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1 Trigonometric functions

1.1 Trigonometric functions

Basic Relations

sec α =
1

cos α

csc α =
1

sin α

Angle Sum Relations

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

sin (α + β) sin(α − β) = sin2 α − sin2 β
cos (α + β) cos(α − β) = cos2 α − sin2 β

tan(α + β) =
tan α + tan β

1 − tan α tan β

tan(α − β) =
tan α − tan β

1 + tan α tan β

Multiple Angle Relations

sin 3α = 3 sin α − 4 sin3 α sin 4α = 4 sin α cos α − 8 sin3 α cos α
cos 3α = −3 cos α + 4cos3 α cos 4α = 8cos4 α − 8 cos2 +1

tan 3α =
3 tan α − tan3 α

1 − 3 tan2 α
tan 4α =

4 tan α − 4 tan3 α

1 − 6 tan2 α + tan4 α

Product Relations

sin α sinβ = 1
2 [cos(α − β) − cos(α + β)] cos α cos β = 1

2 [cos(α − β) + cos(α + β)]
sin α cos β = 1

2 [sin(α + β) + sin(α − β)] cos α sinβ = 1
2 [sin(α + β) − sin(α − β)]

1.2 Inverse trigonometric functions

Complimentary angles

arccos(x) + arcsin(x) = π

2 , ∀|x| < 1
arctan(x) + arccot(x) = π

2 , ∀x
arccsc(x) + arcsec(x) = π

2 , ∀|x| > 1
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Negative arguments

arcsin(−x) = − arcsin(x)
arccos(−x) = π − arccos(x)
arctan(−x) = − arctan(x)
arccot(−x) = π − arccot(x)
arcsec(−x) = π − arcsec(x)
arccsc(−x) = − arccsc(x)

Reciprocal arguments

arccos(1/x) = arcsec(x)
arcsin(1/x) = arccsc(x)
arcsec(1/x) = arccos(x)
arccsc(1/x) = arcsin(x)

arctan(1/x) + arctan(x) = ±π

2 , x > < 0

Derivatives
d

dx
arcsin(x) =

1√
1 − x2

, ∀ |x| < 1

d

dx
arccos(x) =

−1√
1 − x2

, ∀ |x| < 1

d

dx
arctan(x) =

1

x2 + 1
d

dx
arccot(x) =

−1

x2 + 1
d

dx
arcsec(x) =

1

|x|
√

x2 − 1
, ∀ |x| > 1

d

dx
arccsc(x) =

−1

|x|
√

x2 − 1
, ∀ |x| > 1

Integrals
∫

sec(x) dx = ln
(

| cos(x)|
|1−sin(x)|

)

∫

csc(x) dx = ln
(

| sin(x)|
|1+cos(x)|

)
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2 Hyperbolic functions

2.1 Hyperbolic functions

Basics

The hyperbolic sine, cosine, tangent, cotangent, secant and cosecant are respectively pro-
nounced ”shine or sinch”, ”cosh or co-shine”, ”tanch”, ”coth or chot”, ”sheck or sech” and
”cosheck or cosech”.

sech(x) =
1

cosh(x)
= sec(ix)

csch(x) =
1

sinh(x)
= i csc(ix)

Angle Sum Relations

cosh2(x) − sinh2(x) = 1
sinh(x + y) = sinh(x) cosh(y) + cosh(x) sinh(y)
cosh(x + y) = cosh(x) cosh(y) + sinh(x) sinh(y)

tanh(x + y) =
tanh(x) + tanh(y)

1 + tanh(x) tanh(y)

Double-angle Formulas

sinh(2x) = 2 sinh(x) cosh(x)
cosh(2x) = cosh2(x) + sinh2(x)

= 2 cosh2(x) + 1

2.2 Inverse Hyperbolic functions

arcsinh(x) = ln(x +
√

x2 + 1)

arccosh(x) = ln(x ±
√

x2 − 1)

arctanh(x) = 1
2 ln

(

1+x

1−x

)

arccoth(x) = 1
2 ln

(

1−x

1+x

)

arcsech(x) = ± ln
(

1+
√

1−x
2

x

)

arccsch(x) = ln
(

1−
√

1+x
2

x

)

, ∀|x| < 0

= ln
(

1+
√

1+x
2

x

)

, ∀|x| > 0
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List of graphs

Figure 1: Trigonometric functions of an angle θ on a unit circle centered at O.

Figure 2: Graphs of trigonometric functions.
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Figure 3: sinh, cosh and tanh

Figure 4: csch, sech and coth
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