
The unit circle
Students will determine the sign of any angle in the unit circle and practise matching equivalent ratios for positive angles up to 360°. 
Visible learning
This lesson incorporates Path content.
Learning intentions and success criteria are released to students after the launch activity. 
Learning intention
To identify equivalent trigonometric ratios in the unit circle.
Success criteria
I can identify in which quadrants trigonometric ratios are negative or positive. 
I can explain why different trigonometric ratios in the unit circle are positive or negative.
I can match trigonometric ratios that are equivalent. 


Syllabus 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 
establishes and applies the properties of trigonometric functions and finds solutions to trigonometric equations MA5-TRG-P-02 
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Launch
	Display slide 3 of the PowerPoint The unit circle (TUC PPT) and ask students to choose which one does not belong. 
	Think-Pair-Share
	Students should start to wonder how the sign of the trigonometric function can be found. 

	Explore
	Students use the unit circle (Appendix A) and the points  to discover the trigonometric ratios in all 4 quadrants. They also discover the general angle formula for each quadrant. 
	Think-Pair-Share
Notice and wonder
	Students develop an understanding of why different angles in different quadrants are the same but with different signs. 

	Summarise
	Students are explicitly taught how to match trigonometric ratios and summarise their learnings using Appendix B. 
	Your turn
	Students summarise their thinking and practise applying the unit circle to different trigonometric values. 

	Apply
	Students apply their knowledge by grouping Appendix C cards into positive and negative ratios and then matching the cards with the equivalent value. 
	Visibly random groups of 3
Advancing and assessing questions
Vertical non-permanent surfaces
	Students should realise that every angle in the unit circle has another matching angle. 



Activity structure
Please use the associated PowerPoint The unit circle (TUC PPT) to display images in this lesson.
Launch
1. Using slide 3 of the PowerPoint (TUC PPT), display Table 2: Which one does not belong?	
Table 2: Which one does not belong?
	
	

	
	


1. In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students which one doesn’t belong (bit.ly/wodb).
While there is no correct answer to the which one does not belong, in the discussion draw out that  is the same magnitude as the other 3 but a different sign. 
Explore 
1. Distribute Appendix A ‘The unit circle’ to each student and have students construct a triangle in the first quadrant similar to the exact ratio triangles and mark the angle at the centre as  and the point on the circumference .
Students have constructed triangles in all four quadrants in Lesson 6 – exact values in 4 quadrants.
2. Using  as the angle at the centre of the circle, ask students to find in terms of  and . 
3. Display slide 5 of the PowerPoint (TUC PPT) to model the triangle in the first quadrant, and click to reveal the ratios. 
4. Have students construct 3 more triangles the same size as their first in each of the other 3 quadrants. 
5. Have students label the points  and the angle at the centre .
6. Again, using  as the angle at the centre of the circle, ask students to find  in terms of  and  for each quadrant. 
Slides 6–8 of the PowerPoint (TUC PPT) demonstrate to students how to find  in terms of  and  for each quadrant. 
7. In a Think-Pair-Share have students comment on what they notice and wonder (bit.ly/noticewonderstrategy) about the trigonometric ratios they have found. 
Students should notice that they have the same values but different signs. Students might wonder what this means or how this fact could be used to solve problems. 
8. Display slide 9 of the PowerPoint (TUC PPT) and ask students in a Think-Pair-Share to answer the question prompts for each circle. Click to reveal the answer once students have shared.
9. Repeat for slide 10 of the PowerPoint (TUC PPT).
Summarise
1. Distribute Appendix B ‘Summary notes’ to students and display slide 12 of the PowerPoint (TUC PPT).
1. Ask students to highlight the inequality in each quadrant that is the ‘odd one out’ (if applicable). 
1. Generate a class discussion using the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce). The questions should be based on the success criteria.
How can I identify which quadrant an angle belongs in?
How do I know if the trigonometric ratio is positive or negative?
Students should realise that the acute angles are in the first quadrant, obtuse angles are in the second, angles between 180° and 270° are in the third and angles between 270° and 360° are in the fourth. 
Students should realise that in the first quadrant all ratios are positive, in the second, sine is the only positive, in the third quadrant, tan is the only positive and in the fourth, cosine is the only positive. It is more beneficial for students to have a deep conceptual understanding of why this occurs rather than remembering acronyms such as ‘All Stations To Central’.
1. Explicitly teach students how to identify if 2 angles have equivalent trigonometric ratios using slides 13–16 of the PowerPoint (TUC PPT) using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
1. Have students add notes to their future forgetful selves (bit.ly/notestofutureself) to Appendix B. 
1. Allow students time to do a Think-Pair-Share determining any clarifying questions they might have about the work so far. 
Apply
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
2. Distribute Appendix C ‘Card sort’ and adhesive putty.
These cards can be cut out before the lesson or students can cut them out during the lesson. 
3. Ask students to write the words positive and negative on their surface and stick the cards under one of these headings. 
4. To further student thinking, ask students assessing and advancing questions (bit.ly/supportingstrategies). Some suggestions are provided in Table 3.
[bookmark: _Ref189057178]Table 3: assessing and advancing questions
	Assessing questions
	Advancing questions

	Why have you put that card in the negative pile?
	What are the angles in the second quadrant?

	Does your calculator support that answer?
	What ratio’s answers are negative in the second quadrant? 

	Can that card belong in either pile?
	What do you know about all the acute angle ratios? 


5. Once students have sorted the cards into 2 piles, have groups match the cards that have the same value. 
Students should check their answers on a calculator. 


Assessment and differentiation
Suggested opportunities for differentiation
Launch
There are no correct answers during the launch and all students should be encouraged to participate and share their thoughts. 
Students could be encouraged to make their own ‘Which one does not belong?’
Explore
Students could be given a triangle to use as a template as they move between quadrants. 
Students could be given a point on the unit circle for each quadrant rather than  and  values. Examples of points could be 
Summarise
Students could be given sentence starters to probe thinking. 
The inequalities within the Appendix B ‘Summary table’ could be simplified. 
Apply
Students could be encouraged to initially categorise the angles into the correct quadrant. 
Angles can be changed depending upon the ability of the students. 
Students could move straight to matching the cards rather than separating the cards into positive and negative values.
Students could be given blank cards to create their own set of matching cards. 
Students could be encouraged to move outside the domain of 
The teacher could provide students with some starter ratios. 


Suggested opportunities for assessment
[bookmark: _Hlk147833561]Launch
Monitor student's responses to Think-Pair-Share to assess their understanding of the unit circle and complementary angles. 
Explore
Monitor students’ construction of triangles in the unit circle to assess understanding of finding trigonometric ratios and angles in the unit circle.
Summarise
Monitor student responses in the ‘Your turn’ section to check for understanding.
Review students’ notes to their future forgetful selves for understanding of finding the trigonometric ratio using the unit circle. 
Apply
Monitor students' reasoning behind classifying the cards as either negative or positive.
Students can monitor their own work by checking answers using their calculator. 
Use one of the pairs of trigonometric ratios as an exit ticket.


[bookmark: _Appendix_A]Appendix A
The unit circle
[image: A circle with radius 1 unit. 

]


[bookmark: _Appendix_B]Appendix B
Summary notes
[image: A unit circle. In the fist quadrant is sin x>0, cos x>0 and tan x>0. In the second quadrant sin(180-x)>0, cos (180-x)<0 and tan (180-x)<0. In the third quadrant  sin(180+x)<0, cos (180+x)<0 and tan (180+x)>0. The fourth quadrant  sin(360-x)<0, cos (360-x)>0 and tan (360-x)<0.]


[bookmark: _Appendix_C]Appendix C
Card sort
	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




Sample solutions
Appendix C – card sort
	Positive
	Negative
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sin(180—x)°>0
cos(180—-x)°<0
tan(180—x)°<0

sin(x)°>0
cos(x)°>0
tan(x)°>0

sin(180+x)°<0
cos(180+x)°<0
tan(180 +x)°>0

sin(360 —x)° <0
cos(360—x)°>0
tan(360—x)° <0
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