
Trigonometric ratios
Students learn about the reciprocal trigonometric ratios and how they relate to  and . 
Learning intention
To understand the relationship between trigonometric ratios and their reciprocals.
Success criteria
I can find the value or expression for an unknown side or angle in a right-angled triangle.
I can explain the relationships between ,  and  and their reciprocal ratios, ,  and . 
I can solve problems using trigonometric ratios.


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
Define the trigonometric functions ,  and  for acute angles  using ratios of sides in a right-angled triangle
Establish the reciprocal ratios , , and , identifying the angles to be excluded in each identity
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Use the HSC reference sheet and the activity on slide 4 of the PowerPoint Trigonometric ratios for students to recall trigonometric ratios and how these relationships are represented across different triangles.
	Same surface different deep
	Highlight how trigonometric ratios describe relationships between side lengths in right-angled triangles. Draw attention to consistency of these ratios across similar triangles and how this supports generalisation.

	Connecting learning
	Use slide 6 for students to generate and compare trigonometric ratios from a right-angled triangle, identify the 6 possible ratios, and express the unnamed ratios in terms of sine, cosine and tangent.
	Think-Pair-Share

	Draw attention to the full set of 6 trigonometric ratios and how they arise from combinations of triangle side lengths. Highlight the reciprocal relationships between ratios, leading to the introduction of new functions.

	Releasing responsibility
	Use slides 8–12 and the HSC reference sheet to introduce reciprocal trigonometric functions, connect them to sine, cosine and tangent, and model how to calculate angles using these ratios. Then apply this to HSC-style questions in Appendix A and consolidate understanding through notes.
	Worked examples (Your turn)
Think-Pair-Share
Notes to future forgetful selves
	Highlight reciprocal relationships between trigonometric ratios and how they connect to sine, cosine and tangent. Draw attention to representing reciprocal ratios in calculable forms and solving for angles. Students apply these relationships in problem-solving and consolidate key ideas through structured notes.

	Independent practice
	Use slide 14 for students to complete the Open Middle-style problem. Students will explore trigonometric ratios, generate multiple solutions and justify their reasoning through discussions.
	
	Reinforce understanding of trigonometric ratios through flexible problem-solving. Support students to justify and compare multiple solutions, recognising that different approaches can lead to valid results. Encourage clear mathematical communication and reasoning.



Activity structure
Please use the associated PowerPoint Trigonometric ratios to display images in this lesson.
Activating prior knowledge
Refer students to their copy of the Mathematics Advanced – HSC reference sheet to identify where the trigonometric ratios are listed.
Display the Same Surface, Different Deep (bit.ly/S_S_D_D) activity ‘Four triangles’ on slide 4 of the PowerPoint for students to complete. 
Ask students to compare their answers with a partner.
Sample solutions can be found at the end of this document.
Connecting learning
1. Use slide 6 to display a right-angled triangle and ask students to write down as many ratios as they can using the sides of the triangle.
Students will typically recall .
Prompt students to consider the other ratios by telling them that there are actually 6 different ratios.
Animate the slide to show students the ratios they will be most familiar with and then animate the slide again to show all 6 ratios.
Tell students that we now have 6 ratios, but only 3 have names. Animate the slide to show the names sine, cosine and tangent.
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students to discuss what they notice about the named and unnamed ratios.
Students should notice that the unnamed expressions are reciprocals of the trigonometric ratios they are familiar with from the Stage 5 outcome MA5-TRG-C-01. They may wonder if they have a special name or notation.
Ask students to write each of the unnamed ratios in terms of sine, cosine and tangent.
Animate slide 6 to reveal each of the unnamed ratios written as a reciprocal.
Ask students to consider if the 3 unnamed ratios should have names and what they would call them?
Releasing responsibility
1. Use slide 8 to tell students that the unnamed reciprocal ratios can be written as  and , which are abbreviations of their full names – secant, cosecant and cotangent. 
Refer students to their Mathematics Advanced – HSC reference sheet and ask them to find the reciprocal ratios. Tell students that they will explore the representation for cot and its restrictions, which are stated to the right of the reciprocal ratios, in a following lesson.
Ask students to annotate their reference sheet with the reciprocal ratios in terms of the sides of a right-angled triangle and how they might remember the relationships between the reciprocal ratios and sine, cosine and tangent.
The third letter of the reciprocal ratio indicates the trigonometric function it is the reciprocal of. For example, the third letter ‘s’ in cosecant corresponds to sine.
In a Think-Pair-Share, ask students to discuss what the ratios of ,  and  would be equivalent to, using reciprocals to justify their solution.
Students should recognise that ,  and  As the reciprocal ‘flips’ the ratios upside down, resulting in the trigonometric ratios.
Students should recognise that taking the reciprocal of the reciprocal ratios returns the original trigonometric ratios.
Display slide 9 and ask students to write the ratios for  and  using the triangle displayed.
Animate the slide to reveal the solutions 
In a Think-Pair-Share, ask students how they would calculate the angle, , for each of the expressions.
Students should recognise that most calculators do not have a button for the reciprocal trigonometric ratios and that they need to represent the ratios using and  to calculate unknown values.
Use slides 10–11 to demonstrate how to find the value of  when given a reciprocal ratio using the Worked examples (Your turn) method (bit.ly/supportingstrategies).
Display slide 12 and use a Think-Pair-Share for students to attempt the question. The following prompts could be used to unpack the question:
Can we represent the information on a triangle?
How can you find the unknown side?
Can you now write an expression for ?
Animate the slide to reveal the solution.
Have students complete practice questions using Appendix A ‘Further problems’.
This task consists of modified HSC-style questions, with the domain restricted to .
Ask students to write notes to their future forgetful selves (bit.ly/notestofutureself) on the trigonometric ratios. Some suggested prompts to help with their notes include:
What are the reciprocal ratios?
How else can the reciprocal ratios be written?
How do we calculate using reciprocal ratios on our calculators?
Where on the reference sheet are the reciprocal ratios?
Provide examples of how the reciprocal ratios can be used.
Independent practice
1. Display slide 14 which shows an Open Middle-style problem.
1. Have students complete each problem in pairs and compare their answers with a neighbouring pair to justify their solutions. 
A sample solution could be:
 (3, 4, 5 triangle)
 (3, 4, 5 triangle)
 (5, 12, 13 triangle)

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Students may benefit from identifying and labelling the hypotenuse, opposite and adjacent sides on each triangle before attempting to solve.
Students may benefit from completing one triangle with guided prompts before attempting all questions.
Challenge students to determine which trigonometric ratio to use without prompts and justify their choice.
Connecting learning 
Challenge students to generalise the relationship between ratios and explain why exactly 6 ratios can be formed.
Releasing responsibility
Support students by having them draw and label a right-angled triangle with all the information before solving the problem on slide 12 of the PowerPoint.
Independent practice
Challenge students by asking them to create more than one solution to each problem and justify why another solution is possible.


Suggested opportunities for assessment
Activating prior knowledge 
Students’ understanding of identifying the hypotenuse, opposite and adjacent sides and selecting an appropriate trigonometric ratio can be observed through their responses to the SSDD triangle activity.
Connecting learning 
Students’ understanding of trigonometric ratios and reciprocals can be seen as they discuss the relationship between the 6 ratios.
Releasing responsibility
Monitor students’ responses to quickly gauge individual understanding and identify misconceptions with identifying reciprocal ratios.
Review students’ notes as evidence of learning the reciprocal ratios and how they relate to a right-angled triangle.
Independent practice
Students will demonstrate their working mathematically skills in discussions and justifications within their groups and with other neighbouring groups.
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Further problems
	Question
	Diagram and working
	Solution
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Sample solutions
Slide 4 – four triangles











Appendix A – further problems
	Question
	Solution
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