
Parallel and perpendicular vectors
Students investigate the flight paths of jets to explore relationships between pairs of parallel vectors and pairs of perpendicular vectors of equal magnitude. They use digital tools to establish these relationships, then determine and justify whether pairs of vectors are equal, parallel or perpendicular.
Students will need at least one digital device per pair to interact with GeoGebra during this lesson.
Learning intention
To understand the properties of equal, parallel and perpendicular vectors with equal magnitude.
Success criteria
I can determine when 2 vectors are equal or parallel.
I can identify and find perpendicular, two-dimensional (2D) vectors of equal magnitude.
I can solve problems involving magnitude and direction with 2D vectors.


Outcomes
A student:
develops understanding and fluency in mathematics through exploring and connecting mathematical concepts, choosing and applying mathematical techniques to solve problems, and communicating their thinking and reasoning coherently and clearly MAO-WM-01
operates with 2D and 3D vectors and uses 2D vectors to solve problems involving motion in two dimensions ME1-12-02
Content
Vector representation and notation
Recognise and use the fact that two vectors are equal if they have the same magnitude and direction to solve problems
Operating with vectors
Establish and identify , for a non-zero scalar , as a condition for two non-zero vectors  and  to be parallel to each other and determine with justification if two vectors are parallel to one another
Identify  and  as vectors perpendicular to  and with equal magnitude
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students analyse jet flight paths on slide 4 of the PowerPoint Parallel and perpendicular vectors and represent them using gradients and vectors (solutions on slide 5) to compare direction and displacement.
	
	Students recognise that gradients describe orientation, while vectors describe both magnitude and direction.

	Connecting learning
	Students use GeoGebra (bit.ly/Ext1Unit1Vectors) to examine parallel vectors in 2D and 3D, and perpendicular vectors of equal magnitude. They identify relationships between vector components and apply these to the jet flight paths on slide 7.
	Pose-Pause-Pounce-Bounce
	Students discover that parallel vectors are scalar multiples and that perpendicular vectors of equal magnitude can be formed by swapping components and changing one sign.

	Releasing responsibility
	Use slide 9 to reveal answers to the jet flight paths. Use slides 10–11 to consolidate relationships between equal and parallel vectors. Use slides 12–15 to model worked examples of finding missing components in pairs of parallel and perpendicular vectors. Students compare method efficiencies using Appendix A. Animate slides 16–17 to present statements on equal, parallel and perpendicular vectors for justification discussions. Display slide 18 to summarise key statements and have students create notes including an example for each.
	Worked examples (Your turn) 
Think-Pair-Share
Notes to future forgetful selves
	Students distinguish between equal and parallel vectors and identify properties of perpendicular vectors. They apply and compare methods and justify vector relationships using component representations.

	Independent practice
	Students identify equal, parallel and perpendicular vectors using slides 20–21 and create their own examples using slide 22 with a possible solution on slide 23. Review the ‘Approaching questions scaffold’ on slide 24 and practise HSC-style questions in Appendix B.
	
	Students apply vector relationships to solve problems involving magnitude and direction in 2D and 3D.
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Activity structure
Please use the associated PowerPoint Parallel and perpendicular vectors to display images in this lesson.
Activating prior knowledge
1. Play the video ‘Thunderbirds Cross Over Break’ (0:30) (bit.ly/Jetformation).
1. Ask students how the jets can safely fly together and cross paths during an airshow. 
Guide discussion towards parallel and perpendicular flight paths. Explain that crossing at right angles minimises the time jets travel toward one another, reducing collision risk.
1. Tell students they are going to plan the flight paths for a ‘three-jet’ formation for the next airshow. The director has provided an image of the desired formation.
1. Display slide 4 of the PowerPoint showing an image of 3 jets flying in the desired formation. Ask students to describe how the flight paths are related. 
Confirm that Jet A and Jet B travel along parallel paths while Jet C approaches from a different direction and crosses between them on a perpendicular path.
1. Animate slide 4 to show a coordinate model of Jet A’s flight path. Explain that the flight paths are being represented on a 2D coordinate plane to simplify the planning of the formation.
1. Ask students to determine the gradients of the flight paths followed by Jets A and B, and the gradient of the perpendicular flight path followed by Jet C.
1. Display slide 5 to reveal the gradients of the flight paths. Ask students to write the movement of Jet A as a vector in column notation. Animate to reveal the answer and prompts for discussion.
1. Conduct a class discussion to assist students in identifying the similarities between the components of a vector and the gradient of a straight line.
This activity intentionally connects to students’ prior knowledge of gradients of lines. In this context, gradient is used to describe the steepness of a flight path represented on a 2D coordinate plane and to assist students in recognising parallel and perpendicular paths.
When working with vectors, however, we describe paths using direction and magnitude rather than gradient. This distinction becomes even more important when representing vectors in 3D space, where gradients cannot be used to describe direction. Additionally, a vertical vector in 2D has a clear direction but an undefined gradient.
Connecting learning
2D parallel vectors
1. Either project the applet to demonstrate to the class or, with at least one device per pair, direct students to the GeoGebra book ‘Extension 1 – Unit 1 – Vectors’ (bit.ly/Ext1Unit1Vectors). Instruct them to use the Table of Contents to navigate to ‘Lesson 9 – Parallel and perpendicular vectors’. Direct students to ‘Activity 1: 2D parallel vectors’ and allow them a moment to interact with the applet and answer the questions below the applet. 
This GeoGebra book contains the activities for all lessons in Unit 1 – Vectors. 
You may choose to assign this book or any individual activity to students as a Lesson through GeoGebra Classroom (bit.ly/LearnGeoGebraClassroom).
GeoGebra Classroom provides the opportunity for immediate feedback as well as tailored feedback from the teacher. Use Lesson Overview for live updates on student progress and navigate to each task to see student answers.
Lessons can be paused at any time to interrupt the work of students to explain certain tasks, return focus to the classroom or limit student access outside class time.
Pause to discuss as a class the condition for 2 vectors to be parallel and to unpack how the components of parallel vectors are related.
Students should share that vectors remain parallel when they point in the same or opposite direction, one vector is a scalar multiple of the other and the components remain in the same proportion. 
3D parallel vectors
Direct students to ‘Activity 2: 3D parallel vectors’ and allow them time to interact with the applet and answer the questions below the applet.
Facilitate a discussion to draw out that the relationship established for parallel vectors in 2D also applies in 3D.
Students should identify that corresponding components remain in the same proportion and that this relationship is true for all non-zero scalar multipliers.
Perpendicular vectors of equal magnitude
Direct students to ‘Activity 3: 2D perpendicular vectors of equal magnitude’ and allow them time to interact with the applet and answer the questions. 
Use the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B) to facilitate a class discussion about the patterns students notice in the components.
Students should identify that the components are swapped, with one component changing sign. This relationship is only true when the perpendicular vectors have the same magnitude as the original vector.
Students could compare this relationship with that of the gradients of perpendicular lines.
Display slide 7 and allow students time to work in pairs to attempt to find the flight paths of the jets as vectors from the scenario in the Activating prior knowledge section. Students will need to draw on their findings from the GeoGebra activities, using the relationships between the components of parallel and perpendicular vectors.
Have students compare and discuss their solutions with a neighbouring pair. 
Releasing responsibility
1. Display slide 9 to reveal the answers from slide 7. 
1. Use slides 10–11 to consolidate the relationships students established during the GeoGebra activities. 
Equal vectors were introduced in Lesson 1 – vectors in 2 dimensions. Students often confuse equal and parallel vectors, so both concepts are included together on slide 10 to reinforce the distinction. The Teaching Considerations state that the term anti-parallel may be used to describe vectors that are parallel but point in opposite directions; however, this is not essential content. 
1. Use slides 12–15 to model worked examples of finding missing components in a pair of parallel and in a pair of perpendicular vectors using the Worked examples (Your turn) method (bit.ly/supportingstrategies). Animate the slides to reveal self-explanation prompts and the worked solution.
1. Distribute Appendix A ‘Compare the pair’ to all students.
1. Ask students to consider and answer in a Think-Pair-Share (bit.ly/thinkpairsharestrategy):
What is the same and what is different in each method?
Is one method more efficient than the other?
1. Animate slides 16–17 to reveal statements about equal, parallel and perpendicular vectors. As each statement appears, have students vote with a thumbs up for ‘always’, sideways for ‘sometimes’ and thumbs down for ‘never true’ to classify the statement.
If there is disagreement about whether a statement is always, sometimes or never true, lead a discussion for students to justify their choice before displaying the answer and next statement.
1. Display slide 18, which summarises the statements.
1. Have students use slide 18 to create notes to their future forgetful selves (bit.ly/notestofutureself), including an example to represent each statement.
1. Initiate a class discussion about whether the same justification methods can be used in both 2D and 3D vectors. 
Students may share that using scalar multiples works both in 2D and 3D, while the rule for perpendicular vectors of equal magnitude is specific to 2D. 
Independent practice
1. Display the list of 2D vectors on slide 20 for students to analyse. 
1. Have students identify a pair of equal vectors, a pair of parallel but non-equal vectors and a pair of perpendicular vectors of the same magnitude and compare with a partner, negotiating correct answers where there are discrepancies. 
1. Animate the slide to reveal the solutions.
1. Display the list of 3D vectors on slide 21 for students to analyse. 
1. Have students identify a pair of equal vectors and a pair of parallel but non-equal vectors and compare with a partner, negotiating correct answers where there are discrepancies. 
1. Animate the slide to reveal the solutions.
1. Display slide 22 to show an Open Middle problem. Give students time to create a pair of 2D and 3D parallel vectors using limited digits before revealing possible solutions on slide 23. 
1. Use slide 24 to remind students of the Approaching questions scaffold.
1. Distribute Appendix B ‘HSC-style questions’ for students to complete. Encourage students to use their devices with a graphing application to support their calculations.


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Encourage students to draw and label the horizontal and vertical movement of a flight path before calculating its gradient.
Challenge students to represent Jet C’s flight path as a vector and justify how they determined its components.
Connecting learning 
Provide a table for students to record pairs of vectors from the GeoGebra activities and identify any patterns in the component relationships.
Invite students to explain why the rule for creating perpendicular vectors of equal magnitude applies only in 2D and consider whether a similar shortcut exists in 3D.
Releasing responsibility
Provide students with a table or checklist of the properties of equal, parallel and perpendicular vectors to support classification and justification tasks.
Challenge students to justify whether a pair of vectors is equal, parallel or perpendicular using more than one method where possible.
Independent practice
Encourage students to use a graphing application to verify vector relationships before completing written justifications.
Challenge students to create multiple valid solutions to the Open Middle question and explain how they know all conditions have been satisfied.


Suggested opportunities for assessment
Activating prior knowledge 
Listen to student explanations during discussion to assess understanding of the difference between gradient and vector representations.
Monitor student responses when determining gradients and displacement vectors to identify whether students can connect prior knowledge of gradients with vector notation.
Connecting learning 
Review student responses in GeoGebra to assess understanding of the conditions for parallel vectors in both 2D and 3D.
Monitor student explanations during the discussion of perpendicular vectors of equal magnitude, looking for recognition of the component-swapping and sign-change relationship.
Releasing responsibility
Use responses to the Your turn question to assess students' ability to determine missing vector components. 
Monitor student reasoning during the ‘sometimes, always, never true’ activity to assess understanding of the properties of equal, parallel and perpendicular vectors.
Independent practice
Observe student discussions as they identify equal, parallel and perpendicular vectors from the lists on slides 19– 20, noting the justification methods they use.
Review student solutions to the Open Middle question and Appendix B to assess their ability to apply vector relationships in unfamiliar contexts.

[bookmark: _Appendix_A]Appendix A
Compare the pair
Find the vector  parallel to  with a magnitude of 3.
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Ebony’s method
	[image: Man wearing a hoodie.]
Ray’s method

	Find the magnitude:

	Find the magnitude:


	Find the scalar multiple:
3 is  of 9
	Find the unit vector:


	Find 

	Find 
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HSC-style questions 
1. A drone moves according to vector . Find a vector parallel to  that represents a shorter movement.
A robot arm moves in the direction of the vector . Write 2 possible vectors representing a movement of the joint that is perpendicular to the arm's direction.
Find a vector, parallel to vector  with a magnitude of 5. 
Find a vector in the opposite direction and parallel to vector  that has a magnitude of .
Given,  and . Find the value of  so that the vector  is parallel to the -axis. 
Given vectors and are perpendicular with equal magnitude, find possible values of .

Sample solutions
Appendix B – HSC-style questions
1. 
1. A shorter parallel vector has a scalar between -1 and 1. Possible solution .
1. Two possible vectors are  and .
1. Find the magnitude of vector 

Scalar multiple = 
A parallel vector .
Find the magnitude of vector :

Scalar multiple = 
A parallel vector in the opposite direction: 

Find vector :

A vector parallel to the  axis has a  component = 0.

Set opposite components equal with opposite signs:

when , 

when , 

vectors  and are perpendicular with equal magnitude when.
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