Derivative

In Mathematics, the derivative is a way to show rate of change of a function y
(let, y = f(x) ) with respect to some other variable (x).

) dy ~a ~__ d Y _
It is denoted as——=—y= dxf(x) =f'(x) =y,

dy .
d—i’ isread as —“d dx of y”.

Remember that -

dy :
2. disanoperator.dy #d Xy

:«': x—i—ﬁ.x 3

Let y = f(x) be a continuous function and the co-ordinate of point P on the
graph be (x, f(x)).

Let x now change by an amount Ax. The new x co-ordinate is x + Ax.

As y = f(x) so the value of y will depend upon x. So, any change (Ax) in the
value of x, will result a change in the value of y. Let it be Ay. So, the new value of
yisy + Ay = f(x + Ax). The point Q shows the new position.

Ay _ fOHAD)—F(x)
Ax Ax

The quotient is known as Newton quotient, or the difference

qguotient.

dy I Ay
dx a0 Ax
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So, derivative of y with respect to x is the rate of change of y with respect to
infinitesimal change of x.

d_y — llm A_y — llm f(x+Ax)—f(x) — llm f(x+h)—f(x)
dx Ax—0 Ax Ax—0 Ax h—0

where Ax = h

(2) = 1im flath)~f@ _ . f@-f@
X=a

dx h—0 h x-a x—a

[Leth=x—a.h->0=>x—a—->0>x—->a]

Formula Table: cscis the short form of cosec.

d . d , . . .
— (x™) = nx™" ! where n rational E(sm x) = cosx [x in radian]

d . . . d 2 . .
E(cos x) = —sinx [x in radian] E(tanx) = sec” x [x in radian]

d . . d . .
a(cotx) = —csc? x [x in radian] a(secx) = secx tanx [x in radian]
d _ , d

— (cscx) = —cscx cotx [xinradian] —(e%) = e*

dx dx

i(a")=axlog a [a> 0] i(log x)=l [x # 0]

dx e dx e *

~{c f)}=c-—{f @)}

d
— (c¢) = 0 [c constant]
ax [c constant]

wtvtwt )_du+dv+dw+ d _av du

o EVEWE ) = W=t

u dv

d du dv dw Ly ==

—(uww) =vw - —+uw - —+uv - — i u Vo T Y I
dx dx dx dx = >
dx \v %

d , . _ 1 d _ 1
a(sm 1x)=m (Ix] <1) a(cos 1x)=—m (|x] <1)

1
1+x2

1
1+x2

2 tan—1 x) = _ 2 cot~1x) = — _
dx(tan X) = (—o<x <o0) dx(cot x) = (—o<x < )
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1
xVx2-1

%(Csc_lx):— (|X|>1) %(Sec_lx): (|X|>1)

1
xVx2-1

Chain rule:

If y = f(u) and u = ¢(x) then

d du _ df d¢

== E —E{f( )}——f() = =7

Note: As y is a function of u, so we can’t make derivative of y w.r.t. x directly.

Derivative from parametric equation:

If y = f(t) and x = f(t), then

ay
dy _dy dt ac _ f1@®
ool (chainrule) = 4> = 50

dat

Example — 1: Find the derivate of following with respect to (w.r.t) x or find %

i. log (tan g)

5x

+ sin?(2x — 3)

1 —x2

iii. logginysSecx + 10%2

sinx

iv. X

v. x¢

vi. (logx)cos*
vii.  10% - x10
viii.  x* 4+ (sinx)*

ix. (tanx)c°'* + (cotx)tanx
X. [(tanx)@nX]tanx gt y = %
xi. x¥=y*

xii. xY-y*=1
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xii. x3y* = (x+y)’
xiv. x¥+y*=a

xv. y¥=e¥™*

xvi. (cosx)¥Y = (siny)*

xvii. xy = tan(x + y)
4
xviii. y =ex
xix. yeY =x

xx. SNy 4 ysinx =1

. x...w
xxi. y=x*

. 1
Xxil. y=x+ 1
x+

X+++00

2

i IfV1—x%+ 1—y2=a(x—y)thenshowthat3—i:= el

1—x2
__ 1+sin6f+cos 6
1+sin6—cos O

L __9

1-cos@

i. Ify

d
then show that ﬁ +

sina

o v _
iii. Ifsiny = xsin(a + y) then prove that dx  1—2x cos atx?

iv. If yvx2+ 1 =log(vVx%+ 1 — x) then show that (x? + 1)% +xy+1=

0

a bx cx? dy

v. If y=1+ T = (—D) + D)D) =) then show that =

Z( a n b n c )
x \a—x b—x c—Xx

vi. If x =secH —cosf and y =sec™ 8 — cos™ 0, then show that (x? +

H(L) = n2? + 1)

at+x

vii., If f(x) = (—

b+x

)a+b+2x

then show that f'(0) = (2 log% 4 bza_baz) (%)a+b

Solutions of 1:
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(tan x)©°t* + (cotx)tan*
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If yVx2 + 1 = log(Vx2 + 1 — x) then show that (x? + 1)3—3: +xy+1=0
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