a single or specific moment in time. Magnitude and direction.

	Formula: 

	Example: 30 m s-1 north or 115 km/h at 215°

	Units: m s-1 with direction.




[bookmark: _Toc228890683][bookmark: _Toc243034377]1.5 Vector addition and subtraction
Students add and subtract vectors in 2 dimensions using the head-to-tail method and determine the magnitude and direction of the resultant or vector difference using Pythagoras’ theorem and trigonometry.
Table 7 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse motion using vector diagrams
	add and subtract vectors in 2 dimensions
use Pythagoras’ theorem to determine the magnitude of the resultant vector
use trigonometric ratios to determine the direction of the resultant vector
express the direction of a vector using quadrant and true bearings

	to represent motion and events using vectors.
	accurately represent magnitude and direction using vector arrows
apply the head-to-tail method to find the resultant vector.


[bookmark: _Toc228890684][bookmark: _Toc243034378]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of representing the addition of vectors in one dimension using a scaled vector diagram from Activity 1.3 by completing Check for understanding 1 (1.5 PPT) either in their books or on mini whiteboards.
Core learning
1. Model using how to add vectors in 2 dimensions by applying the head-to-tail method and using Pythagoras’ theorem to determine magnitude and trigonometric ratios to determine the direction using the worked example on 1.5 PPT ‘Vector addition – 2 dimensions’ (3 slides).
Use Check for understanding 2 (1.5 PPT) to check that students can find the resultant, including direction, when adding 2 vectors. Students may use the template provided in Question 2 of the Student resource – vector addition and subtraction to construct their vector diagrams. 
Students practise adding vectors in 2 dimensions in Questions 1 and 2 of the Student resource – vector addition and subtraction.
Differentiation: demonstrate how to add and manipulate vectors on a Cartesian plane using the PhET simulation (vector addition). Support students in arranging the vectors head-to-tail and comparing them to the vector sum by toggling the sum on and off. Students can also create vector addition problems for other students to solve using this tool.
1. Introduce 1.5 PPT ‘Vector subtraction’ (3 slides) which follows the same head-to-tail method; however, the second vector is ‘flipped’ (its direction is reversed) following the equation: .
Model how to apply vector subtraction using the worked example.
Use Check for understanding 3 (1.5 PPT) to check students’ understanding of vector subtraction. 
Guide students to complete Question 3 in the Student resource – vector addition and subtraction.
1. Use 1.5 PPT ‘Vector subtraction 2-dimensional example’ (4 slides) to model 
2-dimensional vector subtraction, explicitly demonstrating how to solve both the magnitude and direction of the example with correct SI units.
Use Check for understanding 4 (1.5 PPT) to check students’ understanding of vector subtraction in 2-dimensional scenarios.
Students then apply their knowledge to Question 4 within the Student resource – vector addition and subtraction.
Consolidate
1. Students complete 2 multiple choice questions on vector addition and subtraction using Check for understanding 5 (1.5 PPT) and Check for understanding 6 (1.5 PPT).

[bookmark: _Student_resource_–_5][bookmark: _Toc228890685][bookmark: _Ref232062090][bookmark: _Toc243034379]Student resource – vector addition and subtraction
Vector addition
1. A car heads 80 m north and stops at a traffic light and waits to turn right. As the green light appears, it then turns right and heads 30 m east to its destination. Assume the top of the page is north.
[image: A blank 11-by-9 grid map featuring a yellow car icon centered at the bottom edge and scale indicators showing each grid square measures 10 m by 10 m.]	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]
1. Starting at the position shown, draw the north and east displacement vectors using the head-to-tail method to represent the car's movement.
1. Draw and label the resultant displacement vector representing the total change in position.
1. Calculate the magnitude and direction of the car’s total displacement.
	


57. A cross-country runner travels 2250 m south along a track before turning left and heading 1250 m due east to reach the finish line.
1. Construct a vector diagram showing the runner’s individual displacement vectors.
1. Draw and label the resultant displacement vector.
[image: A grid overlay diagram prepared for drawing motion paths:

Grid Layout: An 11-column by 9-row rectangular grid map.

Scale Indicators: Double-headed arrows at the bottom-right corner label each grid square as 250 m horizontally and 250 m vertically.

Starting Position: A grey runner icon is positioned at the top edge, centered along the 6th grid line from the left.]	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]
Calculate the magnitude and direction of the runner’s total displacement.
	


Vector subtraction
58. Calculate and construct a vector diagram for the questions below:
1. A blue plane is flying with a velocity of 150 km/h north, and a yellow plane is flying with a velocity of 200 km/h south. Taking north as the positive direction, determine the vector difference in velocity between the yellow plane and the blue plane (). State both the magnitude and direction in your final answer.
	


1. A ferry travels 40 m east from a dock. A tugboat travels 70 m west from the same dock. Taking east as the positive direction, determine the difference in displacement between the tugboat and the ferry (). State both the magnitude and direction in your final answer.
	


Question 4 refers to the following information and diagram:
Green car travels 30 m east
Red car travels 60 m south
Blue car travels 40 m west
Yellow car travels 50 m north.
[image: Grid with arrowed vectors pointing to represent the displacments of the 4 cars.]	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]
59. Draw and calculate the final displacement for:
1. Red car – blue car
	


Yellow car – green car
	


[image: Blank grid to complete responses.]	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]


Sample response – student resource – vector addition and subtraction
1. A car heads 80 m north and stops at a traffic light, wanting to turn right. As the green light appears, it then turns right and heads 30 m east until it reaches its destination. Assume the top of the page is north.
	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]
1. Starting at the position shown, draw the north and east displacement vectors using the head-to-tail method to represent the car's movement.
1. Draw and label the resultant displacement vector representing the total change in position.
1. Calculate the magnitude and direction of the car’s total displacement.
	


85.44 m 
	

	Answer: 85 m at 021°T or N 21° E (2 sig. fig.)


61. A cross-country runner travels 2 250 m south along a track before turning left and heading 1 250 m due east to reach the finish line.
1. Construct a vector diagram showing the runner’s individual displacement vectors.
1. Draw and label the resultant displacement vector.
[image: Grid Layout: An 11-column by 9-row rectangular grid map.

Scale Indicators: Double-headed arrows at the bottom-right corner label each grid square as 250 m horizontally and 250 m vertically.

Component Vectors (Dashed Blue Lines): Perpendicular displacement vectors originating from a grey runner icon centered at the top edge (6th grid line from the left). A dashed vertical vector extends 9 units (2250 m) straight down, ending 1 row above the bottom boundary, followed by a dashed horizontal vector extending 5 units (1250 m) straight right to the edge of the grid.

Resultant Vector (Solid Red Line): A diagonal displacement vector labeled "Resultant vector" in red text, pointing directly from the starting position of the grey runner at the top edge to the endpoint of the blue component path (2250 m down, 1250 m right), forming the hypotenuse of the right-angled vector triangle.]	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]
Calculate the magnitude and direction of the runner’s total displacement.
	


 m
	

	Answer: 2 574 m at 151.0° (4 sig. figs.)


Vector subtraction
62. Calculate and construct a vector diagram for the questions below:
1. A blue plane is flying with a velocity of 150 km/h north, and a yellow plane is flying with a velocity of 200 km/h south. Taking north as the positive direction, determine the vector difference in velocity between the yellow plane and the blue plane (). State both the magnitude and direction in your final answer.
	Let north be positive: −200 km/h − (+150 km/h) = −350 km/h, or 350 km/h south.


A ferry travels  from a dock. A tugboat travels  from the same dock. Taking east as the positive direction, determine the difference in displacement between the tugboat and the ferry (). State both the magnitude and direction in your final answer.
	Let east be positive: −70 m − (+40 m) = −110 m, or 110 m west.


Question 4 refers to the following information and diagram:
Green car travels 30 m east
Red car travels 60 m south
Blue car travels 40 m west
Yellow car travels 50 m north.
Draw and calculate the final displacement for:
1. Red car – blue car
	 



	


Yellow car – green car
	 



	


[bookmark: _Toc228890686][image: A grid overlay vector diagram showing two separate vector addition systems on a 10-column by 9-row grid:

Grid Scale: Double-headed arrows at the bottom-right corner label each grid square as 10 m horizontally and 10 m vertically.

Left Vector Triangle:

Components: A yellow vertical vector extends 5 units (50 m) straight up, followed by a green horizontal vector extending 3 units (30 m) straight left.

Resultant Vector: A diagonal black vector points directly from the start of the yellow vector at the bottom grid line to the tip of the green vector (30 m left, 50 m up).

Right Vector Triangle:

Components: A red vertical vector extends 6 units (60 m) straight down from the top grid line, followed by a light blue horizontal vector extending 4 units (40 m) straight right.

Resultant Vector: A diagonal black vector points directly from the start of the red vector at the top grid line to the tip of the light blue vector (40 m right, 60 m down).]	[image: Diagram showing the four cardinal directions represented as a compass rose with perpendicular double-headed arrows labeling North (N) pointing up, South (S) pointing down, East (E) pointing right, and West (W) pointing left.]


[bookmark: _Toc243034380]Teaching advice
Background information
Vector addition
When introducing vector addition, the most effective visual framework is the head-to-tail method. Explain to students that adding vectors is like following a series of displacements on a map: the first vector is drawn from the origin, and the tail of the second vector is placed precisely at the head of the first. This creates a continuous path that mimics physical movement. By using this sequential approach, students can easily visualise that the resultant vector is not just a sum of numbers, but a single vector drawn from the tail of the first to the head of the last, representing the direct ‘shortcut’ from start to finish.
Vector subtraction
To simplify vector subtraction, avoid teaching it as a brand new operation. Instead, frame it as the addition of a negative vector, expressed as:
A − B = A + (−B)
Instruct students to first identify vector B, then ‘flip’ it 180° to create −B. Once they have this reversed vector, they can apply their familiar head-to-tail addition rules: draw A, then place the tail of the new −B at the head of A.
This consistency significantly reduces cognitive load; students only need to master one drawing technique – the head-to-tail method – to solve both addition and subtraction problems.
Vector drawings
Finally, emphasise that vectors are ‘sliding’ entities: as long as the magnitude and direction remain unchanged, a vector can be moved anywhere on a diagram. This is a crucial conceptual transition for students who struggle with tail-to-tail force diagrams. By teaching them to move one force into a head-to-tail position, they can resolve complex interactions into a clear resultant. Encourage them to always draw the resultant in a distinct colour or with a double arrowhead to differentiate the final ‘net’ effect from the individual component steps.
[bookmark: _Ref235188892]Checks for understanding
[bookmark: _Check_for_understanding_1]Check for understanding 1 (1.5 PPT)
1. Draw a vector diagram representing the following vectors or vector sums:



Identify which 2 vectors have the exact same magnitude.
Check for understanding 1 sample response
1. 
[image: vector diagram representing sample responses:
A is short arrow pointing up
B is longer arrow pointing down
A+B =C has the same arrows added head to tail with C draw as resultant.]
Vectors  and  have the same magnitude ().
[bookmark: _Check_for_understanding_2][bookmark: _Ref240559968]Check for understanding 2 (1.5 PPT)
A car heads 80 m north and stops at a traffic light wanting to turn right. As the green light appears, it then turns right and heads 30 m east to its destination. 
1. Draw the component displacement vectors for the car's path.
1. Draw and label the resultant displacement vector representing the total change in position.
1. Calculate the magnitude and direction of the car’s total displacement.
Check for understanding 2 sample response
[image: A vector diagram plotted on a grid where each grid square represents 10 metres by 10 metres.

Vector arrow 1: A blue vertical arrow pointing upward, starting from a small yellow car graphic at the bottom edge. It spans upward along the grid by 8 grid squares (80 meters).

Vector arrow 2: A blue horizontal arrow pointing right, starting head-to-tail from the top tip of Vector arrow 1 and extending rightward by 3 grid squares (30 metres).

Resultant vector: A red arrow starting from the car at the origin and pointing directly up-right to the tip of Vector arrow 2.]
	


85.44 m 
	

	Answer: 85 m at 021°T or N 21° E


[bookmark: _Check_for_understanding_3][bookmark: _Ref235189227]Check for understanding 3 (1.5 PPT)
Scenario:
Car A: travels 30 m north; Car B: travels 60 m south
Taking north as the positive direction, what is the vector difference between the displacements of cars, Car B – Car A?
A. 30 m north
B. 30 m south
C. 90 m north
D. 90 m south
Check for understanding 3 sample response
	Assigning north as positive gives Car A, a displacement of  and Car B a displacement of . Subtracting the Car A’s displacement from Car B’s () gives , which equates to a magnitude of  pointing south (D).


[bookmark: _Check_for_understanding_4][bookmark: _Ref240559921]Check for understanding 4 (1.5 PPT)
Two motorbikes travel with the following displacements:
Motorbike A – travels 30 km west 
Motorbike B – travels 60 km north
Which option correctly represents the difference in displacement between motorbike B and motorbike A?
A. 67 km at a bearing of 333o
B. 76 km at a bearing of 207o
C. 67 km at a bearing of 27o
D. 86 km at a bearing of 153o
Check for understanding 4 sample response
	


.1 km 
	

	Answer is C – 67 km at 27o


[bookmark: _Check_for_understanding_5][bookmark: _Ref240559878]Check for understanding 5 (1.5 PPT)
Which of the following represent A + B with the resultant vector? Select from one of the following.
[image: Two side-by-side diagrams showing vector components (left box) and four candidate vector addition options labeled A, B, C, and D (right box).

Left Box (Component Vectors):

A: A vertical black arrow pointing upward.

B: A horizontal black arrow pointing rightward.

Right Box (Multiple Choice Options):

Option A: The black vertical arrow points upward, connected head-to-tail to a black horizontal arrow pointing leftward. A blue resultant arrow points diagonally up-left from the base of the vertical arrow to the tip of the leftward arrow.

Option B: The black vertical arrow points upward, connected head-to-tail to a black horizontal arrow pointing rightward. A blue resultant arrow points diagonally up-right from the base of the vertical arrow to the tip of the rightward arrow.

Option C: A black horizontal arrow points leftward, connected head-to-tail to a black vertical arrow pointing upward. A blue resultant arrow points diagonally down-left from the tip of the vertical arrow to the tail of the horizontal arrow.

Option D: The black vertical arrow points upward, connected head-to-tail to a black horizontal arrow pointing leftward. A blue resultant arrow points diagonally down-left from the tip of the horizontal arrow to the base of the vertical arrow.]
Check for understanding 5 sample response
	B is the correct diagram because it adds vector A (pointing up) and vector B (pointing right) head-to-tail, with the blue resultant arrow correctly pointing from the start to the finish.


[bookmark: _Check_for_understanding_6][bookmark: _Ref240559886]Check for understanding 6 (1.5 PPT)
Which of the following represent A − B with the resultant vector? Select from one of the following.
[image: Left Box (Component Vectors):

A: A vertical black arrow pointing upward.

B: A horizontal black arrow pointing rightward.

Right Box (Multiple Choice Options):

Option A: A vertical black arrow points upward, connected head-to-tail to a horizontal black arrow pointing leftward. A blue resultant arrow points diagonally up-left from the base of the vertical arrow to the tip of the horizontal arrow.

Option B: A vertical black arrow points upward, connected head-to-tail to a horizontal black arrow pointing rightward. A blue resultant arrow points diagonally up-right from the base of the vertical arrow to the tip of the horizontal arrow.

Option C: A vertical black arrow points upward, connected tail-to-tail at its base to a horizontal black arrow pointing leftward. A blue resultant arrow points diagonally down-left from the tip of the vertical arrow to the tip of the horizontal arrow.

Option D: A vertical black arrow points upward, connected head-to-tail to a horizontal black arrow pointing leftward. A blue resultant arrow points diagonally down-left from the tip of the horizontal arrow to the base of the vertical arrow.]
Check for understanding 6 sample response
	A is the correct diagram because it adds vector A (up) and the opposite of vector B (left) 
head-to-tail, with the blue resultant arrow correctly pointing from the start to the finish.


[bookmark: _Toc228890687]

[bookmark: _Toc243034381]1.6 Resolving vector components
This lesson covers how to resolve a vector into its perpendicular horizontal and vertical components, and how to apply trigonometry to calculate the individual magnitudes of those components from a given vector.
Table 8 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse motion by resolving vectors into perpendicular components
	identify the independent horizontal and vertical components of a vector
use sine and cosine to calculate the magnitude of each component

	to use the component method to solve vector problems.
	combine perpendicular components to determine a resultant vector
calculate its magnitude direction using Pythagoras’ theorem and/or trigonometry.


[bookmark: _Toc228890688][bookmark: _Toc243034382]Lesson sequence instructions
Activate
1. Activate prior knowledge of adding and subtracting vectors from Activity 1.5 as students represent combinations of vectors with vector diagrams in Question 1 in the Student resource – resolving vector components.
Core learning
1. Describe how a vector can be represented as the sum of independent components using the diagrams on 1.6 PPT ‘Vector components’ (2 slides). Emphasise that:
any pair of components can be used, as long as they are perpendicular
when components are added ‘head-to-tail’ they equal the initial vector
component vectors can be identified using subscripts and are not written with a vector arrow (for example, the horizontal and vertical components of  are  and ).
65. Demonstrate using worked examples how sine and cosine ratios are used to resolve a velocity vector into its horizontal and vertical components using 1.6 PPT ‘Resolving vectors into components’ (3 slides).
Check that students can apply trigonometry to resolve a velocity vector into its components using Check for understanding 1 (1.6 PPT). 
Model how to apply trigonometry and Pythagoras’ theorem to find unknown vectors, including components, using the worked examples on 1.6 PPT ‘Calculating components’ (3 slides). 
Check that students understand how to use trigonometry to find the resultant using Check for understanding 2 (1.6 PPT) and Check for understanding 3 (1.6 PPT).
Students independently practise resolving vectors into components by completing Questions 2–4 in the Student resource – resolving vector components.
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. These methods are briefly outlined in the Teaching advice for this lesson under 'Resolving vectors at arbitrary angles'.
1. Outline steps for adding vectors using the component method and explain how this method can be used to systematically combine non-perpendicular vectors using 1.6 PPT ‘The component method’ (4 slides).
Check that students understand the need to resolve any angled vectors when applying the component method using Check for understanding 4 (1.6 PPT).
Students practise applying the component method to complete Questions 5–7 in the Student resource – resolving vector components.
Consolidate
1. Students complete Question 8 on the Student resource – resolving vector components to compare 2 proposed approaches to adding vectors using the component method. 
Differentiation: ask students to create a variety of vectors, each with an associated angle from the horizontal, on mini whiteboards. Then have students swap their questions and solve them.
[bookmark: _Toc228890689]

[bookmark: _Student_resource_–_6][bookmark: _Ref232063678][bookmark: _Toc243034383]Student resource – resolving vector components
Adding and subtracting vectors
Question 1 refers to the following 3 displacement vectors, A, B and C.
A = 25 m north-east
B = 30 m north
C = 20 m west
1. Draw a scaled vector diagram for each vector addition or subtraction in the following table. Use a ruler, apply the head-to-tail method and label the resultant vector.
	
	

	
	


Resolving vectors into components
69. A paper plane is thrown with an initial velocity of 15 m s-1 at an angle of 40° to the horizontal.
1. Draw a vector diagram showing the initial velocity and its horizontal (vx) and vertical (vy) components.
	


Calculate the initial horizontal velocity (vx).
	


Calculate the initial vertical velocity (vy).
	


70. A ball is thrown at an angle of 70° to the horizontal. Its horizontal velocity is 8 m s-1:
1. Draw a vector diagram showing the initial velocity () and its horizontal () and vertical () components.
	


1. Calculate the initial vertical velocity ().
	


1. Calculate the magnitude of the initial velocity ().
	


71. A javelin is thrown down the field at the angle shown in the diagram below. The horizontal component of its velocity is 26 m s-1. Calculate the following quantities:
[image: Vector diagram showing v angled at 48° below the vertical and to the right.]
1. the vertical component of its velocity ()
	


the velocity at which it was thrown ().
	


Applying the component method
1. An object moves 30 m east, 20 m north and then 15 m N 40° E. Use a component table to determine its resultant displacement.
	Displacement
	x-component (m)
	y-component (m)

	30 m east
	
	

	20 m north
	
	

	15 m N 40° E
	
	

	Totals
	
	


Space for completing any working out
	


1. A hiker travels: 
50 km east
20 km south
30 km at 030°T.
Use a component table to determine its resultant displacement.
	Displacement
	x-component (km)
	y-component (km)

	
	
	

	
	
	

	
	
	

	Totals
	
	


Space for completing any working out
	


1. A student walks:
25 m east
35 m north
20 m at N 60° W.
Determine the resultant displacement using the component method.
	


Explain your thinking
Two students are solving the same 3-vector problem.
Student A chooses east–west as the x-axis and north–south as the y-axis because 2 of the 3 vectors already lie along these directions.
Student B chooses their x-axis along the angled third vector.
Both use the component method correctly.
Will they obtain the same resultant vector? Explain why one choice of axes may make the calculation easier even though both methods are valid.
	




Sample response – student resource – resolving vector components
Question 1 refers to the following 3 displacement vectors, A, B and C.
A = 25 m north-east
B = 30 m north
C = 20 m west
1. Draw a scaled vector diagram for each vector addition or subtraction in the following table. Use a ruler, apply the head-to-tail method and label the resultant vector.
[image: Series of 4 vector diagrams showing pairs of vectors added using the head-to-tail method. Each vector pair has a resultant vector arrow pointing from the tail of the first vector to the head of the second vector. ]
Resolving vectors into components
76. A paper plane is thrown with an initial velocity of 15 m s-1 at an angle of  to the horizontal.
1. Draw a vector diagram showing the initial velocity and its horizontal (vx) and vertical (vy) components.
	[image: A vector diagram showing two unknown sides with a resultant of 15 ms-1 with an angle of 40 degrees to the horizontal. ]


Calculate the initial horizontal velocity (vx).
	

 
 = 11.5 m s-1


Calculate the initial vertical velocity (vy).
	


 = 9.64 m s-1


77. A ball is thrown at an angle of  to the horizontal. Its horizontal velocity is 8 m s-1:
1. Draw a vector diagram showing the initial velocity () and its horizontal (vx) and vertical (vy) components.
	[image: One known side on the horizontal axis with a velocity of 8 ms-1. Fired at an angle of 70 degrees. ]


1. Calculate the initial vertical velocity ().
	


1. Calculate the magnitude of the initial velocity ().
	


78. A javelin is thrown down the field at the angle shown in the diagram below. The horizontal component of its velocity is 26 m s-1. Calculate the following quantities:



1. the vertical component of its velocity ()
	Note that the angle given is now between the velocity vector and the vertical. Check the diagram to identify the correct trigonometric ratio for horizontal and vertical components. 



the velocity at which it was thrown ().
	


[bookmark: _Toc228890690][bookmark: _Ref238483092]Applying the component method
1. An object moves: 30 m east, 20 m north and then 15 m N 40° E. Use a component table to determine its resultant displacement.
	Displacement
	x-component (m)
	y-component (m)

	30 m east
	30
	0

	20 m north
	0
	20

	15 m N 40° E
	
	

	Totals
	39.64
	31.49


Space for completing any working out
	Let:  and 
Use Pythagoras theorem to determine magnitude:

Use trigonometry to determine direction:

Resultant displacement is 51 m at 038°T


1. A hiker travels: 
50 km east
20 km south
30 km at 030°T.
Use a component table to determine its resultant displacement.
	Displacement
	x-component (km)
	y-component (km)

	50 m east
	50
	0

	20 m south
	0
	-20

	30 m at 030°T
	15
	25.98

	Totals
	65
	5.98




Space for completing any working out
	Let:  and 
Use Pythagoras theorem to determine magnitude:

Use trigonometry to determine direction:

Resultant displacement is 65 km at 5° north of east.


1. A student walks:
25 m east
35 m north
20 m at N 60° W.
Determine the resultant displacement using the component method.
	Let:  and 
Resolve 20 m N 60° W into x and y components:

Add all x and y components:

Use Pythagoras theorem to determine magnitude:

Use trigonometry to determine direction:

Resultant displacement is 56 m at 008°T


Explain your thinking
Two students are solving the same 3-vector problem.
Student A chooses east–west as the x-axis and north–south as the y-axis because 2 of the 3 vectors already lie along these directions.
Student B chooses their x-axis along the angled third vector.
Both use the component method correctly.
Will they obtain the same resultant vector? Explain why one choice of axes may make the calculation easier even though both methods are valid.
	Both students should obtain the same resultant because changing the coordinate axes does not change the physical vectors being added. Student A's choice is more efficient because 2 vectors already lie along the axes, so only one vector needs to be resolved into components. Student B would need to resolve more of the original vectors before adding their components.




[bookmark: _Teaching_advice_2][bookmark: _Ref240715775][bookmark: _Toc243034384]Teaching advice
Background information
Before teaching vector components, verify that students are fluent with right-angled triangles (sin, cos, tan) and algebraic rearrangement.
A common pitfall is students memorising that the horizontal component is always  and the vertical is always . This fails the moment an angle is given from the vertical axis (such as a true bearing or inclined plane). Teachers must explicitly vary angle placement early on, training students to use geometry to identify which component is adjacent (use cosine) and which is opposite (use sine).
Direction
Teachers must choose a consistent approach for handling signs, as textbooks often mix 2 models:
The geometric method (visual): students treat the vector components like the physical sides of a regular triangle, meaning the numbers are always positive. Once they calculate the lengths, they look at their diagram and manually add a negative sign if the arrow points left or down.
The Cartesian method (calculator-driven): students measure every angle starting from the positive x-axis (counting counterclockwise from 0o to 360 o). Because they use the exact mathematical angle, they don't have to think about direction; the calculator automatically adds a negative sign if the vector points left or down.
Independence of perpendicular axes
Ensure students understand why we resolve vectors: it lets us break a complex 2D problem into 2 independent, perpendicular 1D problems that don't affect each other. Teaching this ‘divide and conquer’ concept early gives the mathematics immediate purpose ahead of topics like projectile motion or 2D relative velocity.
Using tables to add vector components
Tables can be used as an alternative method for adding vectors and may help to scaffold student problem-solving, particularly when summing multiple vectors using the component method. Tables can break each vector into its horizontal and vertical components, allowing students to sum the columns to determine the final resultant vector. Table 9 shows an example of how this method could be used to add together vectors A (15 m to the right) and B (7 m at 45° above the horizontal and to the left). Note that vector B must first be resolved into vectors (approximately 5 m each, up and to the left)
[bookmark: _Ref238551768]Table 9 – table method for adding vector components (assuming up and to the right are positive)
	Vector
	Horizontal (m)
	Vertical (m)

	A
	15
	0

	B
	−5
	5

	A+B
	10
	5


Resolving vectors at arbitrary angles
When vectors are not aligned along simple perpendicular axes, resolving them breaks each vector down into independent horizontal () and vertical () components using trigonometry. This process converts complex, multi-directional vector problems into straightforward right-angled calculations, allowing you to easily sum components along each axis to find the net resultant force or motion.
For vectors that do not form a right-angled triangle:
Cosine rule

Sine rule

[image: Triangle outlining how to solve for an unknown angle or side using either cosine or sine rule. 
Vectors:

Vector a: A blue horizontal arrow pointing right, labeled with a lowercase blue a beneath it.

Vector b: A red arrow starting at the tip of vector a and pointing steeply up and to the right, labeled with a lowercase red b to its right.

Vector c (Resultant): A black arrow pointing diagonally up-right from the origin (tail of vector a) to the tip of vector b, labelled with a lowercase black c above it.

Angles:

Angle B: Marked with a red dashed arc at the bottom-left vertex between vector a and vector c.

Angle A: Marked with a blue dashed arc at the top-right vertex between vector c and vector b.

Angle C: Marked with a black dashed arc indicating the obtuse interior angle at the bottom-right vertex between vector a and vector b.]
[bookmark: _Ref235190479]Checks for understanding
[bookmark: _Check_for_understanding_7]Check for understanding 1 (1.6 PPT)
A ball is thrown with an initial velocity of 15  at an angle of 60° above the horizontal. Determine the vertical and horizontal components of its velocity.
Check for understanding 1 sample response
	Horizontal component



	Vertical component





[bookmark: _Check_for_understanding_8][bookmark: _Ref238212868]Check for understanding 2 (1.6 PPT)
[image: Top Diagram: Introduces a resultant vector with the heading "Here is a resultant vector:". The diagram shows a red coordinate crosshair with a black arrow extending diagonally up and to the right, labelled with a magnitude of 40 m s-1 and an angle of 50 degrees relative to the positive horizontal axis (marked with a dashed arc). Bottom Activity Cards: Three dark blue rounded cards, each paired with a icon and prompt text beneath: Think: Features a head icon with thought bubbles. Subtitled "Individual thinking time." The prompt below asks: "Draw and calculate both the horizontal and vertical component vectors." Pair: Features a connected network icon. Subtitled "Share your thoughts with a partner." The prompt below asks: "Compare your answers with the person next to you. Did you solve it the same way?" Share: Features a group with a lightbulb icon. Subtitled "Share with a larger group or class." The prompt below asks: "How many ways are there to draw the component vectors?"]
Check for understanding 2 sample response
	[image: Vector diagram showing 2 pairs of vector components that sum to the same resultant vector of 40 m s-1. Either going across and then up or up and then across. ]
Both option 1 and option 2 will give you the same final answer; it just depends on which angle you use. For option 1, you must use the complementary angle of 40°, whereas option 2 uses the 50° angle given directly in the question.


[bookmark: _Check_for_understanding_9][bookmark: _Ref240728360]Check for understanding 3 (1.6 PPT)
A cricket ball is hit across a pitch with a horizontal velocity component of 23 m s-1 at an angle of 40o to the horizontal. Determine its speed.
Check for understanding 3 sample response
	Speed is equal to the magnitude of the velocity ():



[bookmark: _Check_for_understanding_10][bookmark: _Ref238212898]Check for understanding 4 (1.6 PPT)
Three displacement vectors need to be added:
25 m east
15 m north
10 m at N 40° E.
Which step is necessary before the 3 vectors can be added using the component table. Explain your reasoning.
Check for understanding 4 sample response
	The 10 m vector must first be resolved into east and north components because it does not lie along either chosen axis. Its components can then be added to the other east and north components in the table.




[bookmark: _Toc228890691][bookmark: _Toc243034385]1.7 Calculating velocity in 2 dimensions
Students apply vector addition and subtraction to calculate resultant velocities in a variety of real-world scenarios.
Table 10 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse motion by calculating velocity in one and 2 dimensions
	calculate a resultant velocity in one dimension using vector addition or subtraction
calculate and draw the resultant velocity for motion in 2 dimensions

	to use vector processes to solve 2-dimensional velocity problems.
	resolve velocities into independent components when required
combine components using vector addition.


[bookmark: _Toc228890692][bookmark: _Toc243034386]Lesson sequence instructions
Activate
1. Activate prior knowledge of vector addition from Activities 1.5 and 1.6 using Check for understanding 1 (1.7 PPT). Present the following scenario on mini whiteboards:
An aircraft is travelling at 120 km/h north and experiences a wind of 50 km/h towards the east.
Students draw the 2 velocity vectors head-to-tail, draw the resultant vector and identify the mathematics they could use to calculate its magnitude and direction.
Emphasise that students already know the required process for adding and subtracting vectors. This lesson applies these processes to velocity problems in context.
Core learning
1. Use slide 1.7 PPT ‘Relative velocities – aeroplanes’ to explain that the motion of an aeroplane over the ground results from combining the aircraft’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 and ground velocity.
Begin with simple headwind and tailwind examples where vectors are along the same line and then model a crosswind example on 1.7 PPT ‘Headwinds, tailwinds and crosswinds’ (2 slides).
Model a crosswind example: an aircraft travels at 120 km/h north while a crosswind blows at 50 km/h east using slide 1.7 PPT ‘Crosswind’.
Check students can apply vector addition to the crosswind example on Check for understanding 2 (1.7 PPT).
Students practise adding velocities by completing Question 1 on the Student resource – calculating velocity in 2 dimensions.
1. Use 1.7 PPT ‘Relative velocities – river crossing’ (2 slides) to introduce a boat moving across flowing water and work through the worked example on the second slide.
Complete Check for understanding 3 (1.7 PPT) to check that students can apply the result from the worked example to the time taken to cross the river and where it will land.
Students complete guided and independent practice applying the addition of velocities in Questions 2 and 3 of the Student resource – calculating velocity in 2 dimensions.
Consolidate
1. Students complete Question 4 on the Student resource – calculating velocity in 2 dimensions, comparing 2 approaches to crossing the same river and explaining which boat will cross the river fastest. 
[bookmark: _Toc228890693][bookmark: _Ref232065740]

[bookmark: _Student_resource_–_7][bookmark: _Ref240729429][bookmark: _Ref240750426][bookmark: _Ref240752623][bookmark: _Toc243034387]Student resource – calculating velocity in 2 dimensions
Aeroplane and wind velocity
1. An aeroplane flies north at 200 km/h and experiences a crosswind of 40 km/h west. Draw a vector diagram and determine its resultant velocity.
	


Crossing rivers
1. A boat travels directly north across a 180 m wide river at . The current flows east at .
1. Draw the 2 velocity vectors and the resultant velocity vector.
	


Determine the magnitude and direction of the resultant velocity.
	


Calculate the time taken to cross the river.
	


Calculate how far downstream the boat reaches the opposite bank.
	


1. A boat travels at  through the water. A current flows east at . Determine the direction the boat must point to travel directly north across the river.
	


Explain your thinking
1. Two boats have the same speed through the water and cross the same river. Boat A points directly across the river, while Boat B aims upstream so that it travels directly across relative to the shore. Which boat reaches the opposite bank first? Explain your reasoning using velocity components.
	




Sample response – student resource – calculating velocity in 2 dimensions
Aeroplane and wind velocity
1. An aeroplane flies north at 200 km/h and experiences a crosswind of 40 km/h west. Draw a vector diagram and determine its resultant velocity.
	Let north and west be perpendicular velocity components.

Resultant velocity = 204 km/h at N 11° W


Crossing rivers
1. A boat travels directly north across a 180 m wide river at . The current flows east at .
1. Draw the 2 velocity vectors and the resultant velocity vector.
	[image: Vector diagram showing velocity vectors added head-to-tail to find the resultant velocity relative to the riverbank.]


Determine the magnitude and direction of the resultant velocity.
	The boat’s northward velocity and the eastward river current are perpendicular.

Resultant velocity = 6.5 m s⁻¹ at N 23° E.


Calculate the time taken to cross the river.
	


Calculate how far downstream the boat reaches the opposite bank.
	


1. A boat travels at  through the water. A current flows east at . Determine the direction the boat must point to travel directly north across the river.
	For the resultant velocity to be due north, the boat must have a 6 m s⁻¹ west component to cancel the 6 m s⁻¹ east current.

The boat should point 37° west of north.


Explain your thinking
1. Two boats have the same speed through the water and cross the same river. Boat A points directly across the river, while Boat B aims upstream so that it travels directly across relative to the shore. Which boat reaches the opposite bank first? Explain your reasoning using velocity components.
	Boat A reaches the opposite bank first. Because Boat A points directly across, its full speed through the water acts across the river. Boat B uses part of its velocity to oppose the current, so its velocity component across the river is smaller. Boat B therefore takes longer to cross, but it arrives directly opposite its starting point.


[bookmark: _Toc228890694]

[bookmark: _Ref238552759][bookmark: _Toc243034388]Teaching advice
Background information
Teaching velocity in 2 dimensions requires shifting students from one-dimensional thinking to treating motion along perpendicular axes as entirely independent. In 2 dimensions, velocity is a vector that describes both speed and direction, represented mathematically by coordinates or magnitude-direction pairs and visually by arrows. Drawing these vectors accurately is critical because the geometric orientation dictates the math. When calculating resultant velocities or resolving motion, you must separate the independent x (horizontal) and y (vertical) components using right-angled trigonometry, calculate each individually, and recombine them using Pythagoras' theorem (a2 + b2 = c2) and the tangent function. This concept is foundational for projectile motion and relative velocity, which is taught later in the course, where an object's overall motion results from 2 distinct influences, such as a boat crossing a flowing river.
When introducing 2-dimensional velocity, bridge the gap between drawing and calculation by emphasising a ‘geometry first, algebra second’ workflow. Begin by training students to draw accurate, closed vector triangles using the head-to-tail method for addition, or to draw components directly from the origin for resolution. A critical teaching trap is allowing students to jump straight to calculations without a diagram, which often leads to adding vector magnitudes directly. (For example, mistakenly calculating a  river and a  swimmer as  instead of ).
[bookmark: _Ref235780898][bookmark: _Ref235780967]

Checks for understanding
[bookmark: _Check_for_understanding_11]Check for understanding 1 (1.7 PPT)
An aeroplane is flying at 100 km/h north and experiences wind of 20 km/h towards the west. 
Draw the 2 velocity vectors head-to-tail, draw the resultant vector and identify the mathematics you could use to calculate its magnitude and direction.
Check for understanding 1 sample response
[image: Vector diagram showing vectors added head-to-tail to create a right-angled triangle. ]
	Question
	Sample response

	What 2 properties must a velocity include?
	Velocity is a vector quantity and must include magnitude and direction. 

	When can Pythagoras’ theorem be used to find a resultant?
	Pythagoras’ theorem can only be used to find the side lengths of a right-angled triangle so it can only be used to find the resultant of 2 perpendicular vectors or components. 

	How can trigonometry be used to determine its direction?
	The resultant speed is the vector sum of the 2 perpendicular vectors. The angle can be calculated using  and these vectors.

	What would change if the wind acted directly as a headwind or tailwind?
	It would be much easier to determine the resultant velocity as we could just add or subtract the wind speed.


[bookmark: _Check_for_understanding_12][bookmark: _Ref240749994]Check for understanding 2 (1.7 PPT)
A helicopter is flying at 80 km/h north and experiences an easterly wind (blowing west) at 15 km/h. Calculate its ground velocity (magnitude and direction) and draw the resultant vector. 
Check for understanding 2 sample response
[image: Vector diagram showing vectors added head-to-tail to create a right-angled triangle. ]
	
	

	Answer: 81 km/h at N 11° W


[bookmark: _Check_for_understanding_13][bookmark: _Ref240752492][bookmark: _Ref240752524]Check for understanding 3 (1.7 PPT)
The speed of the river current increases, but the boat continues pointing directly across the river at the same speed. What happens to:
the time taken to cross the river?
the downstream displacement?
Check for understanding 3 sample response
The crossing time stays the same because the boat’s velocity component across the river has not changed. The downstream displacement increases because the faster current carries the boat further during the same crossing time.


[bookmark: _Toc228890695][bookmark: _Toc243034389]1.8 Calculating acceleration in one and 2 dimensions
Students apply formulae and vector addition to calculate acceleration in one and 2 dimensions.
Table 11 – learning intentions and success criteria
	We are learning:
	I can:

	to analyse motion by calculating acceleration in one and 2 dimensions
	identify velocity and acceleration as vector quantities
use  to calculate acceleration in one dimension
calculate acceleration when velocity changes in 2 dimensions

	to use scientific processes to solve acceleration problems.
	identify the initial velocity, final velocity and time interval from a problem
represent the change in velocity using vectors/components
determine and communicate the magnitude and direction of acceleration using appropriate units.


[bookmark: _Toc228890696][bookmark: _Toc243034390]Lesson sequence instructions
Activate
1. Activate students’ prior knowledge of acceleration from Stage 5 Waves and motion by collaboratively completing a Frayer diagram for ‘acceleration’. A template is included as Question 1 in the Student resource – calculating acceleration in one and 2 dimensions. Project slide 1.8 PPT ‘What is acceleration?’ to discuss the answers.
Core learning
1. Outline the acceleration definition and formula using slide 1.8 PPT ‘Acceleration formula’. Ensure students know the SI units for each variable in the formula, as well as which quantities are scalar and which are vector.
96. Project 1.8 PPT 'Acceleration visual example' (2 slides) and direct students to complete Question 2 in the Student resource – calculating acceleration in one and 2 dimensions. The second slide features an animation showing oil leaking from a car to demonstrate that as a car accelerates, the distance between oil drops increases. Model the step-by-step solving of this problem using the worked solution on the slides.
97. Demonstrate the variety of one-dimensional scenarios of acceleration using 1.8 PPT ‘Acceleration in one dimension’ (3 slides).
Check students understand how to calculate average acceleration by completing Check for understanding 1 (1.8 PPT). Space for students to record their response is included as Question 3 in the Student resource – calculating acceleration in one and 2 dimensions.
98. Outline the importance of establishing a frame of reference using slide 1.8 PPT ‘Vectors in one and 2 dimensions’.
Establishing a frame of reference just means deciding which directions are positive and which are negative (like making north positive and south negative). Without this step, students often mix up directions and add numbers instead of subtracting them.
99. Model how to solve a 2-dimensional problem using 1.8 PPT ‘Acceleration in 2 dimensions’ (3 slides). 
Highlight the importance of students extracting data and key information and completing the ‘Understand and plan’ section box to organise and structure their responses.
Use Check for understanding 2 (1.8 PPT) to check that students understand how to calculate acceleration in 2 dimensions.
Students complete Questions 4–6 in the Student resource – calculating acceleration in one and 2 dimensions.
[bookmark: _Toc228890697]Consolidate
1. Use Check for understanding 3 (1.8 PPT) to check understanding of acceleration vector analysis. This addresses the fundamentals of vectors and their properties, as well as recalling the acceleration formula. 
[bookmark: _Student_resource_–_8][bookmark: _Ref231549386]

[bookmark: _Student_resource_–_9][bookmark: _Toc243034391]Student resource – calculating acceleration in one and 2 dimensions
1. Complete the Frayer diagram.
[image: Frayer diagram for acceleration. 
Students need to complete the definition, formula, examples and non-examples. ]
102. A car started to accelerate from rest and continued until it reached 10 ms-1 in the east direction. The car was leaking oil at a rate of 3 drops per second, and a bystander saw the following. Calculate the acceleration of the car.
[image: Car with oil drops that increase in space between each other. Acceleration vectors appear above the dots to indicate the direction of the car travelling. ]
	


103. Complete the following table by solving for the missing values.
	
	
	
	

	
	10 east
	30 east
	5

	4 north
	
	26 north
	4

	−2 south
	25 south
	
	10

	3 east
	0 east
	15 east
	

	
	25 west
	5 east
	3


104. A drone is cruising west at 8 m s-1. The pilot redirects it, and after 2 seconds, it is travelling north at 6 m s-1. Calculate the average acceleration vector.
	


105. A sailboat heading east at 10 m s-1 gets caught in a gust of wind. After 4 seconds, its velocity shifts to 7 m s-1 facing south. Find the average acceleration vector.
	


106. A school bus is travelling south along a main road at a constant velocity of 15 m s-1. The driver turns the bus into a side street. After 5 seconds, the bus is travelling west at a constant velocity of 8 m s-1. Calculate the average acceleration vector.
	




Sample response – student resource – calculating acceleration in one and 2 dimensions
1. [bookmark: _Toc228890698]Complete the Frayer diagram.
[image: Frayer diagram sample response for acceleration. 
Definition is the rate at which an objects velocity changes. Formula is presented with a change in velocity over time. Examples are speeding up, slowing down and constant speed turning a corner. Non-examples are a car moving at a constant velocity in a straight line and an object in flight. ]
Acceleration formula example
108. A car started to accelerate from rest and continued until it reached 10 m s-1 in the east direction. The car was leaking oil at a rate of 3 drops per second, and a bystander saw the following. Calculate the acceleration of the car.
[image: Car with oil drops that increase in space between each other. Acceleration vectors appear above the dots to indicate the direction of the car travelling. ]
	[image: Car with oil drops that increase in space between each other. Acceleration vectors appear above the dots to indicate the direction of the car travelling. ]
 



109. Complete the following table by solving for the missing values.
	
	
	
	

	4 east
	 east
	 east
	5

	4 north
	10 north
	26 north
	4

	−2 south
	25 south
	5 south
	10

	3 east
	0 east
	15 east
	5

	10 east
	25 west
	5 east
	3


110. A drone is cruising west at 8 m s-1. The pilot redirects it, and after 2 seconds, it is travelling north at 6 m s-1. Calculate the average acceleration vector.
	[image: A vector triangle diagram showing velocity subtraction to calculate change in velocity, labeled with the time t = 2.0 seconds at the top left. Base Vector: A red horizontal arrow pointing right, labeled -vi = 8.0 m s-1 East} below it. Vertical Vector: A blue vertical arrow pointing upward, connected head-to-tail from the tip of the red vector, labeled vf = 6.0 m s-1 North to its right. Resultant Vector: A black diagonal arrow pointing up and right, drawn from the tail of the red vector to the tip of the blue vector, labeled Delta v above the hypotenuse.]
	
	


111. A sailboat heading east at 10 m s-1 gets caught in a gust of wind. After 4.0 seconds, its velocity shifts to 7.0 m s-1 facing south. Find the average acceleration vector.
	[image: A vector triangle diagram showing velocity subtraction to calculate change in velocity, labeled with the time t = 4.00  seconds at the top left. Base Vector: A red horizontal arrow pointing left, labeled -vi = 10.0 m s-1 West above it. Vertical Vector: A blue vertical arrow pointing downward, connected head-to-tail from the tip of the red vector, labeled vf = 7.00 m s-1 South to its left. Resultant Vector: A black diagonal arrow pointing down and left, drawn from the tail of the red vector to the tip of the blue vector, labeled Delta v below the hypotenuse.]
	
	


112. A school bus is travelling south along a main road at a constant velocity of 15 m s-1. The driver turns the bus into a side street. After 5.0 seconds, the bus travels west at a constant velocity of 8.0 m s-1. Calculate the average acceleration vector.
	[image: A vector triangle diagram showing velocity subtraction to calculate change in velocity, labeled with the time t = 5.0  seconds at the bottom left. Vertical Vector: A red vertical arrow pointing upward, labeled -vi = 15 m s-1 North to its right. Horizontal Vector: A blue horizontal arrow pointing left, connected head-to-tail from the tip of the red vector, labeled vf = 8.0 m s-1 West above it. Resultant Vector: A black diagonal arrow pointing up and left, drawn from the tail of the red vector to the tip of the blue vector, labeled Delta v to the left of the hypotenuse.]
	
	




[bookmark: _Toc243034392]Teaching advice
Background information
One dimension
When introducing one-dimensional acceleration, focus on linear movement along a single straight line, where plus and minus signs simply indicate direction relative to a chosen coordinate origin. The main hurdle for students is the misconception that negative acceleration automatically means an object is ‘slowing down’. Teachers can explicitly address this using an ‘I do, We do, You do’ slide progression: first, the teacher models a scenario where an object with negative velocity and negative acceleration is actually speeding up; next, the class collaboratively analyses a mixed-sign problem; finally, students independently solve tracking exercises on a number line. By keeping one-dimensional acceleration focused on a straightforward, linear change in speed through structured slides, students build a secure foundation before transitioning into 2-dimensional geometric spaces.
Two dimensions
When moving into 2 dimensions, instruction must emphasise that acceleration is a change in the entire velocity vector, meaning an object accelerates if it changes its speed, its direction, or both simultaneously – even if its speed remains constant. To make this concept digestible, teachers can again use the ‘I do, We do, You do’ framework across their teaching slides to scaffold the vector-splitting process. The teacher first demonstrates (‘I do’) how to break a 2D acceleration problem into independent horizontal (x-axis) and vertical (y-axis) tracks. The class then works together (‘We do’) to solve each component using familiar one-dimensional equations and map the change in velocity using a head-to-tail vector diagram. Finally, students complete a slide independently (‘You do’), recombining the components using Pythagoras’ theorem and trigonometry to determine the true magnitude and direction of the acceleration.


[bookmark: _Ref235781246]Checks for understanding
[bookmark: _Check_for_understanding_14]Check for understanding 1 (1.8 PPT)
Complete the following table by solving for the missing values. 
	
	 
	
	

	A
	 east
	 east
	5 

	4 north
	B 
	26 north
	4

	-2 south
	25 south
	C
	10

	3 east
	0 east
	15 east
	D

	E
	20 west
	5 east
	3


Check for understanding 1 sample response
	A
	B
	C
	D
	E

	4
	10
	5
	5
	-5


[bookmark: _Check_for_understanding_15][bookmark: _Ref238486830]Check for understanding 2 (1.8 PPT)
A plane is initially flying west at a constant velocity of 40 m s-1. To follow a coastline, the pilot turns. After 20 seconds, the plane is flying south at 30 m s-1. Calculate its acceleration over this period.
Check for understanding 2 sample response
[image: A vector triangle diagram showing velocity subtraction to calculate change in velocity. Horizontal Vector: A red horizontal arrow pointing right, labeled -vi = 40.0 m s-1 east above it. Vertical Vector: A blue vertical arrow pointing downward, connected head-to-tail from the tip of the red vector, labeled vf = 30.0 m s-1 south to its right. Resultant Vector: A black diagonal arrow pointing down and right, drawn from the tail of the red vector to the tip of the blue vector, labeled Delta v = 50.0 m s-1 below the hypotenuse. Angle: An arc between the red horizontal vector and the black resultant vector labeled 36.9 degrees.]

[bookmark: _Check_for_understanding_16][bookmark: _Ref238486858]Check for understanding 3 (1.8 PPT)
1. Define a vector quantity and identify the 2 properties it provides.
114. State the formula for average acceleration. List all variables within the formula, including their SI units, and highlight which variables are vectors.
Check for understanding 3 sample response
1. A vector quantity is a physical quantity that possesses both magnitude (size) and a specific direction.
116. The formula for average acceleration is . The vector variables are acceleration  and both final and initial velocities  or  in  while the scalar variable is time (Δt).
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