
The vector equation of lines between 2 points 
Students find the vector equation of a line between 2 points. Students apply the vector form of the equation of a line to solve problems and find specific points along a line.
Students will need at least one digital device per pair to interact with Amplify and GeoGebra during this lesson.
Learning intentions
To be able to find the vector equation of a line between 2 points. 
To be able to solve problems involving the vector equation of lines.
Success criteria
I can find the displacement vector between 2 points. 
I can find the vector equation of a line between 2 points. 
I can find the value of a parameter that corresponds to a specific point on a line. 


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  
uses vectors to model lines and curves, solve problems, and prove results involving geometry and coordinate geometry ME2-12-02
Content
Vector equations of lines and curves
Identify  as one possible vector equation for the straight line through points  and , where  and  are the position vectors of  and  respectively, noting its equivalence with the form , and establish the correspondence between the value of  and the position of the point specified by it along the line
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Retrieval practice
	Use slide 4 of the PowerPoint The vector equation of lines between two points to revise scalar multiples.
	
	Scalar multiples of vectors are Extension 1 content. 

	Activating prior knowledge
	Students complete slides 6–7, then check for understanding of the parts of the vector equation of lines. Students complete slide 8 and discuss how points are used to find the equation of a line.
	Pose-Pause-Pounce-Bounce

	Activate prior knowledge of the vector equation of a line and finding the Cartesian equation of a line between 2 points.

	Connecting learning
	Students work through the Amplify activity bit.ly/LineTwoPoints, to find the direction vector between 2 points and the purpose of the parameter. Students manipulate lesson 2 of the GeoGebra book bit.ly/Linesandcurves to explore the 3D version. 
	Pose-Pause-Pounce-Bounce
Think-Pair-Share
	Students learn to find the direction vector between 2 points on a line. They then explore the relationship between points and the parameter.

	Releasing responsibility
	Use slide 10 to define the new form of the equation of a line. Use slides 11–14 to model finding the equation of a line between 2 points and finding specific points on a line. Students make notes using Appendix A.
	Worked examples (Your turn)
Four quadrant notes 
	Students apply and consolidate learning about the equation of a line between 2 points and finding specific points on a line. 

	Independent practice
	Students complete the remainder of the Amplify activity. Use slide 17 for students to complete an HSC-style question and slide 18 for students to attempt a problem. 
	
	Students consider alternative direction vectors. They are exposed to an exam style question and apply their knowledge to solve a problem. 
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Activity structure
Please use the associated PowerPoint The vector equation of lines between 2 points to display images in this lesson.
Retrieval practice
Display slide 4 of the PowerPoint and ask students to complete the questions to retrieve knowledge of scalar multiplication of vectors. Animate the slide to show the solutions. 
Activating prior knowledge
1. Display slide 6 and ask students to complete the questions. Animate the slide to display the solutions. 
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B) to check students’ understanding of the parts of a vector equation of a line. Possible prompting questions include:
Describe how the (direction vector/position vector/parameter) influences the line. 
How is the vector equation similar to ? 
The direction vector controls the direction of the line.
The parameter traces the point along the line.
The position vector is a specific point on the line and controls the location of the line. 
1. Display slide 7 and ask students to find the vector equation of a line. Animate the slide to reveal the solution.
1. Display slide 8 and ask students to find the Cartesian equation of the line between the 2 points. Animate the slide to show one possible method.
1. Discuss with students other possible methods to find the equation of a line between 2 points and draw out what they all have in common.
All methods involve information about both the direction and location. 
1. Tell students that in this lesson they will be learning how to find the vector equation of a line between 2 points. 
Connecting learning
1. Assign the Amplify Classroom activity ‘Vector equation of the line between two points’ (bit.ly/LineTwoPoints) for students to attempt in pairs using digital devices. Restrict students to viewing screens 1–7.
Before completing this activity, you will need to set up an Amplify Classroom (bit.ly/createamplifyclassroom) and use the pacing feature to restrict students to viewing screens 
1–7.
Amplify provides the opportunity for immediate feedback as well as tailored feedback from the teacher as students progress.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy to check for understanding of the parts of the 2 forms of the vector equation of a line, using the prompts:
How does each of the parts of the 2 vector equations compare?
Does it matter if the line uses  or  as the position vector? 
Students should identify:
· The position vector  matches the position vector  in the second equation.
· The direction vector  matches  in the second equation.
· The parameter  is the same in both equations.
Choosing  or  as the position vector will result in the same line, however, the position of each point will then correspond to a different value of the parameter. 
1. Return students to the Amplify activity and extend the pacing to include screens 8–12 for students to complete.
1. Consolidate understanding using a class discussion. Possible prompting questions include:
How did you find a specific point on the line? Why does this work?
What happened when we collected like terms in the equation?
Students should identify that each point on the line corresponds to a unique value of the parameter and vice versa.
Student responses can be anonymised using the teacher dashboard in Amplify. When discussing the second question, you may wish to display student responses on screen. 
By rearranging terms, we can think of the line as being the sum of ratios of the vectors  and . 
Direct students to the GeoGebra book ‘Extension 2 – Unit 2 – Vector equations of lines and curves’ (bit.ly/Linesandcurves). Have students use the Table of Contents to navigate to ‘Lesson 2 – The vector equation of the line between two points’ and complete the activity.
This GeoGebra book contains the activities for all lessons in Unit 2 – Vector equations of lines and curves.
Using a Think-Pair-Share (bit.ly/thinkpairsharestrategy), have students discuss the similarities and differences between the 2D and 3D vector equations of a line between 2 points. 
Students should see that the 2 versions are essentially the same, with the key difference being the 2D or 3D vectors involved. 
Releasing responsibility
1. Display slide 10 to show how to derive the new form of the vector equation of a line. 
1. Animate the slide to show the form with like terms collected. 
Explain to students that only the  form of the vector equation of a line is included on the reference sheet. 
Use slides 11–14 to model worked examples of finding the vector equation of a line between 2 points and finding the point on a line which divides the points in a specific ratio, using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
Students should practise questions from an existing resource on finding the vector equation of a line between 2 points in 2D and 3D as well as finding points on a line given the ratio that divides them.
Ask students to complete Four quadrant notes to their future forgetful selves (bit.ly/supportingstrategies) from Appendix A ‘Four quadrant notes’.
Independent practice
1. Return students to the Amplify classroom activity (bit.ly/LineTwoPoints) and remove the pacing for students to complete the remaining screens 13–14. These screens ask students to consider the effect of choosing  as the direction vector instead of .
1. Use slide 16 to remind students of the Approaching questions scaffold. 
1. Display slide 17 and ask students to complete the HSC-style question in pairs. Animate the slide to show the solution. 
1. Display slide 18 and ask students to complete the question in pairs. Use slides 19–20 to show the solutions. 


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Challenge students to list the different forms of the equation of a straight line that they know and compare the information immediately accessible in each form. 
Remind students that the formula for the vector equation of a line is on the reference sheet.
Connecting learning 
Support students by suggesting that they can find the direction vector as a separate step before using the vector equation of a line. 
Support students who have difficulty working in 3D by using practical items, such as a pen suspended in the air, to represent the direction vector of a line in 3D space.
Challenge students to come up with different scenarios where each geometrical interpretation of the form of the equation of a line would be more useful. Such as:
a plane travelling through the air might suit the interpretation of moving in the direction of the direction vector from a starting point. 
adding the 2 position vectors in ratio can be considered to be acting like a coordinate system. 
Releasing responsibility
Challenge students to consider what would happen if the parameter was restricted to a range of values, that is, it would form a line segment and how that would affect the Cartesian equation. 
Independent practice
Challenge students to find points that are not on the line, for part (b) of the problem question on slide 18. If interested, they can independently research Circles of Apollonius.
Support students to solve part (b) of the problem on slide 18, by drawing a sketch and moving their pen tip along the line until the ratios match. 


Suggested opportunities for assessment
Activating prior knowledge 
Use student responses to the questions to check for understanding of the vector equation of a line.
Connecting learning 
Use the teacher dashboard in Amplify to check student responses to screens 4 and 5, for understanding of how to find the vector between 2 points. 
Check student responses to screen 7 for student understanding of the new form of the vector equation of a line.
Releasing responsibility
Check completed four quadrant notes for understanding of how to find the vector equation of a line through 2 points. 
Independent practice
Check responses to the problem on slide 18 for student understanding of finding the value of a parameter that corresponds to a specific point on a line.

[bookmark: _Appendix_A][bookmark: _Appendix_B]Appendix A 
[bookmark: _Four_quadrant_notes]Four quadrant notes
	Example 1
Find the vector equation of the line through the 2 points with position vectors  and .
 and 
Direction vector
 

Using the position vector 

	Example 2
Find the point that divides the points  and  in the ratio 2:3.
 and 


	Things to remember
	Example 3




Sample solutions 
Appendix A – Four quadrant notes
	Example 1
Find the vector equation of the line through the 2 points with position vectors  and .
 and 
Direction vector:

Using the position vector 

	Example 2
Find the point that divides the points with position vectors  and  in the ratio 2:3.
 and 
Direction vector:


Ratio 2:3, so the point is  the way from  to . 
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