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1 (c)

Let 𝑟 be the base radius and ℎ be the height of the cone. Then, 2𝑟 = ℎ. Let 𝑉 be the volume 

of the cone. Then,𝑉 =
1

3
𝜋𝑟2ℎ =

4𝜋 𝑟3

3⇒𝑑𝑉𝑑𝑟 = 4𝜋𝑟2

∴ ∆𝑉 =
𝑑𝑉𝑑𝑟 ∆𝑟⇒∆𝑉 = 4𝜋𝑟2 ∆𝑟⇒ ∆𝑉𝑉 × 100 =

4𝜋𝑟2 ∆𝑟
4

3
𝜋 𝑟3

× 100 = 3(∆𝑟𝑟 × 100) = 3𝜆
2 (b)

Given, 𝑓′(𝑥) < 0, ∀ 𝑥 ∈ 𝑅⇒   3cos𝑥 + sin𝑥 ― 2𝑎 < 0, ∀ 𝑥 ∈ 𝑅⇒  
3

2
cos𝑥 +

1

2
sin𝑥 < 𝑎, ∀ 𝑥 ∈ 𝑅⇒ sin (𝑥 +

𝜋
3

) < 𝑎, ∀ 𝑥 ∈ 𝑅⇒   𝑎 ≥ 1 [ ∵  sin (𝑥 +
𝜋
3

) ≤ 1] 

3 (d)

We have,𝑓(𝑥) = cos (
𝜋𝑥)⇒𝑓′(𝑥) =

𝜋𝑥2
sin (

𝜋𝑥)
For 𝑓(𝑥) to be increasing, we must have𝑓′(𝑥) > 0⇒ 𝜋𝑥2

sin (
𝜋𝑥) > 0⇒ sin (

𝜋𝑥) > 0⇒2 𝑛 𝜋 <
𝜋𝑥 < (2 𝑛 + 1) 𝜋
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⇒ 1

2 𝑛 > 𝑥 >
1

2 𝑛 + 1
⇒𝑥 ∈ ( 1

2 𝑛 + 1
,

1

2 𝑛)
4 (d)

Given curves are 
𝑥2𝑎2 +

𝑦2

12
= 1⇒     

2𝑥𝑎2
+
2𝑦
12

∙ 𝑑𝑦𝑑𝑥 = 0⇒    
𝑑𝑦𝑑𝑥 = ― 12𝑥𝑎2𝑦 = 𝑚1        (say)

And 𝑦3 = 8𝑥⇒3𝑦2𝑑𝑦𝑑𝑥 = 8⇒    
𝑑𝑦𝑑𝑥 =

8

3𝑦2 = 𝑚2               (say)

For    𝜃 =
𝜋
2

,1 + 𝑚1𝑚2 = 0⇒  1 + ( ―12𝑥𝑎2𝑦 )( 8

3𝑦2) = 0⇒   3𝑎2(8𝑥) ― 96𝑥 = 0⇒    𝑎2 = 4

5 (b)

Consider the function ϕ(𝑥) = 𝑓(𝑥) ―2 𝑔(𝑥) defined on [0, 1]

As 𝑓(𝑥) and 𝑔(𝑥) are differentiable for 0 ≤ 𝑥 ≤ 1. Therefore, ϕ(𝑥) is differentiable on (0, 1) 

and continuous on [0, 1]

We have,ϕ(0) = 𝑓(0) ― 2 𝑔(0) = 2 ― 0 = 2ϕ(1) = 𝑓(1) ― 2 𝑔(1) = 6 ― 2 𝑔(1)
Now, ϕ′(𝑥) = 𝑓′(𝑥) ―2 𝑔′(𝑥)⇒ϕ′(𝑐) = 𝑓′(𝑐) ―2 𝑔′(𝑐) = 0   [Given]

Thus, ϕ(𝑥) satisfies Rolle’s theorem on [0, 1]∴ ϕ(0) = ϕ(1)⇒2 = 6 ― 2 𝑔(1)⇒𝑔(1) = 2

6 (b)ϕ′(𝑥) = 𝑓′(𝑥) + 𝑎∵   ϕ′(0) = 0⇒   𝑓′(0) + 𝑎 = 0⇒  𝑎 = 0    ( ∵ 𝑓′(0) = 0)

Also,  ϕ′(0) > 0    ( ∵ 𝑓′′(0) > 0)⇒ ϕ′(𝑥) has relative minimum at 𝑥 = 0 for all 𝑏 if 𝑎 = 0

7 (b)

Given curve is 𝑦 = 2𝑥2 ―𝑥 + 1

On differentiating w.r.t. 𝑥, we get𝑑𝑦𝑑𝑥 = 4𝑥 ― 1

Since, this is parallel to the given curve 𝑦 = 3𝑥 + 9∴  These slopes are equal⇒  4𝑥 ― 1 = 3  ⇒  𝑥 = 1
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At 𝑥 = 1,  𝑦 = 2(1)2 ―1 + 1  ⇒𝑦 = 2

Thus, the point is (1, 2).

8 (a)

Given, 𝑦 = ― 𝑥3 +3𝑥2 +2𝑥 ― 27⇒     
𝑑𝑦𝑑𝑥 = ―3𝑥2 + 6𝑥 + 2

Let slope 𝑧 =
𝑑𝑦𝑑𝑥 = ―3𝑥2 +6𝑥 + 2

Then,   
𝑑𝑧𝑑𝑥 = ―6𝑥 + 6

For maximum or minimum put 
𝑑𝑧𝑑𝑥 = 0 ⇒  ― 6𝑥 + 6 = 0⇒   𝑥 = 1

Now,    
𝑑2𝑧𝑑𝑥2 = ―6 < 0, maxima

The maximum value of 𝑧 at 𝑥 = 1, is given by𝑧 = ―3 + 6 + 2 = 5

9 (b)

For the curve   𝑦𝑛 = 𝑎𝑛―1𝑥𝑛𝑦𝑛―1𝑦. 𝑑𝑦𝑑𝑥 = 𝑎𝑛―1∴ Length of subnormal=𝑦 =
𝑑𝑦𝑑𝑥

= 𝑦 ×
𝑎𝑛―1𝑛𝑦𝑛―1

=
𝑎𝑛―1𝑛𝑦𝑛―2

For constant subnormal, 𝑛 should be 2

10 (d)

We have,𝑓(𝑥) = 2 𝑥2 ― log |𝑥|⇒𝑓(𝑥) = {2 𝑥2 ― log𝑥 ,         𝑥 > 0

2 𝑥2 ― log( ―𝑥),   𝑥 < 0⇒𝑓′′(𝑥) = 4 𝑥 ― 1𝑥  for all 𝑥 ≠ 0

For 𝑓(𝑥) to be increasing, we must have𝑓′′(𝑥) > 0⇒4 𝑥 ― 1𝑥 > 0⇒ 4 𝑥2 ― 1𝑥 > 0

⇒ (2𝑥 ― 1)(2𝑥 + 1)𝑥 > 0⇒𝑥(2𝑥 ― 1)(2𝑥 + 1) > 0⇒𝑥 ∈ ( ― 1/2, 0) ∪ (1/2, ∞)
- -1/2 1/20

- + - +
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11 (b)

Let 𝑃(𝑥1, 𝑦1) be the point on the curve 𝑎𝑦2 = 𝑥3 where the normal cuts off equal intercepts 

from the coordinate axes. Therefore,

Slope of the normal at 𝑃 =± 1⇒― 1

(𝑑𝑦𝑑𝑥)𝑃 =± 1

⇒(𝑑𝑦𝑑𝑥)𝑃 =± 1

⇒ 3𝑥2
12𝑎𝑦1

=± 1         [ ∵ 𝑎𝑦2 = 𝑥3⇒2𝑎𝑦 𝑑𝑦𝑑𝑥 = 3𝑥2]⇒9𝑥4
1 = 4𝑎2𝑦2

1⇒9𝑥4
1 = 4𝑎𝑥3

1     [ ∵ (𝑥1, 𝑦1) lies on 𝑎𝑦2 = 𝑥3 = 0 ∴ 𝑎𝑦2
1 = 𝑥3

1]⇒𝑥1 = 0, 𝑥1 =
4𝑎
9

At (𝑥1 = 0, 𝑦1 = 0), the normal is 𝑦-axis

So, the required point is (𝑥1, 𝑦1), where 𝑥1 =
4𝑎
9

12 (d)∵   𝑓(𝑥) = sin𝑥 ― cos𝑥
On differentiating w.r.t. 𝑥, we get𝑓′(𝑥) = cos𝑥 + sin𝑥
= 2( 1

2
cos𝑥 +

1

2
sin𝑥)

= 2(cos
𝜋
4

cos𝑥 + sin
𝜋
4

sin𝑥)
= 2[cos (𝑥 ― 𝜋

4
)]

For decreasing, 𝑓′(𝑥) < 0𝜋
2

< (𝑥 ― 𝜋
4

) <
3𝜋
2

(within 0 ≤ 𝑥 ≤ 2𝜋)⇒ 
𝜋
2

+
𝜋
4

< (𝑥 ― 𝜋
4

+
𝜋
4

) <
3𝜋
2

+
𝜋
4⇒ 

3𝜋
4

< 𝑥 <
7𝜋
4

13 (d)

Since,  𝑓(𝑥) =
𝑥
2

+
2𝑥∴       𝑓′(𝑥) =

1

2
― 2𝑥2

For maxima or minima, put 𝑓′(𝑥) = 0∴      
1

2
― 2𝑥2

= 0    ⇒     𝑥 =± 2

Now,   𝑓′′(𝑥) =
4𝑥3
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⇒      𝑓′′(2) =
4

8
=

1

2
> 0, minima

And    𝑓′′( ―2) = ― 4

8
= ― 1

2
< 0, maxima

Hence, 𝑓(𝑥) has local minimum at 𝑥 = 2

14 (b)

We have,𝑓(𝑥) = tan―1𝑥 ― 1

2
log𝑒𝑥⇒𝑓′(𝑥) =

1

1 + 𝑥2
― 12𝑥⇒𝑓′(𝑥) =

2𝑥 ― 1 ― 𝑥22𝑥(1 + 𝑥2)∴ 𝑓′(𝑥) = 0⇒2𝑥 ― 1 ― 𝑥2 = 0⇒𝑥2 ― 2𝑥 + 1 = 0⇒𝑥 = 1

Now,𝑓(1) = tan―1 1 =
𝜋
4

, 𝑓( 1

3) =
𝜋
6
― 1

2
log𝑒 ( 1

3) =
𝜋
6

+
1

4
log𝑒3

and, 𝑓( 2) =
𝜋
3
― 1

4
log𝑒3

Hence, the least value of 𝑓(𝑥) is 
𝜋
3
― 1

4
log𝑒3

15 (b)

The given equation of curve is 𝑥𝑦 = 1⇒     𝑥 𝑑𝑦𝑑𝑥 = ―𝑦    ⇒   
𝑑𝑦𝑑𝑥 = ― 𝑦𝑥

Let   (𝑡, 1𝑡) be any point on the curve at which normal to the curve can be drawn∴      (𝑑𝑦𝑑𝑥)
(𝑡,1𝑡)

= ― 1𝑡2

So, slope of normal = 𝑡2

Therefore, the given line 𝑎𝑥 + 𝑏𝑥 + 𝑐 = 0 will be normal to the curve, if𝑡2 =
―𝑏𝑎

Since,     𝑡2 > 0∴     Either    𝑏 > 0,    𝑎 < 0

or     𝑎 > 0,   𝑏 < 0

16 (b)

Given, 
𝑑𝑦𝑑𝑡 ∝ 𝑦,𝑤ℎ𝑒𝑟𝑒 y is the position of village⇒ 1𝑦 𝑑𝑦 = 𝑘 𝑑𝑡⇒   log𝑦 = log 𝑐 + 𝑘𝑡        [on integrating]⇒    log

𝑦𝑐 = 𝑘𝑡⇒𝑦 = 𝑐𝑒𝑘𝑡
17 (a)

Given , 𝑥2 ―2𝑥𝑦 + 𝑦2 +2𝑥 + 𝑦 ― 6 = 0
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On differentiating w.r.t.𝑥, we get 2𝑥 ― 2(𝑦 + 𝑥 𝑑𝑦𝑑𝑥) + 2𝑦 𝑑𝑦𝑑𝑥 + 2 +
𝑑𝑦𝑑𝑥 = 0

At (2,2)

4 ― 2(2 + 2
𝑑𝑦𝑑𝑥) + 4

𝑑𝑦𝑑𝑥 + 2 +
𝑑𝑦𝑑𝑥 = 0⇒    

𝑑𝑦𝑑𝑥 = ―2∴    Equation of tangent at (2,2) is

(𝑦 ― 2) = ―2(𝑥 ― 2)⇒   2𝑥 + 𝑦 = 6

18 (d)

Given curves are𝑥 = 𝑎(𝜃 + 𝑠𝑖𝑛𝜃),𝑦 = 𝑎(1 ― 𝑐𝑜𝑠𝜃)∴    
𝑑𝑦𝑑𝑥 =

𝑑𝑦/𝑑𝜃𝑑𝑥/𝑑𝜃
=

𝑎( sin𝜃 )𝑎(1 + 𝑐𝑜𝑠𝜃)
=

2 sin
𝜃
2

cos
𝜃
2

2 cos2𝜃
2

= 𝑡𝑎𝑛 𝜃
2⇒    (𝑑𝑦𝑑𝑥)

(𝜃=
𝜋
2

)
= tan

𝜋
4

= 1

At 𝜃 =
𝜋
2
,𝑦 = 𝑎(1 ― 𝑐𝑜𝑠 𝜋

2
) = 𝑎∴    length of normal = 𝑦 1 + (𝑑𝑦𝑑𝑥)2

= 𝑎 1 + (1)2 = 2𝑎
19 (a)

Given,𝑓(𝑥) = sin𝑥(1 + 𝑐𝑜𝑠𝑥)⇒      𝑓(𝑥) = sin𝑥 +
1

2
sin2𝑥

On differentiating w.r.t. 𝑥, we get

    𝑓′(𝑥) = cos𝑥 + cos2𝑥
Put   𝑓′(𝑥) = 0

cos𝑥 + cos2𝑥 = 0⇒   2 cos (3𝑥2 )cos (
𝑥
2

) = 0⇒   cos
𝑥
2

= 0,      cos
3𝑥
2

= 0
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⇒   𝑥 = 𝜋, 𝑥 =
𝜋
3

Now,    𝑓′′(𝑥) = ― sin𝑥 ―2sin2𝑥
At 𝑥 =

𝜋
3

, 𝑓′′(𝑥) = ― sin
𝜋
3
― 2 sin

2𝜋
3

= ― 3

2
― 3 < 0, maxima∴   maximum value𝑓(

𝜋
3

) = sin (
𝜋
3

)(1 + cos
𝜋
3

)

=
3

2 (1 +
1

2)

=
3 3

4
=

33 2

4
20 (c)

Let  𝑦 = 2𝑥2 +𝑥 ― 1𝑦 = 4𝑥 + 1

For maxima or minima, put 𝑦′ = 0⇒      𝑥 = ― 1

4
Now,    𝑦′′ = 4 = +  ve𝑦 is minimum at 𝑥 = ― 1

4

Thus, minimum value = 2( ― 1

4
)2

+ ( ― 1

4
) ―1 = ― 9

8

Alternate

Here  𝑎 > 0∴  Minimum value =
4𝑎𝑐 ― 𝑏24𝑎

=
4 × 2( ―1) ― 1

4 × 2
= ― 9

8
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ANSWER-KEY

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

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

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

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

PRERNA EDUCATION https://prernaeducation.co.in 011-41659551 | 9312712114


