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Lﬁ& ] Unit 2 - Differentiation (Exercise 2.5)
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EXERCISE 2.5
Q.1 Differentiate the following trigonometric functions from the first principle.
(i) sin 2x
Solution:
Let y =sin2x

Taking increments both sides,
y+0y=sin2(x+06x)
Sy =sin(2x+25x)—sin2x

Sy 2cos{2“23“2"}111[%””_%}

2

Sy = 2cos(2x+06x).sin Sx
Dividing both sides by * 5x’
sinox

oy _ 2cos(2x +5x).
ox OX
Taking limit as ox —0
lim(s—yz lim {2cos(2x+§x)

ax—0 5x dx—

sinox
oXx

ax=0  Sx

& 2cos(2x+0).1 [ lim Jox =1}
dx
@&

=2cos2x

dx

(ii) tan 3x

Solution:
Let y =tan3x
Taking increments both sides
y+8y =tan3(x+6x)

Sy =tan(3x+35x)—tan3x
. sin(3x+36x) _ sin3x
- cos(3x+36x) cos3x

cos 3xsin (3x +35x) —sin3xcos(3x +35x)
cos 3x.cos(3x +35x)
) 51n(,3'f+35x—,%§)
W= cos 3x.cos(3x +35x)
sin30x
cos3xcos(3x+35x)
Dividing both sides by ‘ 6x°’

oy=

oy=
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Uhit- 2 Differentiation

(iii)

Sy 1 3sin(36x)

S5x C05(3X+3§X)COS3X' 30X

Taking limit as 6x —0
lim 5—y = lim 3‘ Jdim Sin S0 = 3
x>0 §x o0 cos(3x+35x).cos3x #0 35x  cos3xcos3x

e 3sec? 3x
dx

sin2x+cos2x

Solution:

(iv)

Let y =sin2x+cos2x
Taking increments both sides,
y+6y =sin(2x+26x)+cos(2x+26x)

Sy =sin(2x+26x)+cos(2x+25x)—sin 2x—cos 2x

oy = [sin(Zx +26x)—sin 2x] +[cos(2x +28x)~ cos2x:|

. 2x+20x+2x) . (2x+26x-2x [ 2x4+28x+2x) . [ 2x+20x—-2x
Oy =2cos 5 sin 7 +| —2sin T sin —

Sy = [2 cos(2x+ &x)sin é'x] —[2sin (2x+6x)sin é'x]
Dividing both sides by “ 6x’

sinox sinox

Q=2cos(2x+5x). —2sin(2x + 6x).
ox ox ox

Taking limit as 6x — 0

lim ) lim cos(2x+ &x) lim sm\é‘x —2limsin (2x+6x) lim glox
ox0 Fx Sx—0 dx>0  ASx Sx—0 sx0  Ax
lim 2 = 2cos(2x +0).1- 2sin(2x+0).1

dx—0 Sy k

ﬂ=200$2x—25in2x

dx

cos x*

Solution:

Let y =cosx’
Taking increments both sides,

y+5y=c05()~<+5x)2

5y = cos(x+6x)’ —cosx®

; 2 2
(gy=_zsm(w]5m [(—HF)—}
2
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Unit— 2 Differentiation

2 2

Dividing both sides by * ox’

5x(5x+2x)}
> 2
=-2sin x2+bi+x5x sin 2 .(5X+2X)
2 §x(5x+2x)] 2
2

Taking limit as 6x —0

[5x(5x+2x)]

2 2 ox+2
lim 5y =-2limsin| x>+ e +x0x |lim sin lim (6x+2x)
Sx-—0 §X Sx—0 2 Sx—0 5)((5)( + 2)() Sx—0 2
2
lim 5_y = —2xsin(x2 + 0).1
ox20 &x
@ —2xsin x*
dx
(v) tan’x
Solution:

Let y=tan’x
Taking increments on both sides,
y+38y =tan®(x+3x)

Sy =tan’(x+06x)—y

Sy = [tan(x+5x)]2 —(tan X)2

Sy =[ tan(x+6x)+tan x || tan(x+5x)—tan x |
( [ sin(x+6x) sinx}

5y=[tan x+5x)+tanx] o {45%) .

5y=[tan(x+§x)+tanx]

_sin(x+5x)cosx—cos(x+5x)sinx
cos(x+dx)cos x

sin(x+6x—x) 1
_cos(x+5x)cosx_

5y=[tan(x+5x)+tanx]

sin ox

5y=|:tan(x+5x)+tanx:|

_cos(x+5x)cosx_
Dividing both sides by ‘ 6x’

5y 1 sinox
5x_[tan(x+5x)+tanx](ﬂos(ﬁc‘?x)cosx]' %
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Unit— 2

Differentiation
Taking limit as 6x —0
limﬁ—yz lim tan(x+5x)+tanx:' lim 1‘ lim il
x>0 §x  Sxo0 Sx—0 COS(X + éx) cosx |6x>0 Sx
. 2tan x. (1)
dx cos’ x
Q = 2tan xsec’ x
dx
(vi) Jtan x
Solution:
Let y=+/tanx
Taking increments on both sides,
y+Jy=Jtan(x+5x)
Sy =,/tan(x+6x) -y
Sy = Jtan (x+0x) —Jtan x
[ + A/t
I:\/tan x+5x \/tanx] Jan ) i
JJtan (x+6x) ++/tanx
_ tan(x+Jx)-tanx
Jtan(x+§x) ++/tan x
Dividing both sides by “ 6x’
Q_ 1 isin(x+5x)_smx
6x  Jtan(x+ox) ++/tanx | 5x cos(x+0x) cosx
Sy _ 1 iusin(x+6x)cosx—cos(x+§x)sinx
ox Jtan(x+5x)+Jtanx ox| cos(x+dx)cosx
Sy 1 1| sin(x+8x-x) |
Sx Jtan(x+ 5x) ++tanx Ox| cos(x+5x)cosx |
oy _ 1 1] sinox ]
ox Jtan(x—i— 5x) + Jtanx 6x _cos(x+5x)cosx_
Taking limit as ox —0
lim o lim L lim — . Sihdx
o0 X x>0 Jtan X+ 6x) ++/tan x 90 5x| cos(x +x)cosx
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Unit— 2

Differentiation

dy 11
dx 2tanx cos’x

dy _ sec’ x
dx 24tanx
(vii) cos/x
Solution:
Let y= cos\/;

Taking increments on both sides,

Y40y =cos\Xx+0x
Oy =cos\x+5x—y
5y=cosdx+5x—cos\/;

Oy =-2sin X+5;+J;sin X+§2X_J;

Dividing both sides by * dx’

ol \)x+5x—\/;
Sy - (Jx+§x+\/;) 2
=-2sin :
X 2 Ox
OX=X+0x—Xx
- () ()
= (Vx+ o +Jx ) (Vxr ox =)
[dx+5x+&]sin[xjx+§x—\/;]
§_y=_sin = =
ox \/x+5x+\/; Jx+§x—\/;
2
Taking limit as ox —0
\/x+5x+\/; sin \/X+§X—\/;
" Sy — 2 . 2
im — =—lim sin im
z‘ix—>05x dx—0 '\/X+(5X+‘\/; dx—0 ‘\/X+§X“'\/;
2
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Differentiation

—sin[&]
dy__ \2)

dx 2\/;

dy sin \/;

ax 24x
Q.2 Differentiate the following w.r.t. the variable involved.
(i) x’ sec4x
Solution:

Let y=x"sec4x

Differentiate w.r.t “x”

ﬂ‘—yzi(x2 5ec4x)
dx dx

d d
= a(sec4x] + sec4xa(x2)

=x’ [sec 4xtan 4x.4] +sec4x(2x)

=4x’ sec4xtan 4x + 2xsec4x

% = 2xsec4x(2xtan4x+l)
X

(ii)  tan’@sec’d
Solution:
Let y=tan’@sec’ &

Differentiate w.r.t “@”
ﬂzi(tmﬁﬂseczﬂ)
dé do
3 d 2 2 d 3
=tan 6’—(sec 9)+sec 9—(tan 9)
do do
= tan’ 9.[25ec€.(sec9tan6')] Jrs'ecz6’[3tar12t9.soz'c2 6’]

=2sec’ Atan* @ +3tan’ Osec’ @

@ _ sec’ ftan’ 9(2(&1‘12 6 + 3sec’ 9)

(i)  (sin26-cos36)’

Solution:
Let y =(sin26-cos 39)2

Differentiate w.r.t “@”
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Differentiation

— = i(sin 20 -cos30)’

=2(sin260— cosBB)j—Q(sm 20 —cos30)

% = 2(sin 26 —cos36)[2cos 26 + 3sin 36|

(iv)  cos \/; ++/sin x

Solution:
Let y= cos\/;+ Jsin x
Differentiate w.r.t “x”

b _ 4 cosx +5inx)

dx dx

— —sinJx 1 5 (cosx)
ZJ; 2Jsin X
Q B -sin\/; ) CoS X
dx 2\/; 2Jsin X
Q.3 Find d_y if
dx

(i) V= X005y
Solution:

y =XC0SYy

Differentiate w.r.t “x”

dy _d
dx dx

dy . dy]
— =x| —siny—= |+cos y(1
dx X[ 1 ydx y( )

(xcosy)

dy . dy
— + xsin y—= = cos
dx ¥ dx 4

(1+ xsiny)% =Cos y

dy ~ cosy
dx 1+xsiny

(i) x=ysiny
Solution:
X=ysiny

Differentiate w.r.t “x”
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Unit— 2

Differentiation

Q.4
(M)

d d :
a(x] = a(ysm y)
dy

dy .
— +sin y—
dx 4 dx

. ydy
e’ P
(ycosy+siny) -

1=ycosy

@ 1
dx ycosy+siny

Find the derivative w.r.t “x”,

1+x
1+2x

Ccos

Solution:

(ii)

1+x
1+2x
Differentiate w.r.t “x”

Let y =cos

Q_ECOS 0 x

dx  dx 1+ 2x

,\]1+x d [1+x
=—sin —_
1+2x dx V1+2x

——sm\/“)‘ 1\/1+2xi( 1+xJ
- 1+2x 2V 1+x dx\1+2x
\]m 1 \/mx {(nmu)—(nx)(z)]

1+2x 2\ 1+x (1+2x)’
__Sin\/ux 1\]1+2x (1+2x-2-2x)
- 1+2x 2V 14x | (142x)

. [1+Xx
s
dy _ 1+2x

3
dx 241+ x (1+2x)>

L1+ 2x
51111’
1+x

Solution:

1+2x
1+ x

Let y=sin

Differentiate w.r.t “x”
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Unit— 2

Differentiation

dy df| . [1+2x
— =—1sin
dx dx 1+x

\/1+2x d [1+2x
= C0Ss i
1+x dxV 1+x

_COSJ1+2x l\/1+x d (1+2x
T+x 2V1+2x dx\ 1+x

1+x 2V1+2x (1+x)2

dx 1+x 2V1+2x (1+x)2

1+2x
cos
Q 14+x

= 3
& o fivax.(1+x)2
Q.5 Differentiate
(i) sinx w.r.t cotx

Solution:
Let y=sinx, and t = cotx

We have to find d—y
dt

y=sinx

Differentiate w.r.t “x”
d :

Y _ cosx AAT)

dx

also t = cot x

Differentiate w.r.t “x”

H_ —cosec’x ...(ii)

dx

Applying chain rule on equation (i) and (ii)
dy dy dx

dt dx dt

i )
— = COS X. 5
dt cosec x

d :
D _ _cosxsin® x
dt

(i)  sin’x w.rt cos’x
Solution:

dy \j1+2x 1\/1+x [2+2x12x
— =Co0s =

_ms\/1+2x l\jl+x [(1+X)(2)—(1+2x)(1)}

|
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Unit— 2

Differentiation

Let y =sin’x and t = cos* x
We have to find @
dt

y =sin’ x
GG L5

Differentiate w.r.t
dy

=2sinxcos x...(1)
also t = cos” x
Differentiate w.r.t
dt :
— =4cos’ x(—sinx)
dx

GG?

dt :
= —4sin Xcos’ X ..

(ii)
X

Applying chain rule on equation (i) and (ii)
dy _dy ax
dt dx dt

"J’ _ 7 sirr¥ cos.

Q = Lot x
dt 2

/-f,sm/cos

Q.6

Solution:
tan y(1+tanx)=1—tanx

If tany(1+tanx)=1-tanx, Show that

b4
tan ——tan x

tany = =
1+tanz.tanx

tan y = tan L~
4

::>y—£—x
4

ii b

Differentiate w.r.t
L S

dx
Alternate method:
1—tan x

1+ tan x

=tany=

dy

dx

=-1

'.'tan£=1
4

tan o —tan

- tan (o — —_—
1+tanatan 8

B)=
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Uhit- 2 Differentiation

Differentiate w.r.t “x”
1+tan x)(—sec” x)—(1—tan x)(sec” x
seczyﬁz( ) ) ( : ) )
dx (1+tanx)
2 2 9 2
(1+tan2y)d_y:—sec X—sec Xtarlx—sec2 X-+sec xtanx
dx (1+tanx)

1+(1—tanx]2]ﬁ_ —2sec’ x

1+tanx dx (1-|—'[,';1n)()2

(1+taHX)2+(1“tElI'1X)2 dy —2sec’ x
(1+tanx)2 dx (1+t.‘:1nx)2

1+2tanx+tan’ x+1-2tanx+tan’x |dy = —2sec’x

(Lotarx) X (1ytary)

2(1+ tan’ x)j—y ==Deop" ¥

X
2sec’ xd—y =-2sec’ x
dx
Yy__,
dx
dy 2
Q7 Ify= \/tanx+\/tanx+\/tanx+...ao , Prove that (2y—1)d—=sec X
X

Solution:

yz\/tanx+\/tanx+\ltanx+...oo

Squaring both sides,

y* =tanx+ Jtan X ++/tan+...0

y2 =tanx+y
Differentiate w.r.t “x”

2yQ =sec’ x+d—y
dx dx

dx dx

—sec’ x

dy 2
2y-1)—=
(2y )dx sec’ x

Hence proved

Q.8 If x=acos’d,y=bsin’#, Show that a?+btan9=0
X

Solution:
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Unit— 2

Differentiation

x=acos @

Differentiate w.r.t “@”

gx =—a [3c052 @sin 6‘]

de

dx 2 e .
—=-3acos” #sinf ...(1)

and y = bsin’ @

Differentiate w.r.t “@”

L4 = 13[35111Z 6 cos 49]

dé

H_ 3bsin?@cos b ...(ii)

de

Applying chain rule on equation (i) and (ii)
dy _dy do

dx doO dx

& Absin® 6C059.+
dx Aacos’Osin @
d_y B —bsin@

dx acos@

uQ =—btan@

dx
a Q +btan@d =0
dx
Hence proved
Q.9 Find j—y if x=a(cost+sint), y=a(sint—tcost)
X
Solution:

X =acost+asint
Differentiate w.r.t “t”

dx s

— =—gsint+acost

dt

dx : :

— =afcost—sint)...(i

= ( ). (D)
And y=asint—atcost
Differentiate w.r.t “t™

o _ acost —a[-tsint +cost|

dt

% =,a-eo§+arsint—,a.eoﬁ

dy : "

——=qtsint...(1n

4t (i)
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Uhit- 2

Differentiation

Applying chain rule on equation (i) and (ii)
dy _dy de

dx dt dx
Y _at sinf——

X a(cost —sint)
dy _ tsint
dx cost—sint

Q.10 Differentiate w.r.t. “x”,

(i) cos™ [5]
a

Solution:

Let y=cos ' (ﬁj
a

Differentiate w.r.t “x”

dy -1

dx  Jai?—x*

(i) corl[fj
a

Solution:

Let y=cot™ ( XJ
a

Differentiate w.r.t “x”

&__ -t E[EJ
dx [ ]2 dx\ a
1+

o | =
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Differentiation

-a 1

T @+xa
dy a

dx  a’+x

Solutlon.

1
Let y =—sin' (E]
a X

Differentiate w.r.t “x”
dy 11 [“_“

dx_a@
A )
dx ;{m X
v 8
dx xm

(iv) sin'y1-x°
Solution:

Let y=sin"'y1-x’
Differentiate w.r.t “x”

< SN S o
dx l—(\/l—_x)z dx

- 1 1(—2x)
VTR N I
1 K
A e

dy -1

dx J1—x2

&l
s et 2
) {xz—l

Solution:
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Unit— 2

Differentiation

2
X +1
Let y=sec

Differentiate w.r.t “x”

x* -1

dy 1 d(x+1
dx[xz"'lJJ[xz'HT—l dx\ x* -1
x* -1
_ X -1 (xz—l)(zx)—(xfn)(zx)
(xz+1)\}x“+2x2(+1—x;2+2x2—1 (xz—l)2
x*—1

x* -1 2% — %2 —2%

2x 2
(x2+1)xzi1 (xz—l)

dy  —4x
dx 2x(x2 +l)

d_y_ -2
dx  x*+1

: 4 2x
(vi) cot [1 2]

—X

Solution:

2x
Let y=cot’
4 [Hz)

Differentiate w.r.t “x”

dy _ =1 i( 2x J

dx [ 2x T‘dx 1-x*

1+ 3

1-x

g ()@@

- 4x> 1— X2 2
1 X
+1+x4—2x2 ( )

B -1 2= 2x% +4x
1+x*—2x° +.4x2' (1—x2)2
1+ x* —2x*

(1+x4—2x2) g IR S
1+x* +2x° '(1—x2)2
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Differentiation

1-x°
vii) cos'| ——
(vii) [1+x2]

Solution:

Let y= cos"'(

Differentiate w.r.t

dy

1

~1

1+x°

13 1’

a:
1-—

o |

1_X2 2 dX
(1+x2]

(1+ xz)(—Zx) —(1— X )(2X)

d(1-
1+

X2
XZ

1+ x*—2x°
-0
1+ x" +2x

(1+ X’ )2

dy__(M). —2x2% —2x 325"

de  ax® (1+x2)°
_—1 —4x
2x 1+ x°
d_y_ 2
dx 1+x°
Q.11 Show that ¥ =Y Ify—tan_l[x)
dx x X y
Solution:
Z:tan“(f]
X y
y:;«:tan'li
y

Differentiate w.r.t

G‘ 1

d_y: d —tan~ —+tan"£i(x) tan X =Y
dx  dx y y dx ¥y X
_— 1 d( ] y(l)
x* dx
T
¥
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Unit— 2

Differentiation

dy _ xy X dy.y
dx X+y’ X +y25 x
dy+ X dy XY .Yy
X
2

dx x+ydx X’ +y

dy X)X y+y(x +y )
X +y? x+y

dy[X/;/%{j yM

dy_y
dx x

Q12 If y= tan(pt::ln"l x), show that (1+ xz)yi - p(l+y2)=
Solution:

y = tan (p tan"’ x)
—tan"' y=ptan " x
Differentiate w.r.t “x”
d oy d .
—(tan™ y)= p—(tan™" x
(™ y) = p——(tan"'x)

1 dy 1

=P

1+ y? dx 1+x

L (n)=—L, 2y

1+y 1+ x
(1+X2)y] = p(1+y2)
(1+x2)yl —p(l+y2)=0
Hence

proved.
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Chapter-z Differentiation

DERIVATIVE OF EXPONENTIAL FUNCTION:
1) Let y=¢"
X+0X

y+oy=e
+0.

X+0X _,,

§y=ex.e5X—eX

oy =ex(e§x -1)
Sy X eb‘x_l
ox OX

ox _
lim 5—)’ =eX lim & 1
Oox—0 x ox—0 Ox

d—y=exxlne
d

X

oy=e

=eXxl

(2 Let y=a*

lim Q:ax lim il -~ lim & ml=€na
ox—0 ox ox—0 oOx ox ox

& _ a*.Ina
dx

%(ax) =a*lna

DERIVATIVE OF THE LOGARITHMIC FUNCTION:
3) Let y=Inx

y+0y=In(x+o6x)

oy =In(x+x)—y

Sy =In(x+d6x)-Inx
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Chapter-z

Differentiation

O

§y—ln[x+5X]

X

5y=1r1(1+§]
X

@ =1i1n(l+%]
ox Ox X

2 =l.iln(1+é—x]
oX X OX X

Sy 1 n(1+§]§x
ox X X

lim oy = 1ln[lim [1+6X)§)}
ax—0 (Sx X dx—0 X

Let y=log, x
y+6y=log, (x+6x)

Sy =log, (x+5x)-y

Sy =log, (x+5x)—log, x

5y=logu(x+§x]
Q:,iloga{H@)
0X 0X X
5_y:lil ga(]‘+5_J
0xX X OX X
é_yzllga[l Q]b‘x
X X X

‘. fogm—fogn = fog i
n

]im[l+i) =g
n—»oe n

cfne=1
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Chapter-z Differentiation
dy 1 1 1
dx  x log,a " xIna
d 1
—(log, x) =
dx( 8 %) xlna

DERIVATIVE OF HYPERBOLIC FUNCTIONS:

(1)
(2
3
@
)
(6)

Proof:

(1)

(2

— (sinh x) = cosh x

d :

— (cosh x) =sinh x

dx

i( tanh x) = sech® x
X

d >

d—(coth x)=—cosech” x
X

di(sech x) = —sech xtanh x
X

di(cosech x) =—cosech x coth x
X

Let  y=sinhx

Y= >

Differentiate w.r.t ‘x’
d l d

2o
dx 2 dx

d—(sinh x) = cosh x
X

Let  y=coshx
e'+e”
2
Differentiate w.r.t ‘x’

dy 1[d;,
d—i=—{a(e +e ):|

%[ )

(cosh x) sinh x
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Chapter-z Differentiation

(3) Let y=tanhx
B e}( _e—x
e"+e”
Differentiate w.r.t ‘x’

dy_dfe-e
dx dx| e +e™
d d
(e" +e"‘)d—(e" —e"")—[e" —e")d—(e* +e"‘) ) (e” +e"‘)(e"+e"’)~(e" _ex)(exﬁe—x)

X X _
. 2
(e"+e"‘) (e"+e"‘)

e +e +2—(ez" +e " — 2)
2
(e" +e"")

:’e,2x+,e;—2x+2_g2.r_’e;—2x+2

i(tanh x) = sech’ x
dx
4) Let y=cothx
B e +e
e“—e

Differentiate w.r.t ‘x’
dy _d [e" +e* J

dx dx|e*—e™

(e —e") S (erre)—(e +e™) < (e —e™)
()

_ (e" —e"‘)(e"’ —e"‘)—(e" _+ e‘”)(e" +e"“)
(=)

(e” —e"");z —(e" +e™” )2

(e
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Chapter-z

Differentiation

()

(6)

i(ccth x)=—cosech’ x
dx

Let y=sechx

B 2
4 e +e”
Differentiate w.r.t ‘x’

Reriy
dx dx\ e* +e*

v i 4 [ L
d_y:2 (e +e )d—(l)—ld—(e +e )

X X
2
dx (e" +e"‘)

dy ) 0—(9" —e"‘)
dx (e"ﬂz"‘)2

= —ZW(e" —e‘”)

__[e“—e"‘J 2
e (e" +e"‘)

i(s.ech x)=—tanh x sech x

dx
Let  y=cosechx
2
y = X —x
e*—e

Differentiate w.r.t ‘x’

d¥ el oy ot
a—zdx(e e )
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Chapter-z

Differentiation

e +e” 2

e —e " e*—e

4 (cosech x) = —coth xcosech x
X

Inverse Hyperbolic Functions

(1)

(2
(1)

sinh™ x:ln(x+\};~<2 +1)
cosh™ x =ln(x+\fx2 —I)

Let y=sinh'x for x,y e R then
sinh y = x
x =sinh y

e}" = e_)"
X =

(ey )2 —2x(e}')—1= 0
Which is quadratic in e”. Now we have
~(-2%)(-2x)" =4(1)(-1)
2(1)

_ 2x+4x* +4

2
2x+240x* +1

2

e’ =xtx*+1

As e’ is positive for y e R

e’ =

So e =x+yx*+1
]n(ey)z]n(x-i-\)x2+1)
y:ln(x+ x2+1)

sinh ' x = in(x+ Nb'S +1)
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Chapter-z Differentiation

(2) Let y=cosh'x (forXE(Loo), ye(O,oo))
coshy =x
x =cosh y

e +e”

2

2x=e’ +e”’

X

1
2x=e"'+—
e)’

e’ +1
eJ"
2xe’ =e”’ +1
e’ —2xe’ +1=0
(e}’)2 - 2x(e~")+1= 0
Which is quadratic in e”, then we have
(=20 %(-2x) -4(1) (1)

° 2(1)

_ 2xt+4x* -4
- 2

_ 2xE2yx* -1
=

=x+yx*-1

As €’ is positive
S0 € =x+yx’-1
ln(ey) :ln(x+ x* —1)
y= ln(x+\/x2 —1)
cosh™ x = ln(x+ VX —1)
DERIVATIVE OF INVERSE HYPERBOLIC FUNCTIONS:
d 3 _1
1) —{sinh™" x)=
dx ( ) V1+x°
1

() a‘i(cosh‘I )=

2x =

X e |
d _l - ].

3) a(temh X)_l—xz
d a1

(4) a(coth X) = 1_X2
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Chapter-z

Differentiation

T
(5) d—(sech x)—

X x\1-x°
d -1
(6) —(cosech™ x) =
dx ( ) xvV1+x°
Proof:
(1) Let y=sinh'x
sinh y = x

Differentiate w.r.t ‘x’
i(sinh y)= i(x)
dx dx

dy
hy—=—=1
cosh y i
dy 1
dx coshy

dy _ 1

dx [i+sinh?y
dy 1
dx \/1_,,7
(2) Let y=cosh'x
coshy=x
Differentiate w.r.t °x’

j (coshy)= %(x)

dx

2 dy

sinhy—=1
% dx

dy 1

dx sinhy

dy. . 1

dx Jcosh® y—1

i(t:cash'1 x) -

dx x’ -1

(3) Let y=tanh'x
tanh y = x
Differentiate w.r.t ‘x’

d d
£ (tanh v) =%
gev e r)= g )
d_,

X
dy 1
dx  sech’y
dy 1
dx 1- tanh® y

(cosh2 y =1+sinh? y)

(sinh2 y=cosh’y —1)

sech’ y

-+ sech? y=1- tanh? y

d = —
a(tamh l,"()— 1—x
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Chapter-z

Differentiation

@

)

(6)

Let y=coth'x
cothy=x
Differentiate w.r.t °x’
i(cothy) = i(x)
dx dx
—cosech’ yd—i =1

dy__ 1
dx —cosech®y
dy -1

dx coth? y—1
N

" 1—coth?y

2

di(coth"x)z 1

X 1-x

Let y=sech'x
sechy = x
Differentiate w.r.t ‘x’

d d

£ (sech y)=—

dx (sec Y) dx(x)

—sech y tanhyd—y .
dx

&___ 188
dx sech ytanh y
So d_y =— 1

dx  sech le— sech’ y
d 1]
—(sech'1 x) ==
dx xy1-x2
Let  y=cosech e

cosech y = x
Differentiate w.r.t °x’

%(cosech y)= %(x)

—cosech y coth y b_ 1
dx

&
dx cosech ycoth y

msech2 Y= coth2 y—1

- tanh > y= 1—sech? y

coth2 y=1+ ccosech2 y

i(cosech‘1 x) =— L

dx cosech y‘\/l+cos.ech2 y
d 1

2 (cosech™ x) = ———u

dx(c sec x) Joe
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