
Principal Axis.

𝜃௥: the "reference angle"is the angle between the terminal arm and the 𝑥-axis (0௢ ≤ 𝜃 ≤  90௢).

𝜃௦௧௣: the "angle in standard position" from the principal axis (+ x-axis) to the terminal arm.

Terminal arm.

𝜃௥

𝜃௥ = 50௢

𝜃௦௧௣ = 130௢

𝜃௥ = 40௢

𝜃௦௧௣ = 220௢

𝜃௥ = 60௢

𝜃௦௧௣ = 300௢

𝜃௥ = 45௢

     𝜃௥= 𝜃௦௧௣

= 𝜃௦௧௣

𝜃௦௧௣ = 180ை − 50௢

𝜃௦௧௣ = 130ை

𝜃௦௧௣ = 180ை + 40௢

𝜃௦௧௣ = 220ை

𝜃௦௧௣ = 360ை − 50௢

𝜃௦௧௣ = 310ை

𝜃௥ =  𝜃௦௧௣𝜃௥ = 180௢ − 𝜃௦௧௣

𝜃௥ = 𝜃௦௧௣ − 180௢ 𝜃௥ = 360௢ − 𝜃௦௧௣

Basic logic will calculate 𝜃௦௧௣ 𝑎𝑛𝑑 𝜃௥ much more easily than using these formulas. 

1st Quadrant
III

III IV

2nd Quadrant

3rd Quadrant 4th Quadrant

𝜃௦௧௣ = 𝜃௥
𝜃௦௧௣ = 180௢ − 𝜃௥

𝜃௦௧௣ = 180௢ + 𝜃௥
𝜃௦௧௣ = 360௢ − 𝜃௥

1st Quadrant
III

III IV

2nd Quadrant

3rd Quadrant 4th Quadrant

𝜃௦௧௣ = 45௢

180଴ 0଴, 360଴
0଴, 360଴180଴

𝜃௥ = 180ை − 130௢

𝜃௥ = 50ை

𝜃௥ = 220௢ − 180ை

𝜃௥ = 40ை
𝜃௥ = 360ை − 310௢

𝜃௥ = 50ை

C11 - 2.1 - 𝜃௥, 𝜃௦௧௣ Notes 
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40௢

𝜃௖௢௧ = 𝜃௦௧௣ ± 360௢

𝜃௖௢௧ = 40௢ + 360௢

𝜃௖௢௧ = 400௢

𝜃௦௧௣ = 40௢, 𝜃௦௧௣ = 400௢

40௢
40௢

𝜃௖௢௧ = 𝜃௦௧௣ ± 360

𝜃௖௢௧ = 40 − 360

𝜃௖௢௧ = −320௢

40௢

𝜃௦௧௣ = 40௢

𝜃ୡ୭୲  = 40௢, −320௢, −680௢, −1040௢, −1400௢, …

Positive Co-terminal Angles (𝜃ୡ୭୲ )

Negative Co-terminal Angles (𝜃ୡ୭୲ )

𝜽
𝜽

Counter-clockwise rotation is a positive 𝜽𝒔𝒕𝒑 Clockwise rotation is a negative 𝜽𝒔𝒕𝒑

50௢

30௢

𝜃௦௧௣ = 180௢ − 50௢

𝜃௦௧௣ = 130௢

𝜃௦௧௣ = −(180௢ − 30௢)

𝜃௦௧௣ = −150௢

𝜃ୡ୭୲   = 40௢, 400௢, 760௢, 1120௢, 1480௢, …

𝜃௖௢௧ = 𝜃௦௧௣ ± 360௢

𝜃௣௥௜௡௖௜௣௟௘ = 𝑠𝑚𝑎𝑙𝑙𝑒𝑠𝑡 + 𝑣𝑒 𝜃௦௧௣ 𝑐𝑜𝑡𝑒𝑟𝑚𝑖𝑛𝑎𝑙.

𝜃௖௢௧ = 𝜃௦௧௣ ± 360

𝜃௖௢௧ = −320 − 360

𝜃௖௢௧ = −680௢

1000଴

360଴
⎯⎯⎯⎯⎯⎯= 2.777 …

1000଴ − 2(360଴) = 280଴

OR
0.777 … × 360଴ = 280଴

OR

You may need to add or subtract 360଴ more than once.

𝜃௣௥௜ = 0 ≤ 𝜃௖௢௧ < 360

𝜃௣௥௜ = 1000଴ − 360଴ = 640଴

         = 640଴−360଴ = 280଴

𝜃௦௧௣ = 1000଴

C11 - 2.1 - ± 𝜃௦௧௣, 𝜃௖௢௧ , 𝜃௣௥௜ Notes 
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Quadrant IQuadrant II

Quadrant III Quadrant IV

All (sin, cos, tan) positiveOnly Sin positive.

Only Cos positive.

Only Tan positive.

Students All

Take

Calculus

AS

T C

𝑠𝑖𝑛𝜃 =
+

+
⎯⎯= +

𝑐𝑜𝑠𝜃 =
+

+
⎯⎯= +

𝑡𝑎𝑛𝜃 =
+

+
⎯⎯= +

𝑠𝑖𝑛𝜃 =
+

+
⎯⎯= +

𝑐𝑜𝑠𝜃 =
−

+
⎯⎯= −

𝑡𝑎𝑛𝜃 =
+

−
⎯⎯= −

𝑠𝑖𝑛𝜃 =
−

+
⎯⎯= −

𝑐𝑜𝑠𝜃 =
−

+
⎯⎯= −

𝑡𝑎𝑛𝜃 =
−

−
⎯⎯= +

𝑠𝑖𝑛𝜃 =
−

+
⎯⎯= −

𝑐𝑜𝑠𝜃 =
+

+
⎯⎯= +

𝑡𝑎𝑛𝜃 =
−

+
⎯⎯= −

Remember: the hypotenuse 
is always positive. 

(+)ଶ+(−)ଶ= +

√+
⎯⎯ = +

C11 - 2.2 - ASTC Notes
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Solve for 𝜽, 𝟎𝒐 ≤ 𝜽 < 𝟑𝟔𝟎𝒐 𝒂𝒏𝒅 𝒈𝒆𝒏𝒆𝒓𝒂𝒍 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏sin𝜃 = 0.8

AS

T C

0.8

Draw two ∆ᇱ𝑠 where sin 𝜃 is positive: ASTC Quadrant I, II 

Label the triangles according to SOH CAH TOA

𝑆𝑜𝑙𝑣𝑒 𝑓𝑜𝑟 𝜃௥: 

Draw an arrow from the principal axis:
To the first and second terminal arm

Solve for the arrows 𝜃௦௧௣

Check your answer: 𝜃௦௧௣ = 53.1௢ 𝜃௦௧௣ = 180௢ − 53.1௢

         = 126.9௢

𝜃௦௧௣ = 53.1௢, 126.9௢ 

𝑠𝑖𝑛53.1௢ = 0.8

𝑠𝑖𝑛126.9௢ = 0.8

𝑠𝑖𝑛𝜃 =
0.8

1
⎯⎯⎯=

8

10
⎯⎯⎯=

4

5
⎯⎯

11
0.8

𝑠𝑖𝑛𝜃 =
0.8

1
⎯⎯⎯

      𝜃௥ = sinିଵ ൬+
0.8

1
⎯⎯⎯൰

      𝜃௥ = 53.1௢

   53.1o    53.1o

𝐺𝑒𝑛𝑒𝑟𝑎𝑙 𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛:
                                    

𝜃 = 126.9௢ ± 360௢𝑛, 𝑛 ∈ 𝐼

1
0.8

10
8

5
4

𝜃௥ = sinିଵ(+
𝑂

𝐻
⎯⎯)

𝐴𝑆

𝑇 𝐶

0௢180௢

(−4,3)

3

4

𝑎ଶ + 𝑏ଶ = 𝑐ଶ

3ଶ + 4ଶ = 𝑐ଶ

9 + 16 = 𝑐ଶ

        25 = 𝑐ଶ

     √25
⎯⎯⎯ 

= ඥ𝑐ଶ
⎯⎯ 

           5 = 𝑐

5

𝑡𝑎𝑛𝜃 = −
3

4
⎯⎯

       𝜃 = tanିଵ(+0.75)

      𝜃 = 36.9௢

180௢ − 36.9௢ = 143.1௢

𝜃௥ = 36.9௢

𝜃௦௧௣ = 143.1௢

𝐹𝑖𝑛𝑑 𝑠𝑖𝑛𝑥, 𝑐𝑜𝑥, 𝑎𝑛𝑑 𝑡𝑎𝑛𝑥 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔 𝑝𝑜𝑖𝑛𝑡. 𝐹𝑖𝑛𝑑 𝜃௦௧௣. SOH CAH TOA

𝑠𝑖𝑛𝜃 = +
3

5
⎯⎯

𝑐𝑜𝑠𝜃 = −
4

5
⎯⎯

𝑡𝑎𝑛𝜃 = −
3

4
⎯⎯

𝜃௦௧௣ = 143.1

𝜃 = cosିଵ(−
4

5
⎯⎯)

𝜃 = 143.1௢

𝜃 = sinିଵ(+
3

5
⎯⎯)

𝜃 = 36.9

𝜃 = tanିଵ(−
3

4
⎯⎯)

𝜃 = −36.9௢

𝜃 = cosିଵ(+
4

5
⎯⎯)

𝜃 = 36.9௢

𝜃 = tanିଵ(+
3

4
⎯⎯)

𝜃 = 36.9௢

𝜃 = sinିଵ(−
3

5
⎯⎯)

𝜃 = 36.9

𝑠𝑖𝑛143.1 = +0.6 = +
3

5
⎯⎯

Check Answer

180௢ 0௢

𝜃𝜃𝜃

𝜃 𝑖𝑠 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒!

𝜃 = 53.1௢ ± 360௢ 𝑛, 𝑛 ∈ 𝐼

𝜃 = 𝜃௦௧௣ ± 𝑝𝑛, 𝑛 ∈ 𝐼 𝟎. 𝟖
53.1

126.9

413.1

486.9
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√3
⎯⎯ 

> 1

60 > 30

60 must open 
up to the root 
3. And Vice 
Versa

Half an equilateral with sides 2

60௢ 60௢

60௢

30௢

2

2

2

2

1

√3
⎯⎯ 

= ඥ2ଶ − 1ଶ
⎯⎯⎯⎯⎯⎯⎯ 

𝑏 = ඥ𝑐ଶ − 𝑎ଶ
⎯⎯⎯⎯⎯⎯⎯ 

1

1

45௢

45௢

Diagonal of a square with sides lengths of 1

1

1
√2

⎯⎯ 
= ඥ1ଶ + 1ଶ

⎯⎯⎯⎯⎯⎯⎯ 

𝑐 = ඥ𝑎ଶ + 𝑏ଶ
⎯⎯⎯⎯⎯⎯⎯ 45௢

45௢

60௢

sin 60 =
√3

⎯⎯ 

2
⎯⎯⎯

cos 60 =
1

2
⎯⎯

tan 60 =
√3

⎯⎯ 

1
⎯⎯⎯

sin 30 =
1

2
⎯⎯

cos 30 =
√3

⎯⎯ 

2
⎯⎯⎯

tan 30 =
1

√3
⎯⎯ ⎯⎯⎯

cos 45 =
1

√2
⎯⎯ ⎯⎯⎯

tan 45 =
1

1
⎯⎯

sin 45 =
1

√2
⎯⎯ ⎯⎯⎯

C11 - 2.4 - Special Triangles 30,45,60 sin/cos/tan Notes
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30௢
150௢

Solve for 𝜽, 𝟎𝒐 ≤ 𝜽 < 𝟑𝟔𝟎𝒐.

AS

T C

√3
⎯⎯ 

1
2

   30o

   60o

√3
⎯⎯ 

1
2

   30o

√3
⎯⎯ 

1
2

   30o

Draw Two ∆ᇱ𝑠  where sin 𝜃 is +ve: ASTC Quadrant I, II 

Label the ∆ᇱ𝑠 according to SOH CAH TOA
Label the reference angle according to special ∆′s.

Draw an arrow from the principal axis:
To the first terminal arm and the second terminal arm. 

Solve for the arrows 𝜃௦௧௣

Check your answer: 

𝜃௦௧௣ = 30௢ 𝜃௦௧௣ = 180௢ − 30௢

         = 150௢

𝜃௦௧௣ = 30௢, 150௢ 

𝑠𝑖𝑛30௢ =
1

2
⎯⎯

𝑠𝑖𝑛150௢ =
1

2
⎯⎯

Solve for 𝜽, 𝟎𝒐 ≤ 𝜽 < 𝟑𝟔𝟎𝒐 𝒂𝒏𝒅 𝒈𝒆𝒏𝒆𝒓𝒂𝒍 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏.

𝐺𝑒𝑛𝑒𝑟𝑎𝑙 𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛:
                                   

 𝜃 = 225௢ ± 360௢𝑛, 𝑛 ∈ 𝐼

𝜃 = 135௢ ± 360௢𝑛, 𝑛 ∈ 𝐼

sin𝜃 =
ଵ

ଶ
⎯

Draw two triangles where cos 𝜃 is -ve...

180଴ 0௢

𝑠𝑖𝑛𝜃 =
1

2
⎯⎯

𝑦 =
1

2
⎯⎯

𝑦 = 𝑠𝑖𝑛𝜃

Check on Calculator

𝒄𝒐𝒔𝜽 = −
𝟏

√𝟐
⎯⎯ ⎯⎯⎯

AS

T C

   45o

1

1
   45o

𝜃௦௧௣ = 180௢ + 45௢

         = 225௢

𝜃௦௧௣ = 180௢ − 45௢

         = 135௢

𝜃௦௧௣ = 225௢, 135௢ 

√2
⎯⎯ 

√2
⎯⎯ 

1

Between 0 and 
360 degrees

0௢180௢

𝒄𝒐𝒔𝜽 = −
𝟏

√𝟐
⎯⎯ ⎯⎯⎯= −𝟎. 𝟕𝟎𝟕

𝒄𝒐𝒔𝟐𝟐𝟓 = −
𝟏

√𝟐
⎯⎯ ⎯⎯⎯𝒄𝒐𝒔𝟏𝟑𝟓 = −

𝟏

√𝟐
⎯⎯ ⎯⎯⎯

1
√2

⎯⎯ 

1
45௢

45௢

𝜃 = 𝜃௦௧௣ ± 𝑝𝑛, 𝑛 ∈ 𝐼

−𝟎. 𝟕𝟎𝟕

135 225 495 585

Zoom 7: 

Window = Domain
Find Intersections

Graphing Calculator
𝑦 = 𝑠𝑖𝑛𝑥

𝑦 =
1

2
⎯⎯

−360 ≤ 𝑥 ≤ 360

C11 - 2.5 - 𝑠𝑖𝑛𝜃 =
ଵ

ଶ
⎯ Notes 
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(1,0)(-1,0)

(0,1)

𝑥 = 𝐴𝑑𝑗

𝑦 = 𝑂𝑝𝑝

𝑟 = 𝐻𝑦𝑝

𝑠𝑖𝑛𝜃 = 𝑦 𝑐𝑜𝑠𝜃 = 𝑥 𝑡𝑎𝑛𝜃 =
𝑦

𝑥
⎯⎯

𝑅𝑎𝑑𝑖𝑢𝑠 = 1
      𝐻𝑦𝑝 =  1(0,-1)

𝒔𝒊𝒏𝜽 =
𝑶𝒑𝒑

𝑯𝒚𝒑
⎯⎯⎯⎯ 𝒄𝒐𝒔𝜽 =

𝑨𝒅𝒋

𝑯𝒚𝒑
⎯⎯⎯⎯ 𝒕𝒂𝒏𝜽 =

𝑶𝒑𝒑

𝑨𝒅𝒋
⎯⎯⎯⎯

𝑠𝑖𝑛𝜃 =
𝑦

1 
⎯⎯

𝑠𝑖𝑛𝜃 = 𝑦

𝑐𝑜𝑠𝜃 =
𝑥

1
⎯⎯

𝑐𝑜𝑠𝜃 = 𝑥

𝑡𝑎𝑛𝜃 =
𝑦

𝑥
⎯⎯

𝑠𝑖𝑛0௢ =
0

1
⎯⎯

𝑠𝑖𝑛0௢ = 0

𝑠𝑖𝑛90௢ =
1

1
⎯⎯

𝑠𝑖𝑛90௢ = 1

𝑠𝑖𝑛180௢ =
0

1
⎯⎯

𝑠𝑖𝑛180௢ = 0

𝑠𝑖𝑛270௢ =
−1

1
⎯⎯⎯

𝑠𝑖𝑛270௢ = −1

𝑐𝑜𝑠0௢ =
1

1
⎯⎯

𝑐𝑜𝑠0௢ = 1

𝑐𝑜𝑠90௢ =
0

1
⎯⎯

𝑐𝑜𝑠90௢ = 0

cos 180௢ = −
1

1
⎯⎯

𝑐𝑜𝑠180௢ = −1

𝑐𝑜𝑠270௢ =
0

1
⎯⎯

𝑐𝑜𝑠270௢ = 0

𝑠𝑖𝑛360௢ =
0

1
⎯⎯

𝑠𝑖𝑛360௢ = 0

𝑐𝑜𝑠360௢ =
1

1
⎯⎯

𝑐𝑜𝑠360௢ = 1

𝑡𝑎𝑛0௢ =
0

1
⎯⎯

𝑡𝑎𝑛0௢ = 0

𝑡𝑎𝑛90௢ =
1

0
⎯⎯

𝑡𝑎𝑛90௢ = 𝑈𝑁𝐷

𝑡𝑎𝑛180௢ =
0

−1
⎯⎯⎯

𝑡𝑎𝑛180௢ = 0

𝑡𝑎𝑛270௢ =
−1

0
⎯⎯⎯

𝑡𝑎𝑛270௢ = 𝑈𝑁𝐷

𝑡𝑎𝑛360௢ =
0

1
⎯⎯

𝑡𝑎𝑛360௢ = 0

1
1

𝑦

𝑥

(𝑥, 𝑦)
(𝑐𝑜𝑠𝑥, 𝑠𝑖𝑛𝑥)

𝜃

0଴, 360଴

90଴ 

180଴

270଴

𝑦 = 𝑠𝑖𝑛𝑥 𝑦 = 𝑐𝑜𝑠𝑥

𝜃

Unit Circle

𝜃 𝜃

C11 - 2.6 - Unit Circle sin/cos/tan 90, 180, 270, 360 Notes
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𝒚 = 𝐬𝐢𝐧 𝒙

x y

0o 0

90o 1

180o 0

270o -1

360o 0

Pt.

(0,0)

(90,1)

(180,0)

(270,-1)

(360,0)

𝒚 = 𝐜𝐨𝐬 𝒙

x y

0o 1

90o 0

180o -1

270o 0

360o 1

Pt.

(0,1)

(90,0)

(180,-1)

(270,0)

(360,1)

𝒚 = 𝐭𝐚𝐧 𝒙

x y

0o 0

45o 1

90o und

135o -1

180o 0

Pt.

(-45,-1)

(0,0)

(45,1)

(90,und)

(135,-1)

(180,0)

𝑡𝑎𝑛𝑥 =
𝑠𝑖𝑛𝑥

𝑐𝑜𝑠𝑥
⎯⎯⎯⎯

Q1 Q2 Q4Q3

Tan is Zero when sin is zero
Tan is UND when cos is zero

3

3

𝐴𝑆𝑇𝐶
Special Triangles

Repeat Pattern Repeat Pattern

C11 - 2.7 - 𝑇𝑂𝑉଴ sinx,cosx,tanx Graph TOV Notes
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Solve for 𝜽  𝟎𝒐 ≤ 𝜽 < 𝟑𝟔𝟎𝒐, 𝒂𝒏𝒅 𝒕𝒉𝒆 𝒈𝒆𝒏𝒆𝒓𝒂𝒍 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏.

AS

T C

√3
⎯⎯ 

1
2

   30o

√3
⎯⎯ 

1
2

   30o

Draw two ∆ᇱ𝑠 where sin 𝑚 is +ve: ASTC Quadrant I, II 

Label the triangles according to  SOH CAH TOA

Label the reference angle according to special ∆ᇱ𝑠.

Draw an arrow from the principal axis:
To the first and second terminal arm

Solve for the arrows 𝑚௦௧௣

𝑚௦௧௣ = 30௢ 𝑚௦௧௣ = 180௢ − 30௢

           = 150௢

𝐿𝑒𝑡 𝑚 = 2𝜃sin 𝑚 =
1

2
⎯⎯

Substitute 2𝜃 back in for 𝑚. 
 𝑚 = 30௢

2𝜃 = 30௢

2𝜃

2
⎯⎯⎯=

30௢

2
⎯⎯⎯

  𝜃 = 15௢

 𝑚 = 150௢

2𝜃 = 150௢

2𝜃

2
⎯⎯⎯=

150௢

2
⎯⎯⎯⎯⎯

  𝜃 = 75௢

𝑦 = 𝑠𝑖𝑛𝜃 𝑦 = 𝑠𝑖𝑛2𝜃

𝐺𝑒𝑛𝑒𝑟𝑎𝑙 𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛: 𝜃௚௘௡ = 𝜃௦௧௣ ± 𝑝𝑛, 𝑛 ∈ 𝐼

                                    𝜃௚௘௡ = 15௢ ± 180௢ 𝑛, 𝑛 ∈ 𝐼

𝑝 =  
360଴

𝑏
⎯⎯⎯⎯⎯

𝑝 =
360௢

2
⎯⎯⎯⎯⎯

    = 180௢

𝜃 = 𝜃௦௧௣ ± 𝑝

𝜃 = 15௢ + 180௢

𝜃 = 195௢

𝜃 = 𝜃௦௧௣ ± 𝑝

𝜃 = 75௢ + 180௢

𝜃 = 255௢

15௢ 75௢
195௢ 255௢

𝑝 = 180௢

𝜃௚௘௡ = 𝜃௦௧௣ ± 𝑝𝑛, 𝑛 ∈ 𝐼

𝜃௚௘௡ = 75௢ ± 180௢𝑛, 𝑛 ∈ 𝐼

𝜃 = 15௢, 75௢, 195௢, 225௢

0 ≤ 𝜃 ≤ 360௢

30௢ 150௢

𝜃 = 𝜃௦௧௣ ± 𝑝

𝜃 = 195௢ + 180௢

𝜃 = 375௢

𝑠𝑖𝑛𝑚 =
1

2
⎯⎯

sin( 2(15)) =
1

2
⎯⎯

Check your answer: 

√3
⎯⎯ 

1
2

   30o

   60o

𝑠𝑖𝑛2𝜃 =
1

2
⎯⎯

𝑠𝑖𝑛2𝜃 =
1

2
⎯⎯

sin( 2(75)) =
1

2
⎯⎯

𝐻𝐶 =
1

2
⎯⎯

sin( 2(195)) =
1

2
⎯⎯ sin( 2(225)) =

1

2
⎯⎯
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Solve the triangle with side lengths of 6 m and 10 m, and an angle of 𝟓𝟕𝒐.

106

           𝑠𝑖𝑛𝜃 =
𝑂

𝐻
⎯⎯

       𝑠𝑖𝑛57௢ =
ℎ

6
⎯⎯

6 × 𝑠𝑖𝑛57௢ =
ℎ

6
⎯⎯× 6

     6𝑠𝑖𝑛57௢ = ℎ
             5.03 = ℎ
                  ℎ = 5.03

10
6

57௢

AC

B

ℎ

             𝑐𝑜𝑠𝜃 =
𝐴

𝐻
⎯⎯

        𝑐𝑜𝑠57௢ =
𝑥

6
⎯⎯

6 × 𝑐𝑜𝑠57௢ =
𝑥

6
⎯⎯× 6

     6𝑐𝑜𝑠57௢ = 𝑥
             3.27 = 𝑥
                   𝑥 = 3.27

6

57௢

C

ℎ = 5.03

𝑥 = 3.27
A

ℎ = 5.03

57௢

𝛼 𝛽

𝛼 = 180௢ − (57௢ + 90௢)
𝛼 = 180௢ − 147௢

𝛼 = 33௢

𝛽 = 180௢ − (30.2௢ + 90௢)
𝛽 = 180௢ − 120.2௢

𝛽 = 59.8௢

𝐵 = 𝛼 + 𝛽
     = 33௢ + 59.8௢

     = 92.8௢

11.91

6

57௢

92.8௢

30.2௢

10

b

10

𝑠𝑖𝑛𝜃 =
𝑂

𝐻
⎯⎯

𝑠𝑖𝑛𝜃 =
5.03

10
⎯⎯⎯⎯

𝑠𝑖𝑛𝜃 = 0.503
𝜃 = sinିଵ 0.503
𝜃 = 30.2௢

30.2௢

           𝑐𝑜𝑠𝜃 =
𝐴

𝐻
⎯⎯

   cos 30.2௢ =
𝑦

10
⎯⎯⎯

          0.864 =
𝑦

10
⎯⎯⎯

10 × 0.864 =
𝑦

10
⎯⎯⎯× 10

             8.64 = 𝑦
                   𝑦 = 8.64

𝑦 = 8.64

𝑏 = 𝑥 + 𝑦
𝑏 = 3.27 + 8.64
𝑏 = 11.91

B
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Sine Law: 
𝑎

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯ =

𝑏

𝑠𝑖𝑛𝐵
⎯⎯⎯⎯ =

𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯ OR 𝑠𝑖𝑛𝐴

𝑎
⎯⎯⎯⎯ =

𝑠𝑖𝑛𝐵

𝑏
⎯⎯⎯⎯ =

𝑠𝑖𝑛𝐶

𝑐
⎯⎯⎯⎯

a

A

b

B
c

C

A

7

B
c

C

30௢

10

𝑁𝑜𝑡𝑖𝑐𝑒:  𝑈𝑠𝑒 𝑡ℎ𝑒 𝑆𝑖𝑛𝑒 𝐿𝑎𝑤 𝑖𝑓 𝑦𝑜𝑢 ℎ𝑎𝑣𝑒:

−𝐴𝑛 𝑜𝑝𝑝𝑜𝑠𝑖𝑡𝑒 𝑝𝑎𝑖𝑟
−𝐴𝑛𝑑 𝑜𝑛𝑒 𝑜𝑡ℎ𝑒𝑟 𝑝𝑖𝑒𝑐𝑒 𝑜𝑓 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛   

       

          
𝑠𝑖𝑛𝐴

𝑎
⎯⎯⎯⎯ =

𝑠𝑖𝑛𝐵

𝑏
⎯⎯⎯⎯

         
sin (30)

10
⎯⎯⎯⎯⎯⎯⎯=

𝑠𝑖𝑛𝐵

7
⎯⎯⎯⎯

            0.05 =
𝑠𝑖𝑛𝐵

7
⎯⎯⎯⎯

      7 × .05 =
𝑠𝑖𝑛𝐵

7
⎯⎯⎯⎯ × 7

           0.35 = sinB 
            sinB = 0.35
                  B = sinିଵ(0.35)
                 𝐵 = 20.5௢

Remember: If you have 2 angles without either opposite side,  use 180௢ in a triangle.

AB c

C

4

38௢ 

51௢ 

                        
𝑎

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯ =

𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯

                   
4

𝑠𝑖𝑛38௢⎯⎯⎯⎯⎯⎯=
𝑐

𝑠𝑖𝑛51௢⎯⎯⎯⎯⎯⎯

                     6.497 =
𝑐

0.777
⎯⎯⎯⎯⎯

    0.777 × 6.497 =
𝑐

0.777
⎯⎯⎯⎯⎯× 0.777

                     5.048 = 𝑐

                              𝑐 = 5.048

𝑂𝑝𝑝𝑜𝑠𝑖𝑡𝑒
   𝑃𝑎𝑖𝑟

(𝑡𝑜 𝑓𝑖𝑛𝑑 𝑎 𝑠𝑖𝑑𝑒) (𝑡𝑜 𝑓𝑖𝑛𝑑 𝑎𝑛 𝑎𝑛𝑔𝑙𝑒)

𝑊ℎ𝑎𝑡 𝑦𝑜𝑢 𝑎𝑟𝑒 𝑙𝑜𝑜𝑘𝑖𝑛𝑔 𝑓𝑜𝑟
 𝑔𝑜𝑒𝑠 𝑜𝑛 𝑡𝑜𝑝 𝑏𝑢𝑡 𝑎𝑙𝑔𝑒𝑏𝑟𝑎
 𝑎𝑙𝑙𝑜𝑤𝑠 𝑦𝑜𝑢 𝑡𝑜 𝑑𝑜 𝑒𝑖𝑡ℎ𝑒𝑟 

  
𝑎

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯ =

𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯

𝑎𝑠𝑖𝑛𝐶

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯⎯ = 𝑐

180௢ 𝑖𝑛 𝑎 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒

Remember: We only 𝑠𝑖𝑛 angles.

Or: 180 Minus
C11 - 2.9 - Sine Law Notes 
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Solve the triangle with side lengths of 6 m and 10 m, and an angle between the two given sides of 𝟓𝟕𝒐.

10

6

           𝑠𝑖𝑛𝜃 =
𝑂

𝐻
⎯⎯

       𝑠𝑖𝑛57௢ =
ℎ

6
⎯⎯

6 × 𝑠𝑖𝑛57௢ =
ℎ

6
⎯⎯× 6

     6𝑠𝑖𝑛57௢ = ℎ
             5.03 = ℎ
                  ℎ = 5.03

10

6

57௢

c

AC

B

ℎ

             𝑐𝑜𝑠𝜃 =
𝐴

𝐻
⎯⎯

        𝑐𝑜𝑠57௢ =
𝑥

6
⎯⎯

6 × 𝑐𝑜𝑠57௢ =
𝑥

6
⎯⎯× 6

     6𝑐𝑜𝑠57௢ = 𝑥
             3.27 = 𝑥
                   𝑥 = 3.27

6

57௢

C

ℎ = 5.03

𝑥 = 3.27 10 − 𝑥 =
10 − 3.27 = 6.73

𝑐 = 8.36

A

ℎ = 5.03

57௢

𝑡𝑎𝑛𝜃 =
𝑂

𝐴
⎯⎯

𝑡𝑎𝑛𝜃 =
5.03

6.73
⎯⎯⎯⎯

𝑡𝑎𝑛𝜃 = 0.7474
       𝜃 = tanିଵ(0.7474)

       𝜃 = 36.77௢

       𝜃 = 37௢

𝜃 = 37௢

𝛼 𝛽

          𝑠𝑖𝑛𝜃 =
𝑂

𝐻
⎯⎯

        𝑠𝑖𝑛37 =
5.03

𝑐
⎯⎯⎯⎯

𝑐 × 𝑠𝑖𝑛37 =
5.03

𝑐
⎯⎯⎯⎯× 𝑐

      𝑐𝑠𝑖𝑛37 = 5.03

       
𝑐𝑠𝑖𝑛37

𝑠𝑖𝑛37
⎯⎯⎯⎯⎯⎯=

5.03

𝑠𝑖𝑛37
⎯⎯⎯⎯⎯

                   𝑐 =
5.03

𝑠𝑖𝑛37
⎯⎯⎯⎯⎯

                   𝑐 = 8.3657௢ + 90௢ + 𝛼 = 180௢

          147௢ + 𝛼 = 180௢

      −147௢            − 147௢

                          𝛼 = 33௢

37௢ + 90௢ + 𝛽 = 180௢

          127௢ + 𝛽 = 180ை

       −127௢             − 127௢

                         𝛽 = 53௢

𝐵 = 𝛼 + 𝛽
     = 33௢ + 53௢

     = 86௢

10

6

57௢

86௢

37௢

8.36
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Cosine Law

a

A

b

B c

C

𝑐ଶ = 𝑏ଶ + 𝑎ଶ − 2𝑎𝑏𝑐𝑜𝑠𝐶
𝑏ଶ = 𝑐ଶ + 𝑎ଶ − 2𝑐𝑎𝑐𝑜𝑠𝐵
𝑎ଶ = 𝑏ଶ + 𝑐ଶ − 2𝑐𝑏𝑐𝑜𝑠𝐴

12

A

9

B c

C

50௢
    𝑐ଶ = 𝑏ଶ + 𝑎ଶ − 2𝑎𝑏𝐶𝑜𝑠𝐶
    𝑐ଶ = 9ଶ + 12ଶ − 2(12)(9)𝑐𝑜𝑠50
    𝑐ଶ = 86.2

ඥ𝑐ଶ
⎯⎯  

= √86.2
⎯⎯⎯⎯ 

      𝑐 = 9.3

A

B

C
𝜃

               𝑐ଶ= 𝑏ଶ + 𝑎ଶ − 2𝑎𝑏𝑐𝑜𝑠𝐶

Substitute values in

6 4

3

               6ଶ= 3ଶ + 4ଶ − 2(4)(3)𝑐𝑜𝑠𝐶

            36 = 9 +  16 − 24𝑐𝑜𝑠𝐶

              36 = 25 − 24𝑐𝑜𝑠𝐶

                36 = 25 − 24𝑐𝑜𝑠𝐶
               −25    − 25

                11 = −24𝑐𝑜𝑠𝐶

             
11

−24
⎯⎯⎯⎯=

−24𝑐𝑜𝑠𝐶

−24
⎯⎯⎯⎯⎯⎯⎯⎯

            −
11

24
⎯⎯⎯= 𝑐𝑜𝑠𝐶

            𝑐𝑜𝑠𝐶 = −
11

24
⎯⎯⎯

                  𝐶 = cosିଵ ቀ−
ଵଵ

ଶସ
⎯⎯ቁ

                  𝐶 = 117.3௢

Notice: This pattern 
should occur.

Cosine Law:

Cosine Law: SSS (hard) and SAS (easy)

𝑐ଶ = 𝑏ଶ + 𝑎ଶ − 2𝑎𝑏𝑐𝑜𝑠𝐶

Remember: We only 𝑐𝑜𝑠 angles.
Remember: Only one angle in the formula

Calculate the squares, multiply

Add

Subtract from both sides

Divide both sides

Inverse cos

Plug into calculator

Square root both sides

Remember: Find the smallest angle first, and/or 180 minus

𝐶 = cosିଵ ቆ
(𝑎ଶ+𝑏ଶ − 𝑐ଶ)

(2𝑎𝑏)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ቇ

C11 - 2.10 - Cosine Law Notes 
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AB

C

4

40௢ 55௢

𝑎

A

B

C

52௢

a

b

Solve for a.

6

63௢

                  
𝑎

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯ =

𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯

              
𝑎

𝑠𝑖𝑛52௢
⎯⎯⎯⎯⎯⎯ =

6

𝑠𝑖𝑛63௢
⎯⎯⎯⎯⎯⎯

                
𝑎

0.788
⎯⎯⎯⎯⎯ = 6.734

0.788 ×
𝑎

0.788
⎯⎯⎯⎯⎯ = 6.734 × 0.788

                         𝑎 = 6.734 × 0.788
                         𝑎 = 5.306

                 
𝑏

𝑠𝑖𝑛𝐵
⎯⎯⎯⎯ =

𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯

             
𝑏

𝑠𝑖𝑛65௢
⎯⎯⎯⎯⎯⎯ =

6

𝑠𝑖𝑛63௢
⎯⎯⎯⎯⎯⎯

                
𝑏

0.906
⎯⎯⎯⎯⎯ = 6.734

0.906 ×
𝑏

0.906
⎯⎯⎯⎯⎯ = 6.734 × 0.906

                         𝑏 = 6.101

𝐵 = 180௢ − 63௢ − 52௢

     = 65௢

Solve the triangle. 

𝐶 = 180௢ − 40௢ − 55௢

     = 85௢
                 

𝑎

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯ =

𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯

             
𝑎

𝑠𝑖𝑛55௢
⎯⎯⎯⎯⎯⎯ =

4

𝑠𝑖𝑛85௢
⎯⎯⎯⎯⎯⎯

                
𝑎

0.819
⎯⎯⎯⎯⎯ = 4.015

0.819 ×
𝑎

0.819
⎯⎯⎯⎯⎯ = 4.015 × 0.819

                         𝑎 = 3.289

Solve the triangle

B

C
b

38௢

𝑐 = 5

   𝑐ଶ = 𝑎ଶ + 𝑏ଶ − 2𝑎𝑏𝑐𝑜𝑠𝐶
   𝑏ଶ = 𝑎ଶ + 𝑐ଶ − 2𝑎𝑐 ȉ 𝑐𝑜𝑠𝐵
   𝑏ଶ = 3ଶ + 5ଶ − 2(3)(5) ȉ cos(38௢) 
   𝑏ଶ = 9 + 25 − 30 cos(38௢)
   𝑏ଶ = 34 − 23.64
   𝑏ଶ = 10.36

ඥ𝑏ଶ
⎯⎯⎯ 

= √10.36
⎯⎯⎯⎯⎯ 

      𝑏 = 3.22 
A

𝑎 = 3

        
𝑠𝑖𝑛𝐴

𝑎
⎯⎯⎯⎯ =

𝑠𝑖𝑛𝐵

𝑏
⎯⎯⎯⎯

        
𝑠𝑖𝑛𝐴

3
⎯⎯⎯⎯ =

𝑠𝑖𝑛38௢

3.22
⎯⎯⎯⎯⎯⎯

        
𝑠𝑖𝑛𝐴

3
⎯⎯⎯⎯ = 0.19

3 ×
𝑠𝑖𝑛𝐴

3
⎯⎯⎯⎯ = 0.19 × 3

        𝑠𝑖𝑛𝐴 = 0.57
               𝐴 = 35௢

𝐶 = 180௢ − 38௢ − 35௢

    = 107௢

Cosine Law: Switched b and c Sine Law: 𝟏𝟖𝟎𝒐 in a triangle:

*Find the angle opposite of the smaller side 1st.

See edit below
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∠𝐴 = 30௢, 𝑏 = 8, 𝑎 = 4

∠𝐴 = 30௢, 𝑏 = 8, 𝑎 = 10

∠𝐴 = 30௢, 𝑏 = 8, 𝑎 = 3

       sin 𝜃 =
𝑂

𝐻
⎯⎯

   sin 30௢ =
ℎ

8
⎯⎯

8 sin 30௢ = ℎ
               4 = ℎ
               ℎ = 4

30௢

A

8
ℎ = 4

30௢

8
4

𝑂𝑛𝑒 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒 
𝑎 = ℎ

         𝑐𝑜𝑠𝜃 =
𝐴

𝐻
⎯⎯

    𝑐𝑜𝑠30௢ =
𝐴

8
⎯⎯

8 cos 30௢ = 𝐴
            6.9 = 𝐴
               𝐴 = 6.9

6.9

𝜃 = 180௢ − 30௢ − 90௢

𝜃 = 60௢

60௢

Remember: Always find the height first.

10 > 8
   𝑎 > 𝑏
𝑂𝑛𝑒 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒

A
30௢

8 10

B

C

        
𝑠𝑖𝑛𝐵

𝑏
⎯⎯⎯⎯ =

𝑠𝑖𝑛𝐴

𝑎
⎯⎯⎯⎯

        
𝑠𝑖𝑛𝐵

8
⎯⎯⎯⎯ =

sin 30ை

10
⎯⎯⎯⎯⎯⎯⎯

        
𝑠𝑖𝑛𝐵

8
⎯⎯⎯⎯ = 0.05

8 ×
𝑠𝑖𝑛𝐵

8
⎯⎯⎯⎯ = 0.05 × 8

        𝑠𝑖𝑛𝐵 = 0.4
              𝐵 = sinିଵ 0.4
              𝐵 = 23.6௢

23.6௢

𝜃 = 180௢ − 23.6௢ − 30௢

𝜃 = 126.4௢

126.4௢

           
𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯ =

𝑎

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯

𝑐

sin 126.4௢
⎯⎯⎯⎯⎯⎯⎯⎯⎯=

10

sin 30௢
⎯⎯⎯⎯⎯⎯

              
𝑐

0.8
⎯⎯⎯= 20

   0.8 ×
𝑐

0.8
⎯⎯⎯= 20 × 0.8

                   𝑐 = 16

16

8

A

3

3 < 4
𝑎 < 𝐻
𝑛𝑜 𝑡𝑟𝑖𝑎𝑛𝑔𝑙𝑒

30௢

No triangle, can't solve.

How many triangles? Solve the triangles.  
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4 < 6 < 8
𝐻 < 𝑎 < 𝐵
Two triangles

A 30௢

8

8

30௢

8
66

30௢

How many triangles? Solve the triangles.  

∠𝐴 = 30௢, 𝑏 = 8, 𝑎 = 6

Remember: Always find the height first.

A
B

C

A B

C

    
sin 30௢

6
⎯⎯⎯⎯⎯⎯ =

sin 𝐵

8
⎯⎯⎯⎯⎯

       0.083ത =
𝑠𝑖𝑛𝐵

8
⎯⎯⎯⎯

8 × 0.083ത =
𝑠𝑖𝑛𝐵

8
⎯⎯⎯⎯ × 8

            0. 6ത = 𝑠𝑖𝑛𝐵
         𝑠𝑖𝑛𝐵 = 0. 6ത

               𝐵 = sinିଵ 0. 6ത

               𝐵 = 41.8௢

A 30௢

8

41.8௢41.8௢138.2௢

𝜃 = 180௢ − 30௢ − 138.2௢

𝜃 = 11.8௢

11.8௢

41.8௢

Draw both triangles together and separately. 

𝜃 = 180௢ − 30௢ − 41.8௢

𝜃 = 108.2௢

108.2௢

            
𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯ =

𝑎

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯

 
𝑐

sin 108.2௢ 
⎯⎯⎯⎯⎯⎯⎯⎯⎯ =

6

sin 30௢
⎯⎯⎯⎯⎯⎯

              
𝑐

0.95
⎯⎯⎯⎯= 12

0.95 ×
𝑐

0.95
⎯⎯⎯⎯= 12 × 0.95 

                    𝑐 = 11.4

11.4

𝜃 = 180௢ − 41.8௢

𝜃 = 138.2௢

138.2௢

                
𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯ =

𝑎

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯

         
𝑐

sin 11.8௢
⎯⎯⎯⎯⎯⎯⎯⎯=

6

sin 30௢
⎯⎯⎯⎯⎯⎯

                
𝑐

0.204
⎯⎯⎯⎯⎯ = 12

0.204 ×
𝑐

0.204
⎯⎯⎯⎯⎯ = 12 × 0.204

                          𝑐 = 2.45

2.45

Notice: Both triangles have an angle of 30௢, a side going up of 8, and a side opposite to 30௢ of 6.

Notice: The isosceles triangle. 
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120௢

A

10 > 6
  𝑎 > 𝑏
One triangle

10

120௢6

A

4 < 6
𝑎 < 𝑏
No triangle

4

B

B

∠𝐴 = 120௢, 𝑏 = 6, 𝑎 = 10

∠𝐴 = 120௢, 𝑏 = 6, 𝑎 = 4

C

How many triangles? Solve the triangles.  

       
𝑠𝑖𝑛𝐵

𝑏
⎯⎯⎯⎯ =

𝑠𝑖𝑛𝐴

𝑎
⎯⎯⎯⎯

       
𝑠𝑖𝑛𝐵

6
⎯⎯⎯⎯ =

sin 120௢

10
⎯⎯⎯⎯⎯⎯⎯

       
𝑠𝑖𝑛𝐵

6
⎯⎯⎯⎯ = 0.0866

6 ×
𝑠𝑖𝑛𝐵

6
⎯⎯⎯⎯ = 0.0866 × 6

        𝑠𝑖𝑛𝐵 = 0.52
              𝐵 = sinିଵ 0.52
              𝐵 = 31.3௢

31.3௢

𝜃 = 180௢ − 31.3௢ − 120௢

𝜃 = 28.7௢

28.7௢

              
𝑐

𝑠𝑖𝑛𝐶
⎯⎯⎯⎯ =

𝑎

𝑠𝑖𝑛𝐴
⎯⎯⎯⎯

      
𝑐

sin 28.7௢
⎯⎯⎯⎯⎯⎯⎯⎯=

10

sin 120௢
⎯⎯⎯⎯⎯⎯⎯

               
𝑐

0.48
⎯⎯⎯⎯= 11.55

 0.48 ×
𝑐

0.48
⎯⎯⎯⎯= 11.55 × 0.48

                     𝑐 = 5.5

5.5

6

No triangle. Can't solve. 
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