
Magnitude using the scalar product
Students examine how the scalar product relates to the magnitude of a vector. They derive and use the property  in both 2-dimensional (2D) and 3-dimensional (3D) contexts and build confidence applying this relationship to calculate vector magnitudes.
The learning intention and success criteria should be shared with students later in the learning episode.
Learning intention
To be able to establish the scalar product definition of the magnitude of a vector.
Success criteria
I can explain how the scalar product relates to the magnitude of a vector.
I can use the scalar product to find the magnitude of 2D and 3D vectors.
I can solve problems that require finding the magnitude of a vector using the scalar product.


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
Further operations with vectors
Derive and use the property  to establish the scalar product definition of the magnitude of a vector () in two dimensions and three dimensions 
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Students find the magnitude and scalar product with itself for the vector on slide 3 of the PowerPoint Magnitude using the scalar product and compare results. Reveal the learning intention and success criteria on slide 4.
	Pose-Pause-Pounce-Bounce
	This section reviews magnitude and scalar product calculations by finding the scalar product of a vector with itself and recognising that this equals the square of the magnitude. Recognise both as scalar values.

	Connecting learning
	Use slide 6 for students to calculate vector magnitudes and the scalar product of each vector with itself to identify and generalise the relationship algebraically. Reveal solutions and the scalar product definition on slide 7. Discuss students’ preferred method for finding magnitude.
	Think-Pair-Share
	Students apply formulas to verify if the relationship  holds true for both 2D and 3D vectors. Highlight the equivalence of 2 methods for finding magnitude; the most useful method depends on the information given and the context.

	Releasing responsibility
	Use slides 9–12 to establish the scalar product definition of the magnitude of a vector and allow students to practise solving related problems. Distribute Appendix A for students to complete.
	Four quadrant notes
	Recognise the usefulness of  in problem solving and vector expressions.

	Independent practice
	Use slides 14–16 to display proof questions for students to attempt, then compare and refine proofs with a partner before reviewing solutions. Students review and add to notes before discussing when the scalar product definition is useful and completing the exit ticket.
	Exit ticket
	Apply and understand scalar product and magnitude relationships to prove vector statements using algebra and vector arithmetic. Distributivity of the scalar product is Extension 2 content and should not be assumed as established knowledge in this lesson.




Activity structure
Please use the associated PowerPoint Magnitude using the scalar product to display images in this lesson. 
Activating prior knowledge
Display slide 3 of the PowerPoint for students to find the magnitude of vector .
Students learnt how to calculate the magnitude of a vector in Lesson 7 – magnitude of a vector.
Animate the slide for students to find the scalar product .
Students learnt how to calculate the scalar product in Lesson 10 – the scalar product.
Animate the slide again to reveal the solutions.
Use the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B) and the prompt on slide 3 to discuss the results.
Students should recognise that the scalar product  is the square of the magnitude or the magnitude is the square root of the scalar product . Emphasise to students that both results are scalar values.
Reveal and unpack the learning intention and success criteria on slide 4.
Connecting learning
1. Tell students that in this lesson they will examine whether the relationship found in the previous activity, between magnitude and scalar product, holds true for other vectors.
1. Display slide 6 and, for each vector, ask students to:
calculate its magnitude using the formulas previously learnt
calculate the scalar product of the vector with itself.
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students what relationship they can see between the magnitude and the scalar product of a vector with itself.
Reveal the solutions using slide 7 and encourage students to express the relationship algebraically.
Students should suggest  or .
Animate slide 7 to reveal the scalar product definition of the magnitude of a vector, 
.
Animate the slide again and have students use  to find the magnitude of vectors  and .
The magnitudes are  and .
In a Think-Pair-Share, ask students which method they prefer to use for finding the magnitude of a vector: the formula learnt previously or , and why.
Use the discussion as an opportunity to reinforce that the 2 methods are equivalent, not 2 different mathematical results.
Releasing responsibility
1. Display slide 9 to model the derivation of the property  and establish the scalar product definition of the magnitude of a vector, using the prompt to further discussions.
Display the questions on slide 10 for students to solve and compare solutions in pairs. If answers differ, students should negotiate the correct answer.
Use slides 11–12 to model the solutions.
Distribute Appendix A ‘Four quadrant notes’ (bit.ly/supportingstrategies) for students to complete.
Independent practice
1. Display the proof question on slide 14 for students to attempt individually.
1. Have students compare their proof with a partner. The following questions could be provided for students to ask and answer in their pairs:
Have you shown that both sides are equal?
Where have you used the relationship between a vector and its magnitude?
Animate the slide to model the solution.
Repeat for the proof question on slide 15.
An alternative method using vector arithmetic involving the distributive property is provided on slide 16. Distributivity of the scalar product is Mathematics Extension 2 content. Some examples involving distributive law and the scalar product were investigated by students in Lesson 10 – the scalar product.
Encourage students to review and add relevant proof examples to their Four quadrant notes.
Discuss when the scalar product definition of magnitude may be useful.
Use examples from the lesson to reinforce that the scalar product definition and the standard magnitude formula are equivalent, and that the most useful form depends on the information given and the context of the problem. The scalar product definition allows us to work with vector expressions, such as  or , rather than first finding their components and applying the standard magnitude formula.
Assess application of the scalar product formula for magnitude by using the following prompt as an exit ticket (bit.ly/exitticketstrategy) for students to write or verbally answer:
Explain one way the scalar product definition of magnitude can be useful. Use an example from today's lesson to support your explanation.

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge
Provide worked examples of the magnitude and scalar product formulas on a small reference card to support students who have difficulty retrieving procedures from previous lessons without re-teaching the content.
Challenge students who complete the calculations quickly to explain why  might be related to  rather than simply stating the relationship.
Challenge students to consider whether they expect the relationship to hold for a 3D vector and justify their prediction.
Connecting learning 
Reduce the cognitive load of the comparison table on slide 6 of the PowerPoint by providing the first calculation as an example.
Ask students to predict whether the relationship will hold for any vector before testing the 3D example and then justify their prediction. 
When comparing the 2 magnitude methods, ask students if they can describe a situation where the scalar product calculation would be more useful than the standard magnitude formula.
Releasing responsibility
Challenge students to explain why the scalar product definition of magnitude works in both 2D and 3D, rather than simply demonstrating it numerically.
Independent practice
For the proof question on slide 12, provide a scaffold showing the starting expression, 
.
For students who find the proof questions difficult, provide a sequence of prompts rather than the next algebraic step, such as: What is  in component form? What is the scalar product of a vector with itself? What is the magnitude of this vector? How can you show that the 2 expressions are equal?

Suggested opportunities for assessment
Activating prior knowledge 
Challenge students to predict the relationship before revealing the solution. Sample responses can be used to identify whether students recognise that  is  rather than simply noticing that the numbers are related.
Review students’ answers to magnitude and scalar product calculations on slide 3 of the PowerPoint to check for accuracy.
Observe student responses during the Pose-Pause-Pounce-Bounce questioning to assess conceptual understanding of the relationship between the scalar product and magnitude.
Connecting learning 
Review Think-Pair-Share contributions or recorded notes expressing the algebraic relationship. Listen specifically for whether students can move from examples to the general relationship.
Check calculations of magnitudes and scalar products for vectors on slides 6 and 7, scanning for key errors such as not taking the square root of the scalar product.
Releasing responsibility
Observe pair discussions while solving the problems on slide 10 and note reasoning and negotiation skills. Listen to the discussion to identify whether errors are conceptual or procedural.
Collect and review students’ completed Appendix A for comprehension and completeness.
Independent practice
Collect and assess students’ proof attempts for mathematical reasoning and correctness.
Use paired discussions to assess understanding by listening to justifications in answering the provided reflective questions.
Use the exit ticket responses to assess whether students can explain when and why the scalar product definition of magnitude may be useful. Check that students recognise that this method is especially helpful when working with vector expressions or when the scalar product of the vector with itself is already known.

[bookmark: _Appendix_A]Appendix A
Four quadrant notes
	Example 1
Find the magnitude of  using the scalar product.

Therefore,

	Example 2
The vector . Find  using the scalar product.

	Things to remember
	Example 3




Sample solutions
Appendix A – Four quadrant notes
	Example 1
Find the magnitude of  using the scalar product.

Therefore,

	Example 2
The vector . Find  using the scalar product.
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