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 Section A 

Q.1 Select and write the correct answer 

(i) Answer: b) ~𝒑⋁~𝒒 

Since 𝑝 ∨ 𝑞 is true and 𝑝 ∧ 𝑞 is false, one of p or q is true and other is false. 

(ii) Answer: c) 
𝜋

3
,

4𝜋

3
 

𝑡𝑎𝑛𝑥 =  √3, ∴ 𝑡𝑎𝑛𝑥 = 𝑡𝑎𝑛
𝜋

3
&𝑡𝑎𝑛𝑥 = 𝑡𝑎𝑛 (𝜋 +

𝜋

3
) ∴ 𝑥 =

𝜋

3
,

4𝜋

3
  

(iii) Answer: c) 
𝟏𝟏

√𝟐𝟑𝟖
 

Here,𝑎1 = 2, 𝑏1 = 2, 𝑐1 = −3, 𝑎2 = 1, 𝑏2 = −2, 𝑐2 = 3 

𝑐𝑜𝑠𝜃 = |
𝑎1𝑎2+𝑏1𝑏2+𝑐1𝑐2

√𝑎1
2+𝑏1

2+𝑐1
2√𝑎2

2+𝑏2
2+𝑐2

2

| = |
2−4−9

√4+4+9√1+4+9
|  

=
11

√17√14
=

𝟏𝟏

√𝟐𝟑𝟖
  

(iv) Answer: b) 2 

|
1 −2 1
𝑎 −5 3
5 −9 4

| = 0  

∴ 1(−20 + 27) + 2(4𝑎 − 15) + 1(−9𝑎 + 25) = 0  

∴ 𝑎 = 2  

(v) Answer: c) 
𝟏

𝒙(𝟐𝒚−𝟏)
 

𝑦 = √𝑙𝑜𝑔𝑥 + √𝑙𝑜𝑔𝑥 + √𝑙𝑜𝑔𝑥 + ⋯ . ∞.,∴ 𝑦2 = 𝑙𝑜𝑔𝑥 + 𝑦, 

 2𝑦
𝑑𝑦

𝑑𝑥
=

1

𝑥
+

𝑑𝑦

𝑑𝑥
, ∴

𝑑𝑦

𝑑𝑥
=

𝟏

𝒙(𝟐𝒚−𝟏)
 

(vi) Answer: c) 𝟒. 𝟎𝟏𝟐𝟓 

𝑓(𝑎 + ℎ) = √16.1, 𝑎 = 16 𝑎𝑛𝑑 ℎ = 0.1, 𝑓(𝑥) = √𝑥  

𝑓′(𝑥) =
1

2√𝑥
, 𝑓(𝑎) = 𝑓(16) = √16 = 4  

𝑓′(𝑎) = 𝑓′(16) =
1

2√16
=

1

8
  

𝑓(𝑎 + ℎ) ≈ 𝑓(𝑎) + ℎ𝑓′(𝑎)  

∴ √16.1 ≈ 4 + (0.1) ×
1

8
= 𝟒. 𝟎𝟏𝟐𝟓  

(vii) Answer: c) 
𝝅

𝟐
− 𝟏      

∫ 𝑥𝑐𝑜𝑠𝑥
𝜋

2
0

𝑑𝑥 = [𝑥𝑠𝑖𝑛𝑥 − ∫ 1. 𝑠𝑖𝑛𝑥𝑑𝑥]
0

𝜋

2   

 [𝑥𝑠𝑖𝑛𝑥 + 𝑐𝑜𝑠𝑥]
0

𝜋

2 =
𝝅

𝟐
− 𝟏      

(viii) Answer: b)𝒚 = 𝒙𝒍𝒐𝒈𝒙 − 𝒙 + 𝒄 

𝑒
𝑑𝑦

𝑑𝑥 = 𝑥, ∴
𝑑𝑦

𝑑𝑥
= 𝑙𝑜𝑔𝑥, 𝑑𝑦 = 𝑙𝑜𝑔𝑥𝑑𝑥  
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Integrating,𝑦 = 𝑥𝑙𝑜𝑔𝑥 − ∫ [
𝑑

𝑑𝑥
(𝑙𝑜𝑔𝑥) ∫ 1𝑑𝑥] 𝑑𝑥 + 𝑐, ∴ 𝑦 = 𝑥𝑙𝑜𝑔𝑥 − 𝑥 + 𝑐 

Q.2 Answer the following 

(i) 𝑃(−√3, 1) = (𝟐,
𝟓𝝅

𝟔
)  

(ii) Separate equations are 𝑦 = 2𝑥 𝑎𝑛𝑑 𝑦 = −3𝑥 

Joint equation is (2𝑥 − 𝑦)(3𝑥 + 𝑦) = 0, ∴ 𝟔𝒙𝟐 − 𝒙𝒚 − 𝒚𝟐 = 𝟎 

(iii) 𝑦 = [𝑎𝑐𝑜𝑠3𝑥 + 𝑏𝑠𝑖𝑛3𝑥]3  

Differentiating w.r.t.x 
𝑑𝑦

𝑑𝑥
= 3[𝑎𝑐𝑜𝑠3𝑥 + 𝑏𝑠𝑖𝑛3𝑥]2 𝑑

𝑑𝑥
[𝑎𝑐𝑜𝑠3𝑥 + 𝑏𝑠𝑖𝑛3𝑥]  

= 3[𝑎𝑐𝑜𝑠3𝑥 + 𝑏𝑠𝑖𝑛3𝑥]2[3𝑎𝑐𝑜𝑠2𝑥(−𝑠𝑖𝑛𝑥) + 3𝑏𝑠𝑖𝑛2𝑥(𝑐𝑜𝑠𝑥)]  
= 𝟗[𝒂𝒄𝒐𝒔𝟑𝒙 + 𝒃𝒔𝒊𝒏𝟑𝒙]𝟐[𝒃𝒔𝒊𝒏𝟐𝒙𝒄𝒐𝒔𝒙 − 𝒂𝒄𝒐𝒔𝟐𝒙𝒔𝒊𝒏𝒙]  

(iv) Order is 2 and degree is 1 

 Section B 

 Attempt any Eight 

Q.3 Negation 

(a)There exists a natural number which is an integer. 

(b)∃𝑛 ∈ 𝑁,such that 𝑛 + 1 ≤ 2 

Q.4 𝑥 + 2𝑦 + 𝑧 = 6,3𝑥 − 𝑦 + 3𝑧 = 10,5𝑥 + 5𝑦 − 4𝑧 = 3  

Matrix equation is 

[
1 1 1
3 −1 3
5 5 −4

] [
𝑥
𝑦
𝑧

] = [
6

10
3

]  

𝑅2 → 𝑅2 − 3𝑅1, 𝑅3 → 𝑅3 − 5𝑅1  

[
1 1 1
0 −4 0
0 0 −9

] [
𝑥
𝑦
𝑧

] = [
6

−8
−27

]  

The equations are 𝑥 + 𝑦 + 𝑧 = 6 … (1) 

−4𝑦 = −8, ∴ 𝑦 = 2, −9𝑧 = −27, ∴ 𝑧 = 3  

In (1), 𝑥 + 2 + 3 = 6, ∴ 𝑥 = 1 

∴𝒙 = 𝟏, 𝒚 = 𝟐, 𝒛 = 𝟑 

Q.5 Using tan−1 𝑥 + tan−1 𝑦 = tan−1 (
𝑥+𝑦

1−𝑥𝑦
) 

L.H.S.= tan−1 (
1

2
) + tan−1 (

2

11
) = tan−1 (

1

2
+

2

11

1−
1

2
.

2

11

) = tan−1 (
11+4

22−2
) = tan−1 (

3

4
) =

𝑅. 𝐻. 𝑆 

Q.6 Consider 3𝑥2 + 𝑘𝑥𝑦 + 2𝑦2 = 0 

Divide by 𝑥2, 3 + 𝑘
𝑦

𝑥
+ 2

𝑦2

𝑥2
= 0….(i) 

Since lines pass through the origin, 
𝑦

𝑥
 = m,slope of the lines. 

If 2x + y = 0 is one of the lines then m = -2 must satisfy equation (i) 

∴3 + 𝑘(−2) + 2(4) = 0, 𝒌 =
𝟏𝟏

𝟐
 

Q.7 Equation of the line is 
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3𝑥 + 1 = 6𝑦 − 2 = 1 − 𝑧  

∴ 3 (𝑥 +
1

3
) = 6 (𝑦 −

1

3
) = −(𝑧 − 1)  

∴
3(𝑥+

1

3
)

6
=

6(𝑦−
1

3
)

6
=

−(𝑧−1)

6
  

∴
(𝑥+

1

3
)

2
=

(𝑦−
1

3
)

1
=

(𝑧−1)

−6
  

∴The line passes through the point (−
1

3
,

1

3
, 1) and its drs are 2,1, −6 

∴ Vector equation is 

 �̅� = (−
𝟏

𝟑
𝒊̅ +

𝟏

𝟑
𝒋̅ + �̅�) + 𝝀(𝟐𝒊̅ + 𝒋̅ − 𝟔�̅�) 

Q.8 𝑐𝑜𝑠3𝑥 =
1

√2
, ∴ 𝑐𝑜𝑠3𝑥 = 𝑐𝑜𝑠

𝜋

4
  

We know, if 𝑐𝑜𝑠𝑥 = 𝑐𝑜𝑠𝛼,then 𝑥 = 2𝑛𝜋 ± 𝛼, 𝑛 ∈ 𝑍 

∴3𝑥 = 2𝑛𝜋 ±
𝜋

4
, ∴ 𝒙 =

𝟐𝒏𝝅

𝟑
±

𝝅

𝟏𝟐
, 𝒏 ∈ 𝒁 

Q.9 f(x) = 2𝑥3 − 15𝑥2 − 84𝑥 − 7 

∴𝑓′(𝑥) = 6𝑥2 − 30𝑥 − 84 = 6(𝑥2 − 5𝑥 − 14) 
= 6(𝑥 − 7)(𝑥 + 2)  

f is a decreasing function. 

∴𝑓′(𝑥) < 0, ∴ 6(𝑥 − 7)(𝑥 + 2) < 0 

Case (i)𝑥 − 7 > 0𝑎𝑛𝑑 𝑥 + 2 < 0, ∴ 𝑥 > 7𝑎𝑛𝑑𝑥 < −2.This is not possible. 

Case(ii) 𝑥 − 7 < 0𝑎𝑛𝑑 𝑥 + 2 > 0, ∴ 𝑥 < 7𝑎𝑛𝑑𝑥 > −2, 
∴ −𝟐 < 𝑥 < 7  

Q.10 𝐼 = ∫
𝑑𝑥

1+3𝑠𝑖𝑛2𝑥
= ∫

𝑠𝑒𝑐2𝑥𝑑𝑥

𝑠𝑒𝑐2𝑥+3𝑡𝑎𝑛2𝑥
= ∫

𝑠𝑒𝑐2𝑥𝑑𝑥

1+𝑡𝑎𝑛2𝑥+3𝑡𝑎𝑛2𝑥
  

= ∫
𝑠𝑒𝑐2𝑥𝑑𝑥

1+4𝑡𝑎𝑛2𝑥
=

1

4
∫

𝑠𝑒𝑐2𝑥𝑑𝑥

(
1

2
)

2
+𝑡𝑎𝑛2𝑥

  

Let tanx = t,∴𝑠𝑒𝑐2𝑥𝑑𝑥 = 𝑑𝑡 

∴ 𝐼 =
1

4
∫

𝑑𝑡

(
1

2
)

2
+𝑡2

=
1

4
×

1

(1
2⁄ )

tan−1 𝑡

(1
2⁄ )

+ 𝑐  

=
1

2
tan−1 2𝑡 + 𝑐 =

𝟏

𝟐
𝐭𝐚𝐧−𝟏(𝟐𝒕𝒂𝒏𝒙) + 𝒄  

Q.11 For the following probability distribution of X 

X 0 1 2 3 4 

P(X=x) 2k 5k 4k 3k 2k 

Since it is a p.m.f. 

2k + 5k + 4k + 3k + 2k = 1,𝒌 =
𝟏

𝟏𝟔
 

(ii) 𝑃(𝑋 ≥ 2) = 4𝑘 + 3𝑘 + 2𝑘 = 9𝑘 =
𝟗

𝟏𝟔
 

Q.12 Let the radius and height of the cylinder be ‘r’ and ‘h’. 

𝑟 + ℎ = 6, ∴ ℎ = 6 − 𝑟  

Volume,𝑉 = 𝜋𝑟2ℎ = 𝜋𝑟2(6 − 𝑟) = 𝜋(6𝑟2 − 𝑟3) 

Differentiating w.r.t.’r’ 
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𝑑𝑉

𝑑𝑟
= 𝜋(12𝑟 − 3𝑟2)  

For maximum volume: 
𝑑𝑉

𝑑𝑟
= 0 , ∴ 𝜋(12𝑟 − 3𝑟2) = 0, ∴ 𝑟 = 4 

∴ℎ = 2 
𝑑2𝑉

𝑑𝑟2 = 𝜋(12 − 6𝑟)  

For 𝑟 = 4,
𝑑2𝑉

𝑑𝑟2 = −12𝜋 < 0, ∴Maxima 

Volume is maximum when 𝑟 = 4, ℎ = 2 

Maximum volume is 𝟑𝟐𝝅𝒄𝒖. 𝒖𝒏𝒊𝒕𝒔 

Q.13 𝑦 = 𝐴𝑒4𝑥 + 𝐵𝑒−4𝑥  

Differentiating w.r.t.x 
𝑑𝑦

𝑑𝑥
= 4𝐴𝑒4𝑥 − 4𝐵𝑒−4𝑥  

Differentiating w.r.t.x 
𝑑2𝑦

𝑑𝑥2 = 16𝐴𝑒4𝑥 + 16𝐵𝑒−4𝑥 = 16𝑦  

∴
𝒅𝟐𝒚

𝒅𝒙𝟐 = 𝟏𝟔𝒚 is the required differential equation. 

Q.14 Let X = coin shows tail 

𝑃(𝑋 = 𝑥) = 𝑛𝐶 𝑥
𝑝𝑥𝑞𝑛−𝑥  

Here n = 6, p = 0.5, q = 0.5 

𝑃(𝑋 = 2) = 6𝐶 2
(0.5)2(0.5)4 =

6×5

1×2
×

1

64
=

𝟏𝟓

𝟔𝟒
= 𝟎. 𝟐𝟑𝟒𝟒  

 Section C 

 Attempt any Eight 

Q.15 In ∆ABC, a = 4, b = 5, c = 3 

𝑠 =
𝑎+𝑏+𝑐

2
=

4+5+3

2
= 6  

s – a = 2, s – b = 1, s – c = 3 

(a) 𝑠𝑖𝑛
𝐴

2
= √

(𝑠−𝑏)(𝑠−𝑐)

𝑏𝑐
= √

1(3)

15
=

𝟏

√𝟓
 

 (b)𝑐𝑜𝑠𝐴 =
𝑏2+𝑐2−𝑎2

2𝑏𝑐
=

52+32−42

2(5)(3)
=

25+9−16

30
=

18

30
=

𝟑

𝟓
 

(c) A(∆𝐴𝐵𝐶) = √𝑠(𝑠 − 𝑎)(𝑠 − 𝑏)(𝑠 − 𝑐) 

= √6 × 2 × 1 × 3 = 𝟔𝒔𝒒. 𝒖𝒏𝒊𝒕𝒔  

Q.16 Let OA (or OB) passing through O,origin form equilateral triangle with the line x + y = 

10. Let slope of OA (or OB) be m1and of the line x + y =10 be 𝑚2. ∴ 𝑚2 = −1 

tan 60 = |
𝑚1−𝑚2

1+𝑚1𝑚2
| , ∴ √3 = |

𝑚1+1

1−𝑚1
|,  

𝑠𝑞𝑢𝑎𝑟𝑖𝑛𝑔, 3(1 − 𝑚1)2 = (𝑚1 + 1)2  

∴3 − 6𝑚1 + 3𝑚1
2 = 𝑚1

2 + 2𝑚1 + 1, ∴ 𝑚1
2 − 4𝑚1 + 1 = 0 

Since OA passes through the origin, 𝑚1 =
𝑦

𝑥
 

∴(
𝑦

𝑥
)

2

− 4
𝑦

𝑥
+ 1 = 0, 𝑥2 − 4𝑥𝑦 + 𝑦2 = 0is the pair of lines forming an equilateral 
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triangle with the line x + y = 10. 

Let p be the distance of the origin from the line x + y = 10. 

∴ p = height of the equilateral triangle. 

𝑝 = |
0+0−10

√1+1
| =

10

√2
  

Area of the equilateral triangle is 
𝑝2

√3
=

𝟓𝟎

√𝟑
𝒔𝒒. 𝒖𝒏𝒊𝒕𝒔 

Q.17 Let 
𝑥−1

2
=

𝑦

1
=

𝑧

2
= 𝑡  

Any point on the line is (2t+1, t,2t). Let M be the foot of the perpendicular. Let M = 

(2t+1, t,2t)Let P = (2,4,-1). 

Drs of the line are 2,1,2 and drs of PM are 2𝑡 − 1, 𝑡 − 4,2𝑡 + 1 

PM is perpendicular to the line. 

∴2(2𝑡 − 1) + 1(𝑡 − 4) + 2(2𝑡 + 1) = 0, ∴ 4𝑡 − 2 + 𝑡 − 4 + 4𝑡 + 2 = 0, ∴ 9𝑡 =

4, 𝑡 =
4

9
 

∴𝑴 = (
𝟏𝟕

𝟗
,

𝟒

𝟗
,

𝟖

𝟗
) 

Q.18 Let A, B, C be the vertices of the triangle. Let D, E, F be the midpoints of sides BC, 

CA, AB respectively. Let �̅�, �̅�, 𝑐̅, �̅�, �̅�, 𝑓 ̅ be the position vectors of points A, B, C, D, E, 

F w.r.t. some fixed origin O. Therefore, by midpoint formula, 

�̅� =
�̅�+𝑐̅

2
, �̅� =

�̅�+𝑐̅

2
, 𝑓̅ =

�̅�+�̅�

2
  

 

∴ 2�̅� = �̅� + 𝑐̅, 2�̅� = �̅� + 𝑐̅, 2𝑓̅ = �̅� + �̅�  

∴ 2�̅� + �̅� = �̅� + �̅� + 𝑐̅, 2�̅� + �̅� = �̅� + �̅� + 𝑐̅, 2𝑓̅ + 𝑐̅ = �̅� + �̅� +𝑐̅ 

∴
2�̅�+�̅�

3
=

2�̅�+�̅�

3
=

2�̅�+𝑐̅

3
=

�̅�+�̅� +𝑐̅

3
= �̅� where �̅� is the position vector of the point G. ∴G 

lies on all the three medians. ∴ The Medians are concurrent. 

Q.19 Let �̅� = −2𝑖̅ + 𝑗̅ − �̅�, �̅� = −3𝑖̅ − 4𝑗̅ + �̅� 

A vector perpendicular to �̅� and �̅� is �̅� × �̅� 

�̅� × �̅� = |
𝑖̅ 𝑗 ̅ �̅�

−2 1 −1
−3 −4 1

| = −3𝑖̅ + 5𝑗̅ + 11�̅�  

Required direction ratios are -3,5,11 

Q.20 Let the equation of the plane be 𝑎𝑥 + 𝑏𝑦 + 𝑐𝑧 + 𝑑 = 0 

Since the plane is parallel to X-axis, its normal is perpendicular to X-axis. 
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Let the drs of the normal be 𝑎, 𝑏, 𝑐. 
Drs of the X-axis are 1,0,0 

∴𝑎(1) + 𝑏(0) + 𝑐(0) = 0, 𝑎 = 0 

Equation of the plane is 𝑏𝑦 + 𝑐𝑧 + 𝑑 = 0 
(2,3,1), (4, −5,3) lie on it. 

∴3𝑏 + 𝑐 + 𝑑 = 0 … . . (1) 𝑎𝑛𝑑 − 5𝑏 + 3𝑐 + 𝑑 = 0 … . . (2) 

Subtracting (2) from (1) we get 8𝑏 − 2𝑐 = 0, ∴ 𝑐 = 4𝑏 

In (1)3𝑏 + 4𝑏 + 𝑑 = 0, ∴ 𝑑 = −7𝑏 

∴Equation of the plane is 𝑏𝑦 + 4𝑏𝑧 − 7𝑏 = 0, ∴ 𝒚 + 𝟒𝒛 = 𝟕 

Vector equation is �̅�. (𝒋̅ + 𝟒�̅�) = 𝟕 

Q.21 𝑥 = 𝑎𝑐𝑜𝑠3𝑡, 𝑦 = 𝑎𝑠𝑖𝑛3𝑡  

Differentiating w.r.t.’t’ 
𝑑𝑥

𝑑𝑡
= −3𝑎𝑐𝑜𝑠2𝑡𝑠𝑖𝑛𝑡,

𝑑𝑦

𝑑𝑡
= 3𝑎𝑠𝑖𝑛2𝑡𝑐𝑜𝑠𝑡  

∴
𝑑𝑦

𝑑𝑥
=

(
𝑑𝑦

𝑑𝑡⁄ )

(𝑑𝑥
𝑑𝑡⁄ )

=
3𝑎𝑠𝑖𝑛2𝑡𝑐𝑜𝑠𝑡

−3𝑎𝑐𝑜𝑠2𝑡𝑠𝑖𝑛𝑡
= −

𝑠𝑖𝑛𝑡

𝑐𝑜𝑠𝑡
… . (1)  

𝑦

𝑥
=

𝑎𝑠𝑖𝑛3𝑡

𝑎𝑐𝑜𝑠3𝑡
= (

𝑠𝑖𝑛𝑡

𝑐𝑜𝑠𝑡
)

3

,  

∴
𝑠𝑖𝑛𝑡

𝑐𝑜𝑠𝑡
= (

𝑦

𝑥
)

1

3
  

In (1), 
𝑑𝑦

𝑑𝑥
= − (

𝑦

𝑥
)

1

3
.Hence proved. 

Q.22 𝐼 = ∫
1

3+2𝑠𝑖𝑛𝑥+𝑐𝑜𝑠𝑥
𝑑𝑥  

Let 𝑡𝑎𝑛
𝑥

2
= 𝑡, ∴ 𝑑𝑥 =

2𝑑𝑡

1+𝑡2
, 𝑠𝑖𝑛𝑥 =

2𝑡

1+𝑡2
, 𝑐𝑜𝑠𝑥 =

1−𝑡2

1+𝑡2
 

∴ 𝐼 = ∫

2𝑑𝑡

1+𝑡2

3+2(
2𝑡

1+𝑡2)+(
1−𝑡2

1+𝑡2)
= ∫

2𝑑𝑡

3+3𝑡2+4𝑡+1−𝑡2 = ∫
2𝑑𝑡

2𝑡2+4𝑡+4
  

= ∫
𝑑𝑡

𝑡2+2𝑡+2
= ∫

𝑑𝑡

𝑡2+2𝑡+1+1
= ∫

𝑑𝑡

(𝑡+1)2+(1)2
  

= tan−1 (
𝑡+1

1
) + 𝑐 ………..{∫

𝑑𝑥

𝑥2+𝑎2 =
1

𝑎
tan−1 𝑥

𝑎
+ 𝑐} 

= tan−1(𝑡 + 1) + 𝑐 = 𝐭𝐚𝐧−𝟏 (𝒕𝒂𝒏 (
𝒙

𝟐
) + 𝟏) + 𝒄  

Q.23 𝑑𝑦

𝑑𝑥
= 𝑦 + 2𝑥  

𝑑𝑦

𝑑𝑥
− 𝑦 = 2𝑥 . This is of the type 

𝑑𝑦

𝑑𝑥
+ 𝑃𝑦 = 𝑄,where P and Q are functions of x. 

Here P = -1, ∴𝐼. 𝐹. = 𝑒∫ 𝑃𝑑𝑥 = 𝑒∫ −1𝑑𝑥 = 𝑒−𝑥  

Solution is 

𝑦(𝐼. 𝐹. ) = ∫ 𝑄(𝐼. 𝐹. )𝑑𝑥 + 𝑐  

∴ 𝑦(𝑒−𝑥) = ∫ 2𝑥(𝑒−𝑥)𝑑𝑥 + 𝑐  

∴ 𝑦(𝑒−𝑥) = 2[−𝑥𝑒−𝑥 − ∫(1)(−𝑒−𝑥) 𝑑𝑥] + 𝑐  

∴ 𝑦(𝑒−𝑥) = −2𝑥𝑒−𝑥 − 2𝑒−𝑥 + 𝑐  

∴ 𝑦 = −2𝑥 − 2 + 𝑐𝑒𝑥, ∴ 𝒚 + 𝟐𝒙 + 𝟐 = 𝒄𝒆𝒙  
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Since the tangent passes through the origin, 

0 + 0 + 2 = 𝑐, ∴ 𝑐 = 2  

The equation of the curve is 

𝒚 + 𝟐𝒙 + 𝟐 = 𝟐𝒆𝒙  

Q.24 𝑑𝑉

𝑑𝑡
= 8, 𝑟 = 2 ,𝑉 =

4

3
𝜋𝑟3,

𝑑𝑉

𝑑𝑡
=

4

3
𝜋3𝑟2 𝑑𝑟

𝑑𝑡
, ∴ 8 = 4𝜋(2)2 (

𝑑𝑟

𝑑𝑡
) 

𝒅𝒓

𝒅𝒕
=

𝟏

𝟐𝝅
𝒄𝒎/𝒔𝒆𝒄 . Surface area,𝐴 = 4𝜋𝑟2,

𝑑𝐴

𝑑𝑡
= 4𝜋(2𝑟)

𝑑𝑟

𝑑𝑡
= 8𝜋(2) (

1

2𝜋
) = 𝟖𝒄𝒎𝟐/𝒔𝒆𝒄 

Q.25 X~ B (n, p) 

(i)E(X) = np = 5, ∴15p = 5, ∴p = 
𝟏

𝟑
.q = 1 – p = 1 - 

1

3
 = 

2

3
 

Var(X) = npq =15(
1

3
) (

2

3
) =

𝟏𝟎

𝟑
  

(ii) E(X) = 9, Var(x) = 4.5   

∴ np = 9 and npq = 4.5,𝑞 =
4.5

9
=

1

2
,p = 1 – q = 1 - 

1

2
,∴p = 

𝟏

𝟐
 

n(
1

2
) = 9,∴n = 18 

Q.26  

X = x 0 1 2 3 4 

P(X = x) 0.2 0.1 0.2 0.4 0.1 

Expected value, E(x) = ∑ 𝑥𝑖𝑃𝑖 = 0(0.2) + 1(0.1) + 2(0.2) + 3(0.4) + 4(0.1) = 0 +
0.1 + 0.4 + 1.2 + 0.4 = 𝟐. 𝟏 

E(𝑥2) = 𝑥2𝑃(𝑥) = 02(0.2) + 12(0.1) + 22(0.2) + 32(0.4) + 42(0.1) = 0 + 0.1 +
0.8 + 3.6 + 1.6 = 𝟔. 𝟏 

Variance(x) = E(𝑥2) − E(x)2 = 6.1 − (2.1)2 

= 6.1 − 4.41 = 𝟏. 𝟔𝟗  

 Section D 

 Attempt any five 

Q.27 

 
Let p: switch S1 is closed, q: switch S2 is closed and r: switch S3 is closed. 

Symbolic form: (𝑝 ∨∼ 𝑞 ∨∼ 𝑟) ∧ [𝑝 ∨ (𝑞 ∧ 𝑟)] 
p q r ∼ 𝑞 ∼ 𝑟 𝑝 ∨∼ 𝑞 ∨∼ 𝑟 

(1) 

q∧ 𝑟 p∨ (𝑞 ∧ 𝑟) 

(2) 

(1)∧(2) 

T T T F F T T T T 

T T F F T T F T T 

T F T T F T F T T 

T F F T T T F T T 

F T T F F F T T F 
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F T F F T T F F F 

F F T T F T F F F 

F F F T T T F F F 
 

Q.28 |𝐴| = −13 + 6 + 6 = −1  

𝐴−1 =
1

|𝐴|
(𝑎𝑑𝑗𝑜𝑖𝑛𝑡 𝐴)  

Minors: 𝑀11 = −13, 𝑀12 = −3, 𝑀13 = 2, 𝑀21 = 2, 𝑀22 = 1,  
𝑀23 = 0 ,  𝑀31 = 7, 𝑀32 = 2, 𝑀33 = −1  

Co-factors: 𝐴11 = −13, 𝐴12 = 3, 𝐴13 = 2, 𝐴21 = −2, 𝐴22 = 1, 
𝐴23 = 0, 𝐴31 = 7, 𝐴32 = −2, 𝐴33 = −1  

AdjointA = [
−13 −2 7

3 1 −2
2 0 −1

] 

 

𝐴−1 = − [
−13 −2 7

3 1 −2
2 0 −1

] = [
𝟏𝟑 𝟐 −𝟕
−𝟑 −𝟏 𝟐
−𝟐 𝟎 𝟏

]  

Q.29 

 
�̅�, �̅�, 𝑐̅ are the position vectors of the points A, B, C w.r.t. origin and point C divides AB 

internally in the ratio of m:n 

Now,
𝐴𝐶

𝐶𝐵
=

𝑚

𝑛
, ∴ 𝑛. 𝐴𝐶 = 𝑚. 𝐶𝐵 

Since AC and CB are in the same direction and are collinear, 

𝑛𝐴𝐶̅̅ ̅̅ = 𝑚𝐶𝐵̅̅ ̅̅ , ∴ 𝑛(𝑐̅ − �̅�) = 𝑚(�̅� − 𝑐̅)  

𝑛𝑐̅ − 𝑛�̅� = 𝑚�̅� − 𝑚𝑐̅, ∴ (𝑚 + 𝑛)𝑐̅ = 𝑚�̅� + 𝑛�̅�, ∴ 𝑐̅ =
𝑚�̅�+𝑛�̅�

𝑚+𝑛
 

A(2,-1,3) and B(-5,2,-5) 

�̅� = 2𝑖̅ − 𝑗̅ + 3�̅�, �̅� = −5𝑖̅ + 2𝑗̅ − 5�̅� 

𝑚: 𝑛 = 3: 2  

∴ 𝑐̅ =
3(−5𝑖̅+2�̅�−5�̅�)+2(2𝑖̅−�̅�+3�̅�)

3+2
= −

𝟏𝟏

𝟓
𝒊̅ +

𝟒

𝟓
𝒋̅ −

𝟗

𝟓
�̅�  

 

Q.30  

Inequalities Equalities Points to be plotted 

𝑥 + 𝑦 ≤ 8 𝑥 + 𝑦 = 8 (8,0),(0,8)…L1 

𝑥 + 4𝑦 ≥ 12 𝑥 + 4𝑦 = 12 (12,0),(0,3)…L2 
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5𝑥 + 8𝑦 ≥ 20 5𝑥 + 8𝑦 = 20 (4,0),(0,2.5)…L3 

𝑥 ≥ 0 x = 0  

𝑦 ≥ 0 y = 0  

 
Shaded portion is the solution set. 

Points z = 30x + 20y 

A(
20

3
,

4

3
) z = 

680

3
= 226.7 

B(0,8) z = 160 

C(0,3) z = 60 

z is minimum at C (0,3) and the minimum value is 60. 

Q.31 Let small increment in x be 𝛿𝑥  .∴ Let u increase by 𝛿𝑢 and y by 𝛿𝑦. 

Consider
𝜕𝑦

𝜕𝑥
=

𝜕𝑦

𝜕𝑢
.

𝜕𝑢

 𝜕𝑥
. Taking limit as 𝛿𝑥 → 0 on both sides, 

lim
𝛿𝑥→0 

𝜕𝑦

𝜕𝑥
= lim

𝛿𝑥→0 

𝜕𝑦

𝜕𝑢
.

𝜕𝑢

 𝜕𝑥
  ,  

as 𝛿𝑥 → 0, 𝛿𝑢 → 0 ∴ lim
𝛿𝑥→0 

𝜕𝑦

𝜕𝑥
= lim

𝛿𝑢→0 

𝜕𝑦

𝜕𝑢
. lim

𝛿𝑥→0

𝜕𝑢

 𝜕𝑥
 

Since y is a differentiable function of u and u is a differentiable function of x, 

 lim
𝛿𝑢→0 

𝜕𝑦

𝜕𝑢
=  

𝑑𝑦

𝑑𝑢
 and  lim

𝛿𝑥→0

𝜕𝑢

 𝜕𝑥
=

𝑑𝑢

𝑑𝑥
. 

∴ lim
𝛿𝑥→0 

𝜕𝑦

𝜕𝑥
=

𝑑𝑦

𝑑𝑢
.

𝑑𝑢

𝑑𝑥
 . Since limits on R.H.S. exists, Limits on L.H.S. exist and is 

𝑑𝑦

𝑑𝑥
. 

∴  
𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝑢
×  

𝑑𝑢

𝑑𝑥
. Hence proved. 

𝑦 = 𝑠𝑖𝑛2(𝑥 + 3)  

Let sin(𝑥 + 3) = 𝑢, 𝑦 = 𝑢2 
𝑑𝑦

𝑑𝑢
= 2𝑢,

𝑑𝑢

𝑑𝑥
= 𝑐𝑜𝑠(𝑥 + 3)  

𝑑𝑦

𝑑𝑥
=

𝑑𝑦

𝑑𝑢
× 

𝑑𝑢

𝑑𝑥
= 𝟐 𝐬𝐢𝐧(𝒙 + 𝟑) 𝐜𝐨𝐬 (𝒙 + 𝟑)  

Q.32 𝐼 = ∫ 𝑒3𝑥𝑠𝑖𝑛2𝑥 𝑑𝑥  

Integrating by parts, 

𝐼 = ∫ 𝑒3𝑥𝑠𝑖𝑛2𝑥 𝑑𝑥  

= −𝑒3𝑥 𝑐𝑜𝑠2𝑥

2
+ ∫ 3𝑒3𝑥 𝑐𝑜𝑠2𝑥

2
𝑑𝑥  

= −𝑒3𝑥 𝑐𝑜𝑠2𝑥

2
+

3

2
𝑒3𝑥 𝑠𝑖𝑛2𝑥

2
−

3

2
∫ 3𝑒3𝑥 𝑠𝑖𝑛2𝑥

2
𝑑𝑥  

𝐼 = −𝑒3𝑥 𝑐𝑜𝑠2𝑥

2
+

3

2
𝑒3𝑥 𝑠𝑖𝑛2𝑥

2
−

9

4
𝐼  
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4
𝐼 =

1

4
[−2𝑒3𝑥𝑐𝑜𝑠2𝑥 + 3𝑒3𝑥𝑠𝑖𝑛2𝑥]  

∴𝐼 =
𝒆𝟑𝒙

𝟏𝟑
[𝟑𝒔𝒊𝒏𝟐𝒙 − 𝟐𝒄𝒐𝒔𝟐𝒙] + 𝒄 

Q.33 If f is odd f(-x) = - f(x) and if f is even f(-x) = f(x)….(1) 

L.H.S. = ∫ 𝑓(𝑥)𝑑𝑥
𝑎

−𝑎
= ∫ 𝑓(𝑥)𝑑𝑥

0

−𝑎
+ ∫ 𝑓(𝑥)𝑑𝑥

𝑎

0
…… 

{𝑢𝑠𝑖𝑛𝑔, ∫ 𝑓(𝑥)𝑑𝑥
𝑏

𝑎
= ∫ 𝑓(𝑥)𝑑𝑥

𝑐

𝑎
+ ∫ 𝑓(𝑥)𝑑𝑥

𝑏

𝑐
, 𝑓𝑜𝑟𝑎 < 𝑐 < 𝑏 }  

∴ L.H.S = 𝐼1 + ∫ 𝑓(𝑥)𝑑𝑥
𝑎

0
…………..(2) 

𝐼1 = ∫ 𝑓(𝑥)𝑑𝑥
0

−𝑎
 , let x = - t,∴  dx = - dt, also when x = - a, t = a and when x = 0, t = 0. 

∴𝐼1 = − ∫ 𝑓(−𝑡)𝑑𝑡
0

𝑎
= ∫ 𝑓(−𝑡)𝑑𝑡

𝑎

0
….{∫ 𝑓(𝑥)𝑑𝑥

𝑏

𝑎
= − ∫ 𝑓(𝑥)𝑑𝑥

𝑎

𝑏
} 

∴𝐼1 = ∫ 𝑓(−𝑥)𝑑𝑥
𝑎

0
……….{∫ 𝑓(𝑡)𝑑𝑡

𝑏

𝑎
= ∫ 𝑓(𝑥)𝑑𝑥

𝑏

𝑎
} 

∴ In (1), L.H.S = ∫ 𝑓(−𝑥)𝑑𝑥
𝑎

0
+ ∫ 𝑓(𝑥)𝑑𝑥 = ∫ [𝑓(−𝑥) + 𝑓(𝑥)]𝑑𝑥

𝑎

0

𝑎

0
 

∴∫ 𝑓(𝑥)𝑑𝑥
𝑎

−𝑎
= 0                            𝑖𝑓 𝑓 𝑖𝑠 𝑜𝑑𝑑 

                      = 2 ∫ 𝑓(𝑥)𝑑𝑥
𝑎

0
     𝑖𝑓 𝑓 𝑖𝑠 𝑒𝑣𝑒𝑛.As required. 

Q.34 

 
To get the point of intersection of the circle with the line, solving the two equations 

simultaneously, 

(𝑦√3)
2

+ 𝑦2 = 4, 𝑦2 = 1, 𝑦 = ±1  

𝑥 = ±√3  

A is the point in the first quadrant, ∴𝐴(√3, 1) 

Draw AD perpendicular to OE. 

𝐸(2,0)  

Area of the shaded portion = Area under the line OA +Area under the circle (arcAE) 

∫
𝑥

√3

√3

0
𝑑𝑥 + ∫ √4 − 𝑥2𝑑𝑥

2

√3
  

= [
𝑥2

2√3
]

0

√3

+ [
𝑥

2
√4 − 𝑥2 +

4

2
sin−1 (

𝑥

2
)]

√3

2

  

=
√3

2
+ (0 + 2.

𝜋

2
) − (

√3

2
+ 2.

𝜋

3
) =

𝝅

𝟑
𝒔𝒒. 𝒖𝒏𝒊𝒕𝒔  

 

 


