
Trigonometric equations
This lesson focuses on solving trigonometric equations over a restricted domain. It connects students’ prior knowledge of trigonometric ratios and graphs and allows students to apply reasoning to find multiple solutions.
The learning intention and success criteria should be shared with students later in the learning episode.
Learning intention
To be able to solve equations involving trigonometric ratios.
Success criteria
I can calculate the size of an angle in a right-angled triangle given a trigonometric ratio.
I can identify the quadrants in which each trigonometric ratio is positive or negative.
I can explain how many solutions to expect over a given domain.
I can explain how to find solutions using the related angle.
I can find all solutions to an equation involving trigonometric ratios given a specific domain.


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 periodic functions to solve trigonometric equations and prove trigonometric identities MAV-11-05
Content
Trigonometric identities and equations
Solve equations involving trigonometric ratios of angles, specified in degrees or radians, on a restricted domain
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Table 1: lesson summary 
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Use slides 3–4 of the PowerPoint Trigonometric equations for students to solve the trigonometric equations , identify multiple solutions from the graph, and connect these to the cyclic nature of trigonometric functions.
	Mini whiteboards
	Highlight the relationship between graphical and algebraic representations of trigonometric equations. Draw attention to the periodic nature of trigonometric functions, leading to infinite solutions.

	Connecting learning
	Use slide 6 to introduce the learning intention and success criteria, then use Appendix A for students to solve trigonometric equations involving different domains and compare solution methods.
	Visibly random groups of 3
Vertical non-permanent surface
Banner tasks
Pose-Pause-Pounce-Bounce
	Highlight how domain restrictions affect the number of solutions to trigonometric equations. Draw attention to different methods to identify solutions and address misconceptions related to periodicity.

	Releasing responsibility
	Use slides 8–9 to model a worked example of solving trigonometric equations. Use Appendix B for students to analyse incorrect worked examples, identify misconceptions and refine solutions. Use slides 10–11 to model a worked example of finding one trigonometric ratio given another before students practise similar questions from an existing resource.
	Worked examples (Your turn)
Incorrect worked examples

	Highlight correct procedures for solving trigonometric equations, including consideration of domains and multiple solutions. Draw attention to common misconceptions and errors through analysis of incorrect worked examples. Support students to justify corrections and consolidate efficient solution methods.

	Independent practice
	Use Appendix C for students to complete HSC-style questions involving trigonometric equations and reciprocal ratios, with opportunities to compare and discuss solution methods with peers.
	Think-Pair-Share
	Reinforce accurate solution processes for trigonometric equations and reciprocal ratios. Support students to compare strategies, justify solutions and identify efficient approaches to solving problems.



Activity structure
Please use the associated PowerPoint Trigonometric equations to display images in this lesson.
Activating prior knowledge
Display slide 3 of the PowerPoint and ask students to complete the solution on a mini whiteboard (bit.ly/miniwhiteboards).
Allow students to check their understanding by animating the slide to reveal the solution.
Ask students to draw a sketch of  and list as many angles as they can that also give . 
Display slide 4 showing the graph of  and . Ask students to use their fingers to indicate how many angles, in the domain  they can identify that satisfy the equation .
Discuss with students how many solutions exist if the domain is extended.
Students should be able to identify that, due to the cyclic nature of the graph and their knowledge of angles of any magnitude, there will be an infinite number of solutions.
Connecting learning
1. Reveal the learning intention and success criteria to students using slide 6. 
Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
Use the Set 1 questions from Appendix A ‘Banner task’ (bit.ly/supportingstrategies) for students to attempt to solve trigonometric equations involving different domains.
Set 1 focuses on solving trigonometric equations using exact values. Sets 2 and 3 can be introduced if students are ready to extend their understanding. 
Use a Pose-Pause-Pounce-Bounce questioning strategy (PDF 557 KB) (bit.ly/posepausepouncebounce) to draw out the methods groups used to solve the equations and any misunderstandings or misconceptions that were observed during the task.
Releasing responsibility
1. Use slides 8–9 to display a worked example of solving trigonometric equations using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
1. Distribute the incorrect worked examples (bit.ly/incorrectworkedexamples) from Appendix B ‘Where did they go wrong?’ to pairs of students. 
1. Have pairs identify the mistake, explain what went wrong and design correction prompts that will result in the correct solution. Pairs of students are also to rewrite the correct solution.
1. Facilitate a class discussion to consolidate understanding of correct procedures.
Students should refer to the success criteria and annotate selected examples to form their notes.
Use slides 10–11 to model a worked example of finding one ratio given another using the Worked examples (Your turn) method.
Have students solve trigonometric equations using questions sourced from an existing resource.
Independent practice
1. Distribute Appendix C ‘HSC-style questions’ for students to complete individually, conversing with their peers to check solutions or solve harder problems together. 
Facilitate a class debrief discussion using a Think-Pair-Share (bit.ly/thinkpairsharestrategy) for students to compare answers and strategies.


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Support students by directing them to the Mathematics Advanced – HSC reference sheet and the relevant right-angled triangle.
Offer labelled graph templates or printed unit circle diagrams to help students accurately sketch  and identify relevant angles.
Challenge students to predict and explain how changing the value on the right side will affect the number and location of solutions, for example .
Extend students by asking them to generalise the algebraic form of solutions and consider periodicity.
Connecting learning 
Provide each group with a copy of the unit circle to support them in identifying the quadrants in which the solutions from Appendix A would lie.
Extend groups to attempt the more challenging questions in Sets 2 and 3 as they are ready.
Releasing responsibility
Support students by providing a checklist or template for identifying errors and writing corrections in Appendix B. 
Encourage students to create their own incorrect examples to challenge peers, fostering deeper understanding. 
Independent practice
Offer additional worked examples or solution hints alongside Appendix C questions for students needing more guidance.
Encourage exploration of alternative solution methods or proofs. 
Suggested opportunities for assessment
Activating prior knowledge 
Quickly scan mini whiteboards for accuracy and completeness in solving 
Use targeted questioning during the graphing activity to probe understanding. Questions could include:
How many solutions are visible on your sketch? 
Why do these solutions repeat?
Connecting learning 
Monitor student group contributions on their vertical non-permanent surface. Focus on the depth of their reasoning, for example, recognition of multiple solutions and use of quadrants.
Use the Pose-Pause-Pounce-Bounce questioning as a formative check to assess students’ ability to explain multiple solutions based on quadrant knowledge.
Releasing responsibility
As students discuss self-explanation prompts, circulate and listen to explanations to identify those who need additional support or extension.
Collect and review student corrections in Appendix B to identify patterns of misunderstanding.
During class discussion, ask students to justify their corrections and reasoning aloud.
Independent practice
Review student answers from Appendix C for accuracy, method and reasoning, especially on problems requiring finding all related solutions within a domain. 
Listen to student contributions to discussions and monitor student reasoning and strategy choices.
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Set 1: exact values (familiar angles)
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Appendix B
Where did they go wrong? 
For each of the following questions, identify the error the student made and how they should correct it before solving the problem.
	Question
	Student attempt
	Error 
	Correction prompts
	Correct solution

	Solve 
for .
	
Related angle is 60
 
	
	
	

	Solve 
for .
	= 
Related angle is 30


	
	
	

	Solve  
for .
	 
 
Related angle is 30


	
	
	

	Solve 
for .
	
Related angle is 30



	
	
	



Appendix C 
HSC-style questions
Level 1
1. If  and :
1. Find .
Find .
Level 2
It is known that  and :
1. Find the possible values of .
Find  if it is also known that  is negative.
Suppose that  and :
1. Find the possible values of .
Find  if it is also known that  is positive.
Level 3
Find all values of , for , for which .
Solve  for  to the nearest minute.


Sample solutions
Appendix A – banner task
Set 1: exact values (familiar angles)
1. 











Set 2: non-exact values (nearest degree)














Set 3: non exact values (nearest minute)
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	Question
	Student attempt
	Error 
	Correction prompts
	Correct solution

	Solve 
for .
	
Related angle is 60
 
	Only one solution was given. Cosine is positive in both quadrants 1 and 4 within the specified domain.
	In which quadrants is cosine positive? What is the second solution?
	 
Related angle = 
Cosine is positive in quadrants 1 and 4.

Quadrant 1: 
Quadrant 4: 
 

	Solve 
for .
	= 
Related angle is 30





	Only one solution was given. Sine is negative in quadrants 3 and 4, not just 4.
	In which quadrants is sine negative? What is the related angle? What is the other solution within the specified domain?
	
Related angle = 
Sine is negative in quadrants 3 and 4.

Quadrant 3:  
Quadrant 4: 
 

	Solve  
for .
	 
 
Related angle is 30


	The wrong reciprocal function was identified: 
	What is the relationship between secant and cosine? For which values of  is  Are there any other solutions in the domain?
	 

 
Related angle = 
Cosine is positive in quadrants 1 and 4.

Quadrant 1: 
Quadrant 4: 


	Solve 
for .
	
Related angle is 30



	The correct related angle was found, but the student did not find where cosine is negative. Cosine is negative in quadrants 2 and 3.
The student did not find angles within the given domain
	Identify the quadrants where cosine is negative. Find all the solutions within the given domain.
	 
Related angle = 
Cosine is negative in quadrants 2 and 3.

Quadrant 2: 
Quadrant 3: 

Adjust for given domain: 
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Level 1
1. If  then  and . Therefore, the missing side length is  (Pythagoras’ theorem). Since  is in quadrant 2,  so . Only sine is positive in quadrant 2.
1. 

Level 2
Since , then  and . Therefore, the missing side length is  (Pythagoras’ theorem). Since  is positive, this could be in quadrant 1 or 2.
1. In quadrant 1,  is positive and in quadrant 2,  is negative. 
If  is negative, the solution is in quadrant 2. Hence, .
Since , then  and . Therefore, the missing side length is . (Pythagoras’ theorem). Since  is negative, this could be in quadrant 2 or 3.
1. In quadrant 2,  is negative and in quadrant 3,  is positive. 
If  is positive, the solution is in quadrant 2. Hence, .
Level 3
 so  is in quadrant 3 or 4 where sine is negative. 
Related angle, 
For , 
For , 



Cosine is positive in quadrant 1 and 4 so there will be 2 solutions.
Quadrant 1: .
Quadrant 4 is where : 
If the related angle is  then the solution here is  or 
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