
Magnitude of a vector
Students will examine a restaurant delivery app in 2 dimensions (2D) and 3 dimensions (3D). Students learn how to calculate lengths and apply the midpoint and distance formulas to 2D and 3D vectors. 
Students will need at least one digital device per pair to interact with GeoGebra during this lesson.
Learning intentions
To understand what the magnitude of a vector represents.
To be able to calculate the magnitude of 2D and 3D vectors.
Success criteria
I can use the midpoint and distance formulas.
I can recognise and use notation to represent the magnitude of a vector.
I can calculate the magnitude of a vector in both 2D and 3D.

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
Use notations ,  and  to represent the magnitude of a vector
Introduction to 2D and 3D vectors
Use the midpoint and distance formulas in two dimensions and three dimensions
Operating with vectors
Establish and calculate the magnitude of a vector using  for 2D vectors and  for 3D vectors
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students watch the video ‘How does Wing drone delivery work?’ (1:10) (bit.ly/WingDroneDelivery) then view a delivery scenario on slide 4 of the PowerPoint Magnitude of a vector and calculate the distance and midpoint between 2 points. Appendix A is an optional activity that provides students with additional practice in finding the distance between 2 points, if required.
	
	Recalling Stage 5 methods for calculating distance and midpoint between 2 points and considering the meaning of the midpoint.

	Connecting learning
	Students discover how movement is represented in 3D by analysing an updated scenario and using slide 6 and the GeoGebra (bit.ly/Ext1Unit1Vectors) to calculate distances and midpoints for the drone’s journey in 3D.
	Think-Pair-Share
	Students build intuitive methods for finding the magnitude of a vector and midpoint of a line segment in 3D by adapting familiar 2D strategies including Pythagoras’ theorem.

	Releasing responsibility
	Use slide 8 to display definitions and formulas for magnitude and midpoint in 2D and 3D for students to compare them with the earlier methods used. Direct students to locate the magnitude formula on the HSC reference sheet before working through modelled examples on slides 9–12. Allow students to apply learning using Appendix B before creating notes using Appendix C.
	Worked examples (Your turn)
Visibly random groups of 3
Vertical non‑permanent surfaces
Banner task
Four quadrant notes
	Students are supported to understand and apply definitions and formulas for magnitude and midpoint in 2D and 3D, utilising the reference sheet.

	Independent practice
	Students complete the perimeter investigation on slide 14. They then return to their groups to explore the Open Middle problems shown on slides 15–16.
	Visibly random groups of 3
Vertical non‑permanent surfaces

	Students apply midpoint and magnitude formulas and explore geometric properties of midpoints and reinforce magnitude concepts.
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Activity structure
Please use the associated PowerPoint Magnitude of a vector to display images in this lesson.
Activating prior knowledge
1. Watch the video ‘How does Wing drone delivery work?’ (1:10) (bit.ly/WingDroneDelivery) to introduce how a real-world business uses drones for deliveries.
1. Display slide 4 of the PowerPoint, which shows a map of a restaurant in a town and its delivery zones, and read the scenario below to students.
A restaurant positioned at (7,2) wants to develop an app to track food deliveries. The app developer is testing the system and has food delivered using a drone to a customer at (1,5). The app developer wants to identify the midpoint, which will be used to trigger an automatic ‘Your order is halfway there’ notification.
1. In pairs, ask students to discuss how to calculate the straight line distance and midpoint between the 2 points before performing the calculations.
Students should be familiar with finding the midpoint and distance between 2 points from the Stage 5 outcome MA5-LIN-C-01. Students can complete Appendix A ‘Maze runner’ for additional practice in finding the distance between 2 points if required.
1. Animate the slide to reveal the distance and midpoint between the restaurant and the customer.
Connecting learning
1. Pose to students that the customer’s location at (1,5) is on the 18th-floor penthouse of an apartment building and that the drone is to deliver straight to the 18th floor.
1. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students to explain whether the distance from the restaurant to the 18th-floor apartment will be the same distance they previously calculated. Remind students that the restaurant should still be considered as being on the ground floor.
1. Display slide 6 showing the bird’s-eye 2D view alongside a 3D model of the updated scenario.
1. Explain to students that they are now going to consider how they might find the distance and midpoint in 3D compared to finding the distance and midpoint in 2D.
1. With at least one device per pair, direct students to the GeoGebra book ‘Extension 1 – Unit 1 – Vectors’ (bit.ly/Ext1Unit1Vectors) and instruct them to use the Table of Contents to navigate to ‘Lesson 7 – Magnitude of a vector’. 
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.
1. Instruct students to complete ‘Activity 1: magnitude of a 3D vector’ to gain an understanding of how to find the distance (magnitude) and midpoint of a 3D vector. 
Students should scroll to see additional prompting questions. Guide students to recognise that distance in 3D consists of 2 combined 2D applications of the distance formula and that the midpoint is found by averaging the ,  and  coordinates of a vector’s endpoints.
1. Extend students to think about how the process for calculating magnitude and midpoint changes when the vector is not a position vector.
1. Ask students, in pairs, to suggest a generalised single formula for finding the magnitude of any 3D vector between 2 points.
1. Have students apply their suggested formulas to the 3D scenario on slide 6 and compare their results with those of a neighbouring pair, negotiating if answers differ.
1. Ask pairs to calculate the midpoint of the drone delivery vector on slide 6 and identify the point where the ‘halfway there’ notification should be triggered.
1. Animate slide 6 to reveal the magnitude and midpoint for the 3D drone delivery vector.
Releasing responsibility
1. Display slide 8 which shows the syllabus definitions (NESA 2024) for ‘magnitude’ and ‘midpoint’ and the formulas for calculating them in both 2D and 3D.
Explicitly instruct students that the magnitude is the distance, which is a scalar, from the start to the end point of the vector, which is why we use the distance formula. 
1. Ask students to compare the formulas on the slide with their generalised formulas they suggested in the drone scenario and the GeoGebra activities.
1. Use slides 9–12 to model worked examples of finding the magnitude of a vector in both 2D and 3D using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy) to complete the banner task (bit.ly/supportingstrategies) using questions from Appendix B ‘Banner task’.
1. Refer students to their Mathematics Extension 1 – HSC reference sheet and have them locate the formula for the magnitude of a vector and discuss what they notice about the information provided.
The reference sheet only contains the formula for the magnitude of a 2D vector.
1. In a Think-Pair-Share, ask students to discuss how they will recall the formulas that do not appear on the reference sheet.
1. In their groups, have students complete Appendix C ‘Four quadrant notes’ before individually completing the appendix to create notes to their future forgetful selves (bit.ly/supportingstrategies).
Independent practice
1. Display slide 14 for students to complete the investigation.
The perimeter of the medial triangle is exactly half the perimeter of the original triangle. This occurs because each side of the medial triangle connects midpoints, and the length of the segments joining midpoints is half the length of the parallel side in the original triangle. The medial triangle’s perimeter is always half the perimeter of the original triangle, for any triangle in the plane.
1. Have students return to their earlier groups of 3 at vertical non-permanent surfaces to answer the Open Middle questions on slides 15–16. 
There are multiple solutions for this activity. A sample solution has been provided in the ‘Sample solutions’ section.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
The teacher may choose to discuss other terms that convey the idea of a midpoint before students begin the task.
Challenge pairs to create an additional customer location and compare how the distance and midpoint change.
Connecting learning 
Support students by offering a prompt. For example, ‘How can you break the movement into right‑angled triangles?’
Challenge students to explore additional vectors in the GeoGebra applet and describe how changing components affects magnitude.
Releasing responsibility
Support students by supplying a structured template for calculating magnitude in 2D and 3D.
Challenge students to create 2 3D vectors with the same magnitude.
Independent practice
Students could plot the triangles and vectors using grid paper or GeoGebra for a visual connection.
Have students pick their own triangle coordinates or explore what happens if the triangle is more irregular for greater challenge. 
For the Open Middle problems, the constraints could be modified to further restrict or extend the possible integers.
Challenge students to find multiple possible combinations for the Open Middle problems.
Extend students by asking them to describe a method for determining all possible values for the magnitude given the constraints.

Suggested opportunities for assessment
Activating prior knowledge 
Monitor students’ interpretation of the coordinates in the scenario without prompting.
Ask students to restate a peer’s method to check clarity and conceptual understanding.
Connecting learning 
Monitor student responses in the GeoGebra activity to assess whether they can describe the magnitude of a vector accurately.
Ask students to explain their method to another pair and note whether they can justify each step clearly.
Releasing responsibility
Observe group work at the vertical non‑permanent surfaces to see whether students can apply the formula accurately.
Collect and review Appendix B and Appendix C to identify whether students can correctly record steps and annotate key ideas.
Independent practice
Collect and review students’ written calculations and explanations for vectors, magnitudes, midpoints, medial triangle and perimeter comparisons.
Observe students’ methods, reasoning, and collaborative discussion during the group activities.
Observe students’ methods, strategies, and communication during the Open Middle activities to assess their understanding of vector addition, magnitude calculation, and the use of integers within the constraints.


[bookmark: _Appendix_A]Appendix A 
Maze runner
In pairs, take turns to use vectors to get through the maze. Record your choices in the table and calculate the exact length of your route. The player with the shortest route length wins.
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Use this table to record your vectors and their magnitude.
	Vector used
	Magnitude

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




[bookmark: _Appendix_B]Appendix B
Banner task
	Question
	Solution

	Find the magnitude of the vector .
	

	Find the magnitude of the vector .
	

	Find the magnitude of the vector .
	

	Find the magnitude of the vector .
	

	Find the magnitude of the vector .
	

	Find the magnitude of the vector 
	

	Find the magnitude of  given  and .
	


	Find the magnitude of, given  and .
	


	Find the magnitude of  given  =and  .
	


	Find the magnitude of  given and .
	


	Find  if  has a magnitude of 15. 
	

	Find  if the vector has a magnitude of 10. 
	




[bookmark: _Appendix_C]Appendix C
Four quadrant notes
	Example 1
Find the magnitude and midpoint of vector  given  and  to 2 decimal places.
Magnitude:

Midpoint:

	Example 2
Find the magnitude and midpoint of vector , given  and  to 2 decimal places.
Magnitude:
Midpoint:


	Things to remember
	Example 3


Sample solutions
Appendix C – Four quadrant notes
	Example 1
Find the magnitude and midpoint of vector , given  and  to 2 decimal places.
Magnitude:

Midpoint:

	Example 2
Find the magnitude and midpoint of vector  given  and  to 2 decimal places.
Magnitude:

Midpoint:





Independent practice
There are multiple solutions for this activity. A sample solution is below:
Slide 15 – Open Middle 2D
Vector 
Vector 


Slide 16 – Open Middle 3D
Vector 
Vector 
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