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a) By writing 
𝜋

12
=

𝜋

3
−

𝜋

4
 , show that 𝑠𝑖𝑛 (

𝜋

12
) =

√6

4
−

√2

4
 

b) Find 𝑐𝑜𝑠 (
𝜋

12
) 

c) Hence, find the roots of the equation 𝑧4 = 2 + 2√3𝑖 giving your answers in the form 𝑧 = 𝑎 + 𝑖𝑏  

 

a) 𝑠𝑖𝑛 (
𝜋

12
) = 𝑠𝑖𝑛 (

𝜋

3
−
𝜋

4
)  

   Use the compound angle identity  

sin(𝐴 − 𝐵) ≡ 𝑠𝑖𝑛𝐴𝑐𝑜𝑠𝐵 − 𝑐𝑜𝑠𝐴𝑠𝑖𝑛𝐵 

 sin (
𝜋

3
−
𝜋

4
) = 𝑠𝑖𝑛

𝜋

3
𝑐𝑜𝑠

𝜋

4
− 𝑐𝑜𝑠

𝜋

3
𝑠𝑖𝑛

𝜋

4
  

   We know the exact values: 

 𝜋

4
 

𝜋

3
 

sin⁡𝜃 √2

2
 

√3

2
 

cos⁡𝜃 √2

2
 

1

2
 

 

 𝑠𝑖𝑛 (
𝜋

12
) = √3

2
∙
√2

2
−
1

2
∙
√2

2
 

 

  √6

4
−
√2

4
 

 

b) 𝑐𝑜𝑠 (
𝜋

12
) = 𝑐𝑜𝑠 (

𝜋

3
−
𝜋

4
)  

   Use the compound angle identity  

𝑐𝑜𝑠(𝐴 − 𝐵) ≡ 𝑐𝑜𝑠𝐴𝑐𝑜𝑠𝐵 + 𝑠𝑖𝑛𝐴𝑠𝑖𝑛𝐵 

 𝑐𝑜𝑠 (
𝜋

12
) = 𝑐𝑜𝑠

𝜋

3
𝑐𝑜𝑠

𝜋

4
+ 𝑠𝑖𝑛

𝜋

3
𝑠𝑖𝑛

𝜋

4
  

  √2

2
∙
1

2
+
√2

2
∙
√3

2
 

 

  √2

4
+
√6

4
=
√6

4
+
√2

4
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c)  𝑧4 = 2 + 2√3𝑖  

   

 

  𝑧4 = 4𝑐𝑖𝑠 (
𝜋

3
+ 2𝑘𝜋) 𝑘 = 0,1,2,3 

  
𝑧 = 4

1
4𝑐𝑖𝑠 (

𝜋

12
+
2𝑘𝜋

4
) 

𝑘 = 0,1,2,3 

  
𝑧 = √2𝑐𝑖𝑠 (

𝜋

12
+
𝑘𝜋

2
) 

𝑘 = 0,1,2,3 

  
𝑧 = √2𝑐𝑖𝑠 (

𝜋

12
) ,√2𝑐𝑖𝑠 (

7𝜋

12
) ,√2𝑐𝑖𝑠 (

−11𝜋

12
) ,√2𝑐𝑖𝑠 (

−5𝜋

12
) 

    

  
𝑧1 = √2(𝑐𝑜𝑠 (

𝜋

12
)+ 𝑖𝑠𝑖𝑛 (

𝜋

12
)) 

𝑧1 = √2(
√6

4
+
√2

4
+ 𝑖(

√6

4
−
√2

4
)) 

𝑧1 =
√12

4
+
2

4
+ 𝑖(

√12

4
−
2

4
) 

𝑧1 =
√3 + 1

2
+ 𝑖(

√3 − 1

2
) 
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   We can use the symmetry of the roots 

to find the other ones!

 

  
𝑧2 =

1 − √3

2
+ 𝑖(

√3 + 1

2
) 

 

  
𝑧3 =

−√3 − 1

2
+ 𝑖(

1 − √3

2
) 

 

  
𝑧4 =

√3 − 1

2
+ 𝑖(

−√3 − 1

2
) 

 

 


