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1 (c)

LHL = lim𝑥→𝑎―𝑥3 ― 𝑎3𝑥 ― 𝑎 = limℎ→0(𝑎 ― ℎ)3 ― 𝑎3𝑎 ― ℎ ― 𝑎
= limℎ→0(𝑎 ― ℎ ― 𝑎){(𝑎 ― ℎ)2 + 𝑎3 + 𝑎(𝑎 ― ℎ)}―ℎ = 3𝑎2

Since, 𝑓(𝑥) is continuous at 𝑥 = 𝑎∴     LHL = 𝑓(𝑎)⇒    3𝑎2 = 𝑏
3 (a)

We have,𝑓(𝑥) = {
tan𝑥 ,         0 ≤ 𝑥 ≤ 𝜋/4

cot𝑥 ,         ― 𝜋/4 ≤ 𝑥 ≤ 𝜋/2
tan𝑥 ,         𝜋/2 < 𝑥 ≤ 3𝜋/4

cot𝑥 ,         3𝜋/4 ≤ 𝑥 < 𝜋
Since tan𝑥 and cot𝑥 are periodic functions with period 𝜋. So, 𝑓(𝑥) is also periodic with period 𝜋
It is evident from the graph that 𝑓(𝑥) is not continuous at 𝑥 = 𝜋/2. Since 𝑓(𝑥) is periodic with period 𝜋. So, it is 

not continuous at 𝑥 = 0, ± 𝜋/2, ± 𝜋, ≠ 3𝜋/2
Also, 𝑓(𝑥) is not differentiable 𝑥 = 𝜋/4, 3𝜋/4, 5𝜋/4 etc

Topic :-   CONTINUITY AND DIFFERENTIABILITY
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4 (c)

We have,𝑓(𝑥) = {|𝑥| ― |𝑥 ― 1}2

⇒𝑓(𝑥) = {
( ―𝑥 + 𝑥 ― 1)2,         if 𝑥 < 0

(𝑥 + 𝑥 ― 1)2,         if 0 ≤ 𝑥 < 1

(𝑥 ― 𝑥 + 1)2,         if 𝑥 ≥ 1⇒𝑓(𝑥) = {
1,         if 𝑥 < 0

(2 𝑥 ― 1)2,         if 0 < 𝑥 < 1
1,         if 𝑥 ≥ 1⇒𝑓′(𝑥) = { 0,         if 𝑥 < 0 or if 𝑥 > 1

4(2 𝑥 ― 1),         if 0 < 𝑥 < 1

5 (b)

We have,𝑓′(𝑥0) = lim𝑥→𝑥0

𝑓(𝑥) ― 𝑓(𝑥0)𝑥 ― 𝑥0⇒𝑓′(𝑥0) = lim𝑥→𝑥0

(𝑥 ― 𝑥0)ϕ(𝑥) ― 0(𝑥 ― 𝑥0)⇒𝑓′(𝑥0) = lim𝑥→𝑥0

ϕ(𝑥) = ϕ(𝑥0)       [ ∵ ϕ(𝑥) is continuous at 𝑥 = 𝑥0]

6 (b)

Since,  lim𝑥→2+

𝑓(𝑥) = 𝑓(2) = 𝑘⇒   𝑘 = limℎ→0𝑓(2 + ℎ)
⇒   𝑘 = lim ℎ→0[(2 + ℎ)2 + 𝑒 1

2―(2+ℎ)]―1

 ⇒   lim ℎ→0    [4 + ℎ2 + 4ℎ + 𝑒―1 ℎ]―1
=

1

4

7 (c)

For 𝑓(𝑥) to be continuous at 𝑥 = 𝜋/2, we must have

lim𝑥→𝜋/2𝑓(𝑥) = 𝑓(𝜋/2)
⇒ lim𝑥→𝜋/2 1 ― sin𝑥

(𝜋 ― 2𝑥)2
∙ log sin𝑥

log (1 + 𝜋2 ― 4𝜋𝑥 + 4𝑥2)
= 𝑘

⇒ limℎ→01 ― cosℎ
4ℎ2

×
log cosℎ

log (1 + 4ℎ2)
= 𝑘

⇒ limℎ→01 ― cosℎ
4ℎ2

×
log{1 + cosℎ ― 1}

cosℎ ― 1
×

4ℎ2

log(1 + 4ℎ2)
×

cosℎ ― 1

4ℎ2
= 𝑘

⇒ ― limℎ→0 (1 ― cosℎ
4ℎ2 )

2 log(1 + (cosℎ ― 1))

cosℎ ― 1
×

4 ℎ2

log (1 + 4ℎ2)
= 𝑘

⇒ ― limℎ→0 (sin2ℎ/2
2 ℎ2 )

2
log(1 + (cosℎ ― 1))

cosℎ ― 1
×

4ℎ2

log (1 + 4ℎ2)
= 𝑘
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⇒― 1

64
limℎ→0 (sinℎ/2ℎ/2 )

4
log(1 + (cosℎ ― 1))

cosℎ ― 1
×

4ℎ2

log (1 + 4ℎ2)
= 𝑘

⇒ ― 1

64
= 𝑘

8 (c)

LHL = limℎ→0 𝑓(0 ― ℎ) = limℎ→0 sin 5(0 ― ℎ)
(0 ― ℎ)2 + 2(0 ― ℎ)

= ― limℎ→0
sin 5ℎ

5ℎ
1

5
(ℎ ― 2)

=
5

2

Since, it is continuous at 𝑥 = 0, therefore LHL = 𝑓(0)⇒ 
5

2
= 𝑘 +

1

2
    ⇒    𝑘 = 2

9 (a)

Since 𝑓(𝑥) is continuous at 𝑥 = 0∴ lim𝑥→0𝑓(𝑥) = 𝑓(0) = 0⇒ lim𝑥→0𝑥𝑛 sin (1𝑥) = 0⇒𝑛 > 0𝑓(𝑥) is differentiable at 𝑥 = 0, if

lim𝑥→0 𝑓(𝑥) ― 𝑓(0)𝑥 ― 0
 exists finitely⇒lim𝑥→0 𝑥𝑛sin

1𝑥 ― 0𝑥  exists finitely⇒lim𝑥→0𝑥𝑛―1sin (1𝑥) exists finitely⇒𝑛― 1 > 0⇒𝑛 > 1

If 𝑛 ≤ 1, then lim𝑥→0𝑥𝑛―1sin (1𝑥) does not exist and hence 𝑓(𝑥) is not differentiable at 𝑥 = 0

Hence 𝑓(𝑥) is continuous  but not differentiable at 𝑥 = 0 for 0 < 𝑛 ≤ 1 i.e. 𝑛 ∈ (0, 1]

10 (b)

Clearly, 𝑓(𝑥) is not differentiable at 𝑥 = 3

Now,  limℎ→3― 𝑓(𝑥) = limℎ→0 𝑓(3 ― ℎ) 

= limℎ→0  |3 ― ℎ ― 3|

= 0

limℎ→3+

 𝑓(𝑥) = limℎ→0 𝑓(3 + ℎ)

= limℎ→0  |3 + ℎ ― 3| = 0

and  𝑓(3) = |3 ― 3| = 0∴   𝑓(𝑥) is continuous at 𝑥 = 3

11 (a)

It can easily be seen from the graphs of 𝑓(𝑥) and that both are continuous at 𝑥 = 0

Also, 𝑓(𝑥) is not differentiable at 𝑥 = 0 whereas 𝑔(𝑥) is differentiable at 𝑥 = 0

12 (c)
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We have,

lim𝑥→0―𝑓(𝑥) = limℎ→0𝑓(0 ― ℎ) = limℎ→0 ― sin(𝑎 + 1)ℎ ― sinℎ―ℎ⇒ lim𝑥→0―𝑓(𝑥) = limℎ→0𝑓(0 ― ℎ) = limℎ→0 {sin(𝑎 + 1)ℎℎ +
sinℎℎ }⇒ lim𝑥→0―𝑓(𝑥) = limℎ→0𝑓(0 ― ℎ) = (𝑎 + 1) + 1 = 𝑎 + 2

and, lim𝑥→0+

𝑓(𝑥) = limℎ→0𝑓(0 + ℎ)
⇒ lim𝑥→0+

𝑓(𝑥) = limℎ→0 ℎ + 𝑏ℎ2 ― ℎ𝑏 ℎ3/2⇒ lim𝑥→0+

𝑓(𝑥) = limℎ→0 ℎ + 𝑏ℎ2 ― ℎ𝑏ℎ3/2( ℎ + 𝑏ℎ2 ― ℎ)
= limℎ→0 1

1 + 𝑏ℎ + 1
=

1

2

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

lim𝑥→0―𝑓(𝑥) = lim𝑥→0+

𝑓(𝑥) = 𝑓(0)
⇒𝑎 + 2 =

1

2
= 𝑐⇒𝑐 =

1

2
, 𝑎 = ― 3

2
 and 𝑏 ∈ 𝑅 ― {0}

13 (c)

For 𝑓(𝑥) to be continuous at 𝑥 = 0, we must have

lim𝑥→0𝑓(𝑥) = 𝑓(0)
⇒ lim𝑥→0 (9𝑥― 1)(4𝑥― 1)

2 ― 2 cos2𝑥/2 = 𝑘
⇒ lim𝑥→0 (9𝑥― 1)(4𝑥― 1)

2.2 sin2𝑥/4 = 𝑘
⇒ lim𝑥→0

16 × (9𝑥― 1𝑥 )(4𝑥― 1𝑥 )

2 2(sin𝑥/2𝑥/4 )
2

= 𝑘
⇒ 16

2 2
log 9 . log 4 = 𝑘 = 4 2log 9 . log 4 = 16 2log 3 log 2

14 (b)

Given,  𝑓(𝑥) = [tan2𝑥]

Now, lim𝑥→0𝑓(𝑥) = lim𝑥→0 [tan2𝑥] = 0

And 𝑓(0) = [tan2 0] = 0

Hence, 𝑓(𝑥) is continuous at 𝑥 = 0 

15 (b)

Let, 𝑓(𝑥) = 𝑥
Which is continuous at 𝑥 = 0

Also,  𝑓(𝑥 + 𝑦) = 𝑓(𝑥) +𝑓(𝑦)⇒   𝑓(0 + 0) = 𝑓(0) + 𝑓(0)
= 0 + 0
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⇒𝑓(0) = 0𝑓(1 + 0) = 𝑓(1) + 𝑓(0)⇒  𝑓(1) = 1 + 0⇒  𝑓(1) = 1

As, it satisfies it.

Hence, 𝑓(𝑥) is continous for every values of 𝑥
16 (c)

Here, 𝑔𝑜𝑓 = { 𝑒sin𝑥,    𝑥 ≥ 0𝑒1―cos𝑥,     𝑥 ≤ 0∴    LHD = limℎ→0 𝑔𝑜𝑓(0 ― ℎ) ― 𝑔𝑜𝑓(ℎ)―ℎ
= limℎ→0𝑒1―cosℎ― 𝑒1―cosℎ―ℎ = 0

RHD = limℎ→0 𝑔𝑜𝑓(0 + ℎ) ― 𝑔𝑜𝑓(ℎ)ℎ
= limℎ→0𝑒sinℎ― 𝑒sinℎℎ = 0

Since, RHD=LHD=0∴   (𝑔𝑜𝑓)′ (0) = 0

17 (b)

We have,

𝑓(𝑥){ (𝑥 + 1)
2―(1𝑥+

1𝑥)
= (𝑥 + 1)2,         𝑥 < 0

0,                              𝑥 = 0

(𝑥 + 1)
2―(1𝑥+

1𝑥)
= (𝑥 + 1)

2―2𝑥,         𝑥 > 0

Clearly, 𝑓(𝑥) is everywhere continuous except possibly at 𝑥 = 0

At 𝑥 = 0, we have

lim𝑥→0―𝑓(𝑥) = lim𝑥→0― (𝑥 + 1)2 = 1

and, lim𝑥→0+

𝑓(𝑥) = lim𝑥→0 (𝑥 + 1)
2―2𝑥 = lim𝑥→0 (𝑥 + 1)―2/𝑥

⇒ lim𝑥→0+

𝑓(𝑥) = 𝑒lim𝑥→0―2𝑥 log(1+𝑥)
= 𝑒―2

Clearly, lim𝑥→0―𝑓(𝑥) = lim𝑥→0+

𝑓(𝑥)
So, 𝑓(𝑥) is not continuous at 𝑥 = 0

18 (b)

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

lim𝑥→0𝑓(𝑥) = 𝑓(0)⇒ lim𝑥→0𝑓(𝑥) = 𝑘
⇒ lim𝑥→0 log(1 + 𝑎𝑥) ― log(1 ― 𝑏𝑥)𝑥 = 𝑘
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⇒𝑎 lim𝑥→0 log(1 + 𝑎𝑥)𝑎𝑥 ― ( ―𝑏) lim𝑥→0 log(1 ― 𝑏𝑥)―𝑏𝑥 = 𝑘⇒𝑎 + 𝑏 = 𝑘
19 (c)

Since 𝑓(𝑥) is continuous at 𝑥 = 0∴ 𝑓(0) = lim𝑥→0𝑓(𝑥)⇒𝑓(0) = lim𝑥→0 (27 ― 2 𝑥)1/3 ― 3

9 ― 3(243 + 5 𝑥)1/5
        [Form

0

0]

⇒𝑓(0) = lim𝑥→0
1

3
(27 ― 2 𝑥)

―2

3( ― 2)― 3

5
(243 + 5𝑥)

―4

5(5)

= ( ― 2

3)( ― 1

3)34

32
= 2

20 (d)

lim𝑥→0 𝑒2𝑥― 1 ― 2𝑥𝑥(𝑒2𝑥― 1)
  

= lim𝑥→0 2e2x ― 2

(e2x ― 1) + 2xe2x     [using L ‘Hospital rule]

= lim𝑥→0 4𝑒2𝑥
4𝑒2𝑥 + 4𝑥𝑒2𝑥 = 1   [using L ‘Hospital’s rule]

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

lim𝑥→0  𝑓(𝑥) = 𝑓(0)     ⇒    1 = 𝑓(0)
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ANSWER-KEY

Q. 1 2 3 4 5 6 7 8 9 10

A. C A A C B B C C A B

Q. 11 12 13 14 15 16 17 18 19 20

A. A C C B B C B B C D
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