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Chapter 13: Limit and Derivative

Example 1

Find the limits: (i) m[x3 —x’ +1]
(i) Ixim[x(x +1)]

(iii) XlLrpl[1+x+ X2+ + x“’]
Solution

Given that

0) IXiLrll[x:“ —x2 +1]

Put x=1
=1*-1"+1
=1

(ii) Iirr?][x(x +1)]

Put the value for x

=3(3+1)

=3(4)=12

- 2 10
(iii) X"ﬂ[“"” +...+X ]
Put x=1

=1+ (D) +(-D)* +...+ (="

=1-1+1...+1=1

Example 2

2
(iylim| 2L
x> x+100

i lim x® —4Ax? + 4x
(i1 X—2 X2 —4
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2
amnm-—lili—i

2| x° —4x% +4x

(iv) lim _ﬂ
x>2| X* —5X+6

(WHm{X_Z ! }.

x->1| x> —x  x3—3x%+2x

Solution
Given that
2 2
(i) We have lim X1 - 1+ _ 2
1 x+100 1+100 101
(i) Put x=2
3 py2 _9\2
Hence IimX AZ'X +4X: im X(x-2)
x>2 X" -4 x>2 (X+2)(Xx—2)
_ mx(x—2)
x>2 (X+2)
_22-2)_0_,
2+2 4
as X #2
(iii) Put x =2
2_ —
lim—% 4 :"m(x+2)(x 2)

-2 X3 —4x? +4x o2 X(x=2)°

_lim (x+2) 2+2 4

o2 x(x=2) 2(2-2) 0

which is not defined.
(iv)Put x=2

oxE=2x L xX3(x=2)
Hence lim— =lim
x>2 X°=5x+6 2 (x—2)(x—3)

X (2 4

m = =
=2 (x-3) 2-3 -1

(v) Write in rational form




Infinit})" ., Sri Chaitanya
Learn | Educational Institutions

’ {x—z ~ 1 } |l ox=2 1
X2 —x  x¥-3x%+2x X(x-1) x(x2—3x+2)
[ ox=2 1
| X(x=1)  x(x=1)(x-2)

[ x—ax+4-1
| X(Xx=1)(x-2)
X' —4x+3
X(x=1)(x-2)
2_
Hence lim X2 2_ 3 12
oLl XT =X X7 =3X"+2x
. X*—4x+3
=lim——
oL X(X=1)(x—-2)
_lim (x=3)(x-1)
-1 X(Xx=1)(x—2)
L
o1 X(x=2) 1(1-2)
Example 3
Evaluate:
e xP—1
W 1M %7
(i lim Y X1
x—0 X
Solution
(i) We have
x*° -1 x®* -1 x°-1
I|mT :||m -
-l xT -1 i x-1  x-1

=15(1)" +10(1)° (by the theorem above)
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2
(i) Put y=1+x,

so y—>las x—0.

Then

lim J1+x-1 B
X

x—0

1 1

2 _12
T
y—l y_l

Example 4

Evaluate:

(i) lim SIN4X
x=0 SN 2X

(i) lim 20X
x—0 X

Solution

Given that

) “msm4x_”m{sm4x' 2x .2}
4x sin2x

x—0 §jin 2X N x—0
.| sin4dx sin 2x
=2.lim +
x—0 4X 2X
o lim [sm 4x}+ lim {sm ZX}
4x—0 4X 2x—0 2X

Simplify
=2.11=2(asx —>0,4x —> 0 and 2x — 0)

nx sin X sin X

. 1
lim

. . ta . .
(ii) We have lim—— =1lim =lim
x-0 X x—=0 X COS X x—0

X

x>0 COS X

=11=1
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1 M where q(x) =0

g(x) q(x)

Then Iim@_ p(a)

—ag(x)  q(a)’

Exercise 13.1

Question 1:

Evaluate the Given Iing X +3 limit;
X—>

Answer 1:

Given that

limx+3

Xx—3

Put x=3

limx+3=3+3=6

x—3

Question 2:

Evaluate the Given limit: lim (x — %j

X—>7r

Answer 2:

Given that

. ( 22)
lim| x——
X7 7

Put x=x

Question 3:

Evaluate the Given limit: Iirr11 r
r—
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Answer 3:

Given that
limr?
r—l

Putr=1

limzr’ =z(1)° =7
r-l

Question 4:

. .. 4x+3
Evaluate the Given limit: lim

x>4 X —2

Answer 4:

Given that

. 4X+3
lim
x4 X —2

Put x=4

. 4x+3 4(4)+3
lim =
x4 X—2 4-2
_16+3 _19

2 2

Question 5:

10 5

. Lo XX +1

Evaluate the Given limit: lim ————
x——1 X_]_

Answer 5:
Given that
+x°+1
m -
x—-1 X-=1

Put x=-1

lim XO+x°+1 ()P (D41 1-141 1
x>1  x-1 -1-1 ~2 2

Question 6:

I . .
>
S
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o (x+1)° -1
Evaluate the Given limit: I|rrg (x+1) -1
X—> X

Answer 6:
Given

. (x+1)°-1

lim #

x—0 X

Put x+1=y sothat y >1as x—>0

5 5
Accordingly, Iirrgw T

5 5

_lim Yt
y—1 y_]_

_ .o x"—a" .
=51"" {Ilm =na" 1}
X—a X_a

=5

5_
im 5=

x—0 X

5

Question 7:

o 3x2-x-10
Evaluate the Given limit: Ilmz—

X—2 X =4
Answer 7:

Given that

. 3x*—x-10
|Im2—
X—2 X _4

At X=2,

. 3P—x-10 .. (x=2)(3x+5)
.'.|Im2— =I|m—
-2 X" -4 -2 (x=2)(x+2)

3X+5

2 X+ 2

_3(2)+5
2+2
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_u

4
Question 8:
4 —
Evaluate the Given limit: Iim)z(—81
x->3 2X° —5x -3
Answer 8:
Given that
. ox*-81
I|m2—
x>3 2X° —5x -3
At xX=2
2
. x* —81 . (x—3)(x+3)(x +9)
I|m2— =lim
-8 2X°—-5x—-3 8  (x-=3)(2x+1)
_ (x+3)(x2 +9)
=lim—7
x->3 2x+1
(3+3)(3° +9)
~ 203)+1
simplify
~ 6x18
7
_108
7
Question 9:
Evaluate the Given limit: lim ax+b
-0 cX+1
Answer 9:
Given

. ax+b
lim
x>0 cX+1
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Putx=0

ax+b a(0)+b
m = =b
x>0 cx+1  c(0)+1

Question 10:

73
Evaluate the Given limit: lim

-1 =

Answer 10:

Given that

1
.78 -1
lim—;
-1 =

z6 -1

At z=1

Put z°=x

sothat z—>1as x—>1

1

3 _ 2_
Accordingly, Iimz—1 =IimX L
>t 1 1 x-1 x—1

Question 11:

2
. L. .. ax“+bx+c
Evaluate the Given limit: Ilm—2 ,a+b+c=0
x->1 cX“ +bx+a

Answer 11:

e Il I Il
~N = N N > =
L3 2, L3
N N !
ol wik = > ><N NN
| | —— | |
| | — | ol I—"\)
I ¥3
NS <
> >
| |
SR o |
4 |
Il
5
o3
=1
i N
= ol wir
| |
(S =
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Given that

lim ax’ +bx+c _a(l)’+b@)+c
-1ox’ +bx+a  c)*+b()+a

simplify
_a+b+c
a+b+c

=1
Then

[a+b+c=0]

Question 12:

. . X2
Evaluate the Given limit: lim
x>-2 X 4 2

Answer 12:

Given

. X2

lim
x>-2 X+ 2
1

1
7+7

lim X2
X2 X+ 2

At X=-2

m-—
x—>-2 2X

Apply values

Question 13:

sin ax
bx

Evaluate the Given limit: lim
x—0

Il Il =
?“\ &
= < [ =
L ol g
Il NN
[
J>||-\ [
j:
L3
VR
> N
+ | R+
N >
N
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Answer 13:
Given that

. Ssinax
lim

x—0 bX

At x=0

. sinax
Now, lim
x—0 bX

a,. (sinax
=—lim
b x—0 ax

Apply value

:Exl
b

a
b

Question 14:

. > . sinax
Evaluate the Given limit:  lim—

,a,b=0
x-0 sin bx

Answer 14:
Given that

. sinax
lim——,a,b=0
x-0 sin bx

At x=0

. sinax
Now, lim—
x-0 sin bx

sin ax
x ax
ax

X0 (sm bxijx
bx

I . . e

Il Il

x = x =

3 L3

/ N\ (%)
@, Y=

Q| > <

= ?2 gg

N , X
x g8

N =

oo

~—
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simplify

Question 15:

. .. .. sin(r—=x
Evaluate the Given limit; IlmL
=1 (7 — X)

Answer 15:

Given that

lim sin(z —X)
x>z (1 —X)

Itisseenthat X > 7= (x—x) >0
lim sm(;r—x):i lim sin(z — X)
X—>z 72'(72'—X) 7T (2-x)>0 (72-_)()
simpify

1

:—)(1
w

3 |

Question 16:

) ... COSX
Evaluate the given limit: lim——

X0 17— X
Answer 16:
Given that
COS X

lim——
x=0 71— X
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Put x=0

lim——=
x—0 T—X

cosx cosO
7—0

Question 17:

. ... .. cos2x-1
Evaluate the Given limit: lim———
x>0 cosX—1

Answer 17:
Given

. cos2x-1
lim=—/—/="_—
x>0 cosX—1

At x=0,

. €0s2x—1 .. 1-2sin’x-1
x>0 COSX—1 x> 1-2sin2 X _1

sinx)
2 | XX

simplify

]
:4|im(3'“ XJ

; 15 !
> 53 =
=3 — ) L3
S @, I 3
3 3 N | X 31\) 2. 2
@, ) ;/"’N\x 3 1
T = > N[ X | X
| = ”
o —
N N l_.
o
= N |~
N | X< 3,
—
X
INIRSS
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Question 18:

. . .. .. aX+XCOoSX
Evaluate the Given limit: lim——
x>0 psinx

Answer 18:

Given

. axX+ XCos X
lim—————

x>0 psinx
At x=0,

. ax+xcosx 1. x(a+cosx)
lim——————==lim—————~
x>0 psin x b x>0  sinx

1 . X .
=——lim| — xlim(a+ cos x)
b sin X

x—0

simplify
1 1

=—X

b (. sinx) .
lim=——= | lim(a+cosX)
x=>0 X x—0

=%x(a+c050)

Question 19:

Evaluate the Given limit: lim xsec x

x—0
Answer 19:

Given

lim xsec x

x—0

Put x=0
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X 0 0

limxsecx=lim——=—=—=
x—0 x>0cosX cosO 1

Question 20:
. ... .. Sinax+bx
Evaluate the Given limit: lim————a,b,a+b =0
x-0 gx +Sin bx

Answer 20:
Given

. Sinax+bx
lim———a,b,a+b=#0
x=0 gx +Sin bx
At x=0,
. Sinax+bx
I|m—_
x=0 ax +Sin bx

sin ax
ax + bx

. ax
=lim -

x—0 sin bx

ax + bx
bx

. sinax . .

(Ilm )xllm(ax)drllmbx

ax—>0 ax x—0 x—0
o ) . sinbx

limax +limbx| lim

x—0 x—0 bx—0 X

simplify

lim(ax) + limbx
_ x>0 x—0

limax + limbx

x—0 x—0
lim(ax + bx)
_ x=0

- lim (ax +bx)

= lim(1)

x—0

=1

Question 21:

Evaluate the Given limit: Iirrg(cosec X —cot x)
X—>

Answer 21:
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Given

lim(cosec x — cot X)
x—0
At x=0,

Now,

lim(cosec x — cot X)
x—0

. 1 cosx
=lim| —-—=
sinx sinx

. [1-cosx
=lim| ———
x>0\ sIn X

1—cosxj
x>0 (‘sinx
)

. 1-cosx
lim——%

0 X
. sinx
lim—=

x=0 X

[
© r|o

Question 22:

tan 2x

lim
‘] T
o X—

2
Answer 22:

Given that

. tan2x
lim

z T
=0 X——

2

Put X=—,
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X—z=y sothat x— 2
2 2

T
. tan2x . tan2[y+2j
lim =lim—

2 T y—0 y

X—>=
2 X—=—
2

_lim tan(z + 2y)
y—0 y

:"mtan 2y

y—0 y

_lim sin2y
y-0yCcos2y

_ Iim(sm 2y 2 j

y-0l 2y  cos2y

. sin2y ) .. 2
=| lim xlim
2y-0 2y y-0| cos2y

simplify

Question 23:

2X+3, Xx<0

Find lim f (x) and lim f (x), wh f(x)=
n x—0 () x—1 () where () {3(X+1), x>0

Answer 23:

2x+3, x<0

The given functionis f(x) =
3(x+1), x>0

lim () = lim[2x+3] = 2(0) +3=3

lim f () = lim3(x+1) =3(0+12) =3
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Iirp_ f(x)= Iirgl f(x)= Iirrg f(x)=3

lim £ (x) = lim3(x+1) =3(1+1) =6
lim £ (x) = lim3(x-+1) = 3(L+1) = 6

s lim £ () = lim f () =lim f (x) = 6
x—1" x—1" X!

Question 24:

2
X =1 x<1
Find lim f (x), where f(X)= '
ot ) {—xz—l, x>1
Answer 24
The given function is

x?-1x<1
f(x)= '
) {—xz—l,x>1

- o 2_ _ 2_ _1_1_
I|mf(x)_I|Lr11[x 1]=1"-1=1-1=0

x—1" X

. L _2_ =_2_ —1-1=_
ili?f(x)_lgm[x 1]=-1"-1=—lel=-2

We get Iinl1_ f(x) # Iinl] f(x)

Hence, Iinl1 f (x) does not exist.
X!

Question 25:
| x|
. —, x#0
Evaluate Img f(x),where f(x)=1< x
0, x=0
Answer 25:
. o m x#0
The given functionis f(x)=4 x
0, x=0

lim f(x) = lim {m}

x—0" x—>0"| X
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lim f(x)=lim [m}

x—0" x—=0"| X

Apply limits

We get Iirgl f(x)# Iirgl f(x).

Hence, Iing f (x) does not exist.
X—>

Question 26:

2
Find Iing f(x), where f(x)={|x|’
0, x=0

Xx=0

Answer 26:

The given function is

X

—, x#0
f(x)=11x]

0, x=0
lim f(x) = Iim{i}
x—0" x—0" |X|

— lim [i}
Xx—0 —X
-

=-1

Il Il Il Il Il Il
> — X — | < = > —
¢33 B t3 &3
CERor NG
< | >
e x|l
N—
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lim £ (x) = lim {i}
x—0" x—0* |X|
- Iim[i}
x=>0| X
- lim®
=1
We get Iirgl f(x) = Iirgl f(x).
Hence, Iing f (x) does not exist.
Question 27:
Find Iirrg f(x), where f(x)=|x|-5
Answer 27:
Given
f(X)=x|-5. Iirr51 f(x):lirr51[|x|—5]
=Iirr;(x—5)
=5-5
=0
Iirp f(x)= Iirg(l X|-5)
=Iirr;(x—5)
=5-5
=0
Iir? f(x)= Iirg f(x)=0
Hence, Iirr51 f(x)=0

Question 28:
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a+bx, ifx<l
Suppose f(x) =<4, ifx=0
b—ax, ifx>1

and Iirrl1 f(x) = f (1) what are possible values of a and b ?

Answer 28:

The given function is

a+bx, x<l1
f(x) =14, x=1
b—ax x>1

lim f(x) = Iin}(a+bx) =a+b

x—1

lim £ (x) = lim(b—ax) =b—a

f=4
It is given that Iirq f(x)="1(@).
Iirp f(x)= Iirp f(x)= IirT11 f(x)=1(Q)

—a+b=4andb-a=4

Weget a=0 and b=4.

Question 29:

Let a,,a,,..., an be fixed real numbers and define a function f(x)=(x—-a,)(x—-a,)...(x—-a,)

What is lim f(x)? Forsome a #4a,,a,...a,, compute lim f(x).
X—a

X—a
Answer 29:

The aiven function is f(x)=(x—a,)(x—a,)...(x—-a,)

lim f (x) = lim[ (x-a,)(x~a,)...(x~a,)]

-{tm0ea) [ims-a)}{im(s-a)
simplify



Infinit})" .. Sri Chaitanya
Learn | Educational Institutions

=(a-a)(a-3,)...(3,-3,)=0
s lim f(x)=0

x—0;

Now, lim f (x) =lim[ (x—a,)(x-a,)...(x—a,) ]

X—a X—a

:[Iim(x—ai)}[lxiir;(x—az)]..[lim(x—an)}

=(a-a,)(a-a,)....(a-a,)
We get

-~ lim f(x)=(a-a,)(a-a,)...(a-a,)

Question 30:
| x]+1, x<O0
If f (x) =10, x=0
|x]-1, x>0

For what value(s) of a does lim f (x) exists?
X—a

Answer 30:

The given function is

| x|+, x<O
f(x)=40, x=0

|x|-1, x>0
When a=0,

lim £ (x) = fim (| x| +1)

=lim(-x+1)

x—0

=-0+1
=1

lim £ (x) = lim (| x| 1)
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= Iirrg(x—l)
=0-1
=-1

We get

lim f(x)= lim f(x).
x—0" x—0"
Iirrg f (x) does not exist.

When a<0,
lim f(x) = lim(| x| +1)

=lim(—x+1)

X—a
=-a+l

lim f (x) = lim( x| +1)

=lim(-x+1)

=-a+l

sodim f(x)=lim f(x)=-a+1

Thus, limit of f(X) existsat x=a, where a<0.
When a>0

lim £ (x) = lim (| x| 1)

=lim(x-1)

—a-1
lim (%) = lim (| x| 1)

=lim(x-1)

=a-1
~im f(x)=lim f(x)=a-1
Thus, limit of f(Xx) existsat x=a, where a>0.

Thus, lim f (x) exists forall a=0.
X—a
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Question 31:

If the function f(x) satisfies, IXILQ% =7 evaluate lim f (x)
Answer 31:

R

= 1lim(f (x)-2)

= lim(x* ~1)

x—1

. gl
:lm(f(x)—z)_;zlxum(x 1)
Apply limits

. o
:>IX|Lrll(f(x)—2)—7r(1 1)
= 1lim(f(x)-2)=0
= 1im f (x) ~lim2=0
:>Iirr11f(x)—2=o

= lim () =2

Question 32:

mx>+n, x<0
If. f(X)=<nx+m, 0<x<1 Forwhatintegers m and n does Iirrg f(x) and Iirrll f(x)
X—> X!
nc+m, x>1
exist?
Answer 32:

The given function is
f(X)=mx*+n,x<0
nx+m,0<x<1

nc+m,x>1
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- _ - 2

lim f(x)_lxugg(mx +n)
=m(0)* +n

=n

Iirgl f(x) =Iin;|(nx+m)
=n(0)+m

=m
Thus, Iirr01 f(Xx) existsif m=n.
Iirp f(x) =Iin}(nx+m)
=n(l)+m

=m+n

- _ - 3

lim f (x) _lem(nx +m)
=n)*+m

=m+n

s dim f(x) =lim f(x)=|irq f(x)

x—1" x—1* X—

Thus Iirq f(x) exists
X—>.

Example 5

Find the derivative at x =2 of the function f (x) =3x.

Solution

We have

f'(2) _lim f(2+h)—f(2) _lim 3(2+h)-3(2)
h—0 h h—0 h

im 836 i3 _jim3=3
h—0 h h—0

h—0 h
We get
3xat Xx=2is3.
Example 6
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Find the derivative of the function f (x) =2x*+3x—5 at x =—1. Also prove that
f'(0)+3f (-1)=0
Solution
Given
f(x) at x=—1andat x=0.

We have

(1) = fim LD = D

h—0 h

[ 2(-1+h)? +3(-1+h) =5 ][ 2(-1)* +3(-1) -5 |

h—0 h
. 2h®’-h

=lim
h—0 h

= lim(2h-1)=2(0)-1=-1\\and  f'(0)

_im £ @+~ ()
h—0 h
Apply limits
_[2(0+h)* +3(0+h)-5]-[ 2(0)* +3(0) -5
=lim
h—0 h
2
_jim 2 +8h _ lim(2h+3) =2(0)+3=3

h—0

Weget ' (0)+3f (-1)=0

Example 7
Find the derivative of sinx at x=0
Solution

Let f(X)=sinx.

Then

£(0) =lim f(0+h)—1(0)
h—0 h

Apply limits
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—lim sin(0+h) —sin(0) _ lim 51 h 4

h—0 h h>0 h
Example 8

Find the derivative of f(x)=3 at x=0 andat x=3.

Solution

Given that

£ =limt @M =1O _ ;323 ;i 0 g
h—0 h h>0 h h—0 h

Similarly

Apply the limits
f3+h)-f(3) . 3-3

f(3)=L|Lrg ngg . =0.
We get
£'(a) = lim f(a+h)—f(a)

h—0 h

lim f(a+h)—f(a) _ IimQ—R
h->0 h o-? PR

Hence f'(a)=tany

Example 9

Find the derivative of f (x)=10x.
Solution

Given

f (x) =10x.

f(x+h)—f(x)
h

Since f (X) = LILT(}

=1lim
h—0

10(x+h) —10(x)
h

simplify

=|im@=|im(10)=1o
h—0 h h—0
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Example 10

Find the derivative of f(x)=x".

Solution

Given
f(x)=x°.

We have,

(00 =tim f(x+hr)]— f(x)

Apply limits

2 2
:Iimwz!‘ir@(h+2x):2x

h—0

Example 11
Find the derivative of the constant function f (Xx)=a for a fixed real number a.

Solution

Given
f(x)=a
We have,

£(%) = lim f(x+h)—=f(x)

h—0 h

Apply limits

im272 Z1im% Z0ash 0
h—0 h h—0 h

Example 12
, _ 1
Find the derivative of f(x) ==
X

Solution

We have f'(x):Ling f(x+hr)]_ f(x)
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1 1
h—0 h
-0 h| x(x+h)
Apply limits

1 11

=lim>| ———|=lim———— ==
h-0 h| x(x+h) | h0x(x+h) X

Example 13

100 55

Compute the derivative of 6x X +X.

Solution

Given that

6x' % — x% 4+ x.

differentiate

=i(6x1°°)—i(x55)+i(x)

dx dx dx
d 100 99
&(ax ): 600x
d

&(xf’s) = 55x*

d
&(X)=1

=600x*° —55x> +1

Example 14
Find the derivative of f(X)=1+X+x*+x’+...+x* at x=1

Solution

Given that

fX)=1+x+xX2+x3+...+x¥ at x=1

1+ 2X+3x% +...+50x%.
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At X =1 the value is
1+2(1) +3()% +...+50(1)*
=1+2+3+...+50

= OOGY _ 1575

Example 15

Find the derivative of f(x)= x+l
X

Solution

Given that

f(x)= 2+t
X

Use u=X+1 and v=X.

Hence u' =1 and v =1.

Therefore

df (x) _i(x_ﬂj_i(gj_ uv-w _1)-(x+D1_ 1
dx  dx\ x dx \ v V2 X2 X2

Example 16

Compute the derivative of sin x.
Solution

Let f(x)=sinx.

Then
df (x) _lim f(x+h)—f(x) _ IimS|n(x+h)—sm(x)
dx h—0 h h—0 h
(2X+h) : (h)
2c0s > sin 2
= Ihlrrg - ('using formula for sin A —sin B)
Example 17

Compute the derivative of tan x.
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Solution

Let f(x)=tanx. Then

df (x) _lim f(x+h)—f(x) _lim tan(x + h) —tan(x)

dx h—0 h h—0

- m1{sin(x+h) _sinx}

“ 0 h| cos(x+h)  cosx

_lim sin(x+h)cos x—cos(x + h)sin x
h—0 hcos(x + h)cos x

aimplify
B sin(x+h—-x)
h—0 hcos(X + h) cos x

. sinh . 1
=lim -lim
h-0 h  h->0cos(X+ h)cos x

=1- =sec? x

cos?® x

Example 18
Compute the derivative of f(x)=sin’x.

Solution

Given
f(x)=sin’x.

df(x) _ i(sin Xsin X)
dx dx

= (sin X) sin X +sin x(sin x)’
Then
= (cos x) sin x +sin x(cos x)

=25sin XCoS X = Sin 2X

Exercise 13.2




Infinit})" ., Sri Chaitanya
Learn | Educational Institutions

Question 1:

Find the derivative of x> —2 at x=10.

Answer 1:

Let f(x)=x*—2. Accordingly,

F10) = tim f(10+hr)l— f (10)

i [(10+h)*-2]-(10°-2)

h—0 h

102 +2-10-h+h?-2-10%+2

=[im
h—0 h
. 20h+h?

=[im
h—0 h

= lim(20-+h) = (20+0) =20

We get x> —2 at x=10 is 20

Question 2:
Find the derivative of 99 x at x=100.
Answer 2:

Let f(x)=99x. Accordingly,

_ iy 99(100-+h) ~99(100)

h—0 h

. 99%100+99h—-99x100
=lim

h—0 h

= Ihlirg(99) =99

We get
99 x at Xx =100 is 99.
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Question 3:
Find the derivative of X at x=1.
Answer 3:

Let f(Xx)=x. Accordingly,

£'(1) = lim

h—0

f(l+h)— ()
h

i @+ -1

We get

Xatx=1is1

Question 4:

Find the derivative of the following functions from first principle.
(i) xX* =27
(i) (x=1(x-2)

(iii) iz
X

o X+1
iv) ——
(iv) "t
Answer 4:

(i) Let f(x)=x®-27. Accordingly, from the first principle,

(0 = tim f(x+r2— f(X)

i [ (x+h)*=27]—(x*-27)

h—0 h

. X+h*+3x%h+3xh? = x®
=[im
h—0 h

Il Il Il
| = = > = >
£3 &3 2
= o=
=
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. h®+3x%h+3xh?

= L|_|;Tg

= Ligg(hz +3x2 +3xh)

=0+3x*+0=3x2

(i) Let f(X)=(Xx-D(x-2).
Then

00 = lim M =109

h—0 h

_lim (x+h=1)(x+h-2)-(x-1)(x-2)

h—0 h

i (x2+hx—2x+hx+h2—2h—x—h+2)—(x2—2x—x+2)
=lim

h—0 h
aimplify

_(hx+hx+h?*—~2h—h)
=lim

h—0 h

. 2hx+h*-3h
=lim—
h—0

= le(2x+h—3)
=(2x+0-3)
=2X—-3

1
2

(i) Let £() =

We have

fl(x):m] f(x+h;— f(x)

Il
>=
£3
—~
=<
T
>
= =,
|
><N‘ [N
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1/ —(x+hy
h—0 h i XZ(X+h)2

1] x2—x?—h?—2hx
oh| o x*(x+h)?

1] —h?-2hx
=0 h| x°(x+h)

. —h—2x
=lim| ——
h%{x (x+h) }

0—-2x -2

TX2(x+0?  x®

(iv) Let f(x)= X—_‘_:‘ll Accordingly, from the first principle,
X_

0=ty

x+h+1_x+1
. Xx+h-1 x-1
=lim

h—0

f(x+h)— f(x)
h

o A (=D (x+h+1) = (x+D(x+h-1)
-0 h | (x—1)(x+h-1)

1 (x2+hx+x—x—h—1)—(x2+hx—x+x+h—1)]

h—0 h (x=1(x+h-1)

C1f —2h }
=lim=
-0 h| (x-1)(x+h-1)

. [ o }
=lim
h->01 (Xx-1)(x+h-1)

22
T (x=D(x-1) (x-1)?

Question 5:

For the function
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100 99 )
f(x) =—+X—+...+X—+ X+1
100 99 2

Prove that f (1) =100f (0)

Answer 5:

The given function is
100 X99 2

f(x):—+—+...+x—+x+l
100 99 2

d d XlOO X99 X2
—f(X)=—| —+—+...+—+x+1
dx dx| 100 99 2

100 99 2
9o A2 | X2, L dfx] d gy, 9
dx dx| 100 ) dx\ 99 dx\ 2 dx dx

On using theorem i(x” ) =nx"",
dx

We get

99 98
if(x)=1oox +99X +...+%+1+0
dx 100 99

) =x®+x® .+ x+1 At x=0,
f'0)=1At x=1, f'@Q=1°+21"+.. +1+1=[1+1+...+1+1] 01m =1x100=100

Thus, f'(1)=100x f*(0)

Question 6:

Find the derivative of X" +ax"*+a’x" % +...+a"*x+a" for some fixed real number a.

Answer 6:

Let f(x)=x"+ax""+a’x"*+...+a"'x+a"
! d n n-1 2.,n-2 n-1 n
' (x) =d—(x +ax"t +a’x" 4+, +a" X+ a")
X

d

=&(x")+ai(x"‘1)+a2 i(x”‘2)+...+a\“‘1%(x)+a” %(1)

dx dx

) d - )
On using theorem ™ X" =nx"", we obtain
X
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f'(x) =nx""+a(n-Dx"?+a’(n-2)x"*+...+a"*+a"(0)

=nx""+a(n-Dx"?+a’(n-2)x"°+...+a""

Question 7:

For some constants a and b, find the derivative of
(i) (x—a)(x—b) (ii) (¢ +b)’ (iii) >
Xx-b

Answer 7:

(i) Let f(x)=(x—a)(x—b)

= f(x) =x*—(a+b)x+ab

- (X) =%(x2—(a+b)x+ab)

d /. d d
:&(x )—(a+b)&(x)+&(ab)

On using theorem i(x“ ) =nx""?, we obtain
dx

f'(x)=2x—(a+b)+0=2x-a-b

(i) Let f(x)=(ax® +b)’

= f(x)=a’x"* + 2abx® +b?

f'(x):%(a2x4+2abx2+b2)=a2%(x4)+2ab—(x2)+—

X d _ .
On using theorem X X" =nx"", we obtain
X

f'(x) =a*(4x°)+2ab(2x)+b*(0)
= 4a°x® + 4abx
= 4ax(ax’ +b)

(x-2a)
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, d(x-a
f(x)=—| =—=
=t dx ( X— b)

By quotient rule,

d d
(x=b) o (x=2)=(x=a) o (x-b)

f'(x) =

) (x—b)2
_ (x=b)@)-(x-a)D)

(x—b)?
_X—b-x+a
(x—b)?

_a-b

(x—b)?
Question 8:

] ] ) Xn_an
Find the derivative of a for some constant a.
Answer 8:

Letf(x)= 22

X—a
, d(x"-a"
=>fFX)=—
) dx( X-a J

By quotient rule,

(x—a)’
(x—a)(nx"*-0)—(x"-a")
B (x-a)’
X" —anx" -x"+a"
(x—a)’
Question 9:

Find the derivative of
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. 3
(|) 2X—Z

(ii) (5% +3x—1)(x—1)
(iii) x3(5+3x)
(iv) x° (3—6x‘9)

(v) x* (3 - 4x‘5)

2

.2 X
Vi) ———

( )x+1 3x-1
Answer 9:

. 3
(i) Let f(x)= ZX_Z

f'(x) 2%(2X—%J

= 2%(x) —%Gj

=2-0

=2

(if) Let (%) =(5x°+3x—1)(x=1)

By Leibnitz product rule,

f'(x) = (5x3 +3x—1)%(x—1) +(x—1)%(5x3 +3x—1)

= (5%°+3x=1) (1) + (x—1)(5.3x* +3-0)
= (5% +3x—1)+ (x—1)(15x* +3)

=5%° +3x—1+15x° +3x—-15x* -3

= 20x° —15%* + 6x— 4

(iiii) Let f(x) = x°(5+3X)

By Leibnitz product rule,

, 5 d d/ s
f'(x) =x &(5+3x)+(5+3x)&(x )
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=X (0+3)+(5+3x)(-3x 1)
=x(3)+(5+3x)(-3x*)
=3x°%-15x"* —-9x°

=—6x°-15x"*

=-3x7° (2 + E)
X

-3

X (2x+5)
X

- ;—f’ (5+2x)

(iv) Let f(x)=x°(3-6x7)

By Leibnitz product rule,

(9 = (3-6x7)+(3-6x") £ (x)
=x*{0—-6(-9)x **} +(3-6x)(5x)

= x* (54x %) +15x" —30x°

=54x7° +15x* —30x°
=24x7° +15x*
24

=15x" +
(V) Let f(X)=x"*(3=4x")

By Leibnitz product rule,

F( =x* L (3-4x7)+(3-4x) S (x)
=X *{0—4(-B)x "} +(3-4x ) (-4)x
(208 ) (3-ax ) (-4

= 20x 1 —12x° +16x7Y

— 36X —12x°
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12 36
2 %2

vi) Letf (X) =——
(Vi) ) x+1 3x-1

2
f'(X):i(ij_i X
dx\ x+1) dx\|3x-1

By quotient rule,

d d d /oy .2
(x+1)&(2)—2&(x+1) ) (3x—1)&(x )—x &(3x—1)

o0 = (x+1)° @x—1)°

[on@-2m] | Bx-00-(x*)@)
N (X +1)? (3x—1)?

_ =2 | 6x*-2x-3x
(x+1* | (3x-17?

2 e
(x+1)* | 3x-1)°

_ =2 x(3x-2)
T (x+1)?  (3x-1)?

Question 10:
Find the derivative of cos X from first principle.

Answer 10:

Let f(X)=cosx. Accordingly, from the first principle,

f'(x) =lim

h—0

f(x+h)— f(x)
h

. cos(x+h)—cos x
=lim
h—0

_lim " cos xcosh—sin xsinh—cos x
N h—0 h

. [ —cosx(1—cosh)—sin xsin h}
=lim
h—0 h
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= lim| 2% X(1-cosh) sinxsinh
B h—0 h h

h—0 h—0

. 1-cosh . . (sinh
=—cosX| lim —sinxlim| —
h h
=—cos x(0) —sin x(1)

= —sin x (x) = —sin x

Question 11:

Find the derivative of the following functions:
(i) sin xcos x

(ii) secx

(iii) 5secx+4cosx

(iv) cosec x

(v) 3cot x+5cosec x

(vi) 5sinx—6cos X+ 7
(vii) 2tan x —7sec X
Answer 11:

(i) Let f(x)=sinxcosx.

Accordingly, from the first principle,

£(x) =lim f(x+h)—f(x)

h—0 h
_"msin(x+ h) cos(x + h) —sin x cos x
B h—0 h

= Iimi[ZSin(x+ h) cos(x+h) —2sin xcos x]
h—0 2h

= Iimi[sin 2(x+h)—sin 2x]

" ho0 2h

= Iimi{zcos

h—0 2h

1 4x+2h . 2h
=lim=| cos sin—

h—0 h 2 2

2X+2h+2x-sin 2x+2h—2x}
2 2
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g =T
= leﬁ[cos(2x+ h)sin h]
. ._sinh
=limcos(2x +h)-lim——
h—0 h—0
=cos(2x+0)-1
=C0S 2X
(ii) Let f(x)=secx.
Accordingly, from the first principle,
£ (x) = lim f(x+h)—f(x)
h—0 h
:"msec(x+h)—secx
h—0 h
1 1 1
=lim— -
h-0 h| cos(x+h) cosx}
_”ml_cosx—cos(x+h)
-0 h| cosxcos(x+h)
C (x+x+hj. (x—x—h}
—-2sin sin
| 2 2
=——-lim=
COSX h->0h cos(x+h)
| % (2x+hj. ( hj
-2sin sin| ——
1 .1 2 2
=——-lim=
CoSX h->0h cos(x+h)
sin h
. (2X+h 2
sin
> [3)
1 i 2
© COS X -0 cos(x +h)
( ) : (2x+hj
sin| — sin
1 2
lim

COS X

-lim
(h) h-0 cos(x+h)
2

o NS
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1 1sinx
COSX  COSX

=sec xtan x

(iii) Let f(x) =5secx+4cosx. Accordingly, from the first principle,

€00 - fim TN =9

h—0 h

_lim 5sec(x +h) +4cos(x+h)—[5sec x +4cos x]
h—0 h

_5lim [sec(x+h)—secx] alim
h—0 h h—0

[cos(x+h)—cos X]

:5Iim1 ! _ 1 +4Iim1[cos(x+h)—cosx]
-0 h| cos(x+h) cosx h—0

+4Iim%[cos xcosh—sin xsinh—cos x]

)

- +4IimL[—cos X(1—cosh) —sin xsin h]
COS X -0 h cos(x+h) h—0

) [2x+ h) ) h)

sin sin| —

5 . 2 . 2
lim lim

 COSX | o0 cos(x+h) h-o

[ cos x—cos(x + h)
| cos xcos(x+h)

—4sin X

5 sinx

=——-——-1-4sinx
COSX COSX

=5sec xtan x-—4sin X

—2sin 2x+h sin —D
1 2 2) .. {cos(x+h)
“h .Ll—r)ro]

it SARLILLYA +cosx|imw—sin inmM
h COS X cos(x+h) h—0 h h-0 h

(iv) Let f(x)=cosecx.

Then

] D, V. e
Il
(&)
o =3
£3
>
[E=Y
|
N
(28
S
TN
>
+
<
+
=
~
N o1,/
I/
b3
|
N | X
|
=
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00 = lim T =109

h—0 h

f'(x)= lim %[cosec(x +h) —cosec x]

1] 1 1
=lim—| — ——
-0 h| sin(x+h) sinx

1[ sinx—sin(x+h)
-0 h| sin(x+h)sinx

i (x+x+hj . (x—x—hj
2C0Ss -sin
1 2 2

=lim=— _ :
h—0 sin(x+h)sin x
I 2x+h). ( h
2cos sin| ——
1 2 2
=lim— > .
h—0 h sin(x+h)sin x

[ 20 ,Sin@
PRI

h—0 sin(x + h)sin x

(2x+hj . (hj
—CoS sin| —
2 . 2
= -lim

=1m| — - I
h—0| sin(x + h)sin x L (hj

_(_=cosx ),
sinxsinx /)’

2
= —COSEC X cot X

(v) Let f(x)=3cotx+5cosecx.
Accordingly, from the first principle,

£ (%) = lim f(x+h)—f(x)

h—0 h
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’ =3Iim1[cot(x+h)—cotx]+5|im1[cosec(x+h)—cosecx]
h—0 h h—0 h
1
Now, Ihmg E[cot(x +h) —cot x]
_Iiml_cos(x+h)_cosx
=0 h| sin(x+h) sinx
_"ml_cos(x+h)sin X —cos Xsin(x+ h)
>0 h| sin xsin(x +h)
:Iiml s_m(x_—x—h)
h-0 h| sin xsin(x+h) |
_jim | _sinCh)
h=0 h| sinxsin(x+h) |
(. sinh) . 1
=—| lim—— |- lim— -
h-0 h h—0 sin X - sin(x + h)
=-1— _l = __21 = —cosec? X
sinx-sin(x+0) sin“x
.1
LI im ™ [cosec(x + h) —cosec x]
1 1
=lim=| — ——
-0 h| sin(x+h) sinx
(x+x+hj (x—x—hj
2C0s .
1
=lim= . .
h—o h sin(x+h)sin x
(2x+h]. ( h)
2cos sin| ——
=lim= > .
h—0 h sin(x+h)sin x

=lim=| — :
-0 h| sin(x+h)sinx

1[ sin x—sin(x+h)}
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[ .Sin@j
Sl

sin(x+h)sin x

h—0 sin(Xx + h)sin x

i ' | ML)

=lim| — :
"0) sin(x-+h)sinx | (hj

2
=( .—cos.,x j.l
sin xsin x

= —CO0Sec X cot x

From (1), (2), and (3), we obtain f'(X) =—3cosec® x —5cosec X cot x
(vi) Let f(x)=5sinx—6Cc0SX+7.

Accordingly, from the first principle,

f(x+h)— f(x)
h

=l
= Ihing%[Ssin(x+ h) —6cos(x+h)+7—-5sin x+6cosx—7]
= Ling%[S{sin(x+ h) —sin x} —6{cos(x + h) —cos x}]

1. Y .1
=5Ih|LrgH[sm(x+h)—smx]—6L|LT(}H[cos(x+h)—cosx]

=5lim= —61im
h—0 h h—0 h

:5Iim1 2COS(2X2+ hjsinﬂ—Glim{_cos X(L—cosh) —sin xsin h}

h—0 h h—0 h

1] (x+h+xj . (x+h—xﬂ cos X cos h —sin xsin h —cos x
2c0s sin

. h
2x+hjs'n2 _6"m[—cosx(l—cosh) _sinxsin h}
h h

=5lim cos(
h—0 h—0

I . VED.
|
o
(@}
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=5c0s x-1—6[(—cos x) - (0) —sin x-1]

. h
sin— .
=5{Iimcos(2x+hﬂlim—2 —6{(—c03x)(liml_COShj—sininm(ﬂH
h—0 2 h—-0 h h—0 h h—0 h
(vii) Let f(x)=2tan x—7secx. Accordingly, from the first principle,
£ (x) = lim f(x+h)—f(x)
h—0 h
=Ling%[Ztan(x+h)—7sec(x+h)—2tan X+ 7secx]
= Ihmg %[Z{tan(x +h) —tan x}— 7{sec(x + h) —sec x}]
—2Iim1[tan(x h)—tanx]—?liml[sec(x h) —sec x]
~ Thoo h + h—0 h +
:2Iim£ sin(x+h) _sinx —7Iim£ 1 1
-0 h| cos(x+h) cosx h~0h| cos(x+h) cosx

1[ sin(x+h)cos x —sin xcos(x+h)}_7Iim 1 {cosx—cos(x+h)}

h—0 hy | cos xcos(x + h) h~0 | cosxcos(x+h)

) osin X+X+h sin X—=X-h
1[ sin(x+h-x) }_ﬂiml 2 2

h—0 h| cos xcos(x+ h) -0 h cos xcos(x + h)

h—0

. (2X+h) . h

inh 1 1 —25|n( > jsm(—zJ
=2IimK3m j }—YIim—
h—0 h

h Jcosxcos(x+h) cos xcos(x + h)

h sin[ZXJrh)
. SIin—
=2(|imﬂ)(|im 1 j-? lim—2 || lim 2
h—0 |

h—0 cos X cos(X + h) hh h h—0 cos X cOS(X + h)

2 2

Py p— —7.1[ X j

COS XCOS X COS XCOS X

= 2sec? x—7sec x tan x
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Miscellaneous Examples
Example 19

Find the derivative of f from the first principle, where f is given by

2X+3
X—2

(i) F()=

(i) f(x):x+1
X

Solution

(i) we have

2(x+h)+3  2x+3
X+h-2 X—2
h

£ x) = lim OEM =109 _ iy

h—0 h h—0

_lim (2x+2h+3)(x—2)—(2x+3)(x+h—-2)
~hoo h(x—2)(x+h-2)

_lim (2x+3)(x—=2)+2h(x—-2)— (2x+3)(x—2) —h(2x+3)
 ho0 h(x-2)(x+h-2)

. -7 7
=[im =—
-0 (x—2)(x+h-2)  (x-2)°

f' is not defined at x=2.

(ii) The function is not defined at x =0. But, we have

£x+h+l)—(x+lj
f(x+h)—f(x)=Iim X+h X
h

o=ty 7

Xx+h X

_h+X_X_h}=Iiml{h(1— ! ﬂ
| X(x+h) | hooh X(x+h)

“lim{1-—* |11
h—0 X(x+h) X

the function f is not definedat x=0.

~lim= h+i_l}

Il
£3 2
> =>
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Example 20

Find the derivative of f(x) from the first principle, where f(X) is
(i) sin x+cos x

(i) xsinx

Solution

f(x+h)— f(x)
h

(i) we have f'(x)=

_lim sin(x+h) + cos(x +h) —sin x —cos x

h—0 h
_lim sin x cos h +cos xsin h + cos x cos h—sin xsin h —sin x —cos x
" ho0 h
_lim sinh(cos x —sin x) +sin x(cos h —1) + cos x(cos h—1)
" ho0 h

(cosh-1) (cosh-1)
h

._sinh i . .
= lim——(cos x —sin x) + limsin x +limcos x
h—0 | h—0 h—0

=C0S X —Sin X
im (X+h)sin(x+h) —xsin x

h—0 h

. : . f(x+h)—f(x
(i) f (x):lhlgg ( f)1 ) _
:"m(x+h)(sin xcos h +sinhcos x) — xsin x
h—0 h
_lim xsin x(cosh —1) + xcos xsin h + h(sin x cos h +sin h cos x)
h—0 h
xsin x(cosh—1)

=lim
h—0

= XCO0S X+Sin X

. sinh . . .
+lim xcos x—— + lim(sin x cos h +sin h cos x)
h—0 h h—0

Example 21

Compute derivative of
(i) f(x)=sin2x

(i) g(x) =cotx
Solution

(i) We have sin2x =2sin Xcos X. Thus arx) = i(Zsin XCOS X) = Zi(sin X COS X)
dx  dx dx
= 2[(sin X)' €OS X +sin x(cos x)'}

= 2[(cos x) cos X +sin x(—sin x)]
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- 2(cos2 X —sin? x)

(ii) By definition, g(x) = cot x = “2X
sin x

then

d_g = i(cot X) = i(%j

dx dx dx \ sin x

_ (cosx) (sin x) — (cos x)(sin x)
- (sin x)?2

_ (=sinx)(sin x) —(cos x)(cos x)

(sin x)?
sin? X + cos® x 5
=—————— =—CO0Sec" X
sin‘ x
d_g:i(cotx):i[ij
dx dx dx \ tan x

(1) (tan x) — (I)(tan x)’
- (tan x)?

_ (0)(tan x) — (sec X)*

(tan x)?
—sec? x )
= >— = —COSec” X
tan” X
Example 22

Find the derivative of
. X°—cos X
! sin x
X+ COS X
tan x

(i)

Solution

5_
(i) Let h(x) = 2 —C9X
SIn X
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0 - (x°—cos x)y sin x—(x° —cos x) (sin x)

(sinx)*

(5x4 +sin x)sin x—(x5 —cos x)cosx

sin’ x

_ —x°cosx+5x*sinx+1

(sin x)?
(if)
We have X+ COSX
tan x

) = (x+cos x) tan x — (x +cos x)(tan x)’

n( (tan x)*

_ (1-sinx)tan x — (x+cos x) sec’ x
(tan x)?

Miscellaneous Exercise
Question 1:

Find the derivative of the following functions from first principle:
(i) —x

(i) (=)

(i) sin(x+1)

. V/a
(iv) cos (x - Ej

Answer 1:
(i) Let f(x)=-x.Accordingly, f(Xx+h)=—(x+h)
We know that
f(x+h)—f(x)
h

o=l
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h—0 h
= ngg(—l) =-1
(i) Let f(X)=(—x)" = R Accordingly, f(x+h) = -1
X X (x+h)

00 = lim T oM =109

h—0 h

1l -1 [—1)
=lim=| ——| —
h>0h| x+h \ X

1] 1 1}
=lim=| —+=
| X+h X

[ —x+(x+h)
X(x+h)

[ —Xx+x+h
| X(x+h)

(iii) Let f(x)=sin(x+1). Accordingly, f(x+h)=sin(x+h+1)
By first principle,
£ (x) = lim f(x+h)—f(x)

h—0 h

= Ling%[sin(x+ h+1)—sin(x +1)]

I Il Il Il ‘§” I Il Il I
< o= o= o= o= = = o= o=
S \H £3 £3 3 S i3 3 3 3 i3

> > =l W < > => | | |

I 2 : . = <
><N|H + = />i = I

= | =
= b3
N
1
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1 X+h+1+x+1) . (x+h+1-x-1
=lim=| 2cos — 5 sin —

h—0 h
_timl 2 (2x+h+2j ) [EH
h—0 h 2
sin D
. (2x+h+2j 2
=lim| cos .
h—0 2 h
2)
sin D
. 2X+h+2) .. 2
=limcos| ——— |-lim
h—0 2 h o h
5 u
2)
[2x+0+2)
=cos| — |1
2
=cos(x+1)
. V4 ) T
(iv) Let T(x) :cos(x—gj. Accordingly, f(x+h) :cos(x+h—§j
By first principle,
f,(X):“mf(x+h)—f(x)
h—0 h
1 T T
=lim=| cos| Xx+h—= |—cos| x——
h—>0h_ 8 8
(x+h—”+x—”j x+h-"_x+ %
=lim—=| -2sin sin 8
h—0 2 2
2x+h—”)
=lim=| =2sin sin —
h—0 h
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2X+ h—ZJsin[gj
=lim| —sin
h—0 2
Question 2:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r

and s are fixed non-zero constants and m and n are integers): (X +a)
Answer 2:

Given that

(x+a)

Let f(x)=x+a.

Then, f(x+h)=x+h+a

By first principle,

f(x+h)—f(x)

Fe =l
Question 3:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are

. . r
fixed non-zero constants and m and n are integers (pX+ q)(—+ sj
X

Answer 3:

Given

(px+q)(£+s)

Let f(X) :(px+q)(£+sj
f'(x):(px+q)(£+3j +(£+sj(px+q)’

:(px+q)(rx‘1+s)y+(£+SJ(p)
X
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o (T
= (px+q)(—rx )+[;+sj P

:(px+q)[;—!j+(£+5j p

e e
X X

qr

Question 4:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
fixed non-zero constants and m and n are integers)

Answer 4:
Let f(x)=(ax+b)(cx+d)?

By product rule,

f'(x)=(ax+b)%(cx+d)2+(cx+d)2%(ax+b)

=(ax+b)i(c2x2+chx+d2)+(cx+d)21(ax+b)
dx dx

d d d d d
= (ax+b)| —(c*x® )+ —(2cdx) + —d* |+ (cx+d)*| —ax+—b
(ax+ )[dx( X )+dx( x)+dx }+( X+d) {dx +dx }

= (ax+b)(2c”x+2cd ) +(cx+d?* )a

=2c(ax+b)(cx+d) +a(cx +d)?

Question 5:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are

fixed non-zero constants and m and n are integers):

cx+d
Answer 5:
Let
+
F(x) = ax+b
cx+d




Infinit})" ., Sri Chaitanya
Learn | Educational Institutions

’ (cx+d)i(ax+b)—(ax+b)i(cx+d)
f(X) — dx dx
(cx+d)?
simplify
_ (ex+d)(a) - (ax+b)(c)
(cx+d)?
_acx+ad —acx—bc
(cx+d)?
_ad-bc
(cx+d)?
Question 6:
Find the derivative of the following functions (it is to be understood that $a, b, ¢, d, p, g, r$and s are
fixed non-zero constants and m and n are integers):
1+1
X
11
X
Answer 6:
1+£ xel x+1
Letf(x)=—2X=—X_= , Where x = 0
1_} Xx=1 x-1
X X
By quotient rule,
d d
(x=1)—((x+1D)—-(x+1)—(x-1)
£(x) = dx _dx x#0,1
(x-1)
_(DO=0+) g,
(x-1)
_xlexal L oa
(x=1)
=———,x#0,1
(x-1)

Question 7:
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Find the derivative of the following functions (it is to be understood that a-b,c,d, p,q,r and s are

fixed non-zero constants and m and n are integers): ————
ax” +bx+c

Answer 7:

1

Lot 100 = v bxac

By quotient rule,

o0 (ax? +bx+c)(;jx(1)—(?)((ax2 +bx+c)

(ax2 +bx+c)2

B (ax2+bx+c)(0)—(2ax+b)

(ax2 +bx+c)2

_ —(2ax+Db)

(ax2 +bx+c)2

Question 8:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
ax+b

fixed non-zero constants and m and n are integers): ————
PX+gx+r
Answer 8:

ax+b

Let f(X)=—"—
pxX® +0gxX+r

By quotient rule,

(px2+qx+r)i(ax+b)—(ax+b)i(px2+qx+r)
f’(X)= dx dx

(p' + e
simplify

(P +ax+r)(a) - (ax+b)(2px-+q)
(P +er)

_apx’ +agx+ar —2apx’ —agx — 2bpx —bq
(pxX* +ax+ r)2
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_ —apx® —2bpx +ar —bq
( PX® + X + r)2

Question 9:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
PX® + QX+ T

fixed non-zero constants and m and n are integers): 0
ax +

Answer 9:

PXZ +OX+ T

Let f(x)==—F

By quotient rule,

(ax+b)(;jx(px2+qx+r)—(px2+qx+r)ci((ax+b)

Foo= (ax+D)’

_ (ax+b)(2px+9) - (px* +ax+r1)(@)
- (ax+b)?

_ 2apx® +aqgx + 2bpx +bg —apx® —agx —ar
(ax+b)?

_apx’ + 2bpx+bg —ar
(ax+b)?

Question 10:

Find the derivative of the following functions (it is to be understood that a,b,c,d, p,q,r and s are

. . a b
fixed non-zero constants and m and n are integers): —- —— +C0S X
X" X

Answer 10:

Given

a b+COSX

x* X2
a b

Let f(X)=— ——+cCOSX
X X
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: d(fa) d(b d
f (X):&(Fj—&(?)‘F&(COSX)

=a—(x4‘)—b%(x‘2)+%(cosx)

=a(-4x*)—b(-2x")+(-sinx)

—_4&+2b sin x
X3

Question 11:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
fixed non-zero constants and m and n are integers): 4\/; -2

Answer 11:

Given

4x -2
Let f (X) =4+/x —2

F()= -2 =S 1)-<2)

1 1
- 41(x2j—0 - 4(1 xz‘lJ
dx 2

Question 12:

Find the derivative of the following functions (it is to be understood that a,b,c,d, p,q,r and s are

fixed non-zero constants and m and n are integers): (ax+b)"
Answer 12:
Let f(x)=(ax+hb)". Accordingly, f(x+h)={a(x+h)+b}" =(ax+ah+b)"

By first principle,

Il
N
QLo
>l<\)\H x
N—
Il
SIS
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00 = lim T =109

h—0 h

_lim (ax+ah+b)" —(ax+Db)

h—0 h
. ah "
ax+b) |1+ —(ax+b)"
R T s
_hAO h

(1+ ah ) 1
— (ax+b)" lim > &X*D
b—0 h

B 2
_ (ax+b)" lim 1+n( an ]+”(”‘1)[ an j+ 1
b—0 ax+b 2 ax+b

i ( ah jJrn(n—l)azh2

:(ax+b)”lim1 n -
h—0 h ax+b 2(ax +b)

+...(Terms containing higher degrees of h)]

= (ax+b)" Iim[

b—0

na +n(n—1)a2h
(ax+b) 2(ax+b)*

=(ax+b)”{ na +o}
(ax+b)

(ax +b)"
(ax+b)

=na
=na(ax+b)"*

Question 13:

Find the derivative of the following functions (it is to be understood that $a, b, ¢, d, p, g, r$and s are
fixed non-zero constants and m and n are integers): (ax+b)"(cx+d)"

Answer 13:

Let f(x)=(ax+b)"(cx+d)"
f'(x) = (ax+b)" i(cx+d)m +(cx+d)" i(ax+b)n
dx dx

Now, let f (x)=(cx+d)"
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f,(x+h) = (cx+ch+d)™

£(x)= m f(x+ hr)] - f,.(x)

_lim (cx+ch+d)™ —(cx+d)
h—0 h

_ (ex+d)" tim 2| [14 <" j 1
h—0 h cx+d

=(cx+d)"lim= ...
b-0 hy (cx+d) 2 (cx+d)

1/, mch  m(m-1) (c*h?) . J_l}

i _ \2h2
=(CX+d)mLirrgl mch +m(m 1c’h

h| (x+d) 2(cx+d) +...( Terms containing higher degrees of h)]
+ +

=(cx+d) Ihm

mc +m(m—1)c2h+
(cx+d)  2(cx+d)*

=(cx+d)m[ me +o}
cx+d

_ mc(ex+d)"
© (ex+d)

=mc(cx+d)™*

a4 (cx+d)™ =me(ex+d)™"
dx

Similarly, di (ax+b)" =na(ax+b)"*
X
Therefore, from (1), (2), and (3), we obtain
f'(x) = (ax+b)" {me(cx+d)™*}+(cx+d)" {na(ax+b)"*}

= (ax+b)"*(cx+d)™*[mc(ax +b) + na(cx + d)]

Question 14:

Find the derivative of the following functions (it is to be understood that a,b,c,d, p,q,r and s are
fixed non-zero constants and m and n are integers ) :sin(x+a)

Answer 14:



Infinit})" ., Sri Chaitanya
Learn | Educational Institutions

Let f(x)=sin(x+a), therefore f(x+h)=sin(x+h+a)

By first principle,
£ (x) = lim f(x+h)—f(x)
h—0 h
="msm(x+h+a)—sm(x+a)
h—0 h
1] [x+h+a+x+a). (x+h+a—x—aj
=lim=| 2cos sin
h—>oh_ 2 2
1] (2x+2a+h). [h)
=lim=| 2cos| ——— [sin| —
h—)Oh_ 2 2
. (h
2X+2a+h sm(zﬂ
:LI_I‘)T;JI cos( > j{ (hj ]
2
sin D
. 2X+2a+h),. 2
=limcos lim
h—0 2 b D
2 (2]
_ (2x+2ajx1
=cos(x+a)

Question 15:

Find the derivative of the following functions (it is to be understood that a,b,c,d, p,q,r and s are
fixed non-zero constants and m and n are integers): COSec X COt X

Answer 15:

Let f(x)=cosecxcotXx
By product rule,
f'(x) = cosec x(cot x)' + cot x(cosec x)’
Let f,(X)=cotx. Accordingly, f,(x+h)=cot(x+h)

By first principle,
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f,(x+h)— f,(x)
h

fl(X)=|hI_I’>TJ
i cot(x+h)—cotx
_hAO
—Iiml cos(x+h) cosx
h-0 h{ sin(x+h) sinx
~ Iiml_sm x cos(x + h) —cos xsin(x + h)
>0 h| sin xsin(x +h)
:Iiml s_m(x_—x—h)
h-0 h| sin xsin(x+ h)
_ _1 -Iiml ism(—h)
sinx -0 h| sin(x+h)
-1 ( sinh) : 1
=——:- lim lim—
sinx {(h—0 h h-0 sin(X + h)
_ 1 1- 1
sin X sin(x+0)
-1
sin’ x
= —cosec’ X
. (cotx) = —cosec® x
Now, let f,(x) =cosec x. Accordingly, f,(x+h)=cosec(x+h) By first principle,
.1
= Ih'fg T [cosec(x +h) —cosec ]

1l 1 1
=lim—| — _—
h>0 h| sin(x+h) sinx

1[ sinx—sin(x+h)
-0 h | sinxsin(x+ h)

2c0S X+X+h sin X—X—h
1 1 2 5

=——-lim= :
sinx h->0h sin(x+h)
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2c0s 2x+h sin _—h
1 1 2 2

=——-lim= -
sinx h-0h sin(x+h)

: (hj (2x+h}
—SIn| — | CoS
1 2) 2

sin x h-0 (h) sin(x+h)

: (h) (2x+hj
sin| — COs
-1 2) | 2

=——-lim m—
sinx -0 (h] h>0  sin(x + h)

2

cos(2X+0]
_ -1 1 2

Tsinx sin(x+0)

-1 cosX

sinx sinx

= —CO0Sec X - ot X
. (cosec x) = —cosec X - cot X
®3)

f'(X) =cosec x(—cosec” x)+cot x(—cosec x cot x)

= —cosec® X — cot? x cosec X
Question 16:

Find the derivative of the following functions (it is to be understood that a, b, c, d, p, g, rand s are
0S X

1+sinx

fixed non-zero constants and m and n are integers):

Answer 16:

COS X

Let f(x)= -
1+sinx

By quotient rule,

(@+sin x)i(cos X) —(cos x)i(1+sin X)
f(X) — dx dx

(1+sin x)?
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_ (2+sin x)(—sin x) — (cos x)(cos x)
(L+sinx)?

_ —sinx—sin® x—cos’ X
(L+sinx)®

—sin x—(sin2 X + C0s? x)

(1+sin x)?
—sinx-1

- (L+sin x)?

_ —(1+sinx)
~ (L+sinx)?

-1
(@+sinx)

Question 17:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
Sin X+ COS X

fixed non-zero constants and m and n are integers): —
sSin X —Ccos X

Answer 17:

Sin X + Cos X

Let f(X)=
SIN X—CO0S X

By quotient rule,

(sinx—cos x):X(sin X+ C0S X) — (Sin X +Cos x)(;jx(sin X —COS X)

Foo= (sin X —cos x)?

_ (sinx—cos x)(cos X —sin x) — (sin X +c0s X)(cos X +sin x)
(sin x —cos x)*

_ —(sinx—cos x)* — (sin X+ cos X)?
(sin X —cos x)?

—[sin2 X +C€0S? X — 25in X c0S X +Sin? X + c0s% X + 2sin X cos x]

(sin x —cos x)?

3 —1+1]
~ (sin x—cos x)?
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(sin x—cos x)°

Question 18:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
secx—1

fixed non-zero constants and m and n are integers):
secx+1

Answer 18:

secx—1
secx+1

Let f(x)=

1

-1
f(x)= COSX_ _ 1—cos x

1 L1 l+cosx

COS X

By quotient rule,

(1+cos x)i (1—cos x)—(1—cos x)i(1+ COS X)
dx dx

f'(x) =

(1+cos x)?

_ (L+cos x)(sin x) — (1—cos x)(—sin x)
- (1+cos x)?

_Sin X+ Cos Xsin X +sin X —sin X cos X

(1+cos x)°
_2sinx
(1+cos x)?
_2sinx  2sinX
1L 2 (secx+1)°
Sec X
_ 2sinxsec’ X

 (secx+1)?

_ 2secx+1)?
(sec x +1)?

N
8 |
A=
> |
w
@D
o
=
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_ 2secxtanx
1+5)°

Question 19:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
fixed non-zero constants and m and n are integers): sin" x

Answer 19:
Let y=sin" X.
Accordingly, for n=1,y =sinx.

dy .d o
.'.d—=cosx, i.e., —sin X =cos X

X dx
For n=2,y=sin’x

N ay = i(sin XSin x)

Tdx dx
= (sin X) sin x +sin x(sin x)’
= COS X SIN X +Sin X COS X
= 2SIN XCOS X

For n=3,y =sin’x

L i(sin xsin? x)
dx dx

'

= (sinx) sin x+sin x(sin® x)

= €0S XSin® X +sin x(2sin x cos x)
= C0S XSin® X + 2sin” X oS X

= 3sin” xcos X

We have

d, . e
d—(sm" x) =nsin®™® xcos x
X

Itis truefor n=K.

i d, . e
ie. —(sm" x)z ksin®™® x cos x
dx
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Consider

d

&(sin"” x) = %(sin xsin® x)

'

= (sin x)' sin x+sin x(sin* x)
= cos xsin* x+sin x(ksin“ xcos x)

=cos xsin® x +k sin* x cos x

= (k +1)sin* xcos x

Question 20:

Find the derivative of the following functions (it is to be understood that a,b,c,d, p,q,r and s are
a+bsinx

fixed non-zero constants and m and n are integers):
c+dcosx

Answer 20:

a+bsinx

Let T(x) = c+d cosx

By quotient rule,

(c+d cosx)i(a+bsin X)—(a+bsin x)i(c+d COS X)
dx dx

£'(x) =

(c+d cos x)?

_ (c+dcosx)(bcos x)—(a+bsin x)(—d sin x)
(c+d cos x)?

_ cbeos x+bd cos® x+ad sin x + bd sin® x
(c+d cos x)?

bccos x + ad sin x +bd (0032 X +sin? x)

(c+d cos x)?

_bccos x+ad sin x +bd
(c+dcosx)’

Question 21:

Find the derivative of the following functions (it is to be understood that a,b,c,d, p,qg,r and s are
fixed non-zero constants and m and n are integers ):
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Answer 21:
COS X
sin(x+a
Let f(x)=SN(x+2)
COS X

By quotient rule,

cos xi[sin(x +a)]-sin(x+ a)icos X
X dx

f'(x)=

cos’ x

cos xi[sin(x +a)]-sin(x+a)(-sin x)

f'(x) =

cos? x

Let g(x) =sin(x+a). Accordingly, g(x+h)=sin(x+h+a)

g (X)=lim

h—0

g(x+h)-g(x)
h

= Ihirrg%[sin(x+ h+a)—sin(x+a)]

1l x+h+a+x+a x+h+a X—a
=lim=| 2cos sin

1 2x+2a+h h
=lim=|2cos| ——M— 2

[2x+2a+h L

)

=0

. 2x+2a+h) . sm(
=limcos > lim

<ig

=Ccos(x+a)

From (i) and (ii), we obtain
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F(x) = COS X - COS(X + a) +sin xsin(x + a)
cos® x
_ cos(x+a—Xx)
cos® X

_ cosa

cos’® X
Question 22:

Find the derivative of the following functions (it is to be understood that a,b,c,d, p,q,r and s are

fixed non-zero constants and m and n are integers): x*(5sin x —3cos X)
Answer 22:
Let f(x)=x*(5sinx—3cosX)

By product rule,

f'(x):x“i(Ssinx—3cosx)+(55inx—BCosx)i(x“)
dx dx
d . d . d

=x*5— -3— 5 -3 —(x*

X [ o (sinx) ™ (cosx)}+( sin X —3¢0s x) dx(x )

= x*[5¢05 X —3(—sin x)] + (5sin x~3cos x) (4x°)

= x’[5xc0s X + 3xsin x + 20sin x —12cos X]

Question 23:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
fixed non-zero constants and m and n are integers (X2 +1) Cos X

Answer 23:

Given

(x*+1)cosx

Let f(x)=(x*+1)cosx
By product rule,

f'(x) =(x2 +1)%(cos X) + C0S x%(x2 +1)
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= (X* +1) (~sin x) +cos x(2x)

=—X?sin X —Sin X+ 2XC0oSs X

Question 24:

Find the derivative of the following functions (it is to be understood that a, b, c, d, p, g,rand s are
fixed non-zero constants and m and n are integers): (ax2 +sin x)( p + g CoS X)

Answer 24:
Let f(x) =(ax®+sinx)(p+qcosx)

By product rule,

£'(x) = (ax* +sin x)%(p+qcosx)+(p+qcosx)%(ax2+sin X)

= (@x* +sin x) (—qsin x) + (p + c0s X)(2ax +C0s X)

= —qsin x(ax* +sin x) + (P +qc0s X)(2ax +Cos X)

Question 25:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
fixed non-zero constants and m and n are integers ) : (X + c0s X)(X — tan x)

Answer 25:
Let f(X)=(X+cosx)(x—tanx)

By product rule,

f'(x)=(x+cosx)i(x—tan X) + (X —tan x)i(x+cosx)
dx dx

= (X+C0SX) _%(x) —%(tan x)}+ (x—tan x)(1-sin x)

= (X +C0SX) 1—ditan x}+ (x—tan x)(L—sin x)
| dx

Let g(x) =tanx. Accordingly, g(x+h)=tan(x+h)

By first principle,
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g(x+h)—g(x)
h

g'(x)=lim

h—0

_ Iim(tan(x+ h) —tan x)
h—0 h

=lim=
h—0h| cos(x+h) cosx

1_sin(x+h)_sinx}

[ sin(x + h) cos x—sin xcos(x + h)
cos(x + h) cos x

=——:lim=
cosx h>0h| cos(x+h)

1 .. 1[ sinh
=——:lim=| ———
cosx -0 h| cos(x+h)

1 . sinh . 1
= | im o lim——
cosx (-0 h h-0 cos(X + h)

1 1 1
cosx  cos(x+0)

1. 1_sin(x+h—x)}

=sec’ X
Therefore, from (i) and (ii), we obtain

£ (x) = (x+cos X) (1—sec? x) +(x —tan )(L-sin x)
= (x+C0s X) (—tan? x)+ (x—tan x)(1—sin x)

= —tan® x(X +cos X) + (X —tan x)(1—sin x)

Question 26:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
4x+5sin x

fixed non-zero constants and m and n are integers):
3X+7C0s X

Answer 26:

4x +5sin x

Let f(x)=
) 3X+7c0os X

By quotient rule,

] . . e
Il
£3
| =
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(3x+7cos x);(4x+53in X) —(4x+5sin x);(3x+7cos X)
X X

f'(x)=
) (3 +7cos x)?

(3x+7cos x)[4d(x) +5i(sin x)}—(4x+53in X) [de+7dcos x}
dx dx dx dx

(3x + 7 cos X)?

_ (3x+7cosx)(4+5c0s X)— (4x+5sin x)(3—7sinx) 12x+15xcos x +28cos X +35¢08% X —12X + 28xsin x —15sin x + 35sin? x
(3x+7cosx)? (3x+7cosx)?

15X COS X + 28OS X + 28xsin x —15sin x+35(cos2 X +sin? x)

(3x+7cos x)*

_ 35+15xc0s x +28c0s x + 28xsin x —15sin x
(3x+7cos x)?

Question 27:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are
fixed non-zero constants and m and n are integers):

x? cos(”)
_\4)

sin X

Answer 27:

x> cos[jj
Let f(x)=— 2/

sin X
By quotient rule,
. d,, ,d .
SInX—( X°)—x"—(sIn x
dx( ) dx( )
sin? x

, T
f (x)=cos—-
(%) b

7| sinx-2x—x?cos x
=COS—- —
sin? x

xcos%[Zsin X —XC0S X]

sin? x
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Question 28:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, rand s are

fixed non-zero constants and m and n are integers):

1+tanx
Answer 28;

X

Let f(x)=
) 1+tan x

(1+tan x)i(x) - xi(1+ tan x)
f(X) — dx dx

(1+tan x)°

(1+tanx)— x-i(1+tan X)
F(x)= x

(L+ tan x)?
Let g(x) =1+ tan x. Accordingly, g(x+h) =1+ tan(x+h)

By first principle,

v s 9(X+0)—g(x)
g (x)=lim -

_ m[1+tan(x+ h)—1-tan x}
h

sin(x+h) sinx
| cos(x+h) cosx

[ sin(x + h) cos x —sin xcos(x + h)
cos(x + h) cos x

[ sin(x+h—x) |
| cos(x+h)cosx |

sinh
| cos(x+h)cosx |

. sinh . 1
=|lim—— || lim
h-0 h h—0 cos(X + h) cos x

:1)(

=sec’ X

cos® x

= a (1+ tan x) = sec® x
dx

] . VB
Il Il Il Il |
L3 L3 3 L3 L3
o o> > >
1
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From (i) and (ii), we obtain

1+ tan x — xsec? x
(1+tan x)°

f'(x)=

Question 29:

Find the derivative of the following functions (it is to be understood thata, b, ¢, d, p, q, r and s are
fixed non-zero constants and m and n are integers (X + sec X)(X —tan x)

Answer 29:
Let f(Xx)=(x+secx)(x—tanXx)

By product rule,

f'(x) :(x+secx)i(x—tan X) + (X —tan x)i(x+secx)
dx dx

= (X+SecXx) i(x)—itan x}+(x—tan x){i(x)Jrisecx}
| dx dx dx dx

= (X+5secx) 1—itan x} +(x—tan x) [1+ isec x}
| dx dx

Let f,(x)=tanx, f,(x) =secx

Accordingly, f,(x+h)=tan(x+h) and f,(x+h)=sec(x+h)

(0= m( f(x+ hz- fl(x))

_ Iim(tan(XJr h) —tan x)
h—0 h

{tan(x+ h) —tan x}
h

sin(x+h) sinx
| cos(x+h) cosx

[ sin(x + h) cos x —sin xcos(x + h)
cos(x + h) cos x

[ sin(x+h—x)
| cos(x+h)cosx

] . VB
Il Il Il Il
3 =1 =1 =1
> > >
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’ 1 sinh
h—0 hy| cos(x + h)cos x
._sinh) (.. 1
= lim=——|-| lim
h»0 h h—0 cos(X + h) cos x
—1x 12 =sec? x
COS” X
tan x = sec® x
dx
= h
v (x+h) = (%)
fz(x)"h'fé( h
:“m(sec(XJrh)—secxj
h—0 h
1) 1 1
=lim= -
-0 h| cos(x+h) cosx
_”ml_cosx—cos(x+h)
-0 h| cos(x+h)cosx
[ (x+x+h) . (x—x—h
-2sin -SIN
| 2 2
:—'Ilm_
cosX h-0h COS(X+h)
_—Zsin X9 -sin -h
1 .1 2 2
:—'Ilm_
i sin D |
. (2x+hj 2
sin
2 h
= -lim
COS X h-0 COS(X+h)

COSX h-0h cos(x+h)

N |
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sin (hj
{Iimsin(szrhj} lim 2
h—0 2 nao D
2
=Secx- :
Ihlng cos(x+h)

COS X

d
= —Sec X =Sec xtan x
dx

From (i), (ii), and (iii), we obtain
£(x) = (x+sec x) (1—sec? x) + (x—tan x)(1+sec x tan x)

Question 30:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, g, r and s are

fixed non-zero constants and m and n are integers):

sin” x
Answer 30:

X
sin” x

Let f(x)=
By quotient rule,

o d d .,
/ Sin deX—X&SIn X
F ()= NG
SIn™ X

We get

d ., -~

—sIn" X =nsin"" Xcos X

dx

Therefore,
. .od d .,
sin" X— X—=X—siIn" x

fI(X)= dX_ = dx
SIn™ X

sin" x.1— x(nsin“‘1 X COS x)

sin?" x

_sin"™ x(sin X —nx cos X)
sin®" x

Il
%)
@
o
x
@,
=]
x
H
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_sinx—nxcosx

- AN+l

SIn" " X




