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Students examine and apply the sine rule to solve for unknown sides and angles in non-right-angled triangles. The ambiguous case of the sine rule is taught in the next lesson.
Students will need at least one digital device per pair to interact with GeoGebra during this lesson.
The learning intention and success criteria should be shared with students later in the learning episode.
Learning intention
To understand and apply the sine rule to solve problems.
Success criteria
I can find unknown sides in non-right-angled triangles using the sine rule.
I can find unknown angles in non-right-angled triangles using the sine rule.
I can explain why the sine rule can be rearranged in different ways depending on whether a side or angle is unknown.
I can apply the sine rule to solve problems.


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
uses periodic functions to solve trigonometric equations and prove trigonometric identities MAV-11-05
Content
Trigonometry and measure of angles
Trigonometry with angles of any magnitude
Examine the proof of the sine rule  , cosine rule  and the area of a triangle formula  for a given triangle 
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 slides 3–5 of the PowerPoint Sine rule to guide students through finding sides and angles in the same triangle first with and then without a perpendicular height. 
	
	This activity reveals that right‑angled methods no longer work and creates the need for a new rule for non‑right‑angled triangles. Students who studied the Stage 5 Path outcome MA5-TRG-P-01 may already be familiar with the sine rule.

	Connecting learning
	Slide 8 introduces students to the correct labelling of non‑right‑angled triangles. Students use the GeoGebra applet (bit.ly/triangle_ratios) to manipulate vertices and observe that each side–sine ratio remains equal. This exploration leads directly to the formal statement of the sine rule, which can be animated on slide 8.
	Pose-Pause-Pounce-Bounce
	Encourage students to manipulate the GeoGebra angle to create a right angle and an obtuse angle.
If point A in the GeoGebra applet is positioned on the other side of line BC, then the applet takes the exterior angles and the ratios become negative. Students should ignore this.

	Releasing responsibility
	Students use the GeoGebra applet (bit.ly/sine-proof) to observe the proof of the sine rule, before using slides 10–13 to model how to apply the rule to find both sides and angles. Use slide 14 to compare 2 valid solution methods, helping students recognise why both work and reinforcing the key idea that . Students then create notes using Appendix A.
	Worked examples (Your turn)
Think-Pair-Share
Four quadrant notes

	When showing students the HSC reference sheet, emphasise that only one representation of the sine rule is provided and it consists of all 3 ratios. Model how students can use this single representation to generate the specific form of the rule they need by rearranging it, so the unknown appears in the numerator.

	Independent practice
	Use Appendix B for students to complete 4 different questions that require the sine rule. 
	Same surface different deep
	Students apply their understanding to questions involving angles of elevation and bearings. 



Activity structure
Please use the associated PowerPoint Sine rule to display images in this lesson.
Activating prior knowledge
1. Display slide 3 of the PowerPoint and instruct students to calculate all side lengths and angles in the triangle.
1. Display slide 4 to reveal the correct side lengths and angles. 
1. Discuss as a class the strategies students used to determine each value. 
Students should have applied right-angled trigonometry and the angle sum of a triangle.
1. Display slide 5 and explain that this is the same triangle, now shown without the perpendicular height. 
1. Ask students to consider how they might determine all side lengths and angles in the triangle without using the perpendicular height. Allow time for productive struggle before asking students whether it is possible to determine every unknown value and justify their reasoning. 
This activity is intended to create the need for a rule that applies to triangles that do not contain a right angle. 
Students who studied the Stage 5 Trigonometry C (Path) outcome MA5-TRG-P-01 may already be familiar with the sine rule.
1. Use slide 6 to reveal the learning intention and success criteria for the lesson.
Connecting learning 
1. Ask students to sketch a right‑angled triangle and then choose one of the acute angles as the reference angle. Have students label the opposite, adjacent and hypotenuse sides relative to that angle. 
1. Ask students to draw a non-right‑angled triangle. Prompt them to consider why the labels used in a right‑angled triangle (opposite, adjacent, hypotenuse) no longer apply in the same way.
1. Display slide 8 and model how to correctly label the sides of a non‑right‑angled triangle, emphasising the use of capital letters for angles and matching lowercase letters for the opposite sides. 
1. Explain to students that they will use non-right-angled triangles to develop new rules for finding unknown sides and angles. 
1. With at least one device per pair of students, direct students to the GeoGebra applet, ‘Sine Rule’ (bit.ly/triangle_ratios).
If devices are not available, the applet could be displayed with the following activity demonstrated to students.
1. Instruct students to drag point A to different positions and observe the ratio of each side length divided by the sine of its opposite angle.
1. Facilitate a class discussion about student observations.
Students should observe that each side length divided by the sine of its opposite angle gives the same value for all 3 side–angle pairs.
1. Give students time to manipulate all 3 vertices and explore how the ratios change. Encourage them to deliberately create a right‑angled triangle and then an obtuse triangle, noting how the ratios behave as the angles vary.
1. Use the Pose-Pause-Pounce-Bounce questioning strategy (bit.ly/P-P-P-B) to deepen discussion about students’ GeoGebra observations. Possible prompts include:
What did you notice about the 3 ratios as the angles changed?
What did you notice as an angle became obtuse?
What did you notice when the angle was 
Based on what you observed, what new rule or idea do you think we might need for triangles that are not right‑angled? 
Students should recognise that each angle pairs with its opposite side to form 3 ratios and that all 3 ratios remain equal regardless of the size of the triangle.
Note: if point A is positioned on the other side of line BC, then the applet uses the exterior angles and the ratios become negative. Students should ignore this.
1. Animate slide 8 to display the sine rule and tell students that this is one of the rules used to find sides and angles in non-right-angled triangles. 
Releasing responsibility 
1. In their pairs, have students navigate to a new GeoGebra applet, ‘Proof of Sine Rule’ (bit.ly/sine-proof) and use the slider to work through steps 1 to 10, moving back and forth as needed to observe each stage of the construction.
1. Draw students’ attention to the 2 rules presented at the end of the applet. In a whole‑class discussion, ask students how the second form of the rule was developed and why it might be useful.
Rearranging the rule so the unknown value appears in the numerator creates a more direct solution pathway and reduces common errors, such as multiplying by unnecessary factors or incorrectly reciprocating ratios.
1. Direct students to their copy of the Mathematics Advanced – HSC reference sheet and ask them to locate the sine rule.
Emphasise that only one representation of the sine rule is provided, and it consists of all 3 ratios even though only 2 ratios are required to apply the rule.
1. Use slides 10–13 to model the use of the sine rule to find unknown sides and angles using the Worked examples (Your turn) method (bit.ly/supportingstrategies). 
1. Provide students with time to practise using an existing resource to consolidate their understanding of the sine rule, including questions involving degrees and minutes.
1. Display slide 14, which compares 2 different solution approaches. 
1. Using a Think-Pair-Share (bit.ly/thinkpairsharestrategy), have students identify what is the same in both methods and discuss why each approach works.
Highlight that . Students may discuss the efficiency of each solution method.
1. Have students complete Appendix A ‘Four quadrant notes’ (bit.ly/supportingstrategies).
Independent practice
1. Distribute Appendix B ‘Same Surface’, Different Deep’ (bit.ly/S_S_D_D) for students to complete. 
2. Have students pair up with another student to compare their answers, negotiating the correct solution if answers differ. 


Assessment and differentiation
Suggested opportunities for differentiation
Activating prior knowledge 
Provide guiding questions to support students. Suggested questions include ‘Which angle is opposite this side?’ or ‘Which trigonometric ratio links these 2 values?’.
Offer a version of the triangle with one side length or angle already labelled to reduce cognitive load.
Invite students to solve the first triangle using 2 different methods and justify which is more efficient.
Connecting learning
Provide partially labelled triangles (right‑angled and non‑right‑angled) so students can focus on understanding how side–angle pairs correspond.
Offer sentence starters for the GeoGebra activity, such as ‘As angle A increases, the ratio …’ or ‘The side opposite the angle …’
Ask students to predict the form of the rule before you animate slide 8, based solely on their GeoGebra observations.
Invite students to explain why the ratios become negative when point A crosses the line BC and how this relates to exterior angles.
Releasing responsibility
Give students a template showing where to place the known side, known angle, and unknown value. This reduces cognitive load and helps them focus on matching each angle with its opposite side.
Before clicking each step in the GeoGebra applet, ask students to predict what geometric element will appear next and justify why.
Ask students to independently derive the second form of the sine rule and explain why it reduces common algebraic errors.
Independent practice
Provide partially drawn diagrams with key features already marked.
Provide sine rule, trig ratios and angle‑sum formulas with blanks to fill in. This helps students focus on correct substitution rather than recalling the structure of the rule.
Ask students to solve a problem using 2 different approaches (for example, trig ratio versus sine rule where possible, or angle‑sum versus exterior angle reasoning) and justify which is more efficient.
Have students create a new version of one of the 4 problems by changing distances, bearings, or angles, then solve their own problem.

Suggested opportunities for assessment
Activating prior knowledge 
Check student working for correct use of trigonometric ratios, angle sum and side–angle relationships.
Connecting learning 
During the GeoGebra exploration, listen for students articulating what the ratios represent and whether they recognise the equality across all three ratios.
After revealing the sine rule, check whether students can connect the formal rule to the patterns they observed in the applet.
Releasing responsibility
Check whether students can correctly identify the opposite side for the angle they are using before substituting into the sine rule.
Listen for whether students understand when to use the inverse sine function and whether they can interpret results in degrees and minutes.
Independent practice
Use student responses to check whether students correctly use degree mode, inverse trig functions, and rounding conventions (nearest degree or decimal place).
Observe whether students correctly interpret, construct and annotate diagrams (angles of depression/elevation, bearings, opposite sides in triangles).

[bookmark: _Appendix_A]Appendix A
[bookmark: _Appendix_B]Four quadrant notes
	Example 1
Find the value of .[image: A triangle JKL is shown with angles J = 43° and K = 49°. The side opposite angle J, labelled LK, measures 4.1 cm.]

	Example 2
Calculate the size of .
[image: A triangle EFG is shown with side EG labelled 8.6 cm and side FG labelled 2.1 cm. The angle at F is marked 113°, with E on the left, F at the bottom, and G on the right.]


	Things to remember
	Example 3



[bookmark: _Appendix_B_1]
Appendix B
Same Surface, Different Deep
	Find , answering to the nearest degree.
[image: A triangle ABC is shown with side AB labelled 16.7 cm and side BC labelled 21.4 cm. The angle at A is marked 33°, with the triangle oriented so that A is on the left, B at the lower right, and C at the upper right.]
	The angle of depression from  to  is . The length of  is 28 m and the length of  is 40 m. Calculate the angle of elevation from  to . Answer to the nearest degree.
[image: A right‑angled triangle ADC is shown with the right angle at C. Side AC is vertical and labelled 28 m, and side CD is horizontal. Point B lies partway down AC, and a slanted segment BD is drawn to point D, labelled 40 m. At A, the angle between AD and a horizontal dashed line is marked 56°.]

	Find the length of , to the nearest millimetre.
[image: A composite diagram shows two connected triangles sharing vertex B. Triangle ABC has a right angle at C, with AB labelled 137 mm and BC labelled 84 mm. Point D lies on AC, forming a second triangle BDC. The angle at D between lines AD and DB is marked 57°31′.]

	A ship observes 2 lighthouses, A and B. Lighthouse A is on a bearing of 075° from the ship, and lighthouse B is on a bearing of 320° from the ship. The distance between the 2 lighthouses is 1.6 km. If the ship is 800 m from lighthouse B, how far is it from lighthouse A? 



Sample solutions
Appendix A – Four quadrant notes 
	Example 1
Find the value of . 
 
[image: A triangle JKL is shown with angles J = 43° and K = 49°. The side opposite angle J, labelled LK, measures 4.1 cm.]

	Example 2
Calculate the size of .
[image: A triangle EFG is shown with side EG labelled 8.6 cm and side FG labelled 2.1 cm. The angle at F is marked 113°, with E on the left, F at the bottom, and G on the right.]




Appendix B – Same Surface, Different Deep
	Find , answering to the nearest degree.
[image: A triangle ABC is shown with side AB labelled 16.7 cm and side BC labelled 21.4 cm. The angle at A is marked 33°, with the triangle oriented so that A is on the left, B at the lower right, and C at the upper right.]

	The angle of depression from A to D is . The length of AB is 28 m and the length of BD is 40 m. Calculate the angle of elevation from D to B. Answer to the nearest degree.
[image: A right‑angled triangle ADC is shown with the right angle at C. Side AC is vertical and labelled 28 m, and side CD is horizontal. Point B lies partway down AC, and a slanted segment BD is drawn to point D, labelled 40 m. At A, the angle between AD and a horizontal dashed line is marked 56°.]


	Find the length of , to the nearest millimetre. [image: A composite diagram shows two connected triangles sharing vertex B. Triangle ABC has a right angle at C, with AB labelled 137 mm and BC labelled 84 mm. Point D lies on AC, forming a second triangle BDC. The angle at D between lines AD and DB is marked 57°31′.]




	A ship observes 2 lighthouses, A and B. Lighthouse A is on a bearing of 075° from the ship, and lighthouse B is on a bearing of 320° from the ship. The distance between the 2 lighthouses is 1.6 km. If the ship is 800 m from lighthouse B, how far is it from lighthouse A? 
[image: Diagram of a triangle labelled with points A, B, and Ship, showing distances of 1.6 km between A and B and 800 m between B and Ship. Angles of 75° plus 40° are indicated at Ship, illustrating directional bearings relative to points A and B.

]
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