
Mixed trigonometry
Students develop a flowchart to assist them when finding lengths or angles of triangles. They then practise using their flowcharts to solve problems.
Learning intention
To be able to apply a range of trigonometric rules to solve different types of problems.
Success criteria
I can identify whether a problem involves a right‑angled triangle or a non‑right‑angled triangle and select the appropriate trigonometric rule.
I can determine when the sine rule or the cosine rule is more appropriate in non‑right‑angled triangles.
I can accurately solve trigonometric problems using a variety of rules and methods.


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
applies trigonometry to solve problems involving geometric shapes MAV-11-04
Content
Trigonometry and measure of angles
Trigonometry with acute angles
Apply trigonometry to solve problems involving right-angled triangles in two dimensions, true and compass bearings, and angles of elevation and depression
Trigonometry with angles of any magnitude
Apply the sine rule, cosine rule and formula for the area of a triangle to solve problems where angles are measured in degrees, or degrees and minutes
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Table 1: lesson summary 
	Section
	Summary of activity
	Teaching strategies
	Teaching points

	Activating prior knowledge
	Use slide 4 of the PowerPoint Mixed trigonometry to present questions involving both right-angled and non-right-angled trigonometry. 
	Same Surface, Different Deep
	To reveal students’ existing strategies for solving triangle problems. 

	Connecting learning
	Use slide 6 to display the Approaching questions scaffold. Have students develop a flowchart that helps them to plan how to answer a trigonometry question. 
	Visibly random groups of 3
Vertical non-permanent surfaces
Gallery walk 
Assessing and advancing questions 
	Students could start their flowchart by separating right-angled triangles from non-right-angled triangles, or determining whether they are finding a side or an angle.

	Releasing responsibility
	Use Appendix A to have students practise using their flowcharts on simple trigonometry problems before annotating additional notes.
	Notes to future forgetful selves
	Students test their flowcharts and refine them as necessary.

	Independent practice
	Use Appendix B to give students exposure to unscaffolded, multi‑step trigonometry problems.
	
	Students may benefit from working in pairs to discuss and compare solution approaches.



Activity structure
Please use the associated PowerPoint Mixed trigonometry to display images in this lesson.
Activating prior knowledge
Display slide 4 of the PowerPoint and allow students time to complete the Same Surface, Different Deep (bit.ly/S_S_D_D) activity.
Discuss with students the similarities between the questions. Sample solutions have been provided.
Connecting learning
1. Display slide 6 to show the Approaching questions scaffold and draw students’ attention to the ‘Plan’ phase. 
1. Discuss with students the strategies they used to solve the problems from the ‘Activating prior knowledge’ section. Some suggested prompts include:
Did you add information to the diagrams?
How did you identify the steps needed?
What formulas did you use?
1. Facilitate a class discussion by asking students what challenges they might face when solving problems involving triangles, particularly in the ‘Plan’ phase.
1. Assign students to visibly random groups of 3 (bit.ly/visiblegroups) at vertical non-permanent surfaces (bit.ly/VNPSstrategy).
1. Instruct students to create a flowchart to break down the ‘Plan’ phase by outlining key questions they would ask themselves when solving problems involving triangles and trigonometry.
1. Use the following assessing and advancing questions (bit.ly/supportingstrategies) to assess student understanding and further student thinking while making their flowcharts.
Table 2: assessing and advancing questions
	Assessing questions
	Advancing questions

	What information in the triangle helps you decide which rule to use?
	How could you group triangle problems based on the information given?

	If you need to find an angle or side, what methods are available?
	How could you turn your decision process into a clear step-by-step flowchart?

	What information is needed to use the sine rule? What information is needed to use the cosine rule?
	How could you refine your first decision point so it works for all non-right-angled triangle problems?

	How do you decide whether the sine rule or cosine rule is appropriate?
	What other methods would you need to include for right-angled triangles?


Students could start their flowchart by separating right-angled triangles from non-right-angled triangles, or state whether they are finding a side or an angle. Students should also consider formulas where the angle must be in radians, as well as other formulas from their Mathematics Advanced – HSC reference sheet.
1. Have students conduct a gallery walk (bit.ly/DLSgallerywalk) to view each group’s flowchart.
1. Have each student create their own flowchart using information from any of the group flowcharts.
Releasing responsibility
1. Distribute Appendix A ‘Mixed triangles’ to pairs of students. 
Have students use their flowchart to identify which rule to use for each triangle, then find the value of  in each triangle to confirm they have chosen the correct rule. 
Have students revisit their flowchart and add any additional notes to their future forgetful selves (bit.ly/notestofutureself). 
Independent practice
1. Distribute Appendix B ‘HSC-style questions’ and have students work through the problems. 
Unlike the questions in Appendix A, these questions have multiple steps. Students may like to work in pairs to discuss and compare solution approaches. 

Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Provide scaffolded steps such as ‘Identify the known angle’, ‘Write the area formula’, ‘Substitute values’, ‘Rearrange for the unknown’. This reduces cognitive load and keeps attention on the method rather than the algebra.
Pre‑label sides, angles and ratios so students focus on selecting the correct trigonometry or area formula rather than decoding the diagram.
Ask students to consider more complex examples, such as: if the area is , express BD in terms of .
Connecting learning 
Support students by providing a partially completed flowchart template.
Encourage the use of diagrams and colour coding for rule selection.
Challenge students to include multiple solution pathways in their flowchart.
Releasing responsibility
Model the solution to one triangle from Appendix A, explicitly narrating how the flowchart leads to the correct rule.
Ask students to add branches to their flowcharts for ambiguous sine rule cases, missing opposite pairs, or when rearranging is required before applying a rule.
Challenge students to solve one triangle using 2 different methods and evaluate which is more efficient and why.
Independent practice
Support students by offering a lightly scaffolded version of one question with the first step already identified.
Provide a completed HSC‑style solution and ask students to compare it with their own approach to identify missing steps.
Have students create their own multi‑step triangle problem that requires a specific sequence of rules.


Suggested opportunities for assessment
Activating prior knowledge 
Assess students’ ability to apply right‑angled and non‑right‑angled trigonometry to find unknown sides and angles.
Assess students’ accuracy in selecting and justifying the appropriate trigonometric rule for a given triangle.
Assess students’ fluency in using exact values, calculator methods and algebraic rearrangement when solving trigonometric problems.
Connecting learning 
Students could provide peer feedback on flowcharts using sticky notes to identify a strength and ask a clarifying question.
Assess students’ ability to identify the key information in a triangle that determines which trigonometric rule is appropriate.
Assess students’ accuracy in constructing a logical decision pathway that distinguishes between right‑angled triangles and non‑right‑angled triangles.
Releasing responsibility
Assess students’ ability to identify the appropriate rule by checking whether they correctly use their flowchart for each triangle.
Assess procedural accuracy by looking for correct substitution, correct rearranging, and correct use of exact values or calculator methods.
Assess clarity of decision‑making by looking for clear, actionable notes that show students understand the logic behind their flowchart.
Independent practice
Assess students’ ability to interpret a worded trigonometry problem and construct an accurate diagram that represents all given information.
Assess students’ ability to apply an appropriate sequence of trigonometric rules to solve multi‑step problems involving non‑right‑angled triangles.
[bookmark: _Appendix_A][bookmark: _Appendix_B]Appendix A
Mixed triangles
Identify which rule to use for each triangle, then find the value of  in each triangle.
	A
[image:  Right triangle with a 45° angle, hypotenuse 70.71, and the adjacent leg labelled 𝑥.]
	B
[image: A triangle with sides 50, 66.72, and 79.96. The angle opposite the 66.72‑unit side is labelled 𝑥.]
	C
[image: Right‑angled triangle with one leg labelled 50, the hypotenuse labelled 70.71, and the remaining leg labelled 𝑥.]

	D
[image: Right triangle with hypotenuse 79.96 and adjacent side 50, with the acute angle labelled 𝑥.]
	E
[image:  A triangle with an 85° angle between sides 66.72 and 79.12. The side opposite the 85° angle is labelled 𝑥.]
	F
[image: A triangle with sides 68.75, 58.43, and 79.96. The angle opposite the 79.96‑unit side is labelled 𝑥.]

	G
[image: Right triangle with hypotenuse 79.96, adjacent side 50, and the angle opposite the remaining side labelled 𝑥.]
	H
[image: Right‑angled triangle with one leg labelled 50, the hypotenuse labelled 
𝑥, and the acute angle between them marked as 39°.]
	I
[image: A triangle with angles 39° and 85°. The side opposite the 85° angle is 50, and the side opposite the 39° angle is labelled 𝑥.]

	J
[image: Triangle with sides 79.96 and 58.43, a 57° included angle, and the opposite side labelled 𝑥.]
	K
[image: A triangle with an 85° angle between sides 50 and 66.72. The side opposite the 85° angle is labelled 𝑥.]
	L
[image: A triangle with a 38° angle. The side opposite the 38° angle is labelled 54, the adjacent side is 75, and the third side is labelled 𝑥, opposite the 75‑unit side.]

	M
[image: Triangle with sides 70.18, 47.02, and 40, with the opposite angle labelled x.]
	N
[image: A scalene triangle with sides 70.18 and 40 meeting at a 33° angle, and the third side labelled 𝑥  opposite the 33° angle.]
	O
[image: A right‑angled triangle with the hypotenuse labelled 65.19 and one leg labelled 𝑥. The angle between the hypotenuse and the other leg is 33°, making 𝑥  the adjacent side.]


[bookmark: _Appendix_C]

[bookmark: _Appendix_B_HSC-style]Appendix B
HSC-style questions
Question 1
Find the value of  in the following diagram.
[image: A triangle with sides 79.96 and 66.72 meeting at a 39° angle. The angle opposite the 66.72‑unit side is labelled 𝑥.]
Question 2
Find the value of  in the following diagram.
[image: A triangle with a 36° angle between sides 58 and 72. The side opposite the 36° angle is labelled 𝑥.]
Question 3
A tower stands on level ground. From point , the angle of elevation to the top is . 
A second point  is 25 m closer to the tower than  and has an angle of elevation to the top  of . Find the height of the tower to the nearest metre.
Question 4
In triangle , , , and . Point lies on side such that . Find the length .
Question 5
Show that the shaded area in the following diagram is .
[image: Two connected triangles share a horizontal base from R to S. Point V lies between them on the base, with RV labelled 8 cm and RS labelled 15 cm. A vertical segment UV rises from V, forming a right angle with the base. Triangle RUV is unshaded, with RU labelled 11 cm. ST is labelled 24 cm.] 
Question 6
In the following diagram, a satellite tower  is 15 km from a weather station in the national park. The distance from the weather station to a fire tower  is 18 km and . Let the distance  be  kilometres.
[image: Triangle FTW with FW=18 km, TW=15 km and angle FTW=60 degrees]
1. Use the cosine rule to show that . 
Find the distance of  correct to the nearest kilometre and explain why there is only one solution in this context.
Question 7
Find the exact value of  in the following diagram.
[image: Triangle with angle pi/3. The side opposite labelled 10 and the two adjacent sides (x+3) and (x-3).]
Question 8
A surveyor measures 2 sides of a triangular paddock as 90 m and 120 m.
The angle between the shorter side and the unknown side is 30°.
Using the following diagram, find the length of the third side to the nearest metre.
 [image: A triangle with a vertical side of 120 m, a horizontal base of 90 m, and the hypotenuse labelled 𝑥. The 30° angle is at the base between the 90 m side and the hypotenuse.]
Question 9
In triangle , side cm, side  cm, and .
Find the lengths of side , correct to one decimal place.

Sample solutions
Same Surface, Different Deep (slide 4 of the PowerPoint)
	is isosceles Let  be the equal sides of the isosceles triangle.
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Appendix B – HSC-style questions

Question 1


Question 2







Question 3
[image: Two connected triangles share point Q on a horizontal line from A to P. A right angle is marked at A. Segment QP is 25 m. One slanted segment from Q to T forms a 57° angle at Q, and another slanted segment from P to T forms a 44° angle at P.]
To find side TQ 

To find height of tower AT 


Question 4
[image: Four points M, N, Q, and P lie along two connected triangles. M to P is a horizontal line with Q between them, and MQ is labelled 14 cm. MN is a slanted segment labelled 23 cm, NP is another slanted segment labelled 17 cm. At N, the angle between MN and NQ is marked 112°.]
Find PQ using triangle NMP:

Find  using triangle NMP:
Find NQ using triangle NMQ:


Question 5



Question 6 
a.

b.
The distance is 20 km as distance cannot be negative.
Question 7

  as a distance cannot be negative.

Question 8

Question 9

Or the ambiguous angle  
Angle sum of a triangle is .
 or  
 or 
First solution with  

Second solution with 
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