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TRIGONOMETRIC 
FUNCTIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RECIPROCAL 
IDENTITIES 

 
 
 
 
 
 
 
 
 
 

RATIO 
IDENTITIES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

sin(𝜃) =
𝑂

𝐻
 

cos(𝜃) =
𝐴

𝐻
 

tan(𝜃) =
𝑂

𝐴
 

cot(𝜃) =
𝐴

𝑂
 

sec(𝜃) =
𝐻

𝐴
 

csc(𝜃) =
𝐻

𝑂
 

cs
c

𝜃
 

𝜃 

𝜃 𝜃 

𝜃 

cos 𝜃 

si
n

𝜃
 

sec 𝜃 

1 

sin(𝜃) =
𝑂

𝐻
 

cos(𝜃) =
𝐴

𝐻
 

tan(𝜃) =
𝑂

𝐴
 

csc(𝜃) =
𝐻

𝑂
 

sec(𝜃) =
𝐻

𝐴
 

cot(𝜃) =
𝐴

𝑂
 

csc(𝜃) =
1

sin(𝜃)
 

sec(𝜃) =
1

cos(𝜃)
 

cot(𝜃) =
1

tan(𝜃)
 

sin(𝜃) =
𝑂

𝐻
 

cos(𝜃) =
𝐴

𝐻
 

tan(𝜃) =
𝑂

𝐴
 

csc(𝜃) =
𝐻

𝑂
 

sec(𝜃) =
𝐻

𝐴
 

cot(𝜃) =
𝐴

𝑂
 

tan(𝜃) =
sec(𝜃)

csc(𝜃)
 cot(𝜃) =

csc(𝜃)

sec(𝜃)
 

cot(𝜃) =
cos(𝜃)

sin(𝜃)
 tan(𝜃) =

sin(𝜃)

cos(𝜃)
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PYTHAGOREAN 
IDENTITIES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SYMMETRY 
IDENTITIES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sin(𝜃) =
𝑂

𝐻
 

cos(𝜃) =
𝐴

𝐻
 

sinଶ(𝜃) + cosଶ(𝜃) = 1 

sinଶ(𝜃)

cosଶ(𝜃)
+

cosଶ(𝜃)

cosଶ(𝜃)
=

1

cosଶ(𝜃)
 

tanଶ(𝜃) + 1 = secଶ(𝜃) 

sinଶ(𝜃)

sinଶ(𝜃)
+

cosଶ(𝜃)

sinଶ(𝜃)
=

1

sinଶ(𝜃)
 

1 + cotଶ(𝜃) = cscଶ(𝜃) 

The graph of  sin(𝜃)  is symmetric about the origin, 
therefore… 

sin(−𝜃) = − sin(𝜃) 

The graph of  cos(𝜃)  is symmetric about the y-axis, 
therefore… 

cos(−𝜃) = cos(𝜃) 

The graph of  tan(𝜃)  is symmetric about the origin, 
therefore… 

tan(−𝜃) = − tan(𝜃) 
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SIN and COS of SUMS (and DIFFERENCES) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TAN of SUMS (and DIFFERENCES) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

tan (𝛼 + 𝛽) =
tan 𝛼 + tan 𝛽

1 − tan 𝛼 ∙ tan 𝛽
 

     tan(𝛼 − 𝛽) = tan൫𝛼 + (−𝛽)൯ 
 

=
tan 𝛼 + tan(−𝛽)

1 − tan 𝛼 ∙ tan(−𝛽)
 

sin(𝛼 + 𝛽) = sin 𝛼 ∙ cos 𝛽 + cos 𝛼 ∙ sin 𝛽 

tan(−𝛽) = −tan 𝛽 

tan (𝛼 − 𝛽) =
tan 𝛼 − tan 𝛽

1 + tan 𝛼 ∙ tan 𝛽
 

sin(𝛼 − 𝛽) = sin 𝛼 ∙ cos 𝛽 − cos 𝛼 ∙ sin 𝛽 

sin(𝛼 − 𝛽) = sin ൫𝛼 + (−𝛽)൯ 
                     = sin 𝛼 ∙ cos (−𝛽) + cos 𝛼 ∙ sin (−𝛽) 

cos(𝛼 + 𝛽) = cos 𝛼 ∙ cos 𝛽 − sin 𝛼 ∙ sin 𝛽 

cos(𝛼 − 𝛽) = cos 𝛼 ∙ cos 𝛽 + sin 𝛼 ∙ sin 𝛽 

cos(𝛼 − 𝛽) = cos ൫𝛼 + (−𝛽)൯ 
                      = cos 𝛼 ∙ cos (−𝛽) − sin 𝛼 ∙ sin (−𝛽) 

𝛼 + 𝛽 

1 − tan (𝛼) ∙ tan (𝛽) tan 𝛼 ∙ tan 𝛽 

ta
n

 𝛼
+

ta
n

β
 

𝛼 

𝛼 

1 

𝛽 

ta
n

𝛼
 

ta
n

𝛽
 

si
n

 (
𝛼

+
𝛽

)  

1 

cos (𝛼 + 𝛽) sin 𝛼 ∙ sin 𝛽 

𝛼 

cos 𝛼 ∙ cos 𝛽 

𝛽 

𝛼 

si
n

𝛼
∙c

o
s

𝛽
 

co
s

𝛼
∙s

in
𝛽

 

𝛼 + 𝛽 
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DOUBLE ANGLE FORMULAE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

sin(𝛼 + 𝛽) = sin 𝛼 ∙ cos 𝛽 + cos 𝛼 ∙ sin 𝛽 

sin(2𝜃) = sin(𝜃 + 𝜃) = sin 𝜃 ∙ cos 𝜃 + cos 𝜃 ∙ sin 𝜃 

sin(2𝜃) = 2 ∙ sin 𝜃 ∙ cos 𝜃 

cos(𝛼 + 𝛽) = cos 𝛼 ∙ cos 𝛽 − sin 𝛼 ∙ sin 𝛽 

cos(2𝜃) = cos(𝜃 + 𝜃) = cos 𝜃 ∙ cos 𝜃 − sin 𝜃 ∙ sin 𝜃 

cos(2𝜃) = (1 − sinଶ𝜃) − sinଶ𝜃 

cos(2𝜃) = cosଶ𝜃 − (1 − cosଶ𝜃) 

= 1 − 2 ∙ sinଶ𝜃 

tan(𝛼 + 𝛽) =
tan 𝛼 + tan 𝛽

1 − tan 𝛼 ∙ tan 𝛽
 

tan(2𝜃) = tan(𝜃 + 𝜃) =
tan 𝜃 + tan 𝜃

1 − tan 𝜃 ∙ tan 𝜃
 

tan(2𝜃) =
sin(2𝜃)

        cos(2𝜃)        
 

cos(2𝜃) = cosଶ𝜃 − sinଶ𝜃 

= 2 ∙ cosଶ𝜃 − 1 

tan(2𝜃) =
2 ∙ tan 𝜃

     1 −  tanଶ 𝜃     
 

=
2 ∙ sin 𝜃 ∙ cos 𝜃

cosଶ𝜃 − sinଶ𝜃
 

∙ ቆ
cosଶ 𝜃

cosଶ 𝜃
ቇ = 



Copyright © 2001 
TERRAMETRA RESOURCES 

All Rights Reserved 
 

Derivations TRIGONOMETRIC 
IDENTITIES 

Page 5 of 5 

 
 
 

HALF ANGLE FORMULAE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cos(2𝜃) = 1 − 2 ∙ sinଶ𝜃 

2 ∙ sinଶ𝜃 = 1 − cos(2𝜃) 

sinଶ𝜃 =
1 − cos(2𝜃)

2
 

sin 𝜃 = ±ඨ
1 − cos(2𝜃)

2
 

sin 
∅

2
= ±ඨ

1 − cos(∅)

2
 

∅

2
= 𝜃 

cos(2𝜃) = 2 ∙ cosଶ𝜃 − 1 

2 ∙ cosଶ𝜃 = 1 + cos(2𝜃) 

cosଶ𝜃 =
1 + cos(2𝜃)

2
 

cos 𝜃 = ±ඨ
1 + cos(2𝜃)

2
 

cos 
∅

2
= ±ඨ

1 + cos(∅)

2
 

tan 
∅

2
=

sin  
∅
2

cos  
∅
2

=
± ට

1 − cos(∅)
2

± ට
1 + cos(∅)

2

 

tan 
∅

2
= ±ඨ

1 − cos(∅)

1 + cos(∅)
 

tan 
∅

2
 =  

ඥ1 − cos(∅)

ඥ1 + cos(∅)
∙

ඥ1 + cos (∅)

ඥ1 + cos (∅)
 =  

ඥ1 − cosଶ(∅)

1 + cos(∅)
 

tan 
∅

2
 =  

ඥ1 − cos(∅)

ඥ1 + cos(∅)
∙

ඥ1 − cos (∅)

ඥ1 − cos (∅)
 =  

1 − cos(∅)

ඥ1 − cosଶ(∅)
 

=
sin(∅)

1 + cos(∅)
 

=
1 − cos(∅)

sin(∅)
 


