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Chapter 5

Solving Trigonometric Equations
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Table 5-1: Changing the interval of transformed functions (vertical stretch) illustrated

2

Equation Original range New range 

1) 𝑦 = sin 2𝜃 0 ≤ 𝜃 ≤  2𝜋 0 ≤ 2𝜃 ≤  4𝜋

2) 𝑦 = tan 3𝜃 −180° < 𝜃 <  180° −540° < 3𝜃 <  540°

3)
𝑦 = cos

3

2
𝜃

0 ≤ 𝜃 <  180°
0 ≤

3

2
𝜃 <  270°

4) 𝑦 = tan 0.5𝜃 0 < 𝜃 ≤ 2 𝜋 0 < 0.5𝜃 ≤  𝜋
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Table 5-2: Changing the interval of transformed functions (horizontal translation) illustrated

3

Equation Original range New range 

1) 
𝑦 = cos 𝜃 −

𝜋

6

0 < 𝜃 <  𝜋
−

𝜋

6
< 𝜃 −

𝜋

6
<

5

6
𝜋

2) 𝑦 = sin 𝜃 + 35° −180° ≤ 𝜃 <  180° −145° ≤ 𝜃 + 35° <  215°

3) 𝑦 = tan 𝜃 − 0.5𝜋 0 < 𝜃 ≤  4𝜋
−

1

2
𝜋 < 𝜃 − 0.5𝜋 ≤

7𝜋

2
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Table 5-3: Changing the interval of transformed functions (horizontal translation and stretch) illustrated

4

Equation Original range New range 

1)
𝑦 = sin

3

5
𝜃 − 20°

−180° ≤ 𝜃 ≤  360°
−128° ≤

3

5
𝜃 − 20° ≤  196°

2) 𝑦 = cos 2𝜃 + 60° 0° < 𝜃 <  180° 60° < 2𝜃 + 60° <  420°

3)
𝑦 = tan 3𝜃 +

1

4
𝜋

1

2
𝜋 ≤ 𝜃 <  2𝜋

7

4
𝜋 ≤ 3𝜃 +

1

4
𝜋 <

25

4
𝜋
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Table 5-4: Addition Formulas

5

Addition Subtraction 

Sine 𝒔𝒊𝒏 𝑨 + 𝑩 = 𝒔𝒊𝒏 𝑨 𝒄𝒐𝒔 𝑩 + 𝒔𝒊𝒏 𝑩 𝒄𝒐𝒔 𝑨 𝒔𝒊𝒏 𝑨 − 𝑩 = 𝒔𝒊𝒏 𝑨 𝒄𝒐𝒔 𝑩 − 𝒔𝒊𝒏 𝑩 𝒄𝒐𝒔 𝑨

Cosine 𝒄𝒐𝒔 𝑨 + 𝑩 = 𝒄𝒐𝒔 𝑨 𝒄𝒐𝒔 𝑩 − 𝒔𝒊𝒏 𝑨 𝒔𝒊𝒏 𝑩 𝒄𝒐𝒔 𝑨 − 𝑩 = 𝒄𝒐𝒔 𝑨 𝒄𝒐𝒔 𝑩 + 𝒔𝒊𝒏 𝑨 𝒔𝒊𝒏 𝑩

Tangent 
𝒕𝒂𝒏 𝑨 + 𝑩 =

𝒕𝒂𝒏 𝑨 + 𝒕𝒂𝒏 𝑩

𝟏 − 𝒕𝒂𝒏 𝑨 𝒕𝒂𝒏 𝑩
𝒕𝒂𝒏 𝑨 − 𝑩 =

𝒕𝒂𝒏 𝑨 − 𝒕𝒂𝒏 𝑩

𝟏 + 𝒕𝒂𝒏 𝑨 𝒕𝒂𝒏 𝑩
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Table 5-5: Double angle Formulas

6

Function Identities 

Sine 𝒔𝒊𝒏 𝟐𝑨 = 𝟐 𝒔𝒊𝒏 𝑨 𝒄𝒐𝒔 𝑨

Cosine 𝒄𝒐𝒔 𝟐𝑨 = 𝒄𝒐𝒔𝟐 𝑨 − 𝒔𝒊𝒏𝟐 𝑨

𝒄𝒐𝒔 𝟐𝑨 = 𝟐𝒄𝒐𝒔𝟐 𝑨 − 𝟏

𝒄𝒐𝒔 𝟐𝑨 = 𝟏 − 𝟐𝒔𝒊𝒏𝟐 𝑨

Tangent 
𝒕𝒂𝒏 𝟐𝑨 =

𝟐𝒕𝒂𝒏 𝑨

𝟏 − 𝒕𝒂𝒏𝟐 𝑨
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Table 5-6: Triple angle Formulas

7

Function Identities 

Sine 𝒔𝒊𝒏 𝟑𝑨 = 𝟑 𝒔𝒊𝒏 𝑨 − 𝟒 𝒔𝒊𝒏𝟑 𝑨

Cosine 𝒄𝒐𝒔 𝟑𝑨 = 𝟒 𝒄𝒐𝒔𝟑 𝑨 − 𝟑 𝒄𝒐𝒔 𝑨

Tangent 
𝒕𝒂𝒏 𝟑𝑨 =

𝟐𝒕𝒂𝒏 𝑨 − 𝒕𝒂𝒏𝟑 𝑨

𝟏 − 𝟑𝒕𝒂𝒏𝟐 𝑨
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Table 5-7: Half angle Formulas

8

Function Identities 

Sine
𝒔𝒊𝒏 𝑨 = 𝟐 𝒔𝒊𝒏

𝟏

𝟐
𝑨 𝒄𝒐𝒔

𝟏

𝟐
𝑨

Cosine 
𝒄𝒐𝒔 𝑨 = 𝒄𝒐𝒔𝟐

𝟏

𝟐
𝑨 − 𝒔𝒊𝒏𝟐

𝟏

𝟐
𝑨

𝒄𝒐𝒔 𝑨 = 𝟐𝒄𝒐𝒔𝟐
𝟏

𝟐
𝑨 − 𝟏

𝒄𝒐𝒔 𝑨 = 𝟏 − 𝟐𝒔𝒊𝒏𝟐
𝟏

𝟐
𝑨

Tangent 

𝒕𝒂𝒏 𝑨 =
𝟐𝒕𝒂𝒏

𝟏
𝟐

𝑨

𝟏 − 𝒕𝒂𝒏𝟐 𝟏
𝟐

𝑨
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Table 5-8: The factor formulas

9

Identities 

Sine
𝒔𝒊𝒏 𝑨 + 𝒔𝒊𝒏 𝑩 = 𝟐𝒔𝒊𝒏

𝟏

𝟐
𝑨 + 𝑩 𝒄𝒐𝒔

𝟏

𝟐
𝑨 − 𝑩

𝒔𝒊𝒏 𝑨 − 𝒔𝒊𝒏 𝑩 = 𝟐𝒔𝒊𝒏
𝟏

𝟐
𝑨 − 𝑩 𝒄𝒐𝒔

𝟏

𝟐
𝑨 + 𝑩

Cosine 
𝒄𝒐𝒔 𝑨 + 𝒄𝒐𝒔 𝑩 = 𝟐𝒄𝒐𝒔

𝟏

𝟐
𝑨 + 𝑩 𝒄𝒐𝒔

𝟏

𝟐
𝑨 − 𝑩

𝒄𝒐𝒔 𝑨 − 𝒄𝒐𝒔 𝑩 = − 𝟐𝒔𝒊𝒏
𝟏

𝟐
𝑨 + 𝑩 𝒔𝒊𝒏

𝟏

𝟐
𝑨 − 𝑩
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Table 5-9: The 𝑅 formulas

10

Function Sum Difference 

Sine 𝒂 𝐬𝐢𝐧 𝒙 + 𝒃 𝐜𝐨𝐬 𝒙 = 𝑹 𝐬𝐢𝐧 𝒙 + 𝜶 𝒂 𝐬𝐢𝐧 𝒙 − 𝒃 𝐜𝐨𝐬 𝒙 = 𝑹 𝐬𝐢𝐧 𝒙 − 𝜶

Cosine 𝒂 𝐬𝐢𝐧 𝒙 + 𝒃 𝐜𝐨𝐬 𝒙 = 𝑹 𝐜𝐨𝐬 𝒙 − 𝜶 𝒂 𝐬𝐢𝐧 𝒙 − 𝒃 𝐜𝐨𝐬 𝒙 = 𝑹 𝐜𝐨𝐬 𝒙 + 𝜶
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