Week # 06

bdiDifferentiation, Rules of Differentiation
P dlDerivatives of Algebraic Functions

Differentiation:-

The Process of finding Derivative is called Differentiation.

Derivative:-

The Instantaneous rate of change of dependent variable w-r-t
independent variable is called derivative.

OR
To find slope of a curve is called derivative.

First Principle Rule:-
. fx+Ax)—f(x)
m —————————————————

dy )
—_— 1
dx Ax—0 Ax

Questions:-

f) =x

Sol: —

fx) =x

Put x = Ax

flx+Ax) = x+ Ax
Using First Principle Rule

ay _ I f (x+Ax)—f(x)
-~ = lipm &=—— -~~~
dx Ax—0 Ax




Put — (i) & —» (ii) in —— {iii)
dy — lim (xx+Ax)—(x)
dx Ax—0 Ax
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Sol: —

flx) =x?

Put x = Ax

f(x + Ax) = (x + Ax)*
Using First Principle Rule

dy i f(x+Ax)—f(x)
ay im T B

» (iii)
dx Ax—0 Ax

Put —> (i) & — (i) in—— (i)

d ) x+Ax)%—(x)2
Y — lim ( )= —(x)
dx Ax—0 Ax

- (a+b)? =a*+b*+2ab

2 2 12
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. AxZ%42xA
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Ax—0 Ax

. Ax(xA+2x)
lim ———
Ax—0 Ax

dy = lim M(Ax+2x)

dx Ax—0 M

d
Y — im xA + 2x
dx Ax—0

Apply the Limit

f) =

Sol: —

fl) =x°

Put x = Ax

flx + Ax) = (x + Ax)®

Using First Principle Rule




ay _ li fx+Ax)—f(x)
= = |jm &=/

» (iii)
dx Ax—0 Ax

Put — (i) & —» (ii) in —— (iii)

3_(+)3
d_y= lim (x+Ax)°—(x)

i am A (a + b)® = a® + b3 + 3a*b + 3ab?
X—>

d i X)3+(Ax)3+3x2Ax+3xAx%—x3
dy _ lim (x)°+(Ax)

dx Ax—0 Ax

d_y= lim /+XA3+3X2XA+3XXA2—/

dx Ax—0 XA

dy . Ax3+3x%Ax+3xAx?
— = lim
dx Ax—0 Ax

d . XA’ +3x° + 3xxA
2= lim Ly )

dx Ax—0 )&

d
Y _ lim Ax2 + 3x2 + 3xA
dx Ax—0

Apply the Limit

dy_
dx

(0)2 + 3x2 + 3(0)




Sol: —

flx) =vx

Put x = Ax

flx+ Ax) = Vx + Ax

Using First Principle Rule

ay _ li fx+Ax)—f(x)
cd jm oA

> (iii)
dx Ax—0 Ax

Put —> (i) & — (i) in——> (iii)

dy . Vx+Ax —+x
—= lim ————
dx Ax—0 Ax

. Vx+VAx —A/x
lim
Ax

Itis % Form then by conjugate

Y _ lim Vx+Ax —\x . Vx+Ax +Vx

dx Ax—0 Ax Vx+Ax ++/x
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dx Ax—0 (xA)(\/x+Ax)+\/;

Y = lim Aex8 A
dx Ax—0 x& (x+ax) + Vx
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Now Apply the Limit
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f(x) =2 — 4x?
Sol: —

f(x) =2 —4x?

Put x = Ax

f(x + Ax) = 2 — 4(x + Ax)°

Using First Principle Rule

ay li fx+Ax)—f(x)
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> (iii)

Put — (i) & — (i) in—— (iii)
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dy . 2—4 X% +4Ax?+8xAx—2+4x>
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dx Ax—0 Ax

d_)’_ llm /Z/—A/{{—4Ax2—8xAx7Q/+A/{{

dx  Ax—0 AX

. —4Ax%-8xAx
= lim ———
Ax—0 Ax

_ llm M(—4Ax - 8x)
Ax—0 M

Y = lim (—4Ax — 8x)
dx Ax-0

Apply the Limit

2 = (—4(0) = 8x)

d
d_ic/ = —8x Ans.

fe) =1

Sol: —

1

f) =+

X

Put x = Ax

1
f(x + Ax) = x+Ax

Using First Principle Rule




ay _ I f (x+Ax)—f(x)
-~ = |jjp =——~ -~/
dx Ax—0 Ax

1 —
Ax—0 X(x+Ax)
Apply the Limit

dy __ . -1

1
dx Ax—0 x(x+0)

dy _ 7 -1

dx  Ax—0 x(x)

fx) =x++Vx

Sol: —

fx) =x++x

Put x = Ax




flx+ Ax) = (x + Ax) + Vx + Ax

Using First Principle Rule

ay _ I f(x+Ax)—f(x)
acd jm ——— )

> (iii)
dx Ax—0 Ax

Put — (i) & —» (ii) in —— (iii)

Y _ Jim (x+Ax)+Vx+Ax — (x+Vx)

dx Ax_)o Ax

d_y: lim /+Ax+\/x+Ax7/f\/;
AX

dx Ax—0

. Ax+Vx+Ax — Vx
lim

Ax—0 Ax

Apply the Limit
d . 0+V/x+0— +/x ol 0
2= lim - =>—)’V)K=>6
0

dx Ax—0

Itis % Form then by conjugate

W _ lim Ax++x+A0x —\x . Ax+Vx+Ax +Vx
dx  Ax—0 Ax Ax+Vx+Ax ++/x

Ay (A0 ( oo~

dx  Ax>0 (aAx)(Ax + vx + Ax + Vx)

ﬂ: lim Ax2+/+Ax—/

dx Ax—>0  (Ax)(Ax +/x+ Ax +\/;)

d .
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1
—=]liml+——
dx  Ax—0 Vx+Ax ++x

Apply the Limit

dy 1

dx 1+\/x+0+\/§

dy _ 1
dx _1+\/§+\/§

'MRules Of Differentiation:-

1. Power Rule:-

Example:

dy 1

ax :ﬁA S.

2. Sum Rule or Additional Rule:-




d _dg d
&[ (x) + g(x)] =i (x) + &g(x)

3. Product Rule:-

d d d
I [0 8(0] = f(x) —8(0) + 8(x) (%)

4. Quotient Rule:-

A [0 ] 860 g5 f09 — 09 800
dx [g(x) | (g())?

5. Constant Rule:-

d
&(C)=0

CIQuestions:-

Find the derivative of the following functions.

1. y=x2-5
Sol: —
y=x2-5
Differentiatew —r —t x’
d d
&(J’) = &(X =5)

dy d , d
xaxt Tax

dy
— = 2x —
Ix x—0

dy
dx

2. y=2x3+3x2—-12x+ 4




Sol: —
y=2x3+3x?—12x+ 4

Differentiatew —r — t ‘X’

d d 5 5
&(y) =&(2x +3x°—12x +4)

&y _d) A 409y
dx_dxx dxx dx x dx

d
—y=6x2+6x—12+0
dx

d
& _ 6x? + 6x — 12 Ans.
dx

3. y=x3+ax?+3x—1
Sol: —
y=x3+ax?+3x—1
Differentiatew —r —t x’

L) =L@ axz+3rad
dX(y)_dX(x ax X )

dy_d 3+d 2+d3 d1
dx_dxx anx dx x dx

d
—y=3x2+2ax+3—0
dx

d
Y 3x% + 2ax + 3 Ans.
dx

4, y= (x> =5)(x*+4)

Sol: —

y=x?-=5(x*+4)




Differentiatew —r —t ‘x’

d 4 s
) =TT+

Using Product Rule

dY_ 2 d 4 4 d 2
=@ 5)&(x T+ () 5)

dy _
——= (= 5)(4x%) + (x* +4)(22)

d
@ _ 4x% —20x3 + 2x5 + 8x
dx

d
@y _ 4x5 + 2x5 — 20x3 + 8x
dx

d
Y 6x> — 20x3 + 8x
dx

d
@ o_ 6x°> — 20x3 + 8xAns.
dx

5. f(x)= x§+\/§
Sol: —

f(x) = x;+\/§

Differentiatew —r —t ‘X’

d

d 3
—1(0) = — (X2 + V)

f’()—d +d
x_d dxx




-2

5 4
f(x) =x3+2x3 —3x3

Sol: —

—2

4
fx) = x% +2x3—3x3

Differentiatew —r — t ‘x’

4 —2
f(x)_—(x3+2x3—3x 3)

' d 5 d 4 4 =2
= — X 34— 3 - — 3
f =X +dx2x dx3x

f'(x) == x§_1+2( ) x__1

f' (X)——x3




5
- X
3

frx)=

, 5
f(x)=§x

4
y=Q@x—2)s

Sol: —

4
y=0CBx—=2)3
Differentiatew —r — t ‘x’

d d 4

—_ = — — 3

dx ) dx (3x—2)
Using Power Rule

dy 4 2 1.d
—_ = — 3 h__ -
=3 (Bx—2) = (Bx—2)

dy 4 4-3
_ = - —_ 3 —
3 (3x—=2)3 (3—0)

dy 1
—_—= — 3
= 4(3x —2)

dy 1
—_ = —_ 3
I 4(3x — 2)3 Ans.
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y=02x+3)3




Sol: —

=10

y=02x+3)73
Differentiatew —r —t ‘x’

d d —10
0 =72x+3)3

Using Power Rule

dy —10 =10 ;g
&—T(2x+3)3 &(2x+3)

dy —10-3

-10
T=C@x+3) 5 (2+0)

dy _ -10 -13
vl Okre (2x+3) 3

dy

—-20 =13
&=T(2x+3) 3

_ —13
? (2x+3)3 ans.

3
y = (x% + 2x + 3)2

Sol: —

3

y = (x* + 2x + 3)2
Differentiatew —r — t ‘x’

d d 3
el = — (x2 2
dx(y) e (x%+2x+3)

Using Power Rule




d 3.1.d
d_Z:E(x2+2x+3)2 1—(xz+2x+3)
dy 3-2
&z—(x2+2x+3)2 (2x+2+0)
dy 3

1
2 =2 (x2 2
== 3 (x“+2x+3)2 (2x+ 2)

dy 3 1
d_z =5 (% +2x +3)Z (2 +2) Ans.

Sol: —

X

y=1+\/§

Differentiatew —r — t ‘X’

_( )_ _(1+\/_)

Using Quotient Rule

dy (1+\/§)C§l—x(x)—(x)j—x(1+\/§)
dx (1 +Vx)?

m (T+Vx)1—x7 <1+(x)2>
dx (1 + V)2

dy (1+\/§)—x<0+% (x)%—1>
dx (1+Vx)?




ﬂ_(1+\/§)—x(% (x)¥)

dx (1 +Vx)2

(1+\/E)—x(% (x)‘%)
dx ~ (1+Vx)?

dy_

1 1
dy 1+\/E_§x2
dx (1 +x)?

dy_1+(\/§—%\/7)
dx (1 +%)?

dy_1+\/§(1—%)
dx  (1++%)2

dy_1+\/§(%)

dx — (1+x)?

Vx
dy 1+ 5

dx — (1+x)?

1, vx
4y _1T 7
dx  (1+x)?

2 +x
dy 2

dx ~ (1 +Vx)?

dy 2 ++/x
— = — Ans.
dx  2(1+x)?

flx) =px*™ +qgx"+r




Sol: —

f) =px?* +qgx" +r

Differentiatew —r — t ‘X’
d d
— - 2n n
- fo " (px®™ 4+ gx™ + 1)
! d d d
- 2n e n
f (x)—dxpx + = 9% +er

f’(x)=pdix2”+qix"+0

£ () = pen®™) + g™

f' (x) = p2nx?™1 4+ gnx™ ! Ans.

Derivative of Implicit Function:-

1. x*+y? =25

Sol: —
x%*+y? =25

Differentiatew —r — t ‘X’

d o d oo do
&(x)+&(y)—&( )




dy -

Ay

2. x3+45x%y+6y2=0

Sol: —
x3+5x%y + 6y2 =0

Differentiatew —r — t ‘x’

2+ L sxryy+ Ly = Lo
dx dx Y dx Y dx

3 x? +5[x —(y)+y (xz)]+6(2y =0

dy
3 x? +5[x +y(2x)]+12yd =0

dy dy
3x%2+5x2—=+10 12y — =
x“ 4+ 5x dx+ xy + ydx

dy dy
3x%+10 (5 Z—+12 —>=0
(3x“+10xy) +( 5x dx+ ydx

dy 2 2
3 oxT H12y) = — (3x% + 10xy)

dy = (3x*+10xy)
dx  (5x2412y)

dy — (3x*+10xy)
dx (5% + 12y)




Sol: —

u? v?

2 =t

Multiply by a?b? both sides

b?u? + a?v? = a?b?
a. Differentiatew —r —t v’ . Differentiatew —r —t ‘U’
a 42 2 2.2y — 4 . 212 ) 2.2y — 4 . 239
dv(bu+av)—dv(ab) du(bu+av)—du(ab)

d
dv

d
du

b2 Ly2 4 g2 L2 = g p2 L2 4 g2 L2 = g
dv du
d d
b? (Zud—:) + a?Qv) =0 b%2(2u) + a? (Zva(v)) =0

2ub? 1 202y =0 2ub? + 2a2v ¥ 4= 0
dv du

fubzd—uz— a’v Z/azvj—vz—l/bzu
u

dv

dv _ -b%u

du azv

2y

dv _-a
du  b2u




Differentiatew —r — t ‘X’
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