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1 (b)

We have,𝑦2 = 4𝑎𝑥⇒2𝑦 𝑑𝑦𝑑𝑡 = 4𝑎 𝑑𝑥𝑑𝑡⇒𝑦 𝑑𝑦𝑑𝑡 = 2𝑎 𝑑𝑥𝑑𝑡⇒𝑦 𝑑2𝑦𝑑𝑡2
+ (𝑑𝑦𝑑𝑡)

2

= 2𝑎 𝑑2𝑥𝑑𝑡2
  

⇒𝑦 × 0 + (Constant)2 = 2𝑎 𝑑2𝑥𝑑𝑡2
  [ ∵ 𝑑𝑦𝑑𝑡 = Constant]

⇒ 𝑑2𝑥𝑑𝑡2
= Constant⇒ Projection (𝑥,0) of any point (𝑥,𝑦) on 𝑋-axis moves with constant acceleration

2 (b)

We have,ϕ(𝑥) =

𝑥
1

𝑒―𝑡2/2(1 ― 𝑡2)𝑑𝑡 ⇒ϕ′(𝑥) = 𝑒―𝑥2/2(1 ― 𝑥2)

Now,ϕ′(𝑥) = 0⇒1 ― 𝑥2 = 0⇒𝑥 =± 1

Hence, 𝑥 =± 1 are points of extremum of ϕ(𝑥)
3 (b)

Given, 𝑥 = 80𝑡 ― 16𝑡2 ⇒             
𝑑𝑥𝑑𝑡 = 80 ― 32𝑡

At maximum height
𝑑𝑥𝑑𝑡 = 0 ∴    𝑡 = 25𝑠

4 (a)

Let  𝑓(𝑥) = 𝑎𝑥2 +𝑏𝑥 + 4

On differentiating w. r. t., we get
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𝑓′(𝑥) = 2𝑎𝑥 + 𝑏
For minimum, put 𝑓′(𝑥) = 0  ⇒   𝑥 = ― 𝑏2𝑎
Since, it is given that at 𝑥 = 1 minimum value is -1∴      1 = ― 𝑏2𝑎   ⇒     2𝑎 + 𝑏 = 0        …(i)

And     𝑓(1) = 𝑎 + 𝑏 + 4 = ―1⇒      𝑎 + 𝑏 + 5 = 0           …(ii)

On solving Eqs. (i) and (ii), we get 𝑎 = 5, 𝑏 = ―10

5 (a)

Given, 𝑔(𝑥)1 + 𝑥) ― 2𝑥
2 + 𝑥∴ 𝑓′(𝑥) =

1

1 + 𝑥 ― (2 + 𝑥)2 ― 2𝑥
(2 + 𝑥)2

=
𝑥2

(1 + 𝑥)(𝑥 + 2)2

Clearly 𝑓′(𝑥) > 0 for all 𝑥 > 0.

6 (c)

Let 𝑚 be the slope of the curve 𝑦 = 𝑓(𝑥). Then,𝑚 =
𝑑𝑦𝑑𝑥⇒𝑚 = 𝑒𝑥(sin 𝑥 + cos 𝑥)⇒ 𝑑𝑚𝑑𝑥 = 𝑒𝑥(sin 𝑥 + cos 𝑥) + 𝑒𝑥(cos 𝑥 ― sin 𝑥)⇒ 𝑑𝑚𝑑𝑥 = 2𝑒𝑥cos 𝑥⇒ 𝑑2𝑚𝑑𝑥2

= 2𝑒𝑥(cos 𝑥 ― sin 𝑥)

For maximum/minimum value of 𝑚, we must have𝑑𝑚𝑑𝑥 = 0⇒cos 𝑥 = 0⇒𝑥 =
𝜋
2

,
3𝜋
2

 etc.

Clearly, 
𝑑2𝑚𝑑𝑥2 < 0 for 𝑥 =

𝜋
2

Hence, 𝑚 is maximum when 𝑥 =
𝜋
2

7 (b)

We have,𝑦 = 9 ― 𝑥2      …(i)

Clearly, 𝑦 is positive and defined for 𝑥 ∈ [ ― 3, 3]

For the points whose ordinates and abscissae are same i.e. 𝑦 = 𝑥, we have𝑥 = 9 ― 𝑥2⇒2𝑥2 = 9⇒𝑥 =±
3

2∴ 𝑦 =±
3

2
      [ ∵ 𝑦 = 𝑥]

But, 𝑦 > 0. Therefore, 𝑥𝑦 = 𝑦 =
3

2

So, the point is 𝑃( 3

2
,

3

2
)

Now,
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𝑦 = 9 ― 𝑥2⇒ 𝑑𝑦𝑑𝑥 =
―𝑥

9 ― 𝑥2
⇒(𝑑𝑦𝑑𝑥)𝑝 = ―1

8 (a)

We know that cos 𝑥 is decreasing on (0, 𝜋/2) and

sin 𝑥 < 𝑥 for 0 < 𝑥 <
𝜋
2∴ cos( sin 𝑥 ) > cos 𝑥  for 0 < 𝑥 <

𝜋
2

Also,

0 < cos 𝑥 < 1 <
𝜋
2

 for 0 < 𝑥 <
𝜋
2

and, sin 𝑥 < 𝑥  for 0 < 𝑥 <
𝜋
2∴ sin( cos 𝑥 ) < cos 𝑥  for 0 < 𝑥 <

𝜋
2

Hence, cos(sin 𝑥) > cos 𝑥 and sin(cos 𝑥) < cos 𝑥 for

0 < 𝑥 <
𝜋
2

9 (d)

Given, 𝑓(𝑏) ―𝑓(𝑎) = (𝑏 ― 𝑎)𝑓′(𝑐)⇒𝑓′(𝑐) =
𝑓(𝑏) ― 𝑓(𝑎)𝑏 ― 𝑎 =

3 ― 2

9 ― 4⇒𝑓′(𝑐) =
1

5⇒ 1

2 
𝑐―1/2 =

1

5⇒𝑐 = (5

2
)2

=6.25

10 (a)

We have,𝑓(𝑥) = (2𝑎 ― 3)(𝑥 + 2 sin 3) + (𝑎 ― 1)(sin4 𝑥 + cos4 𝑥) + log 2⇒𝑓′(𝑥) = 2𝑎 ― 3 + 4(𝑎 ― 1)sin 𝑥 cos 𝑥 ( sin2 𝑥 ― cos2 𝑥 )⇒𝑓′(𝑥) = 2𝑎 ― 3 ― (𝑎 ― 1)sin 4𝑥
If 𝑓(𝑥) does not have critical points, then𝑓′(𝑥) = 0 must not have any solution in 𝑅⇒(2𝑎 ― 3) ― (𝑎 ― 1)sin 4𝑥 = 0 must have no solution in 𝑅⇒sin 4𝑥 =

2𝑎 ― 3𝑎 ― 1  must have no solution in 𝑅⇒|2𝑎 ― 3𝑎 ― 1 | > 1⇒ 2𝑎 ― 3𝑎 ― 1
< ―1 or,

2𝑎 ― 3𝑎 ― 1
> 1⇒ 3𝑎 ― 4𝑎 ― 1

< 0 or,
𝑎 ― 2𝑎 ― 1

> 0⇒𝑎 ∈ (1, 4/3) or, 𝑎 ∈ ( ― ∞, 1) ∪ (2, ∞)⇒𝑎 ∈ ( ― ∞, 1) ∪ (1, 4/3) ∪ (2, ∞)
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For 𝑎 = 1, we have𝑓′(𝑥) = ―1 ≠ 0⇒𝑓(𝑥) has no critical point for 𝑎 = 1

Hence, 𝑎 ∈ ( ― ∞, 4/3) ∪ (2, ∞)
12 (d)

Given, curve is 𝑦 = 𝑥2  ⇒ 
𝑑𝑦𝑑𝑥 = 2𝑥⇒   (𝑑𝑦𝑑𝑥)

(1, 1)
= 2 = 𝑚1  (say)

And  𝑥 = 𝑦2 ⇒   1 = 2𝑦𝑑𝑦𝑑𝑥⇒  
𝑑𝑦𝑑𝑥 =

12𝑦 ⇒  (𝑑𝑦𝑑𝑥)
(1, 1)

=
1

2
= 𝑚2  (say)∴  Angle of intersection at the point (1, 1) is given by

tan 𝜃 =
𝑚1 ― 𝑚2

1 + 𝑚1𝑚2
=

2 ― 1

2

1 + 2 ×
1

2

=
3

4

⇒  𝜃 = tan―1 (3

4)
13 (c)

Let volume of sphere 𝑉 =
4

3
𝜋𝑟3⇒ 
𝑑𝑉𝑑𝑡 = 4𝜋𝑟2  

𝑑𝑟𝑑𝑡 = 4𝜋𝑟2.(2)   [ ∵ 𝑑𝑟𝑑𝑡 = 2]∴  
𝑑𝑉𝑑𝑡 = 8𝜋(5)2 = 200𝜋 𝑐𝑚3/ min  [ ∵ 𝑟 = 5𝑐𝑚]

14 (c)

Let area of circle,𝐴 = 𝜋𝑟2 ⇒    
𝑑𝐴𝑑𝑡 = 2𝜋𝑟 𝑑𝑟𝑑𝑡 ⇒ 𝑑𝐴𝑑𝑡 = 2𝜋.20.2⇒     

𝑑𝐴𝑑𝑡 = 80𝜋 𝑐𝑚2/𝑠
15 (d)

Given,    𝑦 = 𝑥3 ―3𝑥2 ―9𝑥 + 5⇒  
𝑑𝑦𝑑𝑥 = 3𝑥2 ― 6𝑥 ― 9

We know that, this equation gives the slope of the tangent to the curve. The tangent is 

parallel to 𝑥-axis.∴   
𝑑𝑦𝑑𝑥 = 0     ⇒    3𝑥2 ― 6𝑥 ― 9 = 0 ⇒      𝑥 = ―1, 3

16 (b)∵   𝑓(𝑥) = 𝑥3 ― 6𝑥2 + 9𝑥 + 3

On differentiating w.r.t. 𝑥, we get𝑓′(𝑥) = 3𝑥2 ― 12𝑥 + 9⇒   𝑓′(𝑥) = 3(𝑥2 ― 4𝑥 + 3)
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For decreasing, 𝑓′(𝑥) < 0⇒  (𝑥 ― 3)(𝑥 ― 1) < 0,∴    𝑥 ∈ (1, 3)

17 (a)

We have,𝑦 = 𝑎𝑥3 +𝑏𝑥2 +𝑐𝑥         …(i)⇒𝑑𝑦𝑑𝑥 = 3𝑎𝑥2 +2𝑏𝑥 + 𝑐    …(ii)

It is given that

(𝑑𝑦𝑑𝑥)
(0, 0)

= tan 45° ⇒𝑐 = 1

Also,

(𝑑𝑦𝑑𝑥)
(1, 0)

= 0⇒3𝑎 + 2𝑏 + 𝑐 = 0⇒3𝑎 + 2𝑏 + 1 = 0  [ ∵ 𝑐 = 1]

Clearly, 𝑎 = 1 and 𝑏 = ―2 satisfy this equation

Hence, 𝑎 = 1, 𝑏 = ―2 and 𝑐 = 1

18 (c)

Let 𝑓(𝑥) = 1 + 𝑥log𝑒(𝑥 + 𝑥2 + 1) ― 1 + 𝑥2

Clearly, 𝑓(𝑥) is defined for all 𝑥 ∈ 𝑅
Now,𝑓′(𝑥) = log𝑒 (𝑥 + 𝑥2 + 1) +

𝑥𝑥2 + 1
― 𝑥𝑥2 + 1⇒𝑓′(𝑥) = log𝑒 (𝑥 + 𝑥2 + 1)⇒𝑓′(𝑥) > 0 for all 𝑥 ∈ 𝑅 [ ∵ 𝑥 + 𝑥2 + 1 ≥ 1 for all 𝑥 ∈ 𝑅]⇒𝑓(𝑥) is increasing on 𝑅⇒𝑓(𝑥) ≥ 𝑓(0) for all 𝑥 ≥ 0⇒1 + 𝑥 log𝑒 (𝑥 + 𝑥2 + 1) ― 1 + 𝑥2 ≥ 0 for all 𝑥 ≥ 0⇒1 + 𝑥 log𝑒 (𝑥 + 𝑥2 + 1) ≥ 1 + 𝑥2 for all 𝑥 ≥ 0

19 (c)

Given,  𝑓(𝑥) = 𝑥―𝑥⇒   log 𝑓(𝑥) = ―𝑥 log 𝑥
On differentiating w.r.t. 𝑥, we get

1𝑓(𝑥)
.𝑓′(𝑥) = ― log 𝑥 ― 1⇒  𝑓′(𝑥) = ―𝑓(𝑥)(1 + log 𝑥 )

Put  𝑓′(𝑥) = )0⇒  log 𝑥 = ―1   ⇒   𝑥 = 𝑒―1∴    𝑓′′(𝑥) = ― 𝑓′(𝑥)(1 + log 𝑥) ― 𝑓(𝑥)
1𝑥

= 𝑓(𝑥)(1 + log 𝑥)2 ― 𝑓(𝑥)𝑥
At  𝑥 =

1𝑒,
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𝑓′′(𝑥) = ―𝑒𝑓(1𝑒) < 0, maxima

Hence, at 𝑥 =
1𝑒,  𝑓(𝑥) is maximum.

20 (b)𝑓(𝑥) = 𝑥(𝑥 ― 1)2𝑓′(𝑥) = 2𝑥(𝑥 ― 1) + (𝑥 ― 1)2

= (𝑥 ― 1)(2𝑥 + 𝑥 ― 1) = (𝑥 ― 1)(3𝑥 ― 1)∴       𝑓′(𝑐) =
𝑓(2) ― 𝑓(0)

2 ― 0⇒    (𝑐 ― 1)(3𝑐 ― 1) =
2 ― 0

2
= 1⇒   3𝑐2 ― 4𝑐 = 0⇒   𝑐(3𝑐 ― 4) = 0⇒   𝑐 = 0   or   𝑐 =

4

3∴   The value of c in (0, 2) is 
4

3
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ANSWER-KEY

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

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

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

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