
sinh
2

x xe ex
−−

= cosh
2

x xe ex
−+

=
sinhtanh
cosh

x x

x x

x e ex
x e e

−

−

−
= =

+

1 2csch
sinh x xx

x e e−= =
−

1 2sech
cosh x xx

x e e−= =
+

coshcoth
sinh

x x

x x

x e ex
x e e

−

−

+
= =

−

( )Domain: ,−∞ ∞ ( )Domain: ,−∞ ∞
( )Domain: ,−∞ ∞

( )Domain: ,−∞ ∞

( )Range: ,−∞ ∞ [ )Range: 1,∞
( )Range: 1,1−

( ]Range: 0,1

( ) ( )Domain: ,0 0,−∞ ∞∪ ( ) ( )Domain: ,0 0,−∞ ∞∪

( ) ( )Range: ,0 0,−∞ ∞∪ ( ) ( )Range: , 1 1,−∞ − ∞∪

Hyperbolic Functions

Hyperbolic Functions 

     



Hyperbolic Identities
2 2cosh sinh 1x x− =
2 2tanh sech 1x x+ =
2 2coth csch 1x x− =

2 cosh 2 1cosh
2

xx +
=

2 cosh 2 1sinh
2

xx −
=

sinh 2 2sinh coshx x x=

2 2cosh 2 cosh sinhx x x= +

( )sinh sinh cosh cosh sinhx y x y x y+ = +

( )sinh sinh cosh cosh sinhx y x y x y− = −

( )cosh cosh cosh sinh sinhx y x y x y+ = +

( )cosh cosh cosh sinh sinhx y x y x y− = +

Derivatives of Hyperbolic Functions

( )sinh coshd x x
dx

=

( )cosh sinhd x x
dx

=

( ) 2tanh sechd x x
dx

=

( )csch csch cothd x x x
dx

= −

( )sech sech tanhd x x x
dx

= −

( ) 2coth cschd x x
dx

= −

Integrals of Hyperbolic Functions

sinh  coshx dx x C= +∫

cosh  sinhx dx x C= +∫

2sech  tanhx dx x C= +∫

csch coth  cschx x dx x C= − +∫

sec h tanh  sechx x dx x C= − +∫
2csch  cothx dx x C= − +∫

     



Inverse Hyperbolic Functions

( )1 2sinh ln 1x x x− = + + ( )1 2cosh ln 1x x x− = + − 1 1 1tanh ln
2 1

xx
x

− +⎛ ⎞= ⎜ ⎟−⎝ ⎠

2
1 1 1csch ln xx

x x
−

⎛ ⎞+
= +⎜ ⎟⎜ ⎟

⎝ ⎠

2
1 1 1sech ln xx

x
−

⎛ ⎞+ −
= ⎜ ⎟⎜ ⎟

⎝ ⎠

1 1 1coth ln
2 1

xx
x

− +⎛ ⎞= ⎜ ⎟−⎝ ⎠

( )Domain: ,−∞ ∞ [ )Domain: 1,∞ ( )Domain: 1,1−

( )Range: ,−∞ ∞( )Range: ,−∞ ∞ [ )Range: 0,∞

( ) ( )Domain: ,0 0,−∞ ∞∪

( ) ( )Range: ,0 0,−∞ ∞∪ [ )Range: 0,∞

( ]Domain: 0,1

( ) ( )Range: ,0 0,−∞ ∞∪

( ) ( )Domain: , 1 1,−∞ − ∞∪

     



Derivatives of Inverse Hyperbolic Functions

( )1

2

1sinh
1

d x
dx x

− =
+

( )1

2

1cosh
1

d x
dx x

− =
−

( )1
2

1tanh
1

d x
dx x

− =
−

( )1

2

1csch
1

d x
dx x x

− = −
+

( )1

2

1sech
1

d x
dx x x

− = −
−

( )1
2

1coth
1

d x
dx x

− =
−

Integrals of Inverse Hyperbolic Functions

1

2

1  cosh
1

dx x C
x

−= +
−

∫

1

2

1  sinh
1

dx x C
x

−= +
+

∫

1
2

1  tanh
1

dx x C
x

−= +
−∫

1
2

1  coth
1

dx x C
x

−= +
−∫

1

2

1  csch
1

dx x C
x x

−= − +
+

∫

1

2

1  sech
1

dx x C
x x

−= − +
−

∫

2.  cosh 0

1.  sinh 0

Directions: For questions 1 through 6, find the value of each expression.

     



3.  tanh 0

14.  sinh 0−

     



15.  cosh 0−

16.  tanh 0−

     



Directions: For questions 7 and 8, verify each identity.

( )8.  sinh sinh cosh cosh sinhx y x y x y+ = +

2 cosh 2 17.  sinh
2

xx −
=

     



Directions: For questions 9 through 11, find each limit.

9.  lim  sinh
x

x
→∞

0
10.  lim  coth

x
x

−→

     



0
11.  lim  coth

x
x

+→

Directions: For questions 12 and 13, find the values of the five remaining trigonometric functions.

412.  sinh
3

x =

     



14.  sinh 5y x=

( )15.  ln tanh 2y x=

Directions: For questions 14 through 18, find each derivative.

13.  coth 2x =

     



( )116.  tan sinhy x−=

( )117.  tanh sinhy x−=

( )2118.  sech 2y x−=

     



1
2

0

19.  cosh  xe x dx∫

ln3

0

20.  tanh  x dx∫

Directions: For questions 19 through 23, evaluate each integral.

     



221.  cosh  x dx∫

2

122.  
16

dx
x−∫

2

123.   
1 x

dx
e−∫

     




