Question 1:

Evaluate the Given  limx+3 |imit:
Answer 1.
limx+3=3+3=6

Question 2:
Evaluate the Given limit: lim[x——27£]

X1

Answer 2:

22 22
lim[x ——J - (n——]
X 7 7

Question 3: i
Evaluate the Given limit; limmr”

r—l

Answer 3:

,
-

limar®=n (1) =n

r—sl

Question 4: e
Evaluate the Given limit: lin} - 5
Xe» x_
Answer 4:
. 4x+3 4(4)+3 16+3 19
llm = —_ =
x-pd .\._2 4_2 2 2
Question 5: L
Evaluate the Given limit:  jjm X**
vl x—]

Answer 5:

f”+x5+l_(—Um+(—Us+l_l—1+l_

lim
L I | -1-1 -2

Get More Learning Materials Here : i

Mathematics

(Chapter — 13) (Limits and Derivatives)

(Class — XI)

Exercise 13.1

+1

"
2

e @)

@ www.studentbro.in



Question 6:

Evaluate the Given limit: i (**1) =1
vl X
Answer 6:
x+1) =1
T Gl |
vl X
Putx+1l=ysothaty - 1asx— 0.
x+1) -1 S
Accordingly. Iim( ) =lim? :
i) X erl ."_.l
=lim y =1
y=1 y-1
=51 [lim Ll na""jl
o ¥—-a
=5
x+5) ~1
Iim( ) =95
r—»l) .‘-
Question 7: _ o  Baew40
Evaluate the Given limit: 1},'}}?

Answer 7:

At x = 2, the value of the given rational function takes the form.
3xt=x=10

x— x+5
Clim - =lim(r 2)xt )
=2 x" -4 =2 (x=2)(x+2)

3x+5

= lim
2 y 4 2

3(2)+5
2+2
-3
4

e @)
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Question 8: 1_81
Evaluate the Given limit:  lim ———

w3 2x" —5x-3
Answer 8:
At x = 2, the value of the given rational function takes the form. g
x —81 (x=3)(x+3)(x*+9)

I‘l}*n‘ 2x* -5x-3 3 ~l(|-13} (x=3)(2x+1)

g (x +3)(.\': +9)

3 2x+1
(3+3)(3°+9)
S 2(3)+1
_6xI18
-7
108
=
Question 9:
Evaluate the Given limit:  Jjm &2
=0 cx +1
Answer 9:

lim ax+b _a(0)+b

— =h
=0 ex+1 ¢(0)+1

o | =

Question 10:
Evaluate the Given limit:  lim
2zl

3]
o=
|

Answer 10:

|
=3 ]

0
At z = 1, the value of the given function takes the form. 0

|
Put z=x sothatz —-1asx—1.
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: - I L
Accordingly, Im} —=1lim
- e | A‘_
LA
=lim
e B B
=2
=2

Question 11:
Evaluate the Given limit:  |im

Answer 11:
ax’ +hx+c u(l): +h(1)+e¢
=l ex’ +hx +a ¢'(I)2+b(l)+a

Get More Learning Materials Here : i

ax’ +bx+c¢
= S

. ‘\_Il
lim
v X —q

Ja+b+c#0

ol ex* +bx+a

[u+b+c'¢0]

_a+b+c
a+b+c
=]
Question 12: ' + '
Evaluate the Given limit:  lim *—2
=2 x+2
Answer 12:
1 1
B + —
lim £—2
w2 x4 2

e @)

n
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At x = =2, the value of the given function takes the form. S
0

I (2+x)
= s e
5 2x
Now, lim +—= —Imr—————
-2 x42 2 x42

= lim —
v-22x
_ k=]
2(-2) 4
Question 13: sin ax
Evaluate the Given limit: ~ lim=-
Answer 13:
. sinax
lim
yeal) bx

At X = 0, the value of the given function takes the form 6

Slﬂ Cl‘l I

. Sing¢
Now, lim = lin
X} b’\' X ﬂ' .\

(smm] ( zJ

=lim —

x— b

- b “—J”(

=25 [lim—s'"~" = 1]
b yealh )~

) [.\*—)0:>a\'—>0]

>T+ 1<
e @)
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Question 14:

: o . sinax
Evaluate the Given limit: lim a, h#0

w0 gin by

Answer 14:

lim Sinay ,a, bz0

0 gin by

At X = 0, the value of the given function takes the form

(sin ax ]
' X ax
. sinax . ax
Now, lim— =lim-———
=0 8inhx 0 [ sinbx
L % bx
bx

sin ax

ax
sin hx

bx

-

hm
by} \

e
)

Question 15:

) L sin(m—x
Evaluate the Given limit: —L—)

i
o n(m-x)

Answer 16:
- sin(m—x)
A=t n(n_ x)

Itisseenthatx > T=(mM—-x)—0
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sin y

[a | .
X lim
b I Al () 'v

x=20=ax—0
andx—>0=bx-0

|
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BT G

lim

sin(m—x)

X% n(n_x) T {=-x)>0 (n_x)

= x|

Question 16:
Evaluate the given limit:

Answer 16:

cosx cos( 1

lim—=—=—

M-y -0 =n

Question 17:

Evaluate the Given limit:

Answer 17:

. cos2x~1
lim ————
v0 cosx—|

|

Cosx

lim
xeal} n—x

vo0 cosx—1

limﬂﬂ]

yoal) J
- Y

cos2x~1
m —

At x = 0, the value of the given function takes the form.

Now,
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Sin
lim —2
:—-o!) jl
i 2
l:
=4—
‘-
=4

Question 18:
Evaluate the Given limit:

Get More Learning Materials He

. cos2x—1 .. 1-2sin’x-1
hm—I =lim cosx=1-2
vl X - xepl) .2 >
o I-2sin” =1
2
sin“x | .
- ~» X 1
. osIncx . X
=lim =lim £
=l . 4 X v—al)
sin” g
2] sin q
2 ) X
7?, x - —
XN Rl
2
ey
. [ sinx
lim 5
xenll \'
=4 /

. ax+XCosx
lim ———————

v}

bsin x
>T s 1<
oxvere €)

re: .

| =
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Answer 18:
. ax+Xxcosx
llm—_—.
w0 hsinx

At x = 0, the value of the given function takes the form.

Now,

._ax+xcosx 1 . x(a+cosx)
lim———=—Ilim -

=0 bsinx b0 sinx

L+ if® ;
=—lim| — |xlim(a+cosx)
sinx ) 0

| :
=—x—————xlim(a+cosx)
b ( . smx] =0
lim 20
vl _"
| . sinx
=—x(a+cos0) lim——=1
h x—0 X

_a+|
h

Question 19:

Evaluate the Given limit: lim xsecx

=0

Answer 19:

. T ; 0 0
limxsecx =lim——=—===(
g 0cosx  cos |

STI<
e @)
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Question 20:

Evaluate the Given limit: IimM a,b,a+b=0
w20 gx+sin bx

Answer 20:

. . 0
At x = 0, the value of the given function takes the form. 3
Now,

. sinax+bx
Ihm—
vl gy +sin by

sin ax
[ ] ax + bx

ax
sin hx )

bx

=lim

x=

ax + bx(

av—»ll ax x—) " vl

. sinax | .. .
(Ilm Jxllm(a.\')+hm bx

lim

hy—ly b'\-

lim ax + lim bx

Y=y )

- N=al) N epl}

limax + lim bx

Tl =l

lim(ax)+limbx _sinx
lim =1
= = F

lim (ax + bx)

— x=l

~lim(ax+ bx)

=lim(1)
=]

ST <
e @)
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Question 21:
Evaluate the Given limit:  lim(cosec x —cot x)

x—0

Answer 21:

At x = 0, the value of the given function takes the form. @0 —oC
Now,
lim (cosec x - cot x)

¥l

; | cos x
=lim -

0l siny  sinx

: | -cosx
=lim -
-0l sinx
[ l-cosx )
; X
=lim—-
0 sin x)
x

. l—cosx
lim- -
o Ll .\‘
. sinx
lim -
x-l) _\-
0 . l=cosx . sinx
=— lim =0and lim =1
I ¥—al) X -l X
=0

ST <
e @)
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Question 22:

. tan2x
lim
x=%
R RP Gote
2
Answer 22:
. tan2x
Iim
H:; S n
2
T 0
X = = —
At - , the value of the given function takes the form 0
T T
X === x=>—=,y—>0
Now. put - so that -
7t\
tan2| y+—
tan2x . " 2
| = lim
X2 n —E \ () )
>

v =) -\
= lim L2y [lzm(n+7y)=lan 7\]
veal} ) E i
sin 2y

v=0 y cos 2y

’ [sinZy 2 J
= lim X

y=0| 2y cosy
. sin2y ; 2
=(Ilm =[x lim [y—=>0=2y-0]
\3\ -0 Dy v=01 cos 2’\

2 . sinx
=1x lim =1
cos() a0 x

2
=]x—=

|
=2

e @)

Get More Learning Materials Here : i

@ www.studentbro.in



Question 23:
2x+3, x<()
3(x+1), x>0

Find ]"-T» f(X) and l}'ﬂ f(xy, where f(x) = [

Answer 23:

2x+3, x=<0

The given function is f(x) = {3(‘”') g

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

x=l

lim f(x)=lim3(x+1)=3(0+1)=3

slim f(x)= lim f(x)=lim f(x)=3

lim f(x)=lim3(x+1) =3(1+1)=6
ler fx)= lin}3(.\‘+l)=3(l+l)=6

Iin|1_ f (x)= |m'1 Flx)= Im?f(r) =6
Question 24:

: -1, =x<I
Find llli’q f(x), where f(x) = {—x: -

Answer 24:

The given function is

ST 5L
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f(){‘ =]

—x —Lx=>1

lim £ (x) = Ijxj}[x" -1] =1’-1=1-1=0

x—1'

It is observed that lim f(x)+# lim f(x).
x—l x—»l’

Hence, Iin} f(x) does not exist.
X

lim f(x)= Ilm[I q
vt vy’ X

= lim [—]
x—»0 Ay

= Iml1 (1)
=1
It is observed that lim f(x)# lim f(x).
a0 x—0"

Hence, lim /(x) does not exist.
x—

lim f (x) = lim[ —x* —1]=-F -1=-1-1=-2

Question 25:
[+
: — x=0
Evaluate 1'2}, f(x), where f(x) = x’ °
' 0, x=0
Answer 25:
li' x#0
The given function is f(x) = x
0, x=0
i 7 x) =t B
. —X . .
= Ilm[—) [When X is negaitve, |\| =
vl X
=gl
=-1

> <
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Question 26:

| =

x#0

=
’

Find 1M f(x), where f(x) =

=)
ot
1]
o

Answer 26:

The given function is

X

— x#0
f(x) =1

0

x=0

lim f(x)= lim |: =
L el |-r|

. X
=lim|—
x—l) —X

-

=lim(-1)

Al

[W'hen x < |\| =

o (%)= '2:3[, |]

a X
=lim| —
N —»(} "-

=1lim(1)

Al

=1
It is observed that lim S(x)# lim T &R

|:When x>0, |x| — .\':]

Hence, Ilm f(x )doeﬂ not exist.

ST <
e @)
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Question 27:

Find lim f(x), where f(x) = |x| -5
Answer 27:
|x|—5

The aiven function is f(X) =

lim 7(x)=lim [|\] - 5]
=lim (x-3) [When x>0, |x|= .\']

5-5

0

lim £ ()= lim (|x[-5)

x—»8"

=lim(x-3) [ When x>0, |x|=x]
=55
=0

~lim f(x) = lim f(x)=0

Hence, lim f(x)=0

Y—3

ST
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Question 28:

a+bx, ifx<1

Suppose f(x) =14, ifx=0,
b—ax, ifx>1

and lin} f(x) = f(1) what are possible values of a and b?
xX—

Answer 28:

The given function is
a+bx, x<|

f(x)=44, x=1

b—ax x>1

lim f'(x) = Iin?(a+bx) =a+bh
(| X
lim f(x)= lin?(h—a\') =h-a
¥l -
f(1)=4
It is given that |Iﬂ‘||f(\) = f(1).
cAim f(x)=lim f(x)= lim f(x)=£(1)
sl x»l' N
=a+b=4andb-a=4
On solving these two equations, we obtain ¢ =0 and b = 4.

Thus, the respective possible values of a and b are 0 and 4.

>w <
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Question 29:
Let a1, az, . . ., an be fixed real numbers and define a function

fX)=(x-a1)(x-az)...x —an) .

What is lim f(x) ? For some a # ai, az... an, compute lim f(x).
x—aq x—a

Answer 29:

The aiven function isf(‘) ( )( ) ( )

!]-l.]”), f(x)= ,I'P,] [(.\'—a,)(\ ~a,)..(x—a, ]

=[‘Iim(.\'—a, )}':Ilm(r a, )] 1!_1‘1(r a, )jl
=(aq,—a)(a-a)..(aq,—a,)=0
|lj‘ll f(x)=0
Now, lim f(x) = liﬂg[(x—a, Nx-a,)..(x~a,)]
=h@ﬂx—a)]hﬁﬂx—uJ]"DQ“x—qJ]
=(a-a)(a-a,)....(a-a,)
!Iigg_/'(.\')=(¢1—tl,)(a—a:)...(u—u")

Question 30:
|x+1, x<0
If f(x) = 0, 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

ST <
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l.\’|+l. x<0
f(x)=10, x=0
_|x|—l, x>0
When a =0,
im /()= tim (1 +1)
=lim(-x+ 1) [lfx<0. |x|=—x]
=—0+1
=1
i (5= 1 <1
=lim(x~1) [lfx>0. |x|=x]
=0-1
==

Here, it is observed that lim f'(x)# lim £ (x).

~.lim f'(x)does not exist.

x—»l

When a <0,

lim f(x)= lim (jx[+1)
= Iim(—x+|) [.\'<a<0:> |.\'f=—.x':|
=-a+l

lim £ (x)= lim (|x|+1)
= Iim(—.\'+l) [a<.\'<0=> |.\'f=—x:|
=-a+l

cAim f(x)=lim f(x)=-a+]

Thus, limit of / (x)exists at x = a, where a <0,

Whena >0

ST
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lim £ (x) = lim (|x|-1)

=lim(x-1) [O< x<u:>|x|=x]

=

=a-1

o Ple)simt1)
=l'i_£11‘(1'-1) [0( a<.\'=>|.\'|=.\']
.

L G~ Pl

Thus. limit of f (x)exists at x = a, where a > 0.

Thus, ]imf(x) exists forall @ # 0.

t—*a

Question 31: F(x)-2 o
If the function f(x) satisfies, l‘irn s =% evaluate l\m}f(x)

Answer 31:

)=2
lim—f(}:) — =1
x=1 x* =]

lim(f(x)-2) _

l\igll(x:—l)
2

= lim(f(x)-

Get More Learning Materials Here : & m
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Question 32:

mx® +n, x<0
If. f(x)=1nx+m, 0<x<1 Forwhatintegers m and n does
nx’ +m, x>1

. . S . . H f)
]ﬂ}_/(a) and lim £ (x) exist:

Answer 32: The given function is

mx” +n, x<0
S(x)=1nx+m, 0<sx<1
nx’ +m, =1
lim 7 (x)= ]\_gm(mx’ +n)
=m(0) +n
=n
‘h_.T Flx)= lim (72 + )
=n(0)+m
= m.

Thus, lim f(x) existsif m =n,
x—sl)

!l_{p S (x)= {i_rg(nx+m)
=n(l)+m
=m+n

!1_{1'1 FEx)= Ij_r)r:(rnj +m)
=n(l)3 + m
=m+n

= lim f(x) = lim f(x)=lim f(x).

Thus limf(x) exist for any integral value of m and n.

ST <
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Mathematics

(Chapter — 13) (Limits and Derivatives)
(Class XI)

Exercise 13.2

Question 1:

Find the derivative of x2 - 2 at x = 10.
Answer 1:

Let f(x) = x> — 2. Accordingly,

£(10+h)- £(10)

=1im(20+4)=(20+0)=20

S0
Thus, the derivative of x2 - 2 at x = 10 is 20.

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

Let f(x) = 99x. Accordingly, f(lOO+h)~ f(lOO)

£7(100) = lim

PN =,
(10+h) -2 |-(10*-2
=lim[ :| ( )
Jra) h
1P +2.10h+0 =2-10°+2
= lim
fr-s0l h
. 20h+ I
= lim—
Jral) /I

h—l h
99(100+/)—99(100
=lim ( Il) (100)

() h

= 99x100+994-99x100

= h
. 994
= lim——

JSr—sl) /’

= lim(99) = 99

fral)

Thus, the derivative of 99x at x = 100 is 99.

1
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Question 3:

Find the derivative of x at x = 1.
Answer 3:

Let f(x) = x. Accordingly,

f(+h)-1(1)

S'(1)=lim-

h—0 h

1+h)-1
=Iim(—’)—

fi—0 h

fi—0 h

=lim(1)

=0

Thus, the derivative of x at x = 1 is 1.

Question 4:

(i) x3 - 27 (i) (x-1) (x - 2)
(iii) = (iv) ¥4
Answer 4:

(i) Let f(x) = x3 - 27. Accordingly, from the first principle,
f(x+h)-f(x)

f(x)= lim - =
— [(x+h) =27]—(x"-27)
h
lim x*+ 437 h43xh - x°
hr=0 h
s I +3xh+3xh’
fi=+0 h

=lim(/#* +3x" + 3xh)

fi—s0)

=0+3x" +0=3x"

2

ucnrene €9
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(ii) Let f({x) = (x - 1) (x - 2). Accordingly, from the first principle,

f(x+h)=f(x)

f'(x)=lim-

f1al) h
i (x+h=1)(x+ 11—12)—(.\'- 1)(x~-2)
Ll 1

=|im

(.\‘3 +hx=2x+hx+h* -2h-x—h+ 2)—(.\"’ -2x—x+ 2)

fr=3() h
' (h,\‘+hx+hz—2h—h)
=lim
130 /1
. 2hx+h*=3h
= lim ——
fr—a() h
= li|1(1'(2.\' +h-3)
=(2x+0-3)
=2x-3

(i) Let  f(x)=—

Accordingly, from the first principle,

3

Get More Learning Materials Here : & m

@g www.studentbro.in



(iv) Let

/(%)

0-2x -2
x*(x+0 )l X
x+1 . ) —
— . Accordingly, from the first principle,
x—1

f(x+h)-1(x)

P
(.\'+h+l Cx+l
—lim x+h-1 .\'—IJ
h—0 h

—_— (x=1)(x+h+1)—(x+1)(x+h-1)
D (x=1)(x+h-1)

4
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i ] (.\': +hx+x—x—=h-1)=(x +hx-x+x+h-1)
= o h (x=1)(x+h~1)
= Iiml— =

=0 f| (x=1)(x+h-1)

=1 2
K ,.'.'33[(;._1)(.”1:—l)}

=2 =2

(=D(x=1)  (x-1)

Question 5:
For the function

fx)=2=4Z :

X X 5
+ +ot—+x+1

“700 99 2

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

Answer 5:
The given function is

5
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1M uo 14

. X x X
X)=—+ +.t—+x+1
=Tt % i
- Z LoD 99 2
‘—if(.\‘ WL act, GRRgE N
dx dx| 100 99 2

d d(x™ dx” d(x d., d
= F)E e [ e i 2 s
el m-[mo] cl\’[99]+ d\-[_ 2 J+(zx-(‘) ol

On using theorem —(x )=m" ', we obtain

dx
3 "ldll 99."% 2—-
ij(.wr)zIOOI BT e S 40
dx : 100 929 2

=X"+ X"+t x+]
SL(x)=x"+x" 4 x+]
Atx=0,
1'(0)=1
Atx=1,
S () =P +1"+ +1+1=[1+1+..+1+1] =1x100=100

100 terms

Thus, /"(1)=100x /" (0)

Question 6:

Find the derivative of x" 4+ ax" ' 4+ a’x" " +..+a" 'x+qa" for some fixed real number a.

Answer 6:

6

Get More Learning Materials Here : & m @& www.studentbro.in



Let f(x)=x"+ax""+a'x" +..+a" 'x+a"

. ‘/ N g — > - - "
.'.j'(.\'):—(.\" +ax" +a’x" 7 o+ v+ d")

4 (x )+as (~')+a 1’( )4t a” "I_’(.\-)w'-_

c/ X dx dx dx

4 d , S :
On using theorem £ 3" = nx"™", we obtain
dx
L(x)=mx"" +a(n-1)x""+a’ (n=2)x"" +..+4a"" +a"(0)

=nx""+a(n=-1)x"+a’ (n=2)x""+..+a""

Question 7:

For some constants a and b, find the derivative of

(i) (x = a) (x = b) (ii) (ax? + b)? (iii) _a
Answer 7: —b
(iYLetf(x) = (x-a) (x-b)

= f(x)=x"-(a+b)x+ab

. d
= () dx

d

= — ( ) (a+l))—( )+%(ab)

dx

(1‘—(a+b)r+ab)

. . d n " .
On using theorem T(r )= nx""'. we obtain
dx

S'(x)=2x—(a+b)+0=2x—-a-b

7
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(i) Let f(x)=(cu'2 +b):
= [(x)=a’x"+2abx* +b’
d d d g,
s (3 )—I(u x4+ 2abx’ + b )-a Z( 4)4—2ah-(—_(x )+
On using theorem lix” =nx"", we obtain
dx
['(x)=a’(4x7)+2ab(2x)+b7(0)
=4a’x’ +4abx
= 40.\'(ax2 + b)
, (x—a)
(iii) ./(") (x—b)
oA di{x—a
= f(x)=—
/ (x) dx[.\'—b]
By quotient rule,
(x=8) 2 (x=a)—(x—-a) % (x-b)
/‘; (\_) o dx - dx
' (x-b)
(\ =-b)(1)—(x—a)(1)
(x- )
_x=b-x+a
(x—b)
_a-b
(x-b)
8
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Question 8:

Find the derivative of
Answer 8:

M n

S end ’ |

Letf(x)=

X—a

=:flﬂ-fi{

" dx _

x"-q"
X—a

By quotient rule,

Question 9:

Find the derivative of

(i) 2x->
4

(iii) x3 (5 + 3x)

(v) x4 (3 - 4x7°)

Get More Learning Materials Here : &

xX'—a

n

for some constant a.
X—da

J

"o 5 B R i
d\'(x -a )—(.\' -a ):h_(.'—a)

3

(x—a)
(x- a)(n.\""' - O)—(.\"' —-a" )
i (x-a)
" —amx" —x" +a"

(x—a)’

(i) (bx®* + 3x-1) (x-1)

(iv) x° (3 - 6x79)

. 2 i
Vi) ————
V) x+1 3x-1
9
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Answer 9:

. 3
L t 3 ® :2_'_;
(i) Let f(x)=2x %

v(x) =t g3
i d\'(l‘ 4]

d d(3
B 0 Y
dx (%) dx ( }

=2-0
=2

(i) LetF(x)=(GBx*+3x-1)(x-1)

By Leibnitz product rule,

f'(x)=(5x +3\-1)”(x-|) (\—I) (>\ +3x-1)
= (5 +3x=1) (1) + (x-1)(5.3x° +3-o)
= (507 +3x=1) +(x-1)(15x° +3)
=5x" +3x-1+15x" +3x-15x* -3

=20x’ -15x" +6x -4
(iii) Let f (x) = x 3 (5 + 3x)

By Leibnitz product rule,

10
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, 3d o n d s
Flx)=x dr(5+ﬂ)+(5+3x)cif (x7)
X2 (0+3)+(5+3x)(-3x7")
X (3)#(5+3x)(-3x71)

=3x7 =15x" =9x~

=—6x" -15x""

(iv) Let f (x) = x> (3 - 6x79)
By Leibnitz product rule,

£(9)=5 L (3-6x") o (3-6x") ()

dx dx
=x* {0-6(-9)x"" |+ (3-6x7)(5x")
=x*(54x7"")+15x" - 30x7*
=54x 7 +15x* -30x~°

=24x7" +15x

oy
=15x" + ".:

X
(v) Let f(x) = x* (3 - 4x°5)

By Leibnitz product rule,

11
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—(3—4x7)+(3-4x7)—(x7)

X X

‘“H} + (3 —4x75 )(—4).\"4"

=20x"" —12x
=36x" -12x7"
12 36
ST e
X x
‘ 2 = x°
(vi) Let f (x) = —+] Ix—1

gl

By quotient rule,

7(x)=
( ) (3x- l)

(+ ())}

(x+1)

_(_H|)“‘{_"_(z)—z;’.’r(.\-+|) |:n |) (x7)-x
2x)-(x’)

)
:—(x+l)(0)—2(l):| {(.ﬂ 1)(
(x+1)’ (3x-1)

=, | 6x° —2x-3x° ]

(x+1) (3x-1)’
2 [
C(x1) | (Ba-1)
o =3 x(3x- 2)

(x+1)° (3x-1)

Get More Learning Materials Here :
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Question 10:
Find the derivative of cos x from first principle.

Answer 10:
Let f (x) = cos x. Accordingly, from the first principle,

fx+h)-f(x)

vl 1s
f (.\)=!ll_l’13 Z
. cos(x+h)-cosx
=) h
=“m_c05xcosh sin xsin /1 — LOS\’
0| h
, -—LOS\(I—LOSII )—sinxsinh
-t , }
- ~cosx(l-cosh) sm\xmh}
he+0 h

. l—cosh
=—cosx| lim —sinxli im
=l h fr—st h

=—-cosx(0)-sinx(I) |:ll I—josl;_ =0and lim Sl;”-’ = I:|
fr=nt) 1 (B )
=-sinx
wf'(x)=-sinx

Question 11:

Find the derivative of the following functions:

(i) sin x cos x (i) sec x (iii) 5 sec x + 4 cos x
(iv) cosec x (v) 3cot x + 5cosec x (vi) 5sin x - 6cos x + 7

(vii) 2tan x - 7sec x

13
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Answer 11:
(i) Letf(x) = sin x cos x.

Accordingly, from the first principle,

i L (xEh) -1 ()
f'(x)=lim -

=)

sin(x+h)cos(x+h)—sinxcosx

= lim
= h

= lim [2 sin(x+#)cos(x+/4)—2sin xcos .\']

h—) 2 7

=lim L[sin 2(x+h)—sin 2.\']

-1 2,1

| 2x+2h+2x . 2x+2h-2x
=lim 2cos -sin

h—0 2h 2 2

] dx+2h . 2h
= lim—| cos sin—

h—=0 2 2

=lim 1 cos(2x+ h)sin h]

h—sl) h

sinh

=lim cos(2x+/h).lim
1—) i

i) ’
=cos(2x+0).1

=CO0S2x

(ii) Let f(x) = sec x. Accordingly, from the first principle,

14
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f'(x)=lim

h—0

f(x+h)—f(x)
h

. sec(x+/h)—secx
=lim
h—0 h

. | |
= lim— =
=0 h| cos(x+h) cosx

o] cosx —cos(x+/)
= lim—
w0 h| cosxcos(x+h)
s [XEx+h) . (x=x=h)
—2sin sin {
11 2 J ",
= dim—
cosx i fi cos(x+/)
_, 2.\’+h} " 4
<24 === sm‘ -
| K 2 ) 2
= dim— :
cosx 0y cos(x+h)
sin L
sm[:x+ ).] -
S | e
2 y, {1 ’
I @ Y,
= lim
cosx /0 cos(x+h)
[ "\+h]
5
= Iun ! Ilm =
cosx ', (A 0 cos(x+h)
'3
| 4 sinx
COSX COSX
=secxtanx

15
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(%)= f‘(.\'+h)—./'(.\')
u—~~l h
i SSec(.\'+h)+4cos(.\'+h)—[53cc.\'+4cos.\']
=lim
h— h
sec(x+h)—sec cos(x+h)—cosx
=51 ll'ﬂ[ ( ) \] 1[ (1 ) ‘:I
Ji—0) h )._4u h
P | 1 1
=5lim— - +4hm—|:cos(\ +h)- c05\]
=0 h| cos(x+h) cosx b0 hy
cosx—cos(x+h
=Sliml ( ) 4hm—[cosxcosh sin xsin /1 ~cos x|
=0 k| cosxcos(x+h) >0 h
: (.\'+.\‘+h\ g ”.\‘—.\'—h]
—2sin — ‘sm| : — -
5 .. 2 AN 2
= Iim —
cosx =0 fp cos(x+h) b=
(2x+hY . [ h)
% o ] _25'"( 3 “,}s'"l\_z’J (1-cosh) __

Jdim —
cosx i h

li—0 h

+ 4| —cosxlim
cos(x+h)

[ sin h ]|
rZ.\ +h) 2
sin )
\ 2 ) h
5 : b ;
= dim = +4[(—cos,\').(())—(sm.\').I]
cosx 0 cos(x+h) :
ol 2x+h] ['h‘
= sin| - - sin >
=——|lim ~. lim — |—4sinx
cosx [0 cos(x+h) 0 h
2
5 sinx
= d—4sinx
COSX COSX
=5secxtanx.—4sinx
16
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(iv) Let f (x) = cosec x. Accordingly, from the first principle,
x+h)—f(x
f’(x):limf( )=/ ()
hs0 h
f'(x)=lim L [cosec(x +h)—cosec.\']
: h—0 l,
; 1 I
=lim—| — T
w0 fi| sin(x+/1)  sinx
sinx—sin(x+A) |
:liml - ( ; )
w0 | osin(x+/)sinx
-_’ (x+x+h) . (x—x—h)
=lim— —_ —=
I=0 sin(x+/)sinx
i .
. 7 ) Jsm[— w
=lim— = = L 2/
B0 fy sin(x+/1)sinx
sm| (2
(2x+h L2
—cosL > ’*/j'*
I =
= lim
0 sin(,\7+ll)sin.\'
( 2x+A)) : (/'J
] B il J sin|
=lim - lim——=
=0 sin(x+h)sinx | 1, ["\l
- 3
\ / s
_( —cosx \ll
Lsinxsinx )
= —COSecx cot x
17
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(v) Letf (x) = 3cot x + 5cosec x.

Accordingly, from the first principle,

(x+h)- £ ()

£yl

h=0 h vh

Now. lim % cot(x+ h)—cot \]

: l-cos(x+h) COS X
=lim—| — -—
o0 h| sin(x+h)  sinx
i ]-cns(.\'+h)sin_\'—cnsxsin(.\'+h)
=lim .
= h| sinxsin(x+ /)
P o 18
i | SEEEH)
b0 h| sin xsin(x+h)

sin(—h)

#=0 | sinxsin (x+ h)_

. sinh . |
=—| lim—— [.| lim— s
O b= §in x-sin (\ + h)_

I _l 1
— - =——— =—cosec’x
sinx-sin(x+0) sin"x

—

18

- P |
=3l|m—[cot(.\+h)—cotx:|+3!'|_ll1l~[cose

f1—0 h

i 3cot(x+h)+ Scosec(x+h)—3cot x - Scosec x
=lim

h—) I,

c(x+h)—cosec x]

|

19
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v 4
lim — [cosec (x+4h)- cosec\']

-

sin

17 N

)

o f’x+h o ;
[/
‘ >
=lm =
50 sin(x+ /1)sin x
(2x+hj ; (”]
—COSs = S1n >
=lim = Jim %

h

o

0l sin(x+A)siny [ 2 (

e

SINXSIN X
—cosecy cot X

J

—COSX

From (1), (2), and (3), we obtain

f"(x)=-3cosec’x —Scosec xcot x

Get More Learning Materials Here :

f1-»( h
] | I
=lm—| — e
i | sin (,\' + h) sy
-
fir | sinx —sin(x + /)
=hm—| —— .
b b L sin(x+ /1)sin x
. X+x+h) . (x=x-h
2cos s
1 2 -
=lim— ‘
i fp sin(x+/A)sinx
~ 2x+h) . h
2cos sin| —
g 2 2
=lm— = .
- fp sin(x+ /1) sin x

-(3)

19

cucnrene €

@g www.studentbro.in



(vi) Let f(x) = 5sin x — 6¢cos x + 7. Accordingly, from the first principle,

(= =)

h—=0 y

—lim2 [5sin(x+h)—6cos(x+h)+7-3sinx+6cosx—7]

Jieal) h
T 1 :
=lim Z[a{sm (x+h)=sinx}—6{cos(x+h)-cos v}]
o . 1
=5lim—| sin(x+#h)=sinx [-6lim—| cos(x+/)—cos x
h=0 h ( ) :I "“"hl: ( ) :l
it ] x+h+x) . (x+h—-x . cosxcosh—sinxsinfi—cosx
=5lim-—| 2cos sin —-61m
Jral) h 2 2 ) h
, 2x+ _ | —cosx(l—cosh)—sinxsinh
=5I|ml[2cos( 2 II)SI|1£:|—6|IITI|' ( ) ]
-0 h 2 2 Jr—0) h
. h
o i 2x+h 5105 | —cosx(1—-cosh) sinxsinh
=5lim| cos —= |—6lim -
) 2 h =0 h h
2
sin A
7y : o :
=5{Iimcos(""+hﬂ lim—2 —6|i(—co:~:.\')(limI LOSh]—sin.\'lim(wH
fr—0 2 [z_,'l h »/.-w h h—0 h

2

=5cosx.1 —6[(—cosx).(0)—sinx. l]

=5c0sx+6sinx

(vii) Let f (x) = 2 tan x — 7 sec x. Accordingly, from the first principle,

20
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f'(x)=lim J(x+h)-71(x)

h=0 /)

-—Lu.l'll—’[”tan(uh) 7sec(x+h)-2tanx+ 7§€C\J

= lth' ;]; [2 {tan(.\' +h)~tan .\‘} -7 {sec(.\' + ) —sec \}:l

fﬂ—[tan x+h)—tan 1] 71,’113‘1)1—,[sec \+h) secx]

1| sin(x+/) sinx oL 1 |
=2hm— ( )— —T7hm— -
0 fi| cos(x+/h) cosx 0 fi| cos(x+h) cosx
-
_ sin(x + /1) cosx —sin xcos(x + /1) 1| cosx—cos(x+h)
=2hm— —7hm—
>0 h cosxcos(x+/h) w0 fi| cosxcos(x+h)
= X+x+h x—x—h
- —-2sin sin
. 1| sin(x+h-x) w4 2 \z 2 J
=2lim— —T7hm—
0 fi| cosxcos(x+h) | ok cosxcos(x+h)
: ”\+h
e ~2sin | ‘
| [sinhk | | \
=2lim|| —7lim—
ol h ) cosxcos(x+h) b0 fy COS X cos(.\ +h)
( h . [ 2x+h
; S — sin =
o .. sinh 1 : 2 \ 2
=2 hm lim ~T7| hm lim
o0 h )| 20 cos xcos(x+ ) "o B || 750 cosxcos(x+h)
- o)
\ 2
| sinx
=2l — 7| —
COSXCOS X \ COSXCOS X
=2sec’ x—Tsec.xtan X
21
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Mathematics

(Chapter — 13) (Limits and Derivatives)
(Class XI)

Miscellaneous Exercise

Question 1:

Find the derivative of the following functions from first principle:

(i) -x (i) (=x)7*
(iii) sin (x + 1) (iv) cos[x—g]
Answer 1:

(i) Let f(x) = -x. Accordingly, f(x+h)=—(x+h)

By first principle,

f'(x)=lim flcai)~1(x])

h—0

. —(x+h)—(-x)
=lim
h a0 h

. —Xx—-h+x
= lim——

h-—»{) h

. —h
= |lim—

h—0 h
=lim(-1)=-1

Iy 1)

1
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(ii) Let r(x)=(_x)" =:=‘_

By first principle,

. Accordingly, f(x+h)=

f(x+h)-f(x)

f'(x)=lim

h—0

=lim—
h—l h

= Iiml
h-0 l]

=lim—
h—l) h

=lim—

h—0 h

l :x_+lh -[%‘H

[ -1 1
+_
| Xx+h x]

I ——x+(x+h)]

x(x+h)

x(x+h)

h—0 |

=lim
hea X

Get More Learning Materials Here :

| —x+x+h:|

-

=|iml[ h ]
x(x+h)

1
(x+h)

(x+h)
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(iii) Let f(x) = sin (x + 1). Accordingly, f(x+h)=sin(x+h+l)

By first principle,

f'(x)=Ilim flxerh) L)

el h

= !,'2‘].% sin(x+h+l)-sin(x+l)]

h— h

5

-

1 X+h+1+x+1) .
=lim—| 2¢cos sin

Xx+h+1=-x-1
2

, l[ [2x+h+2). (h]]
=lim—| 2cos| —— |sin| —
b0 hy 2 2
sin E
) [2x+h+2] SR\
= lim| cos > . [

h—

. (h
sin| — .
2% 2 ( )
=|imcos(-\+h+—}-lim 2 Ash—;():;l_l_m}
h—i) 2 |_.,_,0 h | 2
‘ [ZJ
2x+0+2 [, sinx
=cos| ———— |1 lim =]
\ 2 ~x»—>0 X
=cos(x+1)

(iv) Let f(x)=cos(x—%). Accordingly, f(x+h)=cos[x+h—§)

By first principle,

3
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f(x+h)-f(x)

dis

1l b T
=lim— cos(x+h——)—cos[x——)
h+0h| 8 8

(x+h— +x—78t] Xx+h-

T
- X+
sin 8

oo A
o o0 A

| ;
=lim—|-2sn
h—t) h

s

2X+h——
i1 ; 4. h
=lm—|-2sin| —— |sin —

hs0 hy 2 2
i \
' 2 sin(3)
2x+h—— [SIn| =
= lim| —sin < 2
h—0 2 h
\ 2
Y sin(g] :
=lim| —sin 4 Jim = [As h—=0=—— O}
h—0 2 h_'” h 2
L ] (5]
4
2x+0-2
=—Ssin |
2

-_—
4
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Question 2:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (x + a)

Answer 2:

Let f(x) = x + a. Accordingly, f(x+h)=x+h+a

By first principle, (x+Hh)= Flx
_/"(.v:)=lim—'fh+ )=/ (%)
‘ =) h
. x+h+a—-x—-a
=lm—
h=0 1
, (h\
=lim| —
h-ali\hJ
=lim(1)

h—=0
=1
Question 3:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (p.\‘+t'/)('—;+SJ

Answer 3: Let/f(x) =(;).\'+(1)(%+.s]

'

1(x) :(px+q)'/£+sJ +[§+sj](p.\~+q).
_(p\+q)( +A) [/:+‘\.\I(p)
=(px+ q)( rx 1|—+ SJ[

- X + —'- s + S
F (]
\ X" / \ Y

= . —-,-+£L + ps
¥ X X
= ps —g—,r:

X°

5
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Question 4:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and 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) (: (ex+ d_): +(ex+d)

ax

- (ax+b)
dx

= (ax + b)i(c:.\'l +2cdx+d” )+ (cx+ d)’ L (ax+5)
dx dx

:(a\'+h)[ 2 (c:.\':)+ d (2cdx)+ C dz]+(cx+d):l: % ax + - bJ
dx dx dx dx dx
= (ax+ h)(2c1x + 2cd)+ (c.\' +d’ )a
=2c(ax+b)(ex+d)+a(cx+d)’
Question 5:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): axth
Answer 5: ex+d
Let (x) = ax+b
7 (x) ex+d
(ex+d) 4 (ax+b)—(ax+b) d (cx+d)
f'(x)= dx e
‘ (ex+d)
_(ex+d)(a)-(ax+b)(c)
(C.\'+a')"
_acx +ad - acx - bc
(ex+d)’
_ad-be
(cx+d)"

-_—
6
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Question 6:

Answer 6:

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

I
+

X

p—

By quotient rule,

Fx)=

- x+1
R x+1
: Y = .wherex =0
x~—1 X —
o
X

(x-r)(‘]"\'(.u1)-(.x-+|)“li_(.v-|)

(x=1)°
(x=1) (1) = (x+1)(

|
)..\'atO. |

-2

(x-1)

Get More Learning Materials Here : &
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Question 7:
Find the derivative of the following functions (it is to be understood that a. b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): ;
ax" +bx+c

Answer 7:
: 1
Let ¢ (_\' = —
' ax” +bx+c

By quotient rule,

(ux: -:—bx+c) d (1)- £ (a.\‘: +bx+(’)
/'(Y) a3 . (1.\‘ d.\'

(ux‘\ +bx + ('):

(ax® +bx+c)(0)-(2ax+b)

(ax: +bhx+c )
- ( 2ax+ b)

( ax® +bx+c )

Question 8:

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

) . x+b
and s are fixed non-zero constants and m and n are integers): f
Answer 8: pxX +gx+r
i ax+b
Let f/(x) = ——
pxX-+gx+r

By quotient rule,
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(" +gx+ r) rd; (ax +b)—(ax+b) d. (px* +qx+r)
f(x)= dx _dx
S (p.\': +gx+ r)-

(px? +q.\‘+r)(a)—(a.\' +b)(2px+q)

( pxt g +r )2

apx® + agx + ar —=2apx” — aqx - 2bpx — bg

Y

(px*+ge+r)
_ —apx’ —2bpx +ar—bg
(p.\‘: +gx+r ):

Question 9:

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

. . )xz +gx+r
and s are fixed non-zero constants and m and n are integers): ) S sk
Answer 9: ax+b

- p.\"‘ +qgx+r

Let f(x)

ax+b
By quotient rule,

(ax+b) < (px* +qe+r)—(px’ +qr+r) & (ax+b)
f(x)= dx dx

(a.\‘+b):
(ax+b)(2px+q) -(p.\‘: +qx+ r)(a)
B (ax+b)

_ 2apx’ +aqx +2bpx + bq — apx® — agx — ar
B (ax+b)

_apx’ +2bpx + bg —ar

) (ax+ b)2
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Question 10:

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

Answer 10:

, b

Let/(x)= (—:— —+COS X
X &
i d( a d( b d
x)=—| — |-—| — |+—(cos x
f( ) (/.\'(.\‘4) (/.\'[.1"] d.r( )
dyr.4 ds o\ d
=u x7)=h 7+ cosx
( (/.\‘( ) (/.\‘( ) (/.r( )

-4a 2h .
=k ——=SINX
X ¥

Question 11:

4fx -2

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

Answer 11:

Let f(x)=4vx -2

)= -2)= L) o
=4i(x;)—0=4(lx; VI}
X 2

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

a b
— ==+ COS X
X %

= a(—4x7)=b(-2x7)+(-sinx) [i(\)z nx" ‘andi(cos.\')z —sin ‘\'jl
‘ dx dx

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

e ————
10
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Question 12:
Find the derivative of the following functions (it is to be understood that a, b, ¢, 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+b)". Accordingly. f (x+h)={a(x+h)+b}" =(ax+ah+b)’
By first principle,
frth)—7(x)

(x)=lm=
J'(x)=1lim P

i (ax +ah+b )” ~(ax+b )”

-0 h

(ux+h)"(l+
=lim

b h

(l+ ah ) _1
l.l.\':f'[’

=(ax+h)" lim-
(L ) bl h

ioqe [ -1 #
=(ax+b) hml l+n[ it )+"(" )( i ) +iip=1
M | ax+b [2 ax+b |

(Using binomial theorem )

B “Nah
( ah )+n(n yah

n . l
=(ax+b) lim—|n 2
Tohso ax+b [2(ax+b)

; ' —1)a’}
=(ax+h) Iim[ o +n(n ) ’+‘.‘]

1ol (ax+b) " [2(ax+b)

ol ) ~(ax+b)

ax+h

+...(Terms containing higher degrees of /1)

=(ax+b)’ [(mih)— - o]

(ax+b)

= ng-————
(ax+b)

=na(ax +b)""

11
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Question 13:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, 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) (ex+d)"
f(x)=(ax+b) i(cx +d)" +(ex+d)" E'-(a.\’ +b) (1)
dx dx

Now. let f; (x) = (ex+d)"
Hi(x+h)=(cx+ch+d)"
fi(x+h)-fi(x)

h

(ex+ch+d) —(ex+d)"
h

=(cx+d) lim— (l-f- & J -1
=0 ex+d

fx)= lim

=lim
Ji—

= » -1 2h?
=(cx+d) umll (|+ meh_ m(m=1) ('F) +...]—1}

i h|| T (ex+d) 2 (ex+d)

mch — m(m—1)c*h’

P — i i3 : -
=(ex+d)" lim— +...(Terms containing higher degrees of /1)

0h| (ex+d)  2(ex+d)

_- mn(m—1)c’
[ mc +m(m )¢ I+m:|

(ex+d)  2(ex+d )2

=(cx+d)” [ me- g 0}

ex+d

=(cx+d)" lim

a0

~me(ex+d)”

(cx+d)
=me(cx+d)""
i(c'.vc-i~¢1’)"' =me(ex+d)"” -(2)
dx
Similarly. % (ax+b)" = na(ax+b)"" w3

12
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Therefore, from (1), (2), and (3), we obtain
_/"(.\‘) =(ax +b)" {m('(c'.\‘ +d )‘"VI } +(ex+d )'" {na(ax +h)""|}
=(ax+b)"" (cx+d)"" [ me(ax+b)+na(ex+d)]
Question 14:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers): sin (x + a)
Answer 14:

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

By first principle,

S'(x)=1lim S +hl)— /(x)
fr—s() 1

sin{x+A+a)-sin(x+
:Im]un(\ 14 a)—sin(x+a)

h—) ll

e (x+h+a+x+a
=lim | 2 cos|
Jreat) /1 2

: 1
= lim—
hﬂ.l/}[
[ si fu
2 2x+2a+h\ | L
=Jimjroos 77 |

. (x+h+a-x—a)
sin = J

e

Vo e

\
(2x+2a+h) .
2 cost = Jsin

1- [Ash—ﬂ):f-—)O}

(2x+2a . sinx
= cos| | lim =]

} .
Xl X

13
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Question 15:

Answer 15:

Lot/ (x) = cosec xcot x

By product rule,
f'(x) = cosec x(cot x) +cot x(cosec x) (1)
Let £, (x) = cotx. Accordingly, f, (x+ /)= cot(x+h)

By first principle, Six+h)— fi(x)

S (x)=1lim

h
. cot(x+h)—cotx
=lim
P h
i 1 cos(x+h) cosx
=lin —
a0 bl sin(x+h) sinx

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

and s are fixed non-zero constants and m and n are integers): cosec x cot x

1 [ sinxcos(x+ /) —cosxsin(x+#)

=lim—
=0 f sinxsin(x+#)
S
=Iiml s.m(\’. i),
#=0 k| sinxsin(x+#h)

sin(—#)
sin(x+/77)

1 o
= Jdim—
sinx =0 f

]

|

—1 . sinhy| . 1
= — | him lim —
sinx |\ #—o h =0 SN (_‘-+ ,’)
=1 I ]
sinx [ sin(x+0)
-1
sin” x
= —cosec x
’ >
. {cotx) = —cosec’x A
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By first principle,
fi(x+h)- £ (x)

£, (x) = lim=

Now, let f2(x) = cosec x. Accordingly, f,(x+/t) =cosec(x+h)

Get More Learning Materials Here :

=0 h )
- =lim- l -
=lhlir(l’—,[coscc(.wh)—cosccx] w0 bl sin(x+h) sinx
From (1), (2), and (3), we I [ sinx—sin(x+#h)
obtain = lim—| ———
>0 h | sinxsin(x+h)
[ (x+x+h)_. (x—x—h)
I | _cos| }sm|
=—— lim— —t > = 7
sinx 0 h sin(x+h)
yo (2x+h) . -n\ ]
_cos| sin
i L 2 2 J
=——-o>:AMJIm—
sinx 70 f sin(x+4)

=/

. (h) (2x+h)
ﬁsm(" | cos| R ‘
<

\

= lim —
sinx w[ (h) sin(x+/h)
2)
\ 2
o 2x+h)
i sin ;)—J cos .”
=—— lim—>T4 lim———=—<
sinx 70 lﬁJ n0 sin(x+h)
\ 2
2x+0)
cos| ———
-1 2 J
o - l -
siny  sin(x+0)
~ —1 cosx
sinx sinx
= —cos ecx.cot X
’
~.(cosec x) =—cosecx.cot x -(3)

15

cucnrene €

@g www.studentbro.in



Get More Learning Materials Here : &

f"(x) = cosec x(—cosec’x ) + cot x(—cosec xcot x)

1 2
=—COSeCc X —Col™ x cosec x

Question 16:

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

COs X

and s are fixed non-zero constants and m and n are integers):
Answer 16:

COS X

Let f(x)=

| +sinx

By quotient rule,

l+sinx

(1+sinx) s (cosx)—(cosx) ‘T{ (1+sinx)
X

f(x)= dx :
) (1+sinx)

_ (I+sinx)(—sinx)—(cosx)(cosx)

(1+sinx)’

_ —sinx—sin’ x—cos’ x

(1+sinx)’
—sinx— (sin3 X +Cos” \)
(1 +sin.\'):

—sinx—1

- (1+sinx)’
_ —(1+sinx)
(1+sinx)’
TR
(1+sinx)

16
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Question 17:

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

) . SN X+ COS X
and s are fixed non-zero constants and m and n are integers); —— "

SIN X —COS X

Answer 17:

Let f(\’) | SN X +Cosx

Sin X —Cos X
By quotient rule,

(sinx—cosx) L (sinx+ cosx)—(sin x+ cos x) d_ (sinx —cos x)

f(x)= dx dx

(sinx —cos x):

~ (sinx—cosx)(cosx—sinx)—(sinx+cosx)(cosx+sinx)

(sinx - cosx)’

~(sinx - cosx)’ —(sinx+ cos x)’

(sinx—cosx)’

- [sin' X4 C08 X —=28INXCOSX+SIN~ X4 CO0S™ X+ 28N X COS x]

(sinx—cos .\'):

I .2
(sinx—cos x)’
3

>

(sinx —cosx)

17
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Question 18:

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

secx—1
and s are fixed non-zero constants and m and n are integers):
Answer 18: I ; e w1
secx 1 fn_ cosx _ 1—cosx
Let f( ) — j(,\): ] -
secx+1 41 l+cosx
By quotient rule, cos X

(1+cosx) s (1-cosx)—(1-cosx) ;{ (1+cosx)
dx

f'(x)= dx

(1+ cosx)’

_ (I+cosx)(sinx)~(1-cosx)(-sinx)

(1+cos .\')3

SIN X+ COS X SIN X + SIN X — SN X COS X

(1+cos x)’

2sinx

(1+cos x):_

~ 2sinx  2sinx
( Y (seC\+l)
. secx J sec” x
~ 2sinxsec x
(secx+1)
2sinx
secx
_ _COSX
(secx+1)

_ 2secxtanx
(secx+1)

18
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Question 19:

and s are fixed non-zero constants and m and n are integers): sin” x
Answer 19:
Let y = sin” x

Accordingly, forn = 1, y = sin x.

’

S.——=C0SX, .., —SINX=COosX

dx dx
Forn =2,y =sin?x
day d,. .
;o——=—(sinxsinx)
dx  dx
=(sin .\')' sin x + sin x(sin \) [B}' Leibnitz product rulc]

= COSXSiN X +Sin X cos.x
= 2sinxcos x (1)

Forn =3, y sin3 x

dy _
sinxsin” x
dx  dx ( )
' = N ’ . .
=(sinx) sin” x +sin .\'(sin' x) [Ll}' Leibnitz product rule]
= cos xsin” x +sin x(2sin xcos x) [Using (I)]

= oS xsin” x+2sin’ xcosx
=3

Slll XCOSXY

(/ o « (n-1
We assert that T(Sm x)=nsin"" xcos x
dx

Let our assertion be true for n = k.

19
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ie., i('sinA x)=ksin'""" xcosx 2]

dx
Consider
d . wa dor s G
sin'"' x) = = (sinxsin' x
o i o
= (sinx) sin* x+sin x(sin* x)' [By Leibnitz product rule]
= cosxsin’ x+sin x(k sin'' ™ xcos .\') [ Using (2)]

=cosxsin' x+ksin' xcosx
=(k+1)sin" xcosx
Thus, our assertion is true forn = kK + 1.

. . . (1 . « (n-1
Hence, by mathematical induction, —(sm'.r):nsm‘ 'ycosx

dx

Question 20:

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

i . a+bsinx
and s are fixed non-zero constants and m and n are integers): ————
Answer 20: c+dcosx

. a+bsinx
Let f(x)="""200
c+dcosx

By quotient rule,

20
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(c+ (Icosx)i(cH bsinx)—(a+bsin x)‘—l (c+dcosx)
f(x)= dx dx

(c+dcosx)

_(c+dcosx)(bcosx)—(a+bsinx)(—dsinx)

3

(e+dcosx)

chcosx + bd cos” x + ad sin x+ bd sin” x

(c +d cos.\'):

becosx+adsin x+ bd (cos‘ x+sin” .\')

(c+dcosx)’

B becos x+ad sin x+ bd

(c+dcosx)

Question 21:

Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
_ , sin(x+a)

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

Answer 21: cosx

sin{x+a
et pay-Snlxta)
Cos X

By quotient rule,

COS X :Tl\ [sin (x+ a)] —sin(x+ a)(%_ COS X

1(x)=

COS™ X

COS X :{—i [sin (x+ a)] —sin(x+a)(-sinx)

f(x)=

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

> . (i)
Cos™ x

By first principle,

21
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g(x+h)-g(x)

g'(x)=1lim

fe—() h
]
~I|m/—|:>m(\+h+a —sin( \+a
h=—l) 1
s3ii \+h+a+\‘+a \+h+a—r—a
=Ilml— 2¢os sin
Ji—=l) 1

_ 2x +7a+h N ]
=lim— [2 co.s( ]J
Jrsl) h

(2

h A
(EJ

—o() \

=lim| cos

Jral)

[2\ +2¢1+h

= lim cos J

fial)

(2x +ba+h
l

'\)|~‘/_—\
\_/tg|-.

= cos(x+a) (i)

From (i) and (ii), we obtain
S(x)= :
Cos™ x

_cos(x+a—x)

cosx-cos(x+a)+sinxsin(x+a)

5
COS™ X
cosa

cos” x

2x+2a [ sinh
=| cos x| lim —
\ 2 h—=0 )

']

Ash—->0:>,;—->()

e

]

22
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Question 22:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): x* (5 sin x — 3 cos x)

Answer 22:

Let f(x)=x"(5sinx—3cosx)
By product rule,

F(x)=2a" i(SSin x=3cosx)+(5sinx-3cos .\')i(.\"' )
dx ‘ dx

= x* [Si(sm x)— 3%(005 \)] +(5sinx— 3cos.\')%(.\" )

=x* [5 cos.\'—S(—sin.\')] +(5sinx—3cosx)(4x’)

=x [5.\'cos x+3xsinx+20sinx—12cos .\']

Question 23:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (x?> + 1) cos x

Answer 23:
Let f(x)=(x"+1)cosx
By product rule,

f(x)= (.\"' +]);Ti(cos.\') + Cosx%(f + ])

= (,1‘3 +1)(—sinx)+cosx(2x)

=—x"sinx—sinx+2xcosx

23
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Question 24:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r
and s are fixed non-zero constants and m and n are integers): (ax? + sin x) (p + g cos x)

Answer 24:

Let /(x)= (ax3 +sin \)( p+qcosx)
By product rule,

f'(x)= (u\'“' +sin \)(—{( pt+qceosx)+(p+gcos .\‘)-i(u.\"' +sin .\')
dx dx
= ( ax’ +sin \)( —qsinx)+(p+qgcosx)(2ax+cosx)
= —¢sin .\'(a.r: +sin x ) +(p+gcosx)(2ax+cosx)

Question 25:

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

and s are fixed non-zero constants and m and n are integers): (.\'+cos.\')(x—tan x)
Answer 25:

Let f(x)=(x+cosx)(x—tanx)

By product rule,

S'(x)=(x+cosx) B (x—tanx)+(x—tanx) - (x+cosx)
dx dx '

=(x+ cos.\")[({ (x)- g'—((an 1)} +(x—tanx)(1—sinx)
dx dx
=(x+ COS.\')|:| - —(ll_ tan .\}+ (x—tanx)(1—-sinx) o 1)
dx

Let &(X)=tanx accordingly, (x+/)=tan(x+h)

By first principle,

24
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g'(x)=1lim g(x+h)-2(x)

fe—1) ’

h—

. tan(x+/h)—tanx )
=lim ( ) = ‘
h )

« 3 Fsin(.\'+h) sinx
=lim = -
=0 h| cos(x+h) cosx

= lim—
=0 fy cos(x+h)cosx

| I Psin(x+h—.g)j|

1 [ sin(x+#)cosx —sinxcos(x + h)}

Jim
cosx "0 h| cos(x+h)

1| sink
Jim—| ——
cosx "= k| cos(x+h)

] . sinh )
| lim |
cosx \ " fr L

\
lim——
b0 cos(x +h) J

1 !
“cosx’cos(x+0)

1

" cos® x

=565 x . (i)

Therefore, from (i) and (ii), we obtain

77(x)=(x+cosx)(1-sec’ x)+(x~tanx)(1-sinx)

=(x+cosx)(~tan” x)+(x - tan x)(1-sinx)

=~tan’ x(x+cosx)+(x—tanx)(1-sinx)

25
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Question 26:

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

) _ 4x+5sinx
and s are fixed non-zero constants and m and n are integers): —————
3x+7cosx
Answer 26:
4x+5sinx
f(x)=—7——7—
Let /(%) 3x+7cosx

By quotient rule,

(3x+7cosx) ;I (4x+5sinx)—(4x+35sinx) (Il (3x+7cosx)
[¢A ax

7= :

(3x+7cosx)’

(3x+7cosx)| 4 d (x)+5 2 (sinx) [—(4x+5sinx)|3 LR COoS X
dx dx dx dx

(3x+7cosx)’

 (3x+7cosx)(4+5cosx)—(4x+5sinx)(3—7sinx)

(3x+7cosx)’

12x+15xc0s x +28¢os X +35¢0s” x—12x+28xsin x —15sin x+35sin” x

(3x+7cos x)’

15xcosx +28¢os x + 28xsin x—15sin x + 35(cos: x4sin’ x)

(3x+7cosx)
_ 35+15xcosx+28cos x+28xsinx—15sin x
(3x+7cosx)
Question 27:

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

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

oo )
X COS| —
T

sin x

26
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Answer 27:

)
X COS| —
— Ay

Let f (\) = v
sin x
By quotient rule,
. (I 3 3 (l .
sinx x°)=x° sin x
dx( ) d.\‘( )
sin” x

f(x)= cos .

% >
7T |sinx-2x—x"Ccosx
=cos—. —
4 sin” x
) T
XCOS . [2 sin x — X cos .\']

sin” x
Question 28:
Find the derivative of the following functions (it is to be understood that a, b, ¢, d, p, q, r

and s are fixed non-zero constants and m and n are integers):
|+tanx
Answer 28:

X

Let f(-Y)_

|+ tan x

(1 +tan.\')i

1l = dx
) (1+tanx)

d
x)-x—(l+tanyx
(x) \dx( anx)

(1+tanx)-x- ‘;' (1+tanx)
f(x)= i - (i)
) (1+tanx)

Let g(x)=1+tanx. Accordingly, g(x+4)=1+tan(x+h).

27
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By first principle,

g(x+h)—g(x)

g'(x)=lim

fr—0 1

o | 1+tan(x+h)—1—-tanx
=I|m[ ( ) jl

) ll

= lim—
b0 | cos(x+h) cosx

1 —sin(.\'+h) ~sin .\}

=lim~—

1| sin(x+h)cos.x—sinxcos(x+ h)]
h— h

cos(x+/)cosx

[ sin(x+h—x) i

i}
=lim— A
b0 fi| cos(x+h)cosx

sinh

-
=lim—
hsh COS(.\‘+/'I)COS X

(. sin/h
= lim

\ h—=0 h

\ hY
‘, lim
J | = cos(x+h ) COSX

=8eC™ X

- —

COs™ X

= 1%

= i(I +tan x) =sec” x
dx

From (i) and (ii), we obtain

_ I+tanx—xsec’ x
(1+tan x)’

f'(x)

.. (1)

-_—
28
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Question 29:

Answer 29:

Let S (x)=(x+secx)(x—tanx)

By product rule,

dx

dx

Let f, (x) = tanx, £, (x)=secx

Get More Learning Materials Here : &

f'(x)=(x+sec .\')i(x—tzm X)+(x—tanx)

d d
- ..+ > 3 L ..‘ ___t '.
(x+sec r)_d‘_(\) - tan

=(x+secx)|1- L

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

and s are fixed non-zero constants and m and n are integers): (x + sec x) (x — tan x)

]+(.\'—lan .\')[%(-\‘)’f

}r(.\'—tan .\‘)[H 4 sec .\}
dx

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

29
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o (Sl = £ ()
G (,\)—llm[ . ]

Jieal)

__(tan(x+h)—tanx
=hm

h—0 h J

, tan(x+h)—tanx |
= lim ( )

h—0 h

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

=lim—

I [ sin (x+h)cosx—sinxcos(x+h)
h=0 b cos(x+h)cosx

- il sin(x+h—x) |
=lim :
10 | cos(x+h)cosx

o] sinh
=lhim—
i=0 h| cos(x+h)cosx

. sinh . 1
=| lim | him
sty =0 cos(x+ i) cos x

=lx——=sec’ x
COS™ X

d

=5 —tanXx =sec’ x (i)

ax

30
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2 (x)= !.‘L‘J[

/5(*+”)-:ﬂ(f)]

h

= him

Ji—

I

[ sec(x+/)—sec _\-]

1 1 1
=lim— -
v [cos (x+#h) cos _\]
. 1| cosx—cos(x+/)
=hm-—
o [ cos(x+h)cosx
i g -~ N\ P N
| _gsm(MJ.sm(-\ x—=h
= Jdim— /
cosx ot cos(x+/)
[ . [2.\-+/,] _ (-n)
=2sin| —— |-sin| ——
1 : 1 2 v 3
- Jim—
cosx 0y cos(x+/)
'sinlh) |
[2.\'+h] l 2
sin C) ) S > 4
2 It
= Jdim
cosx o0 cos(x+h)
sin| —
s B N ( ]l
limsin(iﬁﬁ ll lim _\2/|
l_r,,m 2 }J ,;,'q /_I
i 2
=secx -
!m.].cos(.\-+h)
sinx. 1
=sec .
COS X
:isec.\'=sccxtan x .. (i)
dx
31
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From (i), (ii), and (iii), we obtain

Question 30:

Answer 30:

X

Let f(x)=—
sin” x
By quotient rule,

gt ol ad i
sin"x—x—-x—sin" x

f'(x)= dx dx

sin”” x

ax

Therefore,
s sad d G
sin“x—x—-x-——sin"x

f’(.\')= ¢I_\" - dx
sin”" x

sin” x.l—x(nsin" '.\'cosx)

e | N
Sin Xx

R | o) .
sin"” x(sinx—nxcosx)

sin®” x
SIN X — X Ccos x

G+l

sin X

Get More Learning Materials Here : &

£'(x) = (x+secx)(l1-sec” x)+(x—tan x)(1+secxtan x)

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

(1 s °s_m-
It can be easily shown that Tsm x=nsin"" xcosx

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

sin” x
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(Chapter — 13) (Limits and Derivatives)
(Class — XI)
Exercise 13.2 (Supplementary)
Evaluate the following limits, if exist.
Question1: lim et
x-0 X
Answer 1: lim et
x-0 X
=lim o1 4
x—0 4x
. eY-1
= lim X 4 [Wherey = 4x]
y->0 ¥y
. . eY-1
= 1x4 Using lim——=1
y-0 Y
=4
Question 2: lim £=¢
x-0 x
Answer 2: lim e
x-0 X
s e2(e*-1)
- x—0 X
_ 2 . . e¥-1 _
=ex1 Using 91(1_r)r(1) . —1]
= ez
Question 3: lim &— e?
x-5 X—5
X _ ,5
Answer 3: lim &=—=2
x—5 x—5
Putx =5 + h,thenasx -5 = h — 0.Therefore
>T 1 1<
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h—0 h
=e’x1
= 95
. . esinx_l
Question 4: lim
x—-0 X
. esinx_l
Answer 4: lim
x-0 X

- lim eSinx_q % sinx
x—-0 x sinx

eStnx_q sinx
X

= lim —
x—0 SInXx X
. e¥V-1 . sinx
=lim — X lim
y—-0 Y x—-0 X
=1 x1
=1
. . eX-¢e3
Question 5: lim
x-3 x-—3
. eX-¢e3
Answer 5: lim
x—3 Xx-3

[Where y = sinx]

. . eY-1 . sinx
[Usmg lim——=1and lim
y-0 Y x-0 X

Putx = 3 + h,thenasx -3 = h — 0.Therefore
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. eX— . e3th_gs3
lim = lim
x-3 x-3 h—-0 h
e3(el-1)
= lim———=
h—0 h
3 . . eh—
=e° x1 [Usmg lim —— = 1]
h—-0
= e3
. . x(e*-1
Question 6: lim ( )
x—0 1—cosx
. x(e*-1
Answer 6: lim ( )
x—0 1—cosx
. x(e*-1)  1+cosx _ x
=lim =
x—0 1—cosx 1+cosx x
. (e*-1) _ 1+cosx x2
= lim X
x->0 X 1 1- cos?x
. e*-1 . 14cosx . 2
= lim ( )Xllm X lim —
x>0 X x—0 x—0 sin?x
. e*—1 . 1+4cosx .
:hm( )Xllm X lim ——=
x-0 X x—0 x—0 ( Smx)
X
1 . . e*—1
=1 x(A+1)x—= Using lim—— =1 and
11 x>0 X
=2
. . lo 1+2x
Question 7: lim loge (1+2)
x-0 X
Answer 7: lim loge (1+2)
’ x-0 X
. loge (142x)
= lim———x 2
x—-0 2Xx
>T 5 1<

sinx

x>0 X

1
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= lim 29U 5

y-0 y
=1x2
=2
. . log (1+x3
Question 8: lim %
x-0 sin°x
. log (14x3
Answer 8: lim %
x—0 Sin3x

log (1+x%) x3
sin3x x3

= lim

x—0

log (1+x?) % x3

lim

[Where y = 2x]

loge (1+y) =1

Using lim
y—-0 y

x—0 x3 sin3x

_ 1. log (1+y) . — .3

= ;1_13(1) ” X 31(1_1)1(1) (wf [Wherey = x°]

=1x+ Using 1lim 228 = 1 gnd Jim 322 = 1

1 y—-0 y x-0 X

=1

> 1<
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