Hyperbolic Functions

Hyperbolic cosine of x:

Hyperbolic sine of x;

Hyperbolic tangent:

Hyperbolic cotangent:

Hyperbolic secant:

Hyperbolic cosecant:

X X

e* +e”
cosh x =
. X —eg™*
sinh x =
sinhx e*—e™*
tanh x = =——
coshx e*+e
coshx e*+e™*
coth x =— =
sinhx e*-e
2
sech x = ="
coshx e*+e
1 2
cschx=——=——
sinhx e*-e

Integrals
Isinhu du=coshu+C
jcoshu du =sinhu+C

jsech2 udu=tanhu+C

Icschzu du=—-cothu+C
jsechu tanh u du=-sechu+C

Icsch u cothu du=-cschu+C

Useful Identities

_ 41
sech™x =cosh™=
X

, o411
csch™*x =sinh*=
X

coth™*x =tanh™ 1
X

Identities

sinh x +cosh x = e*

cosh? x—sinh?x =1
tanh? x =1—sech?x
coth? x =1+ csch?x

sinh 2x = 2sinh x cosh x
cosh 2x = cosh? x +sinh? x

cosh? x — cosh2x+1
2

sinh? x = cosh2x—1
2

Derivatives
i(sinh u)=coshu du
dx dx

i(cosh u)=sinhu du
dx dx

di(tanh u)=sech’u du

X dx

i(coth u)=—csch’u du
dx dx

i(sech u)=-sechu tanhu du
dx dx

i(cschu) =—csch u cothu du
dx dx

Derivatives of Inverse
Hyperbolic Functions

d (sinh‘lu) 1 du
dx  Jiru? dx
d(cosh™u) 1 du

- Aous

dx Juz—1dx ' e
d(tanhu 1 du
( dx ):1—u2&'|u|<1
d(coth™u 1 du
( dx ):1—u2&’|u|>1
d(sechu) 1 du

o —u\/l_uza,0<u<l
d(csch’lu) 1 du 0

dx  uleu? Ox e

Logarithm Formulas for Evaluating

Inverse Hyperbolic Functions

sinh’1x=ln(x+\/x2+1) , —0< X<

cosh™x = In(x+\/x2—1) , x>1

tanh’lx:%lniJF—X . X <1
—X

, _ 2
sechlx:ln[u] , 0<x<1
X

/ 2
csch™x=1n £+i . x=0
x|

coth’lx:ilnx—ﬂ, |x|>1
2 x-1

Integrals of Inverse Hyperbolic Functions

j du =sinh*u+C

J‘ du
Juz-1
I du {tanh1u+C if Ju <1

1-u? |coth*u+C if|u|>1

=cosh™*u+C,u>1

j du :—sech1|u|+C:—coshl[

uvl-u?

j du =—csch1|u|+C:—sinhl(

uvl+u?
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