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Hyperbolic Definitions  𝒔𝒊𝒏𝒉 & 𝒄𝒐𝒔𝒉 𝒆𝒙 Complex 

1.  Hyperbolic Sine 𝑠𝑖𝑛ℎ(𝑥) 
1

𝑐𝑜𝑠ℎ(𝑥)
  

𝒆𝒙 − 𝒆−𝒙

𝟐
 −𝑖 𝑠𝑖𝑛(𝑖𝑥) 

2.  Hyperbolic Cosine (catenary) 𝑐𝑜𝑠ℎ(𝑥) 
1

𝑠𝑖𝑛ℎ(𝑥)
 

𝒆𝒙 + 𝒆−𝒙

𝟐
 𝑐𝑜𝑠(𝑖𝑥) 

3.  Hyperbolic Tangent 𝑡𝑎𝑛ℎ(𝑥) 
𝑠𝑖𝑛ℎ(𝑥)

𝑐𝑜𝑠ℎ(𝑥)
 

𝑒𝑥 − 𝑒−𝑥

𝑒𝑥 + 𝑒−𝑥
 −𝑖 𝑡𝑎𝑛(𝑖𝑥) 

4. Hyperbolic Cotangent 𝑐𝑜𝑡ℎ(𝑥) 
𝑐𝑜𝑠ℎ(𝑥)

𝑠𝑖𝑛ℎ(𝑥)
 

𝑒𝑥 + 𝑒−𝑥

𝑒𝑥 − 𝑒−𝑥
 𝑖 𝑐𝑜𝑡(𝑖𝑥) 

5.  Hyperbolic Secant 𝑠𝑒𝑐ℎ(𝑥) 
1

𝑐𝑜𝑠ℎ (𝑥)
 

2

𝑒𝑥 + 𝑒−𝑥
 𝑠𝑒𝑐(𝑖𝑥) 

6.  Hyperbolic Cosecant 𝑐𝑠𝑐ℎ(𝑥) 
1

𝑠𝑖𝑛ℎ (𝑥)
 

2

𝑒𝑥 − 𝑒−𝑥
 𝑖 𝑐𝑠𝑐(𝑖𝑥) 

7.  Inverse Hyperbolic Sine 𝑠𝑖𝑛ℎ−1(𝑥) 𝑙𝑛 (𝑥 + √𝑥2 + 1) 

8.  Inverse Hyperbolic Cosine 𝑐𝑜𝑠ℎ−1(𝑥) 𝑙𝑛 (𝑥 + √𝑥2 − 1) , 𝑥 ≥ 1 

9.  Inverse Hyperbolic Tangent 𝑡𝑎𝑛ℎ−1(𝑥) 
1

2
𝑙𝑛 (

1 + 𝑥

1 − 𝑥
) , |𝑥| < 1 

10. Inverse Hyperbolic Cotangent 𝑐𝑜𝑡ℎ−1(𝑥) 
1

2
𝑙𝑛 (

𝑥 + 1

𝑥 − 1
) , |𝑥| > 1 

11.  Inverse Hyperbolic Secant 𝑠𝑒𝑐ℎ−1(𝑥) 

𝑙𝑛 (
1

𝑥
+ √

1

𝑥2
− 1) , 0 < 𝑥 ≤ 1 

𝑙𝑛 (
1 + √1 − 𝑥2

𝑥
) , 0 < 𝑥 ≤ 1 

12.  Inverse Hyperbolic Cosecant 𝑐𝑠𝑐ℎ−1(𝑥) 𝑙𝑛 (
1

𝑥
+ √

1

𝑥2
+ 1) , 𝑥 ≠ 0 

Catenary 𝑦 = 𝑎 𝑐𝑜𝑠ℎ (
𝑥

𝑎
) 
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Hyperbolic Identities  

Odd and Even 

𝑠𝑖𝑛ℎ(−𝑥) = −𝑠𝑖𝑛ℎ (𝑥) 

𝑐𝑜𝑠ℎ(−𝑥) = 𝑐𝑜𝑠ℎ (𝑥) 

𝑡𝑎𝑛ℎ(−𝑥) = −𝑡𝑎𝑛ℎ (𝑥) 

Pythagorean Identities 

𝒄𝒐𝒔𝒉𝟐(𝒙) − 𝒔𝒊𝒏𝒉𝟐(𝒙) = 𝟏    (Euler’s formula) 

𝑠𝑒𝑐ℎ2(𝑥) = 1 − 𝑡𝑎𝑛ℎ2(𝑥) 

𝑐𝑠𝑐ℎ2(𝑥) = 𝑐𝑜𝑡ℎ2(𝑥) − 1 

Sums/Difference of Angles 

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 

𝑠𝑖𝑛ℎ(2𝑥) = 2 𝑠𝑖𝑛ℎ(𝑥) 𝑐𝑜𝑠ℎ(𝑥) 

𝑐𝑜𝑠ℎ(2𝑥) = 𝑠𝑖𝑛ℎ2(𝑥) + 𝑐𝑜𝑠ℎ2(𝑥) 

𝑐𝑜𝑠ℎ(2𝑥) = 2 𝑐𝑜𝑠ℎ2(𝑥) − 1 

𝑐𝑜𝑠ℎ(2𝑥) = 1 + 2 𝑠𝑖𝑛ℎ2(𝑥) 

𝑡𝑎𝑛ℎ(2𝑥) =
2 𝑡𝑎𝑛ℎ(𝑥)

1 + 𝑡𝑎𝑛ℎ2(𝑥)
 

Half Angle 

𝑠𝑖𝑛ℎ (
𝑥

2
) =

𝑠𝑖𝑛ℎ(𝑥)

√2(𝑐𝑜𝑠ℎ(𝑥) + 1)
 

𝑐𝑜𝑠ℎ (
𝑥

2
) = √

𝑐𝑜𝑠ℎ(𝑥) + 1

2
 

𝑡𝑎𝑛ℎ (
𝑥

2
) =

𝑠𝑖𝑛ℎ(𝑥)

𝑐𝑜𝑠ℎ(𝑥) + 1
 

tanh (
x

2
) =

𝑐𝑜𝑠ℎ(𝑥) − 1

𝑠𝑖𝑛ℎ(𝑥)
 

𝑡𝑎𝑛ℎ (
𝑥

2
) = 𝑐𝑜𝑡ℎ(𝑥) − 𝑐𝑠𝑐ℎ(𝑥)  𝑖𝑓 𝑥 ≠ 0 

Squared 
𝑠𝑖𝑛ℎ2(𝑥) =

1

2
(𝑐𝑜𝑠ℎ(2𝑥) − 1) 

𝑐𝑜𝑠ℎ2(𝑥) =
1

2
(𝑐𝑜𝑠ℎ(2𝑥) + 1) 

Exponents (Powers) (𝑐𝑜𝑠ℎ(𝑥) + 𝑠𝑖𝑛ℎ(𝑥))𝑛 = 𝑐𝑜𝑠ℎ(𝑛𝑥) + 𝑠𝑖𝑛ℎ(𝑛𝑥) 

Natural Exponential 
𝑒𝑥 = 𝑐𝑜𝑠ℎ(𝑥) + 𝑠𝑖𝑛ℎ(𝑥) 

𝑒−𝑥 = 𝑐𝑜𝑠ℎ(𝑥) − 𝑠𝑖𝑛ℎ(𝑥) 

Natural Logarithmic 

𝑙𝑛(𝑥) = ± 𝑐𝑜𝑠ℎ−1 (
𝑥2 + 1

2𝑥
) 

𝑙𝑛(𝑥) = 𝑠𝑖𝑛ℎ−1 (
𝑥2 − 1

2𝑥
) 

𝑙𝑛(𝑥) = 𝑡𝑎𝑛ℎ−1 (
𝑥2 − 1

𝑥2 + 1
) 
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Hyperbolic Derivatives  

1.  Hyperbolic Sine 
𝑑

𝑑𝑥
[𝑠𝑖𝑛ℎ(𝑥)] = 𝑐𝑜𝑠ℎ(𝑥) 

2.  Hyperbolic Cosine 
𝑑

𝑑𝑥
[𝑐𝑜𝑠ℎ(𝑥)] = 𝑠𝑖𝑛ℎ(𝑥) 

3.  Hyperbolic Tangent 
𝑑

𝑑𝑥
[𝑡𝑎𝑛ℎ(𝑥)] = 𝑠𝑒𝑐ℎ2(𝑥) 

4.  Hyperbolic Cotangent 
𝑑

𝑑𝑥
[𝑐𝑜𝑡ℎ(𝑥)] = − 𝑐𝑠𝑐ℎ2(𝑥), 𝑥 ≠ 0 

5.  Hyperbolic Secant 
𝑑

𝑑𝑥
[𝑠𝑒𝑐ℎ(𝑥)] = − 𝑠𝑒𝑐ℎ(𝑥) 𝑡𝑎𝑛ℎ(𝑥) 

6.  Hyperbolic Cosecant 
𝑑

𝑑𝑥
[𝑐𝑠𝑐ℎ(𝑥)] = − 𝑐𝑠𝑐ℎ(𝑥) 𝑐𝑜𝑡ℎ(𝑥), 𝑥 ≠ 0 

7.  Hyperbolic Arcsine 
𝑑

𝑑𝑥
[𝑠𝑖𝑛ℎ−1(𝑥)] =

1

√𝑥2 + 1
 

8. Hyperbolic Arccosine 
𝑑

𝑑𝑥
[𝑐𝑜𝑠ℎ−1(𝑥)] =

1

√𝑥2 − 1
, 𝑥 > 1 

9.  Hyperbolic Arctangent 
𝑑

𝑑𝑥
[𝑡𝑎𝑛ℎ−1(𝑥)] =

1

1 − 𝑥2
, |𝑥| < 1 

10.  Hyperbolic Arccotangent 
𝑑

𝑑𝑥
[𝑐𝑜𝑡ℎ−1(𝑥)] =

1

1 − 𝑥2
, |𝑥| > 1 

11.  Hyperbolic Arcsecant 
𝑑

𝑑𝑥
[𝑠𝑒𝑐ℎ−1(𝑥)] =

−1

𝑥 √1 − 𝑥2
, 0 < 𝑥 < 1 

12.  Hyperbolic Arccosecant 
𝑑

𝑑𝑥
[𝑐𝑠𝑐ℎ−1(𝑥)] =

−1

|𝑥| √1 + 𝑥2
, 𝑥 ≠ 0 

 

Hyperbolic 2nd Derivatives  

1.  Hyperbolic Sine 
𝑑2

𝑑𝑥2
[𝑠𝑖𝑛ℎ(𝑥)] = 𝑠𝑖𝑛ℎ(𝑥) 

2.  Hyperbolic Cosine 
𝑑2

𝑑𝑥2
[𝑐𝑜𝑠ℎ(𝑥)] = 𝑐𝑜𝑠ℎ(𝑥) 
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Hyperbolic Integrals (See: Wikipedia, list of integrals of hyperbolic functions.) 

1.  Hyperbolic Sine ∫ 𝑠𝑖𝑛ℎ(𝑥) 𝑑𝑥 = 𝑐𝑜𝑠ℎ(𝑥) + 𝐶 

2.  Hyperbolic Cosine ∫ 𝑐𝑜𝑠ℎ(𝑥)  𝑑𝑥 = 𝑠𝑖𝑛ℎ(𝑥) + 𝐶 

3.  Hyperbolic Tangent ∫ 𝑡𝑎𝑛ℎ(𝑥) 𝑑𝑥 = 𝑙𝑛|𝑐𝑜𝑠ℎ (𝑥)| + 𝐶 

4.  Hyperbolic Cotangent ∫ 𝑐𝑜𝑡ℎ(𝑥) 𝑑𝑥 = 𝑙𝑛|𝑠𝑖𝑛ℎ (𝑥)| + 𝐶 

5.  Hyperbolic Secant 

∫ 𝑠𝑒𝑐ℎ(𝑥) 𝑑𝑥 = 𝑙𝑛|𝑠𝑒𝑐ℎ(𝑥) + 𝑡𝑎𝑛ℎ(𝑥)| 

∫ 𝑠𝑒𝑐ℎ(𝑥) 𝑑𝑥 = 𝑡𝑎𝑛ℎ−1(𝑠𝑖𝑛ℎ(𝑥)) + 𝐶 

∫ 𝑠𝑒𝑐ℎ(𝑥) 𝑑𝑥 = 2 𝑡𝑎𝑛−1 |𝑡𝑎𝑛ℎ (
𝑥

2
)| + 𝐶 

6.  Hyperbolic Cosecant 

∫ 𝑐𝑠𝑐ℎ(𝑥) 𝑑𝑥 = 𝑙𝑛|𝑐𝑜𝑡ℎ(𝑥) − 𝑐𝑠𝑐ℎ(𝑥)| + 𝐶 

∫ 𝑐𝑠𝑐ℎ(𝑥) 𝑑𝑥 = 𝑐𝑜𝑡ℎ−1(𝑐𝑜𝑠ℎ(𝑥)) + 𝐶 

∫ 𝑐𝑠𝑐ℎ(𝑥) 𝑑𝑥 = 𝑙𝑛 |𝑡𝑎𝑛ℎ (
𝑥

2
)| 

7.  Hyperbolic Secant2 ∫ 𝑠𝑒𝑐ℎ2(𝑥) 𝑑𝑥 = 𝑡𝑎𝑛ℎ(𝑥) + 𝐶 

8.  Hyperbolic Cosecant2 ∫ 𝑐𝑜𝑠ℎ2(𝑥) 𝑑𝑥 = − 𝑐𝑜𝑡ℎ(𝑥) + 𝐶 

9.  Hyperbolic Arcsine ∫ 𝑠𝑖𝑛ℎ−1 (
𝑥

𝑐
)  𝑑𝑥 = 𝑥 𝑠𝑖𝑛ℎ−1 (

𝑥

𝑐
) − √𝑥2 + 𝑐2 + 𝐶 

10. Hyperbolic Arccosine ∫ 𝑐𝑜𝑠ℎ−1 (
𝑥

𝑐
)  𝑑𝑥 = 𝑥 𝑐𝑜𝑠ℎ−1 (

𝑥

𝑐
) − √𝑥2 − 𝑐2 + 𝐶 

11.  Hyperbolic Arctangent 
∫ 𝑡𝑎𝑛ℎ−1 (

𝑥

𝑐
)  𝑑𝑥 = 𝑥 𝑡𝑎𝑛ℎ−1 (

𝑥

𝑐
) +

𝑐

2
𝑙𝑛|𝑐2 − 𝑥2| + 𝐶,

|𝑥| < |𝑐| 

12.  Hyperbolic Arccotangent 
∫ 𝑐𝑜𝑡ℎ−1 (

𝑥

𝑐
)  𝑑𝑥 = 𝑥 𝑐𝑜𝑡ℎ−1 (

𝑥

𝑐
) +

𝑐

2
𝑙𝑛|𝑥2 − 𝑐2| + 𝐶,

|𝑥| > |𝑐| 

13.  Hyperbolic Arcsecant ∫ 𝑠𝑒𝑐ℎ−1 (
𝑥

𝑐
)  𝑑𝑥 = 𝑥 𝑠𝑒𝑐ℎ−1 (

𝑥

𝑐
) − 𝑐 𝑡𝑎𝑛−1

𝑥√
𝑐 − 𝑥
𝑐 + 𝑥

𝑥 − 𝑐
+ 𝐶,

0 < 𝑥 < 𝑐 

14.  Hyperbolic Arccosecant ∫ 𝑐𝑠𝑐ℎ−1 (
𝑥

𝑐
)  𝑑𝑥 = 𝑥 𝑐𝑠𝑐ℎ−1 (

𝑥

𝑐
) + 𝑐 𝑙𝑛

𝑥 + √𝑥2 + 𝑐2

𝑐
+ 𝐶,    0

< 𝑥 < 𝑐 

9.  Hyperbolic Arcsine ∫
1

√𝑎2 + 𝑥2
 𝑑𝑥 = 𝑠𝑖𝑛ℎ−1 (

𝑥

𝑐
) + 𝐶 

10. Hyperbolic Arccosine ∫
1

√𝑥2 − 𝑎2
 𝑑𝑥 = 𝑐𝑜𝑠ℎ−1 |

𝑥

𝑐
| + 𝐶 

https://en.wikipedia.org/wiki/List_of_integrals_of_hyperbolic_functions
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11.  Hyperbolic Arctangent ∫
1

𝑎2 − 𝑥2
 𝑑𝑥 =

1

𝑎
 𝑡𝑎𝑛ℎ−1 (

𝑥

𝑐
) + 𝐶, 𝑥2 < 𝑎2 

12.  Hyperbolic Arccotangent ∫
1

𝑎2 − 𝑥2
 𝑑𝑥 =

1

𝑎
 𝑐𝑜𝑡ℎ−1 (

𝑥

𝑐
) + 𝐶, 𝑥2 > 𝑎2 

13.  Hyperbolic Arcsecant ∫
1

𝑥 √𝑎2 − 𝑥2
 𝑑𝑥 = −

1

𝑎
 𝑠𝑒𝑐ℎ−1 |

𝑥

𝑐
| + 𝐶 

14.  Hyperbolic Arccosecant ∫
1

𝑥 √𝑎2 + 𝑥2
 𝑑𝑥 = −

1

𝑎
 𝑐𝑠𝑐ℎ−1 |

𝑥

𝑐
| + 𝐶 
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