
The unit vector
Students build on prior understanding of vector magnitude to determine vectors of length one in a given direction. They develop the notation for unit vectors, interpret two-dimensional (2D) and three-dimensional (3D) unit vectors and apply unit vectors to solve vector problems. 
Learning intentions
To be able to use magnitude to determine 2D and 3D unit vectors.
To be able to apply unit vectors to solve vector problems.
Success criteria
I can recognise and use the notation for a unit vector.
I can use magnitude to find 2D and 3D unit vectors given a vector.
I can find a vector of specified magnitude in the direction of a given vector by first finding its unit vector.
I can find a unit vector in the direction of the vector joining 2 points.


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
Introduction to 2D and 3D vectors
Recognise and use  and  as the notation for the unit vector in the direction of 
Operating with vectors
Use the magnitude of a vector to find the unit 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
	Display the house image on slide 4 of the PowerPoint The unit vector and discuss how computers determine light direction and brightness of surfaces. Discuss how a computer could keep the direction while making every vector the same length. 
	Think-Pair-Share
Pose-Pause-Pounce-Bounce questioning
	Direction of a vector affects shading, but magnitude does not. Unit vectors have magnitude one and indicate direction.

	Connecting learning
	Display slide 6 with vectors for students to find unit vectors in pairs and compare solutions. Facilitate a class discussion on why unit vectors are the same regardless of the original vector magnitude. Use slide 7 to revisit the house image for pairs to calculate the unit vectors for light direction. Students find the magnitude, scalar and unit vector for the 3D vector on slide 8.
	Visibly random groups
Vertical non-permanent surfaces
Gallery walk
Think-Pair-Share
	Unit vectors have length one and the same direction. The scalar to produce a unit vector is the reciprocal of magnitude. This process is the same in 2D and 3D.

	Releasing responsibility
	Display slide 10 to define unit vector notation and formalise the finding process. Students explain reciprocal of magnitude and direction preservation to a partner. Model a worked example on slides 11–14. Students complete faded examples in Appendix A, then four quadrant notes in Appendix B.
	Worked examples (Your turn)
Faded examples
Four quadrant notes
	Formalise unit vector notation and using reciprocal of magnitude. Unit vectors preserve direction. Use scalar multiples of unit vectors to find vectors of any length/direction.

	Independent practice
	Students solve questions on slide 16. Slide 17 reviews the ‘Approaching questions scaffold’. Students complete the questions on slide 18, then add to their notes in Appendix B.
	
	Students consolidate understanding of unit vector problems and reinforce learning.
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Activity structure
Please use the associated PowerPoint The unit vector to display images in this lesson.
Activating prior knowledge
1. Show students the video ‘Everything you need to know about Lighting in 3D with Spline’ (from 0:00–0:45) (https://bit.ly/computerlighting) to provide students with background knowledge on computer lighting.
1. Display the computer-generated image on slide 4 of the PowerPoint.
1. Read the following scenario to students.
An image of a house is being created for an animated movie. To appear realistic, the computer will lighten some areas and darken others depending on where the light source is located.
1. Initiate a discussion with students about where the light source would need to be located to create the image of the house.
Students may refer to the position and/or direction of the light source, shadows, angles and the direction in which each wall or surface faces. Emphasise language such as direction, facing and orientation.
Explain that in computer graphics, vectors can represent the direction light travels.
Animate slide 4 to reveal 3 vectors and ask students to identify what is the same and what is different about these vectors.
Students should identify that the vectors all have the same direction but different magnitudes.
Have students calculate the magnitude of each vector.
Students learned to calculate the magnitude of a vector in Lesson 7 – magnitude of a vector.
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students why 3 different vector lengths produce the same shadow?
Students should recognise that only direction affects which surfaces are bright or dark. Some students may suggest longer vectors could represent stronger light, which is incorrect. Emphasise that only the direction of the vector matters in determining shading.
Explain to students that to make computing easier, computers scale the lengths of the vectors. 
Use the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B) to ask students how the computer could keep the direction the same while making every vector the same length. 
Students might suggest that the vectors could be scaled using scalar multiplication to stretch or shrink the vectors to the same size. This would create vectors that are scalar multiples of each other, so they would have the same direction but different magnitudes. This idea was established in Lesson 4 – scalar multiples.
Student thinking could be extended by asking what length they think would be most useful.
Connecting learning
1. Use slide 6 to display the 3 vectors ,  and  and ask students how the vectors compare in direction and length.
Students should recognise that they are scalar multiples of each other, so they all have the same direction but different magnitudes. 
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at a vertical non-permanent surface (bit.ly/VNPSstrategy) and have them scale the vectors so they are all the same length.
Students may choose to scale all vectors to the same length as either of the 3 vectors by dividing by the current magnitude of the vector then multiplying by the required magnitude.
1. Have students complete a gallery walk (bit.ly/DLSgallerywalk) of each other’s solutions to explore the process and strategies used.
Pose the following question for students to investigate on their vertical non-permanent surfaces: ‘What length would each vector become if we simply divided it by its magnitude?’
Students should recognise that this results in vectors having a magnitude of one. Remind students that a vector with a magnitude of one is called a unit vector.
The unit vector was introduced in Lesson 1 – vectors in 2 dimensions.
1. Reveal the solutions by animating slide 6.
1. Facilitate a class discussion to reflect on the process for finding the unit vectors. Prompts could include:
Are the unit vectors for ,  and  the same or different? Explain why.
How do we determine the appropriate scalar required to produce a unit vector?
Why does scaling different vectors with the appropriate scalar produce the same unit vector?
Display slide 7 to return to the Activating prior knowledge computer-generated image.
Ask students to calculate the unit vector for each of the 3 vectors shown to determine which vector the computer would use to indicate light direction.
Animate the slide to reveal the unit vector.
Use a Think-Pair-Share to ask students to explain whether they believe the process for finding 3D unit vectors would be the same. Why or why not?
Use slide 8 to display the 3D vector  and in their notebooks, have students: 
find the magnitude
determine the scalar needed to convert the vector into a unit vector
find the unit vector.
Animate the slide to reveal the answers and a prompt to answer in a Think-Pair-Share.
Releasing responsibility
1. Display slide 10 to show the notation for unit vectors and formalise the process for finding the unit vector.
1. Have students explain to a partner in their own words:
why the reciprocal of the magnitude is used
how we know the direction is preserved
the connection to standard perpendicular unit vectors.
The standard perpendicular unit vectors (,  and ), where  is a unit vector in the -direction,  is a unit vector in the -direction and  is a unit vector in the -direction, were introduced in Lesson 3 – vector notations.
1. Use slides 11–14 to model examples of finding the unit vector using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
For the prompts on slide 13, students should recognise that once they have found the unit vector, they can multiply it by a positive scalar to produce vectors of any desired length in the same direction, or a negative scalar to produce vectors of any desired length in the opposite direction.
1. Distribute Appendix A ‘Unit vector’ for students to complete the faded examples (bit.ly/fadedexamplesstrategy) to build independence with finding and applying the unit vector to find vectors of any desired length in the same or opposite direction.
1. Have students complete the Four quadrant notes (bit.ly/supportingstrategies) from Appendix B ‘Four quadrant notes’ in new visibly random groups of 3 on vertical non-permanent surfaces before completing individual notes to their future forgetful selves. 
Independent practice
1. Display the questions on slide 16 for students to solve, discussing with a peer.
1. Animate to reveal the solutions.
1. Display slide 17 to review the key steps of the Approaching questions scaffold. 
1. Display slide 18 and have students complete the HSC-style questions in their workbooks, using the same or new groups.
1. Have students add to the notes they made earlier in the lesson in Appendix B.


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Invite students to explain how scalar multiplication links vectors of different lengths in the same direction and suggest real-world examples beyond lighting (for example, force vectors).
Connecting learning 
Ask students to generalise the process for finding unit vectors algebraically and explore cases such as zero vectors or vectors with negative components.
Challenge students to consider geometric interpretations of unit vectors and scalar multiplication in both 2D and 3D contexts.
Releasing responsibility
Use explicit modelling of slides 11–12 and offer one-on-one or small group support for students needing assistance with the algebraic manipulation.
Encourage students to create their own questions involving unit vectors with different magnitudes and directions, including negative scaling for opposite direction vectors.
Ask students to explain verbally or in writing why the reciprocal of the magnitude preserves vector direction and how this relates to standard unit vectors ,  and .
Independent practice
Allow students to work in small groups to encourage peer teaching and support.
Encourage students to extend their notes by summarising connections to previous vector notation and scaling concepts.

Suggested opportunities for assessment
Activating prior knowledge 
Listen to Think-Pair-Share discussions to assess conceptual understanding of direction versus magnitude and the role of vectors in the context of lighting.
Use student responses to identify an understanding of scalar multiplication’s role in normalising vectors’ lengths and preserving direction.
Connecting learning 
Observe group work and discussions to check mathematical fluency and method consistency in attempting to scale vectors and calculate unit vectors.
Use class discussion responses when comparing unit vectors to assess understanding of direction preservation and scalar factors.
Releasing responsibility
Review students’ completed Appendix A faded examples for correctness and clarity in applying the unit vector process.
Use student explanations during partner discussions or group sharing to assess conceptual understanding of scalar multiplication and unit vectors.
Independent practice
Collect and review student responses in Appendix C to monitor problem-solving accuracy and reasoning.
Observe group discussions and additions to students’ notes to evaluate depth of conceptual consolidation and self-explanation skills.
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Unit vector 
	Find the vector  of magnitude 8 in the direction of .
	Find the vector of magnitude 8 in the direction of 

	Find the vector  of magnitude 5 in the direction of the vector joining  and .
	Find the vector  of magnitude 5 in the direction of the vector joining  and .
	Find the vector  of magnitude 5 in the opposite direction to 


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



[bookmark: _Appendix_B]Appendix B 
Four quadrant notes
	Example 1
Find the unit vector  in the direction of the vector joining  and 
Find :

Find :


Find 

	Example 2
Find the vector  of length 6 units in the opposite direction to .


	Things to remember
	Example 3
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Sample solutions
Appendix A – unit vector
	Find the vector  of magnitude 8 in the direction of .
	Find the vector of magnitude 8 in the direction of 
	Find the vector  of magnitude 5 in the direction of the vector joining  and .
	Find the vector  of magnitude 5 in the direction of the vector joining  and .
	Find the vector  of magnitude 5 in the opposite direction to 

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




Appendix B – Four quadrant notes
	Example 1
Find the unit vector  in the direction of the vector joining  and 
Find :

Find :

Find :


	Example 2
Find the vector  of length 6 units in the opposite direction to .








Slide 18 – HSC-style questions 
1. 
1. Magnitude of vector  must be .

















 (1)
and
 (2)
Solve simultaneously:
Multiply (1) by 3:  (3)
Multiply (2) by 4:  (4)
Subtract (4) from (3): 

Substitute into (1):
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