
Q. NO. [ANS] Q. NO. [ANS] Q. NO. [ANS]

1 A 31 B 61 C

2 B 32 C 62 A

3 D 33 A 63 C

4 D 34 A 64 A

5 B 35 A 65 A

6 B 36 D 66 A

7 D 37 A 67 B

8 D 38 A 68 A

9 A 39 B 69 C

10 A 40 D 70 A

11 D 41 B 71 A

12 C 42 B 72 C

13 A 43 B 73 B

14 C 44 D 74 A

15 A 45 B 75 B

16 B 46 B 76 A

17 A 47 C 77 B

18 D 48 D 78 A

19 D 49 A 79 C

20 B 50 B 80 C

21 0 51 0 81 0

22 2 52 5 82 4

23 3 53 2 83 7

24 3 54 2 84 2

25 1 55 2 85 1
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:  ANSWER KEY LT 12 : 

61) c 62) a 63) c 64) a 

65) a 66) a 67) b 68) a 

69) c 70) a 71) a 72) c 

73) b 74) a 75) b 76) a 

77) b 78) a 79) c 80) c 

81) 0 82) 4 83) 7 84) 2 

85) 1  

  



 

P a g e | 2  
 

 

: HINTS AND SOLUTIONS : 

Single Correct Answer Type 

61 (c) 

Given differential equation is 

(
𝑑𝑦

𝑑𝑥
)

2

− 𝑥
𝑑𝑦

𝑑𝑥
+ 𝑦 = 0    …(i) 

(a)      𝑦 = 2    ⇒   
𝑑𝑦

𝑑𝑥
= 0 

On putting in Eq. (i), 

 02 − 𝑥(0) + 𝑦 = 0 

⇒      𝑦 = 0  which is not satisfied. 

(b)       𝑦 = 2𝑥      ⇒
𝑑𝑦

𝑑𝑥
= 2 

On putting in Eq. (i), 

 (2)2 − 𝑥. 2 + 𝑦 = 0 

 ⇒          4 − 2𝑥 + 𝑦 = 0 

⇒ 𝑦 = 2𝑥 which is not satisfied. 

(c)        𝑦 = 2𝑥 − 4       ⇒
𝑑𝑦

𝑑𝑥
= 2 

On putting in Eq.(i) 

 (2)2 − 𝑥 − 2 + 𝑦 

4 − 2𝑥 + 2𝑥 − 4 = 0             [∴   𝑦 = 2𝑥 − 4] 

𝑦 = 2𝑥 − 4  is satisfied 

(d)      𝑦 = 2𝑥2 − 4 

𝑑𝑦

𝑑𝑥
= 4𝑥  

On putting in Eq. (i), 

(4𝑥)2 − 𝑥. 4𝑥 + 𝑦 = 0  

⇒          𝑦 = 0 which is not satisfied 

62 (a) 

𝑦′𝑦′′′ = 3(𝑦′′)2 

⇒  ∫
𝑦′′′

𝑦′′
𝑑𝑥 = 3 ∫

𝑦′′

𝑦1
′ 𝑑𝑥 

⇒ ln 𝑦′′ = 3 ln 𝑦′ + ln 𝑐 

⇒ 𝑦′′ = 𝑐(𝑦′)3 

⇒ ∫
𝑦′′

(𝑦′)2
𝑑𝑥 = ∫ 𝑐𝑦′𝑑𝑥 

⇒ −
1

𝑦′
= 𝑐𝑦 + 𝑑 

⇒ −𝑑𝑥 = (𝑐𝑦 + 𝑑)𝑑𝑦 

⇒  −𝑥 =
𝑐𝑦2

2
+ 𝑑𝑦 + 𝑒 

63 (c) 

Equation of normal at point 𝑃(𝑥, 𝑦), 𝑌 − 𝑦 =

−
𝑑𝑦

𝑑𝑥
(𝑋 − 𝑥) 

 

𝑁𝑄 = 𝑦
𝑑𝑦

𝑑𝑥
=

𝑥(1 + 𝑦2)

1 + 𝑥2
 

⇒  
𝑥𝑑𝑥

1 + 𝑥2
=

𝑦𝑑𝑦

1 + 𝑦2
 

⇒ ln(1 + 𝑥2) = ln(1 + 𝑦2) + ln 𝑐 

⇒ 1 + 𝑦2 =
1 + 𝑥2

𝑐
 

It passes through (3,1) ⇒ 1 + 1 =
1+(3)2

6
⇒ 𝑐 = 5 

⇒ curve is 5 + 5𝑦2 = 1 + 𝑥2or𝑥2 − 5𝑦2 = 4 

64 (a) 

If (0, 𝑘) be the centre on 𝑦-axis then its radius 

will be 𝑘 as it passes through origin. Hence its 

equation is 

𝑥2 + (𝑦 − 𝑘)2 = 𝑘2 

Or 𝑥2 + 𝑦2 = 2𝑘𝑦     (1) 

∴ 2𝑥 + 2𝑦
𝑑𝑦

𝑑𝑥
= 2𝑘

𝑑𝑦

𝑑𝑥
 

=
𝑥2 + 𝑦2

𝑦

𝑑𝑦

𝑑𝑥
     [by (1)] 

∴ 2𝑥𝑦 = (𝑥2 + 𝑦2 − 2𝑦2)
𝑑𝑦

𝑑𝑥
 

Or (𝑥2 − 𝑦2)
𝑑𝑦

𝑑𝑥
− 2𝑥𝑦 = 0 

65 (a) 

𝑥
𝑑𝑦

𝑑𝑥
+ 𝑦(log 𝑦) = 0 
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⇒ ∫
𝑑𝑥

𝑥
+ ∫

𝑑𝑦

𝑦(log 𝑦)
= 𝑐 

⇒ log 𝑥 + log(log 𝑦) = log 𝑐 

⇒ 𝑥 log 𝑦 = 𝑐 

𝑦(1) = 𝑒 ⇒ 𝑐 = 1 

Hence, the equation of the curve is 𝑥 log 𝑦 = 1 

66 (a) 

𝑑𝑦

𝑑𝑥
=

1

𝑥𝑦[𝑥2 sin 𝑦2 + 1]
 

⇒
𝑑𝑥

𝑑𝑦
= 𝑥𝑦 [𝑥2 sin 𝑦2 + 1] 

⇒
1

𝑥3

𝑑𝑥

𝑑𝑦
−

1

𝑥2
𝑦 = 𝑦 sin 𝑦2 

Putting −1/𝑥2 = 𝑢, the least equation can be 

written as 
𝑑𝑢

𝑑𝑦
+ 2𝑢𝑦 = 2𝑦 sin 𝑦2 

I.F. = 𝑒𝑦2
 

∴ solution is 𝑢𝑒𝑦2
= ∫ 2𝑦 sin 𝑦2𝑒𝑦2

𝑑𝑦 + 𝐶 

= ∫(sin 𝑡)𝑒𝑡 𝑑𝑡 + 𝐶 

=
1

2
𝑒𝑦2

(sin 𝑦2 − cos 𝑦2) + 𝑐′ 

⇒ 2𝑢 = (sin 𝑦2 − cos 𝑦2) + 2𝐶𝑒−𝑦2
 

⇒ 2 = 𝑥2[cos 𝑦2 − sin 𝑦2 − 2𝐶𝑒−𝑦2
] 

67 (b) 

𝑓′′(𝑥) −
2𝑥(𝑥 + 1)

𝑥 + 1
𝑓(𝑥) =

𝑒𝑥2

(𝑥 + 1)2
 

I. F. = 𝑒∫ −2𝑥𝑑𝑥 = 𝑒−𝑥2
 

∴ solution is 𝑓(𝑥)𝑒−𝑥2
= ∫

𝑑𝑥

(𝑥+1)2 + 𝐶 

⇒ 𝑓(𝑥)𝑒−𝑥2
= −

1

𝑥 + 1
+ 𝐶 

Given 𝑓(0) = 5 ⇒ 𝐶 = 6 

∴ 𝑓(𝑥) = (
6𝑥 + 5

𝑥 + 1
) 𝑒𝑥2

 

68 (a) 

𝑑𝑦

𝑑𝑥
=

𝑥2+𝑦2

2𝑥𝑦
    (1) 

Put 𝑦 = 𝑣𝑥 ∴
𝑑𝑦

𝑑𝑥
= 𝑣 + 𝑥

𝑑𝑣

𝑑𝑥
 

∴ equation (1) transforms to 

𝑣 + 𝑥
𝑑𝑣

𝑑𝑥
=

𝑥2 + 𝑣2𝑥2

2𝑥𝑣𝑥
=

1 + 𝑣2

2𝑣
 

⇒ 𝑥
𝑑𝑣

𝑑𝑥
=

1 + 𝑣2

2𝑣
− 𝑣 =

1 − 𝑣2

2𝑣
 

⇒
2𝑣𝑑𝑣

1 − 𝑣2
=

𝑑𝑥

𝑥
 

⇒ log 𝑥 + log(1 − 𝑣2) = log 𝐶 

⇒ 𝑥(1 − 𝑣2) = 𝐶 

⇒ 𝑥 (1 −
𝑦2

𝑥2
) = 𝐶 

⇒ 𝑥2 − 𝑦2 = 𝐶𝑥 

It passes through (2, 1) 

∴ 4 − 1 = 2𝐶 ⇒ 𝐶 =
3

2
 

∴ 𝑥2 − 𝑦2 =
3

2
𝑥 ⇒ 2(𝑥2 − 𝑦2) = 3𝑥 

69 (c) 

𝑦′′′

𝑦′′
= 8 ⇒ log 𝑦′′ = 8𝑥 + 𝑐 

When 𝑥 = 0, 𝑦′′ = 1 and log 1 = 0 ∴ 𝑐 = 0 

∴  𝑦′′ = 𝑒8𝑥. Integrating again 

𝑦′ =
𝑒8𝑥

8
+ 𝜆  when 𝑥 = 0, 𝑦′(0) = 0 

∴ 𝜆 = −1/8 

∴  𝑦′ =
𝑒8𝑥

8
−

1

8
. Integrate again 

𝑦 =
𝑒8𝑥

64
−

𝑥

8
+ 𝑘 

Also when 𝑥 = 0, 𝑦 =
1

8
∴ 𝑘 =

7

64
 

∴ 𝑦 =
1

8
(

𝑒8𝑥

8
− 𝑥 +

7

8
) 

70 (a) 

(2𝑦 + 𝑥𝑦3)𝑑𝑥 + (𝑥 + 𝑥2𝑦2)𝑑𝑦 = 0 

⇒ (2𝑦 𝑑𝑥 + 𝑥𝑑𝑦) + (𝑥𝑦3𝑑𝑥 + 𝑥2𝑦2𝑑𝑦) = 0 

Multiplying by 𝑥, we get 

(2𝑥𝑦 𝑑𝑥 + 𝑥2 𝑑𝑦) + (𝑥2𝑦3 𝑑𝑥 + 𝑥3𝑦2𝑑𝑦) = 0 

⇒ 𝑑(𝑥2𝑦) +
1

3
𝑑(𝑥3𝑦3) = 0 

Integrating, we get 𝑥2𝑦 +
𝑥3𝑦3

3
= 𝑐 

71 (a) 

 Given,     
𝑑𝑦

𝑑𝑡
− (

1

1+𝑡
) 𝑦 =

1

(1+𝑡)
   and  𝑦(0) = −1 

∴         𝐼𝐹 = 𝑒∫ −(
𝑡

1+𝑡
)𝑑𝑡 = 𝑒− ∫(1−

1

1+𝑡
)𝑑𝑡

 

                 𝑒−𝑡+log(1+𝑡) = 𝑒−𝑡(1 + 𝑡) 

∴   Required solution is, 

            𝑦𝑒−𝑡(1 + 𝑡) = ∫
1

1+𝑡
 𝑒−𝑡 (1 + 𝑡)𝑑𝑡 + 𝑐 

                                    = ∫ 𝑒−𝑡  𝑑𝑡 + 𝑐 

⇒ 𝑦𝑒−1(1 + 𝑡) = −𝑒−1 + 𝑐 

Since,    𝑦(0) = −1 

⇒               𝑐 = 0 

 ∴               𝑦 = −
1

(1+𝑡)
 

⇒               𝑦(1) = −
1

2
 

72 (c) 
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Let population = 𝑥, at time 𝑡 years. Given 
𝑑𝑥

𝑑𝑡
∝

𝑥 

⇒
𝑑𝑥

𝑑𝑡
= 𝑘𝑥 where 𝑘 is a constant of 

proportionality 

Or
𝑑𝑥

𝑥
= 𝑘𝑑𝑡. Integrating, we get ln 𝑥 = 𝑘𝑡 + ln 𝑐 

⇒
𝑥

𝑐
= 𝑒𝑘𝑡 or 𝑥 = 𝑐𝑒𝑘𝑡 

If initially, i.e., when time 𝑡 = 0, 𝑥 = 𝑥0 

then𝑥0 = 𝑐𝑒0 = 𝑐 

⇒ 𝑥 = 𝑥0𝑒𝑘𝑡 

Given 𝑥 = 2𝑥0 when 𝑡 = 30 then 2𝑥0 = 𝑥0𝑒30𝑘 ⇒

2 = 𝑒30𝑘 

∴ ln 2 = 30𝑘  (1) 

To find 𝑡, when 𝑡 triples, 𝑥 = 3𝑥0  ∴ 3𝑥0 =

𝑥0𝑒𝑘𝑡 ⇒ 3 = 𝑒𝑘𝑡 

∴ ln 3 = 𝑘𝑡 (2) 

Dividing equation (2) by (1) then 
𝑡

30
=

ln 3

ln 2
 or 

𝑡 = 30 ×
ln 3

ln 2
= 30 × 1.5849 = 48 years (approx) 

73 (b) 

(𝑥2 + 𝑥𝑦)𝑑𝑦 = (𝑥2 + 𝑦2)𝑑𝑥 ⇒
𝑑𝑦

𝑑𝑥
=

𝑥2 + 𝑦2

𝑥2 + 𝑥𝑦
 

Let 
𝑦

𝑥
= 𝑣 ⇒

𝑑𝑦

𝑑𝑥
= 𝑣 + 𝑥

𝑑𝜐

𝑑𝑥
 

∴  equation reduces to 

𝑥
𝑑𝑣

𝑑𝑥
=

1 + 𝑣2

1 + 𝑣
− 𝑣 

=
1 + 𝑣2 − 𝑣 − 𝑣2

1 + 𝑣
 

=
1 − 𝜐

1 + 𝜐
 

⇒  ∫
1 + 𝜐

1 − 𝜐
𝑑𝜐 = ∫

𝑑𝑥

𝑥
 

⇒ − ∫ (1 −
2

1 − 𝜐
) 𝑑𝜐 = ∫

𝑑𝑥

𝑥
 

⇒ −𝜐 − 2 log(1 − 𝜐) = log 𝑥 + log 𝑐 

⇒ −
𝑦

𝑥
− 2 log (

𝑥 − 𝑦

𝑥
) = log 𝑥 + log 𝑐 

⇒
−𝑦

𝑥
− 2 log(𝑥 − 𝑦) = 2 log 𝑥 = log 𝑥 + log 𝑐 

⇒ log 𝑥 = 2 log(𝑥 − 𝑦) +
𝑦

𝑥
+ 𝑘 where 𝑘 = log 𝑐 

74 (a) 
𝑑𝑉

𝑑𝑡
= −𝑘4𝜋𝑟2   (1) 

But 𝑉 =
4

3
𝜋𝑟3 

⇒
𝑑𝑉

𝑑𝑡
= 4𝜋𝑟2 𝑑𝑟

𝑑𝑡
   (2) 

Hence, 
𝑑𝑟

𝑑𝑡
= −𝐾 

75 (b) 

(𝑥 cot 𝑦 + log cos 𝑥)𝑑𝑦 + (log sin 𝑦 − 𝑦 tan 𝑥)𝑑𝑥

= 0 

⇒ (𝑥 cot 𝑦 𝑑𝑦 + log sin 𝑦 𝑑𝑥)

+ (log cos 𝑥 𝑑𝑦 − 𝑦 tan 𝑥 𝑑𝑥) = 0 

⇒  ∫ 𝑑(𝑥 log sin 𝑦) + ∫ 𝑑(𝑦 log cos 𝑥) = 0 

⇒ 𝑥 log sin 𝑦 + 𝑦 log cos 𝑥 = log 𝑐 

⇒ (sin 𝑦)𝑥(cos 𝑥)𝑦 = 𝑐 

76 (a) 

Let the equation of the curve be 𝑦 = 𝑓(𝑥) 

 
It is given that 𝑂𝑇 ∝ 𝑦 

⇒ 𝑂𝑇 = 𝑏𝑦 

⇒ 𝑂𝑀 − 𝑇𝑀 = 𝑏𝑦 

⇒ 𝑥 −
𝑦

𝑑𝑦/𝑑𝑥
= 𝑏𝑦  [∵ 𝑇𝑀 = Length of the 

subtangent] 

⇒ 𝑥 − 𝑦
𝑑𝑥

𝑑𝑦
= 𝑏𝑦 

⇒
𝑑𝑥

𝑑𝑦
−

𝑥

𝑦
= −𝑏 

It is linear differential equation 

Its solution is 
𝑥

𝑦
= −𝑏 log 𝑦 + 𝑎 

⇒ 𝑥 = 𝑦(𝑎 − 𝑏 log 𝑦) 

77 (b) 

Putting 𝑢 = 𝑥 − 𝑦, we get 𝑑𝑢/𝑑𝑥 = 1 − 𝑑𝑦/𝑑𝑥. 

The given equation can be written as 1 −

𝑑𝑢/𝑑𝑥 = cos 𝑢 

⇒ (1 − cos 𝑢) = 𝑑𝑢/𝑑𝑥 

⇒ ∫
𝑑𝑢

1 − cos 𝑢
= ∫ 𝑑𝑥 + 𝐶 

⇒
1

2
∫ cosec2(𝑢/2)𝑑𝑢 = ∫ 𝑑𝑥 + 𝐶 

⇒ 𝑥 + cot(𝑢/2) = 𝑐 

⇒ 𝑥 + cot
𝑥 − 𝑦

2
= 𝐶 

78 (a) 

𝑦 = 𝑒𝑥(𝐴 cos 𝑥 + 𝐵 sin 𝑥) 

𝑑𝑦

𝑑𝑥
= 𝑒𝑥[−𝐴 sin 𝑥 + 𝐵 cos 𝑥] + 𝑒𝑥[𝐴 cos 𝑥

+ 𝐵 sin 𝑥] 
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𝑑𝑦

𝑑𝑥
= 𝑒𝑥[−𝐴 sin 𝑥 + 𝐵 cos 𝑥] + 𝑦    (1) 

Again differentiating w.r.t. 𝑥, we get 

𝑑2𝑦

𝑑𝑥2
= 𝑒𝑥[−𝐴 sin 𝑥 + 𝐵 cos 𝑥]

+ 𝑒𝑥[−𝐴 cos 𝑥 − 𝐵 sin 𝑥] +
𝑑𝑦

𝑑𝑥
 

𝑑2𝑦

𝑑𝑥2 = (
𝑑𝑦

𝑑𝑥
− 𝑦) − 𝑦 +

𝑑𝑦

𝑑𝑥
     [using (1)] 

𝑑2𝑦

𝑑𝑥
− 2

𝑑𝑦

𝑑𝑥
+ 2𝑦 = 0 

79 (c) 

Given,  𝑦 = (𝑐1 + 𝑐2) cos(𝑥 + 𝑐3) − 𝑐4𝑒𝑥+𝑐5            
…(i) 

⇒          𝑦 = (𝑐1 + 𝑐2) cos(𝑥 + 𝑐3) − 𝑐4𝑒𝑥. 𝑒𝑐5  

Now, let    𝑐1 + 𝑐2 = 𝐴, 𝑐3 = 𝐵, 𝑐4𝑒𝑐5 = 𝑐 

⇒            𝑦 = 𝐴 cos(𝑥 + 𝐵) − 𝑐𝑒𝑥      …(ii) 

On differentiating w.r.t.𝑥, we get 

𝑑𝑦

𝑑𝑥
= −𝐴 sin(𝐴 + 𝑏) − 𝑐𝑒𝑥         …(iii) 

Again, on differentiating w.r.t. 𝑥, we get 

𝑑2𝑦

𝑑𝑥2 = −𝐴 cos(𝑥 + 𝐵) − 𝑐𝑒𝑥        …(iv) 

⇒          
𝑑2𝑦

𝑑𝑥2 = −𝑦 − 2 𝑐𝑒𝑥         …(v) 

 ⇒          
𝑑2𝑦

𝑑𝑥2 + 𝑦 = −2𝑐𝑒𝑥 

Again, on differentiating w.r.t. 𝑥, we get 

𝑑3𝑦

𝑑𝑥3
+

𝑑𝑦

𝑑𝑥
= −2𝑐𝑒𝑥         …(vi) 

⇒          
𝑑3𝑦

𝑑𝑥2 +
𝑑𝑦

𝑑𝑥
=

𝑑2𝑦

𝑑𝑥2 + 𝑦        [from Eq. (v)] 

Which is a differential equation of order 3. 

80 (c) 

Slope of tangent =
𝑑𝑦

𝑑𝑥
 

∴ slope of normal = −
𝑑𝑥

𝑑𝑦
 

∴ the equation of normal is; 

𝑌 − 𝑦 = −
𝑑𝑥

𝑑𝑦
(𝑋 − 𝑥) 

This meets 𝑥-axis (𝑦 = 0), where 

−𝑦 = −
𝑑𝑥

𝑑𝑦
(𝑋 − 𝑥) ⇒ 𝑋 = 𝑥 + 𝑦

𝑑𝑦

𝑑𝑥
 

∴ 𝐺 is ( 𝑥 + 𝑦
𝑑𝑦

𝑑𝑥
, 0) 

∴ 𝑂𝐺 = 2𝑥 ⇒ 𝑥 + 𝑦
𝑑𝑦

𝑑𝑥
= 2𝑥 

⇒ 𝑦
𝑑𝑦

𝑑𝑥
= 𝑥 ⇒ 𝑦 𝑑𝑦 = 𝑥𝑑𝑥 

Integrating, we get 
𝑦2

2
=

𝑥2

2
+

𝐶

2
 

⇒ 𝑦2 − 𝑥2 = 𝑐, which is a hyperbola 

Integer Answer Type 

81 (0) 

y′(x) + y(x)f ′(x) = f(x)f ′(x)  … [Linear] 

I. F. = e∫ f′(x)dx = ef(x) 

General solution is 

y(x)ef(x) = ∫ ef(x)f(x)f ′(x)dx + c 

⟹ yef(x) = ef(x)[f(x) − 1] + c     … (i) 

Substituting x = 0, we get 

y(0)ef(0) = ef(0)[f(0) − 1] + c 

⟹ c = e0 = 1 

(i) reduces to 

yef(x) = ef(x)[f(x) − 1] + 1 

Substituting x = 3, we get 

y(3)ef(3) = ef(3)[f(3) − 1] + 1 

⟹ y(3) = e0[0 − 1] + 1 = 0 

82 (4) 

𝑑𝑦

𝑑𝑥
− 𝑦 = 1 − 𝑒−𝑥 

𝑃 = −1 𝑄 = 1 − 𝑒−𝑥 

I. F.  = 𝑒∫ 𝑃𝑑𝑥 = 𝑒∫ −1𝑑𝑥 = 𝑒−𝑥 

∴ 𝑦 ∙ 𝑒−𝑥 = ∫ 𝑒−𝑥(1 − 𝑒−𝑥)𝑑𝑥 + 𝐶 

𝑦𝑒−𝑥 = −𝑒−𝑥 +
1

2
𝑒−2𝑥 + 𝐶 

𝑦 = −1 +
1

2
𝑒−𝑥 + 𝐶𝑒𝑥 

∵ 𝑥 = 0  𝑦 = 𝑦0 

So 𝐶 = 𝑦0 +
1

2
 

𝑦 = −1 +
1

2
𝑒−𝑥 + (𝑦0 + 1/2)𝑒𝑥 

𝑥 → ∞ 𝑦 → finite value so 𝑦0 + 1/2 = 0 
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𝑦0 = −1/2 

83 (7) 

d2y

dx2
= 6x − 4 

Integrating with respect to x, we get 

dy

dx
= 3x2 − 4x + c 

At x = 1,
dy

dx
= 0  ⟹ c = 1 

⟹
dy

dx
= 3x2 − 4x + 1  … (i) 

             = (3x − 1)(x − 1) 

dy

dx
= 0  ⟹ x =

1

3
, 1 

 

x =
1

3
 is a point of relative maxima 

In (0,
1

3
) , the function is increasing. 

In (
1

3
, 1) , the function is decreasing. 

In (1,2), the function is decreasing. 

⟹ x = 0 and x = 2 are points of relative minima 

And relative maxima respectively. 

Integrating (i), we get 

y = x3 − 2x2 + x + k    … (ii) 

At x = 1, y = 5 

⟹ k = 5 

(ii) reduces to 

y = x3 − 2x2 + x + 5 

At x = 2, y = 8 − 8 + 2 + 5 = 7 

At x =
1

3
,   y =

1

27
−

2

9
+

1

3
+ 5 

                         =
1 − 6 + 9 + 135

27
=

139

27
 

⟹ Global maximum value = 7 

84 (2) 

Equation of tangent is 𝑋
𝑑𝑦

𝑑𝑥
− 𝑦 − 𝑌

𝑑𝑦

𝑑𝑥
+ 𝑦 = 0 

perpendicular distance from origin is 

 
∴ ⊥ from (0,0)= 𝑥 

||
0 − 0 − 𝑥

𝑑𝑦

𝑑𝑥
+ 𝑦

√(
𝑑𝑦

𝑑𝑥
)

2

+ 1

|| = 𝑥 

∴  ||
𝑥

𝑑𝑦

𝑑𝑥
− 𝑦

√(
𝑑𝑦

𝑑𝑥
)

2

+ 1

|| = 𝑥 ⇒ (𝑥
𝑑𝑦

𝑑𝑥
− 𝑦)

2

= 𝑥2 (1 + (
𝑑𝑦

𝑑𝑥
)

2

) 

⇒ 𝑥2 (
𝑑𝑦

𝑑𝑥
)

2

+ 𝑦2 − 2𝑥𝑦
𝑑𝑦

𝑑𝑥
= 𝑥2 + 𝑥2 (

𝑑𝑦

𝑑𝑥
)

2

 

⇒  
𝑦2−𝑥2

2𝑥𝑦
=

𝑑𝑦

𝑑𝑥
       (1)  (Homogeneous) 

Put 𝑦 = 𝑣𝑥 in (1) 

𝑣 + 𝑥
𝑑𝑣

𝑑𝑥
=

𝑣2 − 1

2𝑣
 

∫
2𝑣

𝑣2 + 1
𝑑𝑣 = − ∫

𝑑𝑥

𝑥
 

ℓn(𝑣2 + 1) = −ℓ𝑛𝑥 + ℓ𝑛𝑐 

𝑣2 + 1 =
𝑐

𝑥
 

𝑦2 + 𝑥2

𝑥2
=

𝑐

𝑥
⇒ 𝑦2 + 𝑥2 = 𝑐𝑥 

Passes through (1,1), then 𝑐 = 2 

𝑥2 + 𝑦2 − 2𝑥 = 0 

For intercept of curve on x-axis, put 𝑦 = 0 

We have 𝑥2 − 2𝑥 = 0 or 𝑥 = 0,2 

Hence length of intercept is 2 

85 (1) 
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𝑑𝑦

𝑑𝑥
=

1

𝑑𝑥/𝑑𝑦
;
𝑑2𝑦

𝑑𝑥2
=

𝑑

𝑑𝑦
(

1

𝑑𝑥/𝑑𝑦
) ∙

𝑑𝑦

𝑑𝑥

= −
1

(𝑑𝑥/𝑑𝑦)3

𝑑2𝑥

𝑑𝑦2
 

Hence 𝑥
𝑑2𝑦

𝑑𝑥2 + (
𝑑𝑦

𝑑𝑥
)

3

−
𝑑𝑦

𝑑𝑥
= 0 

Becomes −𝑥 ∙
1

(𝑑𝑥/𝑑𝑦)3

𝑑2𝑥

𝑑𝑦2
+

1

(𝑑𝑥/𝑑𝑦)3
−

1

𝑑𝑥/𝑑𝑦
= 0 

Or 𝑥
𝑑2𝑥

𝑑𝑦2
− 1 + (

𝑑𝑥

𝑑𝑦
)

2

= 0 ⇒ 𝑥
𝑑2𝑥

𝑑𝑦
+ (

𝑑𝑥

𝑑𝑦
)

2

= 1; 

∴ 𝑘 = 1 

 


