Unit— 2 Differentiation

EXERCISE 2.2 _
Q.1 Find from first principles, the derivatives of the following expressmns w. rt thc..
respective independent variables. - (e )
(1) (ax+b) ; \ LR NN A
Solution: EIERARIERR
Let y=(g%~ b) J

Taking: i lernénis an bcth sdes,

y+8y =[ 2 xiHs%) ._i-ll]

!5_'3,' = [a(x+ 53()+b]3 —y

.5y:(ax+b+a5x)3—(ax+b)3

8y =| (ax-#B)" +3(ax+b)’ asx+3(ax+b)(ax)" +(adx)’ |- (x5}
5y =3a(ax+b)’ 5x+3a?(ax+b)5x? +aex’

Dividing both sides by ‘ X’

%:C’>a(ax+b)2+3az(ax+b)5x+a‘°’5x2

Taking limitas o6x —0

lim <Y = lim [3a(ax+b)2 +3a° (ax+b)5x+a35x2}

5x—0 SX  6x—0

&y =3a(ax+b)’
dx

(i)  (2x+3)

Solution:
Let y=(2x+3)’
Taking increments on both sides,
y+8y=[2(x+06x)+3]

Sy =(2x+25x+3)" —(2x+3)° AN (P
sy=[(2x+3)+2ox[ ~(2x+3f 7\ _ A NN (o o
5y=[a(2x+3)5 (j(ZH 3, '\°6()+| 'J(_?_...-_’35_\?_(_25?1)“ L

=y \ ]
+m(4x 3) (2ox\3 L.,S\-.('-')vn's)(zax) +(5j(25x)5—(2x+3)5
A\l 4
D:V I(ll i hetirsides by ox’

..j_: J.' oy (5 +3)5+Gj(2x+3)4.2+@](2x+3)3.45x

oX




Unit— 2 Differentiation

+@(2x+3)2 85X +(L5J(2x+3)165x3 +@ o' - (2x+3)°

Taking limitas 6x —»0 - N {
lim %Y = (2)(5)(2x+3)"

i) (as2)f )\
o Bothsan
(NN y=(3t+2)"
Taking increments on both sides,
y+8y = [3(t+6t)+2]_2
Sy=(3t+36t+2) " —(3t+2)”"
Sy =(3t+2+35t) " —(3t+2)”

-2
ot ) ~(3t+2)”

3t+2
P 35t )
Sy =(3t+2) [1+3t+2j —1}

Sy=(3t+2)"|1+

5y=(3t+2)_2 i+(—2)[ 3ot j+%(_3)( 3ot j2+/f}

3t+2 2 3t+2

Dividing both sides by ‘ ot”’

ﬁ:(3t+2)_2{ 5 270t +}

+ 2
ot 3t+2 (3t+2)
Taking limitas ot >0

st—0 St S5t—0

lim2Y  lim (3t+2)” :
3t+2 (3t+2) _~N[rol\o

Solu_t_ig_)r.-:‘__

-‘:. J I .'-.\_:..i|l§?o':._'.l( —m(a)(+ .b)_5

%, .... k!
=y s Y
M J | % .
..\. % % X,
|

Taking increments on both sides,
y+38y :[a(x+5x)+b]75

—6 27§t ‘| B ..-I ..-__..-...-":- .'\-'. I- ' 'I i
+ +... B _\.:"._ ] '.. | X
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Differentiation

OX ax+b  (ax+b)’
Taking limitas 6x —0
2
Iimﬂ: lim (ax+b)_5 —5a N 15a 5x2
x>0 X 6x—0 ax+b (aX+b)
dy  -ba
dt  (ax+b)’
1
v
v (az—b)’
Solution:

__ |J
[ % ! N "
SINIRNR
.‘..' ... L
L -

y+3Y :[a(x+5x)+b]75
sy =(ax+asx+b) " —(ax+b) "
5y:(ax+b+a5x)75—(axTL_b)f5 =

R ,5'
aox

c‘be,

5y=(a_x_—f Lﬂs(

20X
ax +

AN

OYF (a<+t) |(1_+——6J5—]-

5y _ (ax;b)5 {1 +(—5)( aoX j+ (=9)(5)

ax+b 2

Dividing both sides by ‘X’

2
ﬂ:(axm){ -5a__ 15a%5X +}

Let y=(az-b)’
Taking increments on both sides,
y+8y=[a(z +5z)—b]_7

5y=( (z+5z)—b)_7—y, \ : p \

aZJ_aSz b) ;(—32 b).

y=(
Sy = ( .)-fcé‘ (32—'b)
(2

Vi T
,su b (@ebf Ll+az_b} _(az-b)’

sy=(az-b)”’ l:(1+ aezlfizqu ~ }

(
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Sy :(az —b)_7 [1+ (—7)a5z N (_7)(47‘3) a’sz° 2 +7/_4

az-b y4 (az—b)

Dividing both sides by ‘6z AR
oy =(az—b)"| L+ ra +£83— 4" |"

oz _ 8z—-hl (az 4 b) ki

Taking= ."Tltl & —>0 L AN
| P

. [l_m-s—y: I (a* b) —ra + 28a §ZZ+...
1 -|>;;—>;.i.§'f 8a (az b) (az_b)

[dy  -7a
dz  (az- b)8
Theorems on differentiation:

(1) %(c) =0 (c is constant)

) %(x“)znx"‘l, neQ
d

(3) &[cf (x)]=c.f'(x)

Proof:

(3) Lety=c.f(x)
y+0y=cf (x+6x)
8y =cf (x+6x)—cf (x)
Dividing both sides by ‘ 6X”’
ﬂ:{ f (x+5x)—f(x)}
oX OX

Taking limitas 6x —0

Iimﬂ=c{lim Fx+ox)-f (X)}

x>0 SX S5X—0 OX P | a4

- e mh wf A
d _ (O ) =\ [ — '.. LA B B L
el — f/ r -\,,: ! 1 1 % ___.-'._.-
ax V)=o) \ A AU WY )

s wegreroa—\ V7| (O

@ —(f(x)+g );-f(f)w(x)
NVUNNA A A

y+0y=f(x+6x)+g(x+05x)
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®)
Proof:
J .I. | -\.J |

JIIRY P

Differentiation
oy =T (X+0x)+g(x+ox)—[f(x)+g(X)]
= f(X+0xX)— f (X)+g(x+Xx)—g(x) -
Dividing both sides by  5x’ A o
Sy f(x+o0-f(x) g@ﬁx;}__‘g_(_ﬁ_— | -

OX LOX VS ax
Taking il as sy | AN
Y i f{x+ 5X) - f (") m 9(x+6%) —g(x)

m
Pl 15y .5.;—,"..- OX 5x—>0 OX

&= 100+9/09
X
%[f(xwg(x)]: F(x)+ /(%)

The proof for di[ f(x)—g(x)]= f'(x)—g'(x) is similar.
X
The Product Rule:

L9001 = F'00900+ (900

Let y=f(x)g9(x)

y+0y = f(X+X)g(X+0Xx)

= f (x+0x)g(x-56x)-y

oy =T (X+ox)g(x+ox)— f(X)g(x)

Subtracting and adding f (x) g(x+oXx)

Sy = f (x+8X)g(x+86x)— f (X)g(x+6%) +f (X)g(x+x)—f (x)g(x)

Sy =[f(x+6x)— f () ]g(x+6x)+ f (x)[g(x+6x)— g(x)] AN
Dividing both sides by ‘ 5x T\ AT ' (o |

|
ﬂ:[ f(x+5x)_f(X)Wc(x+&)+ ‘fX)L g(-<_+_<*-'x_;;q_(><5J
oX 1 OX

AR R AN
Taklngrr‘ntcs é« ~>3 Al ”‘*\

e

-y Ili"n y ’ II : Iw}“n‘bg(x_ké‘x)_i_ f(X);In’})[g(X+5X)_g(X):|

OX

3_= f'(x)g(x)+ f (x)g'(x)
X

I_- :___ 2
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(6) The Quotient Rule:

i(f(x)] f'(x)g(x) - f (X)g'(x) 19(x)%0
dx | g(x) [9(0] 1

Differentiation

Proof: _ v 4 e ! | o~
- W_()

_fx+6x)  f(x)
g(x+5x) 9(x)
_ f(x+6x)9(x) - f (x)g(x+5x)
g(x+5x)9(x)

Subtracting and adding f (x)g(x)

_ Fx+6x)9() - () g(x) - f (x)g(x+ %) + f (x)9(X)
g(x+6x)g(x)

1
=m[{ F(x+8%)g(X) - F ()90} ~{ F (g (x+8%)— F (x)g()}]
Dividing both sides by ‘X’

Sy _ 1 [g(x)f(x+5x)—f(x)_f(x)g(x+5x)—g(x)}

SX g(x+ox)g(x) OX OX
Taking limitas ox —0
oy

lim—=lim—{g()| f(x+6x)— f(x) £ lim g(X+0x) - g(x)}
3%-0 5X "X”Og(X-i-é‘X)g(X) %0 OX %0 OX

dy
vl g’(X)g(x)[g( ) ') - f(x)g'(x)]

_ 900100~ (99’0 O
[9°(9] A AN o

) .___. |4 ( 1 | N, T .....-.---;__”:_
(7 The reciprocal rule: = s o A .

=

I_- :___ 2

If gis 'dlﬁ‘l’enf"llfue“ﬁf xa‘nd u( \)\ Ofrmn %—ls differentiable and

B! 9(x)
Ty _O_[ _1_ —l wa)
YNIN NSRS [g00T
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