THE HYPERBOLIC TRIGONOMETRIC AND TS INVERSE

LEQ-$-

1 sinh(x)=5—"%_ D, =R ,R, =R

2] Cosh(x)=2"% " | D, =R , R, =[L0)

3 tanh( )= 2 X) €€ 5 R R, = (1)
Cosh(x) e* +e™

2] coth(x) SO & € g _ror ) R —R-{0}
Sinh(x) e* —e™*

5] Sech(x)=—~ =2 D —R R, =(01]

— Cosh(x) e*+e™* ' o '

— 1 2

6| csch(x) = = , D =R-{0} , R, =R-[-11

6] csch(x) =g o= f s D =R {0 R =R [

Some rules :

(

(3)

(4)

(6) cosh?(x) :%(cosh 2x +1)  (7)sinh?(x) :%(cosh 2x —1)
(8)

9)

(

(2) cosh(x)—sinh(x) =€~
3) cosh?(x)—sinh?(x)=1 (main rule)
4) 1—tanh?(x)=sech?(x) (5) coth?(x) —1=csch?(x)

+
tanhx +tanhy — tanh(2x) = 2tanh;<
1+tanhx -tanhy 1+ tanh” x

10) tanh(x £y ) =
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The proof:
1) cosh(x ) +sinh(x ) = +ze S

3) cosh?(x ) —sinh?(x ) = [cosh(x ) + sinh(x )][cosh(x ) —sinh(x )]

X

=e* e =e’=1

Ex: Find the value of cosh(0) , sinh(0)

el 4™

2
el g™

2

cosh(0) = =1

sinh(0) = =0
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HYPERBOLIC TRIG. FUN. DERIVATIVE :
(1) OI—sinhx = cosh X :>Gen.:>d—sinhu =coshu -du

dx dx
(2) d—coshx =sinhx :>Gen.:>d—coshu =sinhu -du

dx dx
(3) d—tanhx =sech?x :>Gen.:>d—tanhu =sech?u -du

dx dx
(4) d—cothx = —csch? x :>Gen.:>d—cothu — —csch?u -du

dx dx
(5) dd—sechx =—sechx tanhx :>Gen.:>dd—sechu =—sechu tanhu -du

X X
(6) o?_xCSChX =—cschx cothx :>Gen.:dd—xcschu =—cschu cothu -du
PROOF:

d . d e*—e™ e¥+e
(1) —sinhx = = = cosh x

dx dx 2 2
<3>dd—tanhx :dd [ex —e:x]:(e +e 7 )(e +((a‘x)—(_ex)2—e‘ )e” —e™")

X X eX +e e* +e

@ +2+e)—(@* +2+e7¥)
e* +e™)?
4 2

@ +e ) TeX e

—sech?x
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dy

Exam :Find — to the functions :

dx

1] vy =tanh(x ?)

y'=2x sech?®(x ?)

E y :esinh3x

y ' =e"¥* .cosh3x -3
y =Ln(1+cosh4x)

, _ 4sinh4x
1+ cosh 4x

y = (cschx)™™

Lny =Ln(cschx)

Lnx

=Lnx -Ln(cschx)

1, —cschx cothx  Ln(cschx)
—y'=Lnx - +
y cschx X
y'=y[Lnx -—cothx + Ln(cschx)]
X
y ' =(cschx )™ [-cothx -Lnx + Ln(cschx)]
X

HYPERBOLIC TRIG. FUN. INTEGRATION :

(

(2
(3
(4
(5
(6

1) [sinhu -du = coshu +C
Jcoshu -du =sinhu +C

[sech?u -du = tanhu +C

)

)|
)|
)|
)|

csch?u -du = —cothu +C

[sechu tanhu -du = —sechu +C

[ cschu cothu -du = —cschu +C
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1] _[cosh 7xdx =%sinh 7X +C

2] jtanhx sech?xdx :%tanhzx +c

3] jsn}hiﬂdx = cosh(Lnx ) +¢

INVERSE HYPERBOLIC TRIG. FUN.

(1) sinh™(x)=Ln(x +vx?+1)
(2) cosh™(x)=Ln(x +vx*-1)

1y 2 L dtX
(3) tanh (x)_2Ln(1_X)

ey Lint *L
(4) coth (X)_ZLn(x _1)

14++1—x2

(5) sech™(x)=Ln (T)

2
(6) csch™(x) = Ln(#)
Proof :
7) Let w = sinh™1x

x = sinhw
eW_e—W

X =
2

2x = e —e ™ , By multiply two sides by e%
e?V —2xe¥ —1=0
w_ 2XF J4x2 — 4(1)(-1)

¢ 2(1)
W 2x F2Vx2 + 1
e ==
2
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eV =x+x2+1
w=Inkx+yx2+1)
~sinh™lx = In(x +x%2 + 1)

3)Let w =tanh™lx

x = tanhw

eW_e—W

eW+e W

xe" +xe ™ =e% —e ™™ , By multiply two sides by e"

xe?W +x =e?¥ —1

xe?W —eW=—x—-1-e"x-1)=—-x—-1
—-x—-1
eV =
e
X
eV =
1—x
1+x 1 1+x
2w = ln(—) - w =—ln(—)
1—x 2 1-x

o tanh™1x = lln (1 il x)
2 1—x

Some rules :

csch™(x) = sinh-l(xi)
1 1,1
sec h™(x) =cosh (;)

coth™(x ) = tanh™* (Xi)
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Proof :
7) Let y = sinh‘li
, 1
sinhy = o
cschy = x

y = csch™1x

_ 1
. csch™lx = sinh ™"

INVERSE HYPERBOLIC TRIG- FUN- DERIVATIVE :

d 1 du
(1) —smh 'u)= — ™
(2) d—cosh u)= = j)l:
(3) :—Xtanh‘l(u)=1_luzj—;
(4) :—Xcoth‘l(u)= _1u23—)‘:
(5) dd—sech‘l(u)—uﬂg)l:
(6) C:jl—xcs chl(u):‘u‘mgi
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Proof :

1) sinh™x = In(x + Vx2 + 1)

1 2x

(sinh~1x) = 1+
x+\/x2+1( 2\/x2+1)
S 1 Vx?+1+x

(sinh™'x)' =

P o A= B

~ (sinh™1x)" =

The proofof2,3,4,5and 6 is Home Work

x2+1

exam :
1) y =sinh™(3x)
. 3
J1+9x?
2) y =cosh™(e*)
,_ €&
a e® —1
3) y =sech™*(Inx)
. -1
X Inx+1-In?x
4) y =(coth*(e™))°
' =5(coth e )L —yr ]
1-e
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INVERSE HYPERBOLIC TRIG. FUN. INTEGRATION :

du . u
1 =sinh (=) +C
< >I\/a2 +u’ (a)
du u
2 =cosh™(=) +C
I Q@
N gtanh‘l(ug)
<3,4>jaz_u2 =17 : +C
~coth™(=)
La a
(5) [——= = —Lsecn ¥ 4c
u\/a ~u® a a
(6) j\u\ '—a — ——lcsch 1—+C
exam
1) IW Lginn- '(2x)+C
+ 4X
= sinh- (—) +C
Ix/9+16x
3) Il—e dx =tanht(e*)+C
) Igﬂxxz _Lianh X 4c
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1] if sinh(x)=>, Find tanh(4x)

Hlw

2] if tanh(x):_?4 , show that : sinh(x)+cosh(x):%

E Find the value of cosh(In4)?

] Evaluate :
2 (ain-1
I%X Icosh(tan Xy j sech’ (e | jcsch (sin™x)y
sinh”® 2x 1+x 2 \/1—7
X +1
Icsch\/x_ coth/x " IseCh()t nh( ) N
VX ’ (x ~1
Find y' to :
y =(10)®"™0 -y —sechi(tanx) , y =e e
@ Evaluate :
[ [
4—X2 , X /4_X4
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