
1.	 Here, we observe that the function f(x) is defined at 
x = 1 and its value is 5.
Now, lim ( ) lim ( )

x x
f x

→ →
= + = × + =

1 1
2 3 2 1 3 5x

Thus, lim ( ) ( )
x

f x f
�

� �
1

5 1

Hence, f is continuous at x = 1.

2.	 Here, f x
x
x

x

x
( ) sin

,

,
�

�

�

�
�
�

��
3

0

3 0

when

when

� � � � �
� � � �

lim ( ) lim
sin

lim
sin

lim
sinx x x x

f x x x
x

x
0 0 0 3 03

1
3

3
3

1
3

3
3x x

��
�
�

�
�
�

� � �
1
3

1 1
3

� Q lim sin
x

x
x�

��
��

�
��0

1

But f(0) = 3
\	 lim ( ) ( )

x
f x f

�
�

0
0

Hence, f (x) is discontinuous at x = 0.

3.	 Here, f x
x

x x
( )

,

,
�

� �

�

�
�
�

��

5 4 1

4 33
when 0 <

when 1 < < 2

x

x
 

L.H.L. = = −
→ →− −
lim ( ) lim ( )
x x

f x x
1 1

5 4 = 5(1) – 4 = 1

R.H.L. = = −
→ →+ +
lim ( ) lim ( )
x x

f x x x
1 1

34 3 = 4(1)3 – 3(1) = 1

and	 f (1) = 5 × 1 – 4 = 1

\	 lim ( ) ( ) lim ( )
x x

f x f f
→ →− +

= =
1 1

1 x

So, f(x) is continuous at x = 1.

4.	 We have,  f(x) = |x| ⇒ f (x) = 
� �

�
�
�
�

x x
x x

,
,

if
if

0
0

Clearly, f (x) is defined at x = 0 and f(0) = 0

L.H.L. � � � � � � �
� � �� �
lim ( ) lim ( ) lim [ ( )]
x x h

f x x h
0 0 0

0 0

� [Putting x = 0 – h]

R.H.L. � � � � �
� � �� �
lim ( ) lim ( ) lim ( )
x x h

f x x h
0 0 0

0 0

� [Putting x = 0 + h]

\	 L.H.L. = R.H.L. ⇒ lim ( )
x

f x
→

=
0

0

\	 lim ( ) ( )
x

f x f
�

� �
0

0 0

Hence, f (x) is continuous at x = 0.

5.	 Here, f x
x
x

k x
( )

sin ,

,
�

�

�

�
�
�

��

5
3

0

0

if

if

x

Since, f (x) is continuous at x = 0.

\	 lim ( ) ( ) lim sin
x x

f x f x
x

k
� �

� � �
�
�

�
�
��0 0

0 5
3

⇒	 lim sin lim sin
x x

x
x

k x
x

k
� �

�
�
�

�
�
� � � �

�
�

�
�
� �0 5 0

5
5

5
3

5
3

5
5

⇒	 5
3

= k

6.	 Here,  f
x
x( ) ,x � �

1 0

Take any non zero real number c.
Clearly, f is defined at every real number c, c ≠ 0 and 

f c
c

( ) .=
1

Also, lim ( ) lim
x c x c

f x
x c→ →

= =1 1

Thus, lim ( ) ( )
x c

f
�

�x f c and hence f is continuous at every 

point in the domain of f.

7.	 Here, f x
x

x x( )
| |,

,
=

− ≥

− +







x

x

3 1

4
3
2

13
4

2
if

if < 1

Now, if f(x) is continuous at x = 1, then lim ( ) ( )
x

f x
� �

�
1

1f  

At x = 1, f (x) = |x – 3|⇒ f(1) = |1 – 3| = 2

Now, lim ( ) lim
x x

f x x x
→ →− −

= − +





1 1

2

4
3
2

13
4

= − − − +










→
lim ( ) ( )
h

h h
0

21
4

3
2

1 13
4

� � � �
1
4

3
2

13
4

2

\	 f f x
x

( ) lim ( )1 2
1

� �
�

\	 f(x) is continuous at x = 1. Thus f(x) is nowhere 
discontinuous.
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8.	 We have f x
x

ax b x
x

( )
,

,
,

=
≤

+ < <
≥







2 3
3 5

9 5

if
if

if

When x < 3, f (x) = 2 which being a constant functions, is 
continuous for all x < 3.
When 3 < x < 5, f (x) = ax + b, which being a polynomial,  
is continuous for all x ∈ (3, 5).
When x > 5, f (x) = 9, which being a constant function, is 
continuous for all x > 5.
We now consider the continuity of f(x) at x = 3 and x = 5.
At x = 3 : L.H.L. = lim ( )

x� �
�

3
2 2

R.H.L. = lim ( ) lim [ ( ) ]
x h

ax b a h b
� ��

� � � �
3 0

3

	 = 3a + b
and f (3) = 2
\	 For continuity at x = 3, 3a + b = 2. � ...(i)

At x = 5 : L.H.L. = lim ( ) lim ( )
x h

ax b a h b
� ��

� � � �� �
5 0

5

	 = 5a + b
R.H.L. � �

� �
lim ( )

x 5
9 9

and f (5) = 9
\	 For continuity at x = 5, 5a + b = 9� ...(ii)
Solving (i) and (ii), we get 

a b� �
�7

2
17
2

, .

9.	 We have f x
x x

x x
( )

,

,
�

� �

� �

�
�
�

��

12 13 3

2 5 32
if

if
At x = 3 : 

L.H.D. � �
�

�
� �
�� �� �

lim ( ) ( ) lim ( )
x x

f x f
x

x
x3 3

3
3

12 13 23
3

�
� � �
� �

�
� � �

�� �
lim [ ( ) ]

( )
lim ( )

h h

h
h

h
h0 0

12 3 13 23
3 3

36 12 13 23

� �
�
�

�
�
� �

�
lim
h

h
h0

12 12

R.H.D. =
−
−

=
+ −
−→ →+ +

lim ( ) ( ) lim ( )
x x

f x f
x

x
x3 3

23
3

2 5 23
3

�
� � �
� �

�
� � � �

� �
lim ( ( ) )

( )
lim [ ( ) ]

h h

h
h

h h
h0

2

0

22 3 5 23
3 3

2 9 6 5 23

�
� � � ��

�
��

�

�
�� �

��
�
�

�
�
� �

� �
lim lim
h h

h h
h

h
0

2

0

18 2 12 23 5 2 12
1

12

\	 L.H.D. = R.H.D.
Hence, f (x) is differentiable at x = 3.
\	 f ′ (3) = 12

10.	 We have given, f(x) = |x – 5|

� �
� � �

� �
�
�
�

f x
x x
x x

( )
( ),

,
5 5

5 5
if
if

For continuity at x = 0
L.H.L. = = − −

→ →− −
lim ( ) lim [ ( )]
x x

f x x
5 5

5

� � � � � �
� �

lim[ ( ) ] lim
h h

h h
0 0

5 5 0

and R.H.L. � �
� �
lim ( )

x
x

5
5

� � � � �
� �

lim ( ) lim
h h

h h
0 0

5 5 0

Also, f(5) = 5 – 5 = 0
L.H.L. = R.H.L. = f(5)

Therefore, f(x) is continuous at x = 5

Now, ( ) lim ( ) ( )Lf f x f
xx

� �
�
�� �

5 5
55

�
� � �

�
�

� �
�

� �
� �� �
lim lim ( )

x x

x
x

x
x5 5

5 0
5

5
5

1

Rf f x f
xx

� �
�
�� �

( ) lim ( ) ( )5 5
55

	   
�

� �
�

�
� �
lim

x

x
x5

5 0
5

1

Therefore, Lf ′(5) ≠ Rf ′(5)
Hence, f(x) = |x – 5| is not differentiable at x = 5.

11.	 Using definition of derivative, we have

lim ( ) ( ) ( )
x

f x f
x

f
→

−
−

=
2

2
2

2′

⇒
−
−

=
→

lim ( ) ( )
x

f x f
x2

2
2

1  		  [   f ′ (2) = 1]� ...(i)

Now, lim ( ) ( )
x

xf f x
x→

−
−2

2 2
2

=
− + −

−→
lim ( ) ( ) ( ) ( )
x

xf f f f x
x2

2 2 2 2 2 2
2

=
− − −

−→
lim ( ) ( ) ( ( ) ( ))
x

x f f x f
x2

2 2 2 2
2

=
−

−
−

−
−→ →

lim ( ) ( ) lim ( ) ( )
x x

x f
x

f x f
x2 2

2 2
2

2 2
2

= f(2) – 2f ′(2) = 4 – 2 × 1 = 2 � [Using (i) and f(2) = 4]

12.	 At x = c : L.H.L. = lim ( ) lim (
x c x c

f x
x c� �� �

�
�

�
�
�

�
�
�x - c) cos 1

� � �
� �

�
�
�

�
�
� � � �

�
�

�
�
�

� �
lim ( ) cos lim ( ) cos
h h

c h c
c h c

h
h0 0

1 1

= 0 × an oscillating number between –1 and 1 = 0

R.H.L. = lim ( ) lim ( ) cos

lim ( ) cos

x c x c

h

f x x c
x c

c h c
c h

� �

�

� �
� �

�
�
�
�

�
�
�

� � �
�

1

1
0 ��

�
�
�

�
�
�c
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= 





=
→

lim cos
h

h
h0

1 0  × [an oscillating number between –1 and 1]

= 0
Also, f(c) = 0
Thus, L.H.L. = R.H.L. = f(c)
\	 f (x) is continuous at x = 1.
Differentiability  at x = c :

L.H.D. = lim ( ) ( ) lim
( )cos

x c x c

f x f
x c

x c
x c

x c→ →− −

−
−

=
−

−




 −

−














c
1 0 





=
− −

− −






− −



















=
→ →

lim
( )cos

lim cos
h h

c h c
c h c

c h c h0 0

1
1





 

= a number which oscillates between –1 and 1.
So, L.H.D. does not exist.
Similarly, R.H.D. does not exist.
Hence, f(x) is not differentiable at x = c.
13.	 (i) Let y = f(x) = sin (x2)

\	
dy
dx

d
dx

x d
dx

x= =(sin( )) cos ( ) ( )2 2 2x

	 = 2x · cosx2

(ii)	 Let y = f(x) = cot (sin )x  

dy
dx

d
dx

x d x
d x

d x
d x

d x
dx

= { } = × ×cot(sin ) {cot(sin )}
(sin )

(sin )
( )

( )

⇒	 dy
dx

 = − ⋅ ⋅cosec2 1
2

(sin ) cosx x
x

14.	 Let y
a x

�
�

1
2 2

. Putting u = a2 – x2, we get

	
y

u
u u a x� � � ��1 1 2 2 2/ and

\	
dy
du

u du
dx

x� � � ��1
2

23 2/ and

Now, 
dy
dx

dy
du

du
dx

� �

⇒	 dy
dx

u x
u

x= − × − = − × −−1
2

2 1
2

23 2
3 2

/
/( ) ( )

	 =
−
x

a x( ) /2 2 3 2 � [   u = a2 – x2]

15.	 Here, y x x= sin cos3 5

Put sin3 5x = u and cos x v=

\	
du
dx

x x dv
dx

x
x

� � � � �3 5 5 5 1
2

2sin cos sin .and

	 y = u⋅v

\	
dy
dx

u dv
dx

v du
dx

� �

	
�

��

�
��

�

�
�� � � �sin sin cos sin cos3 25

2
15 5 5x x

x
x x x

	
= −









sin cos cos sin sin2 5 15 5 5

2
x x x x x

x

16.	 Let y = x4 + sin4x + cos4x + tan x4

\	
dy
dx

x x x x x x= + ⋅ + −( ) +4 4 4 4 43 3 2 4 3cos cos sin sec ( )

	 � � � �4 4 4 4 43 3 3 2 4x x x x x xcos sin cos sec

17.	 (i)	 Here, y x u u x= ( ) = =− −cot cot ,1 1 where

\	
dy
dx u

du
dx x

= −
+

=1
1

1
22 and

Now, 
dy
dx

dy
du

du
dx u x x x

� � �
�

�
� �

�

�
�

1
1

1
2

1
1

1
22 2( )

	
�

�
�

1
2 1x x( )

(ii)	 Here, y = −cot (1 cosec + cot )x x

	
� ��

�
�

�
�
� �

��
�
�

�
�
�

� �cot
sin

cos
sin

cot cos
sin

1 11 1
x

x
x

x
x

	

=
⋅

















= 





=− −cot
cos

sin cos
cot cot1

2
1

2
2

2
2 2

2 2

x

x x
x x

\	 dy
dx

=
1
2

18.	 Let y
x
x

�
�
�

�
�
�

��

�
�
�

��
�tan sin

sin
.1 1

1

Then, y x
x

=
− +
+ +












−tan cos ( / )

cos ( / )
1 1 2

1 2
π
π

	 = +
+












−tan sin ( / / )

cos ( / / )
1

2

2
2 4 2
2 4 2

π
π

x
x

⇒	 y x x
� ��

�
�

�
�
�

�
�
�

�
�
�
� ��tan tan1

4 2 4 2
� �

Q − < < ⇒ < + <





π π π π
2 2

0
4 2 2

x x

\	
dy
dx

=
1
2
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19.	 d
dx

a x
ax

tan− +
−















1
1

= + = +− − − −d
dx

a x d
dx

a d
dx

x{tan tan } (tan ) (tan )1 1 1 1

= +
+

=
+

0 1
1

1
12 2x x

20.	 If y
x

x
x

x

x
x

�
�

�

�

�

�
�
��

�

�

�
�
��
�

�

�

�

�
��

�

�
��

� �cos cos1 1
2

2

1

1
1
1

� �
�

�

�

�
��

�

�
�� � �

�

�

�

�
��

�

�
��

� �cos cos tan
tan

1
2

2
1

2

2
1
1

1
1

x
x

�

�
 [Putting x = tan q]

= cos–1 (–cos 2q) = cos–1 [cos (p – 2q)]

or	 y = p – 2q = p – 2 tan–1 x 

\	 dy
dx x

� �
�

2
1 2

21.	 Here, x – y = p
Differentiating both sides, we get

1 0 1− = ⇒ =
dy
dx

dy
dx

22.	 Differentiating both sides of the given relation with 
respect to x, we get

3 3 32 2x y dy
dx

a x dy
dx

y� � ��
�
�

�
�
�

⇒	 ( )3 3 3 32 2y ax dy
dx

ay x� � �

⇒	 3 32 2( ) ( )y ax dy
dx

ay x� � �

⇒	
dy
dx

ay x
y ax

�
�

�

2

2 .

23.	 We have, (1 + y2) secx – y cotx + 1 = x2

Differentiating both sides w.r.t. x, we get
(1 + y2) sec x tan x + sec x . 2y· 

	 dy
dx

y x x dy
dx

x− − − =( ) cot .cosec2 2

⇒	 dy
dx

y x x( sec cot )2 −

	 = − − +2 12 2x y x y x xcosec ( )sec tan

\	
dy
dx

x y x y x x
y x x

�
� � �

�
2 1

2

2 2cosec ( )sec tan
sec cot

24.	 We have given, tan–1(x2 + y2) = a
On differentiating both sides w.r.t. x, we get
d
dx

x y d
dx

atan ( ) ( )� � �1 2 2

�
� �

� � �
1

1
02 2 2

2 2
( )

( )
x y

d
dx

x y

� � �2 2 0x y dy
dx

 � �
�dy

dx
x
y

25.	 (i) Let y = esin(cosx)

⇒	 dy
dx

d
dx

e e d
dx

xx x= =( ) [sin(cos )]sin(cos ) sin(cos )

	 e x d
dx

xxsin(cos ) cos(cos ) (cos )⋅

	 � � �sin cos(cos ) sin(cos )x x e x

(ii)	 Let y = cos–1(ex)

\	 dy
dx

d
dx

e
e

d
dx

ex
x

x� �
�

�
� �

�

�

�cos ( ) ( )1
2

1

1
	 � �

�

e

e

x

x1 2

26.	 Let y = sin [sin (log 3x)]

\	
dy
dx

d
dx

x

x d
dx

x

=

=

[sin(sin(log )]

cos[sin (log )] (sin log ))

3

3 3

= ⋅cos [sin(log )] cos (log ) (log )3 3 3x x d
dx

x

� �cos [sin (log )] cos (log ) ( )3 3 1
3

3x
x
d
dx

xx

� �cos [sin (log )] cos (log )3 3 1x x
x

27.	 y x
e x

�
�

�
log cos1

1

2

2

�
�

�

�

�
��

�

�
�� � � � �

1
2

1
1

1
2

1 1
2

2
2 2log cos [log ( cos ) log ( )]x

e
xx

xe

dy
dx x

d
dx

x
e

d
dx

ex
x�

�
� � �

�
� �

�

�
�

�

�
�

1
2

1
1

1 1
1

12
2

2
2

cos
( cos ) ( )

�
�

� � �
�

�
�

�
�

�

�
�

1
2

1
1

2 1
1

22 2
2

cos
( cos sin ) ( )

x
x x

e
ex
x

�
�

�
�

�

sin cos
cos

.x x
x

e
e

x

x1 12

2

2

28.	 Let y = 53 – x2
 + (3 – x2)5.

Differentiating with respect to x, we get

	 dy
dx

d
dx

d
dx

xx� � �� ��( ) ( )5 33 2 52

⇒	 dy
dx

d
dx

x x

d
dx

x

x
e� � � � �

� �

� �5 5 3 5 3

3

3 2 2 5 1

2

2
log ( ) ( )

( )
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⇒	 dy
dx

x x xx
e� � � � � � ��5 5 0 2 5 3 0 23 2 42

log ( ) ( ) ( )

⇒	 dy
dx

x xx
e� � � �� ��2 5 5 5 33 2 42

log ( ) .

29.	 Let y = ax

Taking logarithm on both sides, we get 
	 log y = x log a
Differentiating both sides w.r.t. x, we get
1 1
y
dy
dx

a� � � log

⇒	 dy
dx

y a= log

Thus, d
dx

a a ax x( ) log=

30.	 Let y = (log x)sinx.  

Then, y = esinx log (logx)

On differentiating both sides with respect to x, we get
dy
dx

e d
dx

x xx x= ⋅⋅sin log(log ) {sin log (log )}

= (log )sinx x log (log ) (sin ) sin (log(log ))x d
dx

x x d
dx

x+







= ⋅ + × ×








(log ) log (log ) cos sin
log

sinx x x x
x x

x 1 1

Thus, dy
dx

x x x
x x

x� � �
�
�
�

��

�
�
�

��
(log ) log (log ) cos sin

log
sin x

31.	 Let y
x

x
=

8
8

� �log logy
x

x8
8  = log 8x – log x8

On differentiating w.r.t. x, we get
1 8 8
y
dy
dx

d
dx

x x� � � � �[ log log ]

� � � �
1 8 8
y
dy
dx x

log

� � ��
�
�

�
�
� � ��

�
�

�
�
�

dy
dx

y
x x x

x
log log8 8 8 8 8

8

32.	 Let y = xxcosx + (x cosx)x

Differentiating both sides w.r.t. x, we get
dy
dx

x d
dx

x x x x xx x x= ⋅ ⋅ + ⋅cos ( cos log ) ( cos )

� d
dx

x x x( log( cos ))⋅

� � � � ��
��

�
��

x x x
x

x x x xx xcos cos log . ( sin cos . )1 1

� � � ��
��

�
��

( cos ) .
cos

( sin cos ) log( cos ).x x x
x x

x x x x xx 1 1

= xxcosx [(1 + logx) cosx –x sinx logx] + (x cosx)x 
[log (xcosx) –x tanx + 1].

33.	 Given, x = a cosq, y = a sinq 

\	 dx
d

a dy
d

a
θ

θ
θ

θ= − =( sin ), cos

Hence, 
dy
dx

dy d
dx d

a
a

� �
�

� �
/
/

cos
sin

cot�
�

�
�

�

34.	 Here, x = cosq + cos2q

⇒	
dx
d�

� � � �� � � � � �sin sin (sin sin )2 2 2 2

and y = sinq + sin2q

⇒	 dy
d�

� �� �cos cos2 2

\	 dy
dx

dy d
dx d

� � �
�
�

/
/

cos cos
sin sin

�
�

� �
� �

2 2
2 2

35.	 We have, 

x t
t

y t
t

� � � �
1 1and	�  ...(i)

x t
t

y t
t

� � � �
1 1and 	�  ...(ii)

Taking derivative of (i) and (ii) w.r.t. ‘t’, we get

dx
dt t

t
t

dy
dt t

t
t

� � �
�

� � �
�1 1 1 1 1 1

2

2

2 2

2

2and

� � �
�

�
�

�

�

dy
dx

dy dt
dx dt

t t
t t

t
t

/
/

( ) /
( ) /

2 2

2 2

2

2
1
1

1
1

36.	 Let y = tanx and z = sinx

⇒	 dy
dx

x dz
dx

x= =sec cos2 and

\	
dy
dz

dy dx
dz dx

x
x

x= = =
/
/

sec
cos

sec .
2

3

37.	 Let u x
x

x�
�
�

�
�
�

�
�
� ��tan .1 21 2

1 2
1 4and =v

Then, u x v x� � � �� �tan tan1 1 21 2 1 4and

⇒	
du
dx x

dv
dx x

x x

x
=

+
=

+
× =

+

2
1 4

1

2 1 4
8 4

1 42 2 2
and

\	 du
dv

du
dx
dv
dx

x
x

x
x x

= = +

+

=
+

2
1 4

4

1 4

1

2 1 4

2

2
2

38.	 Let y = xx and z = xlogx

Now, y = xx ⇒ log y = x log x

\	 1 1 1
y
dy
dx

x
x

x� � � � log

⇒	
dy
dx

x xx� �( log )1
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Also, z = xlogx

\	 dz
dx

x
x

x x� � � � � �
1 1 1log log

Hence, dy
dz

dy dx
dz dx

x x
x

x
x

x= =
+

+
=

/
/

( log )
log

1
1

39.	 Given, y = x3 +tanx

\	
dy
dx

x x� �3 2 2sec � ...(i)

Again differentiating (i) w.r.t x, we get

d y
dx

d
dx

x x
2

2
2 23� �( sec ) = 6x + 2secx· secx tanx

	 = 6x + 2sec2x tanx.

40.	 Here, x = 4z2 + 5 � �
dx
dz

z8

	 y z z dy
dz

z� � � � � �6 7 3 12 72

\	
dy
dx

dy dz
dx dz

z
z

= = +/
/

12 7
8 � ...(i)

Differentiating (i) w.r.t. x, we have

d y
dx

z z
z

dz
dx

2

2 2
8 12 12 7 8

8
�

� � �
�

( )( ) ( )
( )

�
� �

� �
�8 12 12 7

8
1
8

7
642 3

[ ]
( )

z z
z z z

41.	 Here, y = aemx + be–mx

\	
dy
dx

ame bm emx mx� � �

⇒	
dy
dx

m ae bemx mx� � �( ) � ...(i)

Differentiating (i) w.r.t. x, we get

d y
dx

m amemx mx
2

2 � � �( )bme

= m2 (aemx + be–mx) = m2y

Hence, d y
dx

m y
2

2
2 0� �
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