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3.4 The hyperbolic functionsJ

The hyperbolic sine and hyperbolic cosine functions define as
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1) cosh®x — sinh?x =1
2)1— tanh? x —

3) cot h’x —1
4)sinh (x +y) = sinh x cos hy + cos hx sinhy

sec h®x
= csch?x

5)cosh (x +y) = cos hxcos hy + sinhx sinhy
6) coshx + sinhx = e*
7) cos hx — sinhx = e™*
8)sinh2x =2sinhx coshx
9)cosh 2x = [—cosh?x + sinh’x
L 2 sinh’x+1

___2cosh®x —1

Derivative

integrals

d , . _

= (sinhx) = coshx

d :

- (coshx ) = sin hx

2 (tanhx) = sec h?x

dx

2 (cothx) = —csch?x

dx

:—x (sechx ) = —sechx tan hx

d
= (cschx) = —cschx cot hx

1- [ cosh xdx = sinhx +c

2- [sinhx dx = coshx + ¢

3- [sech?xdx =tanhx +c¢

4- [ csch?® xdx = —cot hx + ¢

5- [ sechxtanhx dx = —sechx +c

6- [ cschx cothx dx = —cschx + ¢

J-lnx dt
0 +Va+et

( d
Ex/ Find - [

By the 2™¢ fundameutal theorem of colculus
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Ex /show that y = e® sinh bx satisfies y"- 2ay’ + (a? +b?)y =0
y' = be* cosh bx + ae**sinh bx
y" = b%e? sinh bx + ab e®* cos bx + ab e® cos h bx + a?e®* sin hbx
y" = e* sinh bx(a* + b?) + 2 abe® coshb x
y'—2ay + (a*+ b?)y = (a?+ b?)e**sinhb x + 2ab e** cos hbx
—2a[be* coshx + ae*®sinh bx] + (a®? + b?)e* sinh bx) =0

Ex/evaluate  [[tanhx ++tanhx sec h®x|dx
= [ gy + [(tanh x)/2 sech?x dx

coshx

(tanhx)3/2

—3, t¢
/2

= In|cosh x| +

sinh 2x dx

Ex/ evaluate fm

let u=3+5cos2x du=10sinh2 x dx
fsinthdx 1 rdu 1

= — —:—l
3+5cosh2x 10) u 10n|u|+c

1
=] 2
T n|3 +5cos2x| + ¢

Ex/show that lim ;.5 =1
X—00

eX—e X
= lim

x—oo e*+e™X
—X

X

x1—>r23 e?x + 1
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3.5 Inverse of Trigonometric and huperbolic functions

[ [
if —1<x Sland—ESy Sithen

y= sin"lx © x=siny
s s
sin™! (siny) =y if—E <y SE
sin(sin"!x) = x if —1 <x<1
1) f(x) = sin"x

y value

D =[-1,1]
R _[_EE
r=L 22

Ex / simplify cos( sin"1x)
Let a = sin"lx = %z sina

—2
~cos(sin"tx) = cosa = 11x =V1 — x?
Ex / simplify sec?(tan™1x)

- X
let a= tanlx > tana =7

/ 2
~sec(tan 1 x) = seca = 1Ix = V14 x?

sec?(tan"1x) =1+ x?

2) f(x) = cos™1x
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3) f(x) = tan"1x 4) f(x) = cot™1x
y value y value
2r 3.
‘ 21, 1 2
.ok
.3t

6) f(x) = csc 1x

_3-_\2\1_1%1234
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D =R\ (-1,1) Df=R\(-1,1)

T

Rr=[0,5u(Zx] Re=[-2,0)U(0,7]

Ex /prove that sin 'x + cos "lx =

1

lety =cos "x = Xx=c0SYy

—_— 1 71-
X = sm(2 -y)
/[

-1 -
sin"tx =o -y

_ T .
Iy = >~ sin Ly

. COS

-1 -1 T
or sSIln_ " x +cos " x = E
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Ex / find the exact value of sin(2 cos 1(5))

_1 (3 3
Letazcosl(—) - cosa ==

5 5 s
sin( 2 cos™ ) = sin(2a) =]

3
= 2sinacos«a

4 3 24
=206@ =%

Ex/ find the exact value of sin[sin™?! G) + cos™ 1 G)]
Let a = Sil’l_l(g) , ﬁ = COS_l(g)
U

2 1

cosf} =

sina =

U
3
nao? 7 ] e
sina = 2 COS,B:§
V5

1

sin[a+ f] = sinacos B+ cosa sinf
2\ /1 V5) /8
Ho+ (D
V40 _ 2++40

2
=-+ =
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Ex/prove that tan 'x+ tan 'y = tan! (—:_er};)

Let a=tan'x , B=tanly
U U
tana = x tanff =y
tana + tanf
1— tana tanpf

- a +,B _ tan_l( tana+tanﬁ)

tan(a + B) =

1-tana tanf
x+y)

tan ‘x4 tan ly = tan‘l(
Y 1—xy




