
Reflections and translations of trigonometric functions
Students use graphing applications to explore reflections and translations of trigonometric functions and then apply these to graph transformations of trigonometric functions. 
Students will need at least one digital device per pair to interact with Amplify Classroom during this lesson.
Learning intentions
To be able to identify and describe reflections and translations of trigonometric functions.
To be able to apply reflections and translations to graph transformations of sine, cosine and tangent functions.
To be able to develop and use transformed trigonometric models to represent real-world situations.
Success criteria
I can describe the transformations applied to trigonometric functions.
I can find and state the domain and range of a transformed trigonometric function.
I can explain how reflections and translations affect graph properties of trigonometric functions.
I can construct a transformed trigonometric function to model a given situation and interpret its meaning in context.


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 algebraic and graphical techniques to analyse trigonometric functions MAV-12-01
models, analyses and solves practical problems involving functions and their transformations MAV-12-02
Content
Transformations of trigonometric functions
Use graphing applications to explore reflections, translations and dilations of, and confirm that the principles of transformations hold for, the trigonometric functions ,  and 
Apply the principles of transformations to graph transformations of the trigonometric functions ,  and , describe which transformations have been applied to  and determine the domain, range, horizontal translation, vertical translation, dilation factor, period and amplitude when applicable
Modelling with functions
Model and solve practical problems involving functions and their transformations, within the scope of the Mathematics Advanced course, using graphical and algebraic techniques
Model and solve problems involving periodic phenomena using transformations of the trigonometric functions ,  or , without the use of calculus
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Table 1: lesson summary
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Using slides 4–6 of the PowerPoint Reflections and translations of trigonometric functions, students determine when a ball reaches a given height using algebraic and graphical methods. They compare the methods and consider how a horizontal translation affects the solutions. They then use slide 7 to see how to represent transformations using function notation.
	Mini whiteboards
Pose-Pause-Pounce-Bounce
Think-Pair-Share
	Draw attention to the connection between algebraic and graphical solutions. Highlight how a horizontal translation shifts the solutions and link this shift to transformations in function notation.

	Connecting learning
	Students use an Amplify Classroom activity (bit.ly/ReflectTranslateTrig) to explore how translations and reflections affect trigonometric functions, including domain, range, asymptotes and transformation order. Use slide 9 to have students apply these transformations to key points.
	Mini whiteboards
Think-Pair-Share
Pose-Pause-Pounce-Bounce
	Draw attention to how transformations affect key features, including asymptotes, domain and range. Highlight differences between sine, cosine and tangent, and emphasise that the order of transformations can affect the graph.

	Releasing responsibility
	Use slides 11–18 for students to apply transformations of trigonometric functions through worked examples, collaborative annotations and independent practice, and slide 19 to consolidate general translation forms.
	Worked examples (Your turn)
Mini whiteboards
Notes to future forgetful selves
	Emphasise connections between transformations and key features (domain, range, period, amplitude). Support students to generalise translation rules and apply them independently across different trigonometric functions.

	Independent practice
	Use slide 21 and Appendix A for students to engage with an HSC-style question. Use slide 22 to guide discussion of key information and slide 23 to review solutions and identify equivalent trigonometric forms.
	Mini whiteboards
Turn and talk
	Focus on interpreting key information from graphs and linking multiple representations of trigonometric functions. Highlight equivalence between sine and cosine forms and the reasoning behind multiple valid solutions.
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Activity structure
Please use the associated PowerPoint Reflections and translations of trigonometric functions to display images in this lesson. 
Activating prior knowledge
Translation and reflection scenario
Distribute mini whiteboards (bit.ly/miniwhiteboards) and display slide 4 of the PowerPoint to show students the scenario below.
When a student shoots a basketball, the height of the ball (in metres) after  seconds is modelled by:

When is the ball  metres high?
Provide time for students to use their mini whiteboards to solve the problem. 
Have students share their results with another student and discuss whether they calculated a different answer.
Display slide 5 which shows both algebraic and graphical solution methods.
Using the Pose-Pause-Pounce-Bounce questioning strategy (PDF 557KB) (bit.ly/posepausepouncebounce), ask students to compare both methods and discuss the advantages and challenges of each method. Some possible prompts include:
Which method gives you confidence that you have found all the solutions?
Which method gives exact values? Why?
Which method do you prefer? Why?
Display slide 6 to extend the scenario to have another student release a basketball  seconds later.
In a Think-Pair-Share (bit.ly/thinkpairsharestrategy), ask students to consider what happens to the result.
Students should recognise that releasing a ball  seconds later is equivalent to a horizontal translation of 3 units, which means the solutions found earlier would shift 3 units to the right. Some students may suggest the need to recalculate the algebraic solution.
Writing translations in function notation
Display slide 7 and have students use their mini whiteboards to write the transformations on the slide using function notation. 
Have students compare their answers. If answers differ, have students discuss which answer is correct.
Click to animate slide 7 to display the solutions.
In a Think-Pair-Share, have students discuss why 2 of the functions are the same when transformed and one is different.
Students learnt about reflections and translations in Unit 4 – Lesson 4 – reflection and Lesson 5 – translations.
Students may recall that when multiple transformations affect the same axis, then the order matters.
Connecting learning
1. With at least one device per pair, assign the Amplify Classroom activity ‘Reflections and translations of trigonometric functions’ (bit.ly/ReflectTranslateTrig) for students to complete screens 1–4.
Before completing this activity, you will need to set up an Amplify Classroom (bit.ly/createamplifyclassroom).
Amplify Classroom provides the opportunity for immediate feedback as well as tailored feedback from the teacher as students progress.
Screens 1–4 are to check for student understanding of the Year 11 Mathematics Advanced outcome MAV-11-04 Trigonometry and measure of angles.
Teachers may need to explain the notation used for the domain of  if students are not familiar with it being expressed as .
Extend pacing to include screens 5–8 for students to consider how a translation affects the trigonometric functions.
Use the Pose-Pause-Pounce-Bounce questioning strategy to check for student understanding of translating trigonometric functions. Some possible prompts include:
, what is another translation value of  that could also produce the graph ?
When do the translations change the domain and range of a trigonometric function?
When the function is translated horizontally, how does this affect the asymptotes?
Extend the pacing to screens 9–20 for students to investigate reflections across the - and - axis for the functions .
Use the Pose-Pause-Pounce-Bounce questioning strategy to check for student understanding of how the trigonometric function properties are affected by a reflection. Some possible prompts include:
Why doesn’t the domain and range change when we reflect a trigonometric function across either the - or - axis?
How can the definitions of odd and even functions be used to confirm the relationships ,  and ?
Display slide 9 and have students use their mini whiteboards to apply the transformations on the screen to a specific point from the function .


The transformed points are:
1. 2. 3. 
4. 
In a Think-Pair-Share, ask students to consider whether the order of trigonometric transformations is important.
Students should recognise that the order of transformations in the same axis also matters for trigonometric transformations. This means that transformations 1 and 2 give the same result while transformations 3 and 4 give different results.
Releasing responsibility
1. Display slides 11–18 to model solving problems involving transformed trigonometric functions using a Worked example (Your turn) (bit.ly/supportingstrategies).
Have students copy the general translation function from slide 19 onto their mini whiteboards.
In pairs, have students annotate all the transformations and note how to determine the domain, range, period and amplitude for each general translation.
Using the notes they created in their pairs, students are to create notes to their future forgetful selves (bit.ly/notestofutureself) in their workbooks.
Students should use an existing resource to practise sketching trigonometric functions that have been reflected and translated.
Independent practice
1. Display slide 21 to show an HSC-style question. A copy of the graph is provided in Appendix A ‘HSC-style question’.
1. Using the Approaching questions scaffold on slide 22, lead a class discussion around the key information that students need to understand to determine the solution.
1. Provide time for students to complete the question independently on their mini whiteboards.
In a turn and talk (bit.ly/classroomtalkmoves) have students share their solution with a peer and discuss if there are differences.
Display slide 23 which shows one possible worked solution.
Students may also suggest the function  as a solution. which means that  and .
Ask students to consider if there are other functions that could model the curve.
Provide time for students to write the equivalent cosine function.
The equivalent cosine function is .
Direct students to add any further annotations to their notes from earlier to clarify learning.


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Support students to recall transformations by providing them with a quadratic or cubic equation that they need to translate and reflect before generalising.
Extend students by adjusting the scenario to consider a vertical translation instead of, or as well as, a horizontal translation.
Connecting learning 
Amplify Classroom activity pacing can be adjusted to focus on teaching trigonometric functions individually.
Amplify Classroom teacher dashboard features such as ‘Sync to Me’ and ‘Snapshots view’ can be used to support student understanding of how translations and reflections affect domain, range, period and amplitude.
Releasing responsibility
Support students as they are creating their notes by displaying the appropriate Amplify Classroom screens for them to recall how translations affect domain, range, period and amplitude.
Extend students by having them consider what transformation will affect the period and amplitude and how that may be presented in trigonometric function notation.
Students will learn about dilations involving trigonometric functions in Lesson 2.
Independent practice
Extend students by informing them that there are multiple possible solutions using different trigonometric functions and providing time for them to find an alternate solution before revealing them. Have them discuss the reasons for there being multiple solutions.


Suggested opportunities for assessment
Activating prior knowledge 
Monitor student responses on mini whiteboards to quickly gauge individual understanding and identify misconceptions of graph translations and reflections.
A Think-Pair-Share provides students with the opportunity to reflect on their understanding of the order of graph transformations and how it affects solutions.
Teacher could facilitate class discussions and observe students’ reasoning and justifications in response to the provided prompts around using different methods to solve problems.
Connecting learning 
Student responses to the Amplify Classroom activity could be collected as a work sample for assessment.
Monitor responses during class discussions to check for student understanding of how reflections and transformations affect the domain, range, period and amplitude of trigonometric functions.
Releasing responsibility
Student responses to the self-explanation prompts during worked examples provide an opportunity to assess student reasoning of how transformations can support problem solving.
Monitor student responses in the Your turn section to check for understanding of how to graph and interpret translations.
When working in pairs, students provide and receive peer feedback on their understanding of how graph translations affect the domain, range, period and amplitude of trigonometric functions.
Independent practice
Teachers could ask students to explain and justify their strategy for solving the HSC-style question.


[bookmark: _Appendix_A]Appendix A 
HSC-style question
[image: A horizontal sin curve is graphed on a coordinate plane from 𝑥=−900 degree to 𝑥=900 degrees . The wave oscillates smoothly between approximately 𝑦=−3 (troughs) and 𝑦=−1 (peaks), with a midline at 𝑦=−2. Peaks occur at regular intervals (for example, near 𝑥=720, -360, 0 , 360 , 720), indicating a period of 360 degrees. The curve resembles a cosine function shifted downward by 2 units.]
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