
Investigate Double Angle Identities (Sine and Cosine) 
Pre-Required Knowledge: Objectives: 

 
• Exterior angle property of a triangle. 

 
 

• Basics of Trigonometry in a right-angle triangle. 

 
• Pythagoras theorem 

 
• Similarity of triangles. 

• Conversion of coordinates into sine and cosine with 
given angle using unit circle. 

 

 

Big Idea:  
Learners will investigate the sine and cosine 
double angle relationships and derive three 
or four identities. 
 
During the Activity: 

Learners will  
• Apply exterior angle property to see the 

relationship between 𝛼 𝑎𝑛𝑑 𝛽. 
Student´s discovery: 

𝛼 = 2 𝛽 
 

• Apply SOHCOHTOA to convert sides in 
terms of 𝛼 𝑎𝑛𝑑 𝛽. 
Student´s discovery: 
 
 from  ∆𝐷𝐸𝐹, 

𝐷𝐹 = sin(𝛼),  
𝐸𝐹 = cos(𝛼) 

from  ∆𝐶𝐺𝐸 
𝐶𝐺 = cos( 𝛽) 
𝐺𝐸 = 𝑠𝑖𝑛( 𝛽) 

 
• Apply Pythagoras theorem in one 

triangle then in the other (big) to come 
up with one identity of cos (2 𝛽) 
Student´s discovery: 
 
 from  ∆𝐷𝐶𝐹, 

𝐷𝐶2 = 𝐷𝐹2 + 𝐶𝐹2  
𝑤ℎ𝑒𝑟𝑒:  

  𝐷𝐶 = 2CG = 2cos(𝛽)  & 𝐶𝐹 = 1 + cos (𝛼) 
 

Simplify to get 
cos(𝛼 = 2𝛽) = 2 cos2(𝛽) − 1 

 
• Apply similarity of triangles and use 

previous results to derive sin (2 𝛽) 
identity. 
 
Student´s discovery: 
 
   ∆𝐷𝐶𝐹 ~ ∆𝐸𝐶𝐺, 𝑤ℎ𝑖𝑐ℎ 𝑚𝑒𝑎𝑛𝑠 
 

𝐷𝐶

𝐸𝐶
=

𝐷𝐹

𝐸𝐺
 

Simplify to get  
 

sin(𝛼 = 2𝛽) = 2 cos(𝛽) 𝑠𝑖𝑛𝛽 
 

cos(𝛼 = 2𝛽) = 1 − 2 sin2(𝛽) 
 Or Generalize to  

cos(2𝑥) = cos2(𝑥) − sin2(𝑥) 
 
 

Sum of remote 

interior angles 

   

A               D 

𝑩( 𝒄𝒐𝒔(𝒙), 𝒔𝒊𝒏(𝒙)) 

In a unit circle  

AB = 1 unit and  

Central angle 𝒙 

𝑺𝒐, 𝑩( 𝒄𝒐𝒔(𝒙), 𝒔𝒊𝒏(𝒙)) 

  



Starter for the Day: 
 

 
 

 
 

 
Your Notes or Any Question: 
 
 
 
 
 
 

 

 

 

 

Is there any relationship between 𝑥, 𝑦 𝑎𝑛𝑑 1 

 

 

Can you write 𝑥 𝑎𝑛𝑑 𝑦 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝜃 

𝑥 = 

𝑦 = 

Task 3 

A 

B 

C D E 

F 
 𝐷𝑜 𝑦𝑜𝑢 𝑡ℎ𝑖𝑛𝑘  ∆𝐴𝐵𝐶 𝑎𝑛𝑑 ∆ 𝐷𝐸𝐹 

  𝑎𝑟𝑒 𝑠𝑖𝑚𝑖𝑙𝑎𝑟 ? 

𝑖𝑓 𝑌𝑒𝑠, 𝐸𝑥𝑝𝑙𝑎𝑖𝑛 ℎ𝑜𝑤? 

 ∆𝐴𝐵𝐶 ~ 𝐷𝐸𝐹 

𝑤ℎ𝑎𝑡 𝑐𝑎𝑛 𝑏𝑒 𝑡ℎ𝑒  

𝑜𝑢𝑡𝑐𝑜𝑚𝑒 𝑖𝑓  ∆𝐴𝐵𝐶 ~ 𝐷𝐸𝐹 

 

Task 2 

Task 1 
Any relationship between angles 𝐵𝐴𝐶 𝑎𝑛𝑑 𝐵𝐶𝐴 ?  

 

Is it always true for all triangles? 

 

In this special case AB= BC what is the relationship 

between exterior angle of ABC and angle BAC ? 

 

  



Investigation: 

Geogebra online link for the Activity: Online Investigation 
 

 

Task 1 
  Apply exterior angle property in ∆𝐶𝐸𝐷 𝑡𝑜 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝛼 𝑎𝑛𝑑 𝛽 

 
 
 

                     Your Outcome: 
 

Task 2   𝑎) Apply SOHCAHTOA in ∆𝐶𝐺𝐸 𝑡𝑜 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡 𝑡ℎ𝑒 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 𝑜𝑓 𝐶𝐺 𝑎𝑛𝑑 𝐶𝐸 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝛽 

 
 
 
 
 
 

     Your Outcome: 
 

𝑏): Apply SOHCAHTOA in ∆𝐷𝐸𝐹 𝑡𝑜 𝑤𝑜𝑟𝑘 𝑜𝑢𝑡ℎ 𝑡ℎ𝑒 𝑙𝑒𝑛𝑔𝑡ℎ𝑠 𝑜𝑓 𝐷𝐹 𝑎𝑛𝑑 𝐸𝐹 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝛼 

 
 
 
 

 
 
 

     Your Outcome: 
 

A semicircle is 

given in the 

diagram whose 

centre is at E and 

radius CE=ED= 1 

unit 

∆𝐷𝐹𝐸 𝑎𝑛𝑑 ∆𝐶𝐺𝐸 

are two right 

angled triangles. 

          90𝑜  

𝛼          

CE=                                  CG=           

DF=                                  EF=           

https://www.geogebra.org/material/edit/id/epenhukg


Task 3 
  Apply  Pythagoras theorem in  ∆𝐶𝐷𝐹 𝑡𝑜 𝑖𝑛𝑣𝑒𝑠𝑡𝑖𝑔𝑎𝑡𝑒 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 cos(𝛼) 𝑎𝑛𝑑 cos ( 𝛽) 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
      
Your Outcome: 
 

Task 4                                                   Apply  similarity  in  ∆𝐷𝐶𝐹 𝑎𝑛𝑑 ∆𝐸𝐶𝐺 𝑡𝑜 𝑖𝑛𝑣𝑒𝑠𝑡𝑖𝑔𝑎𝑡𝑒 𝑡ℎ𝑒 

 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 sin(𝛼) 𝑎𝑛𝑑 cos ( 𝛽) 

 
 
 
 
 
 

 
 
 
 

 
 

 
      
Your Outcome: 
 

 

cos(𝛼 = 2𝛽) = 

sin(𝛼 = 2𝛽) = 



Task 5 
  𝐴s you know 𝛼 = 2( 𝛽) ,   𝑖𝑓 𝑦𝑜𝑢 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟 𝛽 = 𝑥 𝑡ℎ𝑒𝑛 𝛼 = 2𝑥 

𝑎) 𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 𝑜𝑓 𝑡𝑎𝑠𝑘 4 𝑟𝑒𝑤𝑟𝑖𝑡𝑒 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝑥 
 
 
 
 
 

 
𝑏) 𝑢𝑠𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 𝑜𝑓 𝑡𝑎𝑠𝑘 3 𝑟𝑒𝑤𝑟𝑖𝑡𝑒 𝑡ℎ𝑒 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝑥 

 
 
 

 
 
 

                                                                                                        − − − − −( 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝑐𝑜𝑠𝑖𝑛𝑒) 

 
 
 
 

                                                                                                                 − − − − − − ( 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝑠𝑖𝑛𝑒) 

 
 
                          
          

                                                                                                    − − − − −(𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝑐𝑜𝑠𝑖𝑛𝑒 𝑎𝑛𝑑 𝑠𝑖𝑛𝑒) 

 

Task 6: 

𝑉𝑒𝑟𝑖𝑓𝑦 𝑎𝑏𝑜𝑣𝑒 𝑓𝑜𝑢𝑟 𝑖𝑑𝑒𝑛𝑡𝑖𝑡𝑒𝑠 𝑤𝑖𝑡ℎ 𝑥 = 30𝑜 𝑜𝑟   
𝜋
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cos(2𝑥) = 

cos(2𝑥) = 

cos(2𝑥) = 

sin(2𝑥) = 



 

Extension: Task 7− −    𝑡𝑎𝑛(𝑥) =
sin(𝑥)

cos(𝑥)
 

Open ended Structured 

Establish a relationship between 
𝑡𝑎𝑛(𝛼) 𝑎𝑛𝑑 𝑡𝑎𝑛(𝛽) 

 
 
 
 
 
 
 
 
 

𝑖𝑓   𝑡𝑎𝑛(𝛼) =
sin(𝛼)

cos(𝛼)
 

1. Use task 3 and 4 to rewrite 

sin(𝛼)  𝑎𝑛𝑑 cos(𝛼) 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 𝛽 
 

 
 
 
 
 
2. 𝑐𝑜𝑛𝑣𝑒𝑟𝑡 𝑒𝑣𝑒𝑟𝑦𝑡ℎ𝑖𝑛𝑔 𝑖𝑛 𝑡𝑒𝑟𝑚𝑠 𝑜𝑓 tan( 𝛽) 
 
 
 
 
 
 

 
𝑡𝑎𝑛(𝛼) =  
 

 

 

𝐂𝐚𝐧 𝐲𝐨𝐮 𝐫𝐞𝐰𝐫𝐢𝐭𝐞 𝐟𝐢𝐫𝐬𝐭 𝐚𝐧𝐝 𝐥𝐚𝐬𝐭 𝐢𝐝𝐞𝐧𝐭𝐢𝐭𝐲 (𝐭𝐚𝐬𝐤 𝟓) 𝐢𝐧 𝐭𝐞𝐫𝐦𝐬 𝐨𝐟 𝐭𝐚𝐧( 𝒙),   
 

sin(2𝑥) = 2 sin(𝑥) cos(𝑥) =
2 sin(𝑥) cos (𝑥)

1
=

2 sin(𝑥) cos(𝑥)

sin2 𝑥 + cos2 𝑥
=  

2 sin(𝑥) cos(𝑥)
cos2 𝑥

⁄  

sin2 𝑥 + cos2 𝑥
cos2 𝑥⁄

   

 
 
 
 
 
 

cos(2𝑥) = cos2𝑥 − 𝑠𝑖𝑛2𝑥 =
cos2 𝑥 − sin2 𝑥

1
=  

 
 
 
 
 
 

 

sin(2𝑥) = 

cos(2𝑥) = 


