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MARKING SCHEME 

ALL INDIA SENIOR SCHOOL EXAMINATION, 2027 

Sample Question Paper (2026-27) 

Subject: Mathematics (149) 

Q.No. Expected Answer/ Value Points Distribution 
of Marks 

 Section A  
1.  (c) 0 1 
2.  (d) –32 1 
3.  (c) −𝜋𝜋

3
 and 2𝜋𝜋

3
 1 

4.  (a) 𝑒𝑒𝑦𝑦 − 𝑒𝑒𝑥𝑥 = 𝑐𝑐 1 
5.  (d) 𝐴𝐴𝐴𝐴 = 𝐵𝐵𝐵𝐵 = 𝐼𝐼 1 
6.  (d) AB and BA both are defined 1 
7.  (b) 𝑥𝑥 = −3,𝑦𝑦 = 0 1 
8.  (a) 32 1 
9.  (b) 1

2
�3𝚤𝚤̂ − 9𝚥𝚥̂ + 12𝑘𝑘�� 1 

10.  (d) 90° 1 
11.  (d) 0.72 1 
12.  (b) 1 1 
13.  (d) 15𝑥𝑥

log15
+ 𝑐𝑐 1 

14.  (c) cot 𝑡𝑡
2
 1 

15.  (b) 1
𝑒𝑒
 1 

16.  (a) 0 1 
17.  (a) 𝑓𝑓′(𝑥𝑥) > 0 1 
18.  (a) 4 square units 1 
19.  (d) Assertion (A) is false, but Reason (R) is true 1 
20.  (a) Both Assertion (A) and Reason (R) are true and Reason (R) is correct 

explanation of Assertion (A). 
1 

 Section B  
21.  (a) The range of principal value of cos−1 𝑥𝑥 for domain [−1,1] is [0,𝜋𝜋] 

 

1 
 
 
 
1 

 
 21.  

OR 
(b) tan−1 𝑥𝑥 = sin−1 �1

2
� 
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Q.No. Expected Answer/ Value Points Distribution 
of Marks 

Let sin−1 1
2

= 𝜃𝜃 
1
2

= sin𝜃𝜃  

tan𝜃𝜃 = 1
√3
⇒𝜃𝜃 = tan−1 1

√3
  

So, tan−1 𝑥𝑥 = tan−1 1
√3

 

𝑥𝑥 = 1
√3

  

 
 
 
 
1 
 
1 

22.  Vector equation of line passing through the points  
𝑃𝑃(2,3,4) and 𝑄𝑄(4,6,−3) is 𝑟𝑟 = 2𝚤𝚤̂+ 3𝚥𝚥̂ + 4𝑘𝑘� + 𝜆𝜆�2𝚤𝚤̂ + 3𝚥𝚥̂ − 7𝑘𝑘��  
and cartesian equation of line is  

𝑥𝑥 − 2
2

=
𝑦𝑦 − 3

3
=
𝑧𝑧 − 4
−7

 

 
1 
 

1 

23.  
�

𝑑𝑑𝑑𝑑
𝑥𝑥 + 4 − 𝑥𝑥2

2

1
2

 

= �
𝑑𝑑𝑑𝑑

�√17
2 �

2

− �𝑥𝑥 − 1
2�

2

2

1
2

 

= �
1

√17
log �

√17 + 2𝑥𝑥 − 1

√17 − 2𝑥𝑥 + 1
��
1
2

2

 

=
1

√17
log �

√17 + 3

√17 − 3
� 

 
 
 
 
1 
 
 

½ 
 
 

½ 
24.  𝑓𝑓(𝑥𝑥) = �2𝑥𝑥 − 3, −3 ≤ 𝑥𝑥 ≤ −2

𝑥𝑥 + 1, −2 < 𝑥𝑥 ≤ 0  

At 𝑥𝑥 = −2 
Right hand limit = lim

𝑥𝑥→−2+
𝑓𝑓(𝑥𝑥) = lim

𝑥𝑥→−2+
𝑥𝑥 + 1 

= lim
ℎ→0

(−2 + ℎ + 1) = −1 
Left hand limit = lim

𝑥𝑥→−2−
𝑓𝑓(𝑥𝑥) = lim

𝑥𝑥→−2−
2𝑥𝑥 − 3 

= lim
ℎ→0

2(−2 − ℎ) − 3 = −7 
𝑓𝑓(−2) = 2(−2) − 3 = −7 

Here lim
𝑥𝑥→−2+

𝑓𝑓(𝑥𝑥) ≠ lim
𝑥𝑥→−2−

𝑓𝑓(𝑥𝑥) = 𝑓𝑓(−2) 

So, 𝑓𝑓(𝑥𝑥) is not continuous at 𝑥𝑥 = −2.  
Because 𝑓𝑓(𝑥𝑥) is not continuous at 𝑥𝑥 = −2 so 𝑓𝑓(𝑥𝑥) is not differentiable at 
𝑥𝑥 = −2. 

 
 
 
 

½ 
 

½ 
 
 

½ 
 

½ 

25.  (a) Let 𝐴𝐴𝐴𝐴 = 𝐴𝐴𝐴𝐴 = 𝑥𝑥,𝐵𝐵𝐵𝐵 = 6𝑐𝑐𝑐𝑐, 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −3𝑐𝑐𝑐𝑐/𝑠𝑠𝑠𝑠𝑠𝑠 

  

½ 
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Q.No. Expected Answer/ Value Points Distribution 
of Marks 

 ℎ = √𝑥𝑥2 − 32  
 𝐴𝐴 = 1

2
× 6√𝑥𝑥2 − 9 = 3√𝑥𝑥2 − 9 

 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 3×2𝑥𝑥
2√𝑥𝑥2−9

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 
 When 𝑥𝑥 = 6 
 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= 3×6

√36−9
× −3 = −6√3 𝑐𝑐𝑚𝑚2/𝑠𝑠𝑠𝑠𝑠𝑠 

 
½ 
½ 
 
 

½ 
 
 25. 

OR 
(b) 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= 3 𝑐𝑐𝑚𝑚3/𝑠𝑠𝑠𝑠𝑠𝑠 

 𝑉𝑉 = 4
3

 𝜋𝜋𝑟𝑟3 

 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 4𝜋𝜋𝑟𝑟2 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
⇒ 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= 3

4𝜋𝜋𝑟𝑟2
   

 Surface area of sphere = 𝑆𝑆 = 4𝜋𝜋𝑟𝑟2 
 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= 8𝜋𝜋𝜋𝜋 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= 8𝜋𝜋𝜋𝜋 × 3

4𝜋𝜋𝑟𝑟2
= 6

𝑟𝑟
 

 At 𝑟𝑟 = 3 𝑐𝑐𝑐𝑐 
 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= 6

3
= 2 𝑐𝑐𝑚𝑚2/𝑠𝑠𝑠𝑠𝑠𝑠 

 
 
 
 
1 
 
 
 

1 
 Section C  

26.  (a) 𝑎⃗𝑎 = 𝚤𝚤̂  + 4𝚥𝚥̂ + 2𝑘𝑘� ,𝑏𝑏�⃗ = 3𝚤𝚤̂ − 2𝚥𝚥̂ + 7𝑘𝑘� , 𝑐𝑐 = 2𝚤𝚤̂ − 𝚥𝚥̂ + 4𝑘𝑘�  
𝑑𝑑 is ⊥ on both 𝑎⃗𝑎 and 𝑏𝑏�⃗  so 𝑑𝑑 = 𝜆𝜆�𝑎⃗𝑎 × 𝑏𝑏�⃗ � 

𝑎⃗𝑎 × 𝑏𝑏�⃗ = �
𝚤𝚤̂
1
3

  
𝚥𝚥̂
4
−2

  
𝑘𝑘�
2
7
� = 32𝚤𝚤̂ − 𝚥𝚥̂ − 14𝑘𝑘�  

𝑑𝑑 = 32𝜆𝜆𝚤𝚤̂ − 𝜆𝜆𝚥𝚥̂ − 14𝜆𝜆𝑘𝑘�  
𝑐𝑐.𝑑𝑑 = 15  
64𝜆𝜆 + 𝜆𝜆 − 56𝜆𝜆 = 15  
𝜆𝜆 = 5

3
  

So, 𝑑𝑑 = 5
3
�32𝚤𝚤̂ − 𝚥𝚥̂ − 14𝑘𝑘�� 

 
½ 
 
1 
½ 
 
 

½ 
½ 

 
 26. 

OR 
(b) 𝑎⃗𝑎 ⊥ 𝑏𝑏�⃗ ⊥ 𝑐𝑐 means 𝑎⃗𝑎. 𝑏𝑏�⃗ = 𝑏𝑏�⃗ . 𝑐𝑐 = 𝑐𝑐. 𝑎⃗𝑎 = 0 

|𝑎⃗𝑎| = �𝑏𝑏�⃗ � = |𝑐𝑐| = 1  

�2𝑎⃗𝑎 + 𝑏𝑏�⃗ + 𝑐𝑐�
2

= �2𝑎⃗𝑎 + 𝑏𝑏�⃗ + 𝑐𝑐�. �2𝑎⃗𝑎 + 𝑏𝑏�⃗ + 𝑐𝑐�  

�2𝑎⃗𝑎 + 𝑏𝑏�⃗ + 𝑐𝑐�
2

= 4|𝑎⃗𝑎|2 + 2𝑎⃗𝑎. 𝑏𝑏�⃗ + 2𝑎⃗𝑎. 𝑐𝑐 + 2𝑏𝑏�⃗ . 𝑎⃗𝑎 + �𝑏𝑏�⃗ �
2

+ 𝑏𝑏�⃗ . 𝑐𝑐 + 2𝑐𝑐. 𝑎⃗𝑎 + 𝑐𝑐. 𝑏𝑏�⃗ + |𝑐𝑐|2  

�2𝑎⃗𝑎 + 𝑏𝑏�⃗ + 𝑐𝑐�
2

= 4(1) + (1)2 + (1)2 = 6  
�2𝑎⃗𝑎 + 𝑏𝑏�⃗ + 𝑐𝑐� = √6  

 
 
1 
 

1 
 
1 

27.  There are 3 white and 3 black balls in a bag. 2 balls are drawn, one by one, 
without replacement. Let random variable X denote the number of white 
balls drawn. Possible values of X are 0, 1, 2. 
𝑃𝑃(𝑋𝑋 = 0) = 𝐶𝐶(3,0)𝐶𝐶(3,2)

𝐶𝐶(6,2) = 1
5
  

𝑃𝑃(𝑋𝑋 = 1) = 𝐶𝐶(3,1)𝐶𝐶(3,1)
𝐶𝐶(6,2) = 3

5
  

𝑃𝑃(𝑋𝑋 = 2) = 𝐶𝐶(3,2)𝐶𝐶(3,0)
𝐶𝐶(6,2) = 1

5
  

 
 
1 
 
 
 

1½ 
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Q.No. Expected Answer/ Value Points Distribution 
of Marks 

Probability distribution: 

 

 
½ 

28.  (a) 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑦𝑦
𝑥𝑥

+ sin 𝑦𝑦
𝑥𝑥
 

 Let 𝑦𝑦
𝑥𝑥

= 𝑣𝑣 ⇒ 𝑦𝑦 = 𝑣𝑣𝑣𝑣 

 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑣𝑣 + 𝑥𝑥 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 

 𝑣𝑣 + 𝑥𝑥 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑣𝑣 + sin 𝑣𝑣 

 ∫ 𝑑𝑑𝑑𝑑
sin𝑣𝑣

=∫ 𝑑𝑑𝑑𝑑
𝑥𝑥

 
 log|𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣 − cot 𝑣𝑣| = log 𝑥𝑥 + log 𝑐𝑐 
 �𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑦𝑦

𝑥𝑥
− cot 𝑦𝑦

𝑥𝑥
� = 𝑥𝑥𝑥𝑥 

 
 

1 
 

1 
 
1 

 
 28. 

OR 
(b) 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
− 𝑦𝑦

𝑥𝑥
= 2𝑥𝑥2 

 Here 𝑃𝑃 = −1
𝑥𝑥

 

 Integrating factor = 𝑒𝑒∫−
1
𝑥𝑥𝑑𝑑𝑑𝑑 = 𝑒𝑒− log𝑥𝑥 = 1

𝑥𝑥
 

 1
𝑥𝑥
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
− 𝑦𝑦

𝑥𝑥2
= 2𝑥𝑥 

 𝑑𝑑
𝑑𝑑𝑑𝑑
�𝑦𝑦. 1

𝑥𝑥
� = 2𝑥𝑥  

 Integrating both sides 
 𝑦𝑦

𝑥𝑥
= 2𝑥𝑥2

2
+ 𝑐𝑐 

 𝑦𝑦 = 𝑥𝑥3 + 𝑐𝑐𝑐𝑐  

 
 
 
 
1 
 
 
1 
 
 
1 

29.  

 

 
 
 
 
 
 
 
 
 
1 
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Q.No. Expected Answer/ Value Points Distribution 
of Marks 

Area bounded by the line 𝑦𝑦 = 2𝑥𝑥 + 3, between the ordinates 𝑥𝑥 = −3 and 
𝑥𝑥 = 2 and 𝑥𝑥-axis 

= �� (2𝑥𝑥 + 3)𝑑𝑑𝑑𝑑
−3
2

−3
� + � (2𝑥𝑥 + 3)𝑑𝑑𝑑𝑑

2

−32

 

= �[𝑥𝑥2 + 3𝑥𝑥]−3
−32� + [𝑥𝑥2 + 3𝑥𝑥]

−32

2  

= �
9
4
−

9
2
− 9 + 9� + 4 + 6 −

9
4

+
9
2

 

=
29
2

= 14.5 𝑠𝑠𝑠𝑠.𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 

 
 
1 
 
 
 
 
 
1 

30.  (a) (𝑎𝑎𝑎𝑎 + 𝑏𝑏)𝑒𝑒
𝑦𝑦
𝑥𝑥 = 𝑥𝑥 

 Taking log of both sides 
 log(𝑎𝑎𝑎𝑎 + 𝑏𝑏) + 𝑦𝑦

𝑥𝑥
= log 𝑥𝑥 

 Differentiate both sides w.r.t.x. 

 𝑎𝑎
𝑎𝑎𝑎𝑎+𝑏𝑏

+
𝑥𝑥𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝑦𝑦

𝑥𝑥2
= 1

𝑥𝑥
 

 
𝑥𝑥𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝑦𝑦

𝑥𝑥2
= 𝑏𝑏

𝑥𝑥(𝑎𝑎𝑎𝑎+𝑏𝑏) 

 or 1

𝑥𝑥𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 −𝑦𝑦
= 𝑎𝑎𝑎𝑎+𝑏𝑏

𝑏𝑏𝑏𝑏
= 𝑎𝑎

𝑏𝑏
+ 1

𝑥𝑥
 

 Again, differentiating both sides w.r.t.x 

 
−𝑥𝑥𝑑𝑑

2𝑦𝑦
𝑑𝑑𝑥𝑥2

�𝑥𝑥𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑−𝑦𝑦�
2 = −1

𝑥𝑥2
  

 𝑥𝑥3 𝑑𝑑
2𝑦𝑦

𝑑𝑑𝑥𝑥2
= �𝑥𝑥 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
− 𝑦𝑦�

2
 

 
 
1 
 

 

1 

 

 

 

 

1 
 
 30. 

OR 
(b) 𝑦𝑦 = 𝑥𝑥𝑦𝑦 + 𝑦𝑦𝑥𝑥 + 𝑎𝑎𝑥𝑥 + 𝑥𝑥𝑎𝑎      (𝑎𝑎 > 0) 
 Differentiate both sides w.r.t.x 
 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= 𝑑𝑑

𝑑𝑑𝑑𝑑
(𝑥𝑥𝑦𝑦) + 𝑑𝑑

𝑑𝑑𝑑𝑑
(𝑦𝑦𝑥𝑥) + 𝑎𝑎𝑥𝑥 log𝑎𝑎 + 𝑎𝑎𝑥𝑥𝑎𝑎−1   …(1) 

 Let 𝑃𝑃 = 𝑥𝑥𝑦𝑦 
 log𝑃𝑃 = 𝑦𝑦 log 𝑥𝑥 
 1

𝑃𝑃
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑦𝑦
𝑥𝑥

+ log 𝑥𝑥 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 

 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑥𝑥𝑦𝑦 �𝑦𝑦
𝑥𝑥

+ log 𝑥𝑥 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
� 

 𝑑𝑑
𝑑𝑑𝑑𝑑

(𝑥𝑥𝑦𝑦) = 𝑥𝑥𝑦𝑦 �𝑦𝑦
𝑥𝑥

+ log 𝑥𝑥 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑
�     …(2) 

 Let 𝑄𝑄 = 𝑦𝑦𝑥𝑥 
 log𝑄𝑄 = 𝑥𝑥 log 𝑦𝑦 
 1

𝑄𝑄
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑥𝑥
𝑦𝑦
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

+ log 𝑦𝑦 

 𝑑𝑑
𝑑𝑑𝑑𝑑

(𝑦𝑦𝑥𝑥) = 𝑦𝑦𝑥𝑥 �𝑥𝑥
𝑦𝑦
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

+ log𝑦𝑦�      …(3) 

 

 
 
 

½ 
 
 
 
 
 
1 
 
 
 

1 
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Q.No. Expected Answer/ Value Points Distribution 
of Marks 

 From equations (1), (2) and (3) 
 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
= 𝑥𝑥𝑦𝑦 �𝑦𝑦

𝑥𝑥
+ log 𝑥𝑥 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑
� + 𝑦𝑦𝑥𝑥 �𝑥𝑥

𝑦𝑦
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

+ log𝑦𝑦� + 𝑎𝑎𝑥𝑥 log𝑎𝑎 + 𝑎𝑎𝑥𝑥𝑎𝑎−1  

 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑦𝑦𝑥𝑥𝑦𝑦−1+𝑦𝑦𝑥𝑥 log𝑦𝑦+𝑎𝑎𝑥𝑥 log𝑎𝑎+𝑎𝑎𝑥𝑥𝑎𝑎−1

1−𝑥𝑥𝑦𝑦 log𝑥𝑥−𝑦𝑦𝑥𝑥−1𝑥𝑥
 

 
 

½ 

31.  𝑓𝑓(𝑥𝑥) = 2𝑥𝑥3 − 9𝑥𝑥2 + 12𝑥𝑥 + 15  
𝑓𝑓′(𝑥𝑥) = 6𝑥𝑥2 − 18𝑥𝑥 + 12  
= 6(𝑥𝑥2 − 3𝑥𝑥 + 2)  
= 6(𝑥𝑥 − 1)(𝑥𝑥 − 2)  
Critical value of x are 1, 2 

 
Check the sing of 𝑓𝑓′(𝑥𝑥) 
For 𝑥𝑥 < 1,𝑓𝑓′(𝑥𝑥) > 0, so function 𝑓𝑓(𝑥𝑥) is increasing. 
For 1 < 𝑥𝑥 < 2,𝑓𝑓′(𝑥𝑥) < 0, so function 𝑓𝑓(𝑥𝑥) is decreasing. 
For 𝑥𝑥 > 2,𝑓𝑓′(𝑥𝑥) > 0, so function 𝑓𝑓(𝑥𝑥) is increasing 
Hence, 𝑓𝑓(𝑥𝑥) is strictly increasing on (−∞, 1)⋃(2,∞) 
𝑓𝑓(𝑥𝑥) is strictly decreasing on (1,2) 

 
 
 
 
1 
 
 
 

½ 
½ 
½ 
 

½ 
 Section D  

32.  
𝐴𝐴 = �

3
2
−1

   
−2
1
2

   
1
−3
1
�  

|𝐴𝐴| = 3(1 + 6) + 2(2 − 3) + 1(4 + 1) = 24 ≠ 0  
Cofactors of 𝑎𝑎𝑖𝑖𝑖𝑖 is 𝐴𝐴𝑖𝑖𝑖𝑖 
𝐴𝐴11 = 7 𝐴𝐴12 = 1 𝐴𝐴13 = 5   
𝐴𝐴21 = 4 𝐴𝐴22 = 4 𝐴𝐴23 = −4
𝐴𝐴31 = 5 𝐴𝐴32 = 11 𝐴𝐴33 = 7   

  

𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = �
7 4 5
1 4 11
5 −4 7

�  

𝐴𝐴−1 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
|𝐴𝐴| = 1

24
�
7 4 5
1 4 11
5 −4 7

�  

3𝑥𝑥 − 2𝑦𝑦 + 𝑧𝑧 = 2  
2𝑥𝑥 + 𝑦𝑦 − 3𝑧𝑧 = −5  
−𝑥𝑥 + 2𝑦𝑦 + 𝑧𝑧 = 6   
In matrix form  

�
3 −2 1
2 1 −3
−1 2 1

�  �
𝑥𝑥
𝑦𝑦
𝑧𝑧
� = �

2
−5
6
�  

𝐴𝐴𝐴𝐴 = 𝐵𝐵  
𝑋𝑋 = 𝐴𝐴−1𝐵𝐵  

�
𝑥𝑥
𝑦𝑦
𝑧𝑧
� = 1

24
�
7 4 5
1 4 11
5 −4 7

�  �
2
−5
6
�  

�
𝑥𝑥
𝑦𝑦
𝑧𝑧
� = 1

24
�
14 − 20 + 30
2 − 20 + 66

10 + 20 + 42
� = �

1
2
3
�  

 
 
1 
 
 
 

1½ 
 
 
 

½ 
 
 
 
 
 

½ 
 
 
 
 
1 
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𝑥𝑥 = 1,𝑦𝑦 = 2, 𝑧𝑧 = 3  ½ 
33.  (a) 𝑥𝑥+1

2
= 𝑦𝑦−1

1
= 𝑧𝑧−9

−3
 

 Its vector from of equation of line is  
 𝑟𝑟 = −𝚤𝚤̂ + 𝚥𝚥̂ + 9𝑘𝑘� + 𝜆𝜆�2𝚤𝚤̂ + 𝚥𝚥̂ − 3𝑘𝑘��  …(1) 
 𝑥𝑥−3

2
= 𝑦𝑦+15

−7
= 𝑧𝑧−9

5
 

 Its vector form of equation of line is  
 𝑟𝑟 = 3𝚤𝚤̂ − 15𝚥𝚥̂ + 9𝑘𝑘� + 𝜇𝜇�2𝚤𝚤̂ − 7𝚥𝚥̂ + 5𝑘𝑘��  …(2) 
 Here, 𝑎⃗𝑎1 = −𝚤𝚤̂ + 𝚥𝚥̂ + 9𝑘𝑘� , 𝑏𝑏�⃗ 1 = 2𝚤𝚤̂ + 𝚥𝚥̂ − 3𝑘𝑘�  
           𝑎⃗𝑎2 = 3𝚤𝚤̂ − 15𝚥𝚥̂ + 9𝑘𝑘� , 𝑏𝑏2 = 2𝚤𝚤̂ − 7𝚥𝚥̂ + 5𝑘𝑘� 
 𝑎⃗𝑎2 − 𝑎⃗𝑎1 = 4𝚤𝚤̂ − 16𝚥𝚥̂ 

 𝑏𝑏�⃗ 1 × 𝑏𝑏�⃗ 2 = �
𝚤𝚤̂ 𝚥𝚥̂ 𝑘𝑘�
2 1 −3
2 −7 5

� = −16𝚤𝚤̂ − 16𝚥𝚥̂ − 16𝑘𝑘� 

 Shortest distance = �(𝑎𝑎�⃗ 2−𝑎𝑎�⃗ 1).�𝑏𝑏�⃗ 1×𝑏𝑏�⃗ 2�
�𝑏𝑏�⃗ 1×𝑏𝑏�⃗ 2�

� 

 = �4(−16)−16(−16)+0(−16)
�(−16)2+(−16)2+(−16)2

� 

 = −64+256
16√3

  

 = 192
16√3

= 12
√3

= 4√3 units 

 
 

½ 
 
 
 

½ 
 

1 
 
1 
 
1 
 
 
 
1 

 
 33. 

OR 
(b) 𝑟𝑟 = 2𝚤𝚤̂ + 3𝚥𝚥̂ + 4𝑘𝑘� + 𝜆𝜆�2𝚤𝚤̂ − 𝚥𝚥̂ + 𝑘𝑘�� 
 Its cartesian equation is  
 𝑥𝑥−2

2
= 𝑦𝑦−3

−1
= 𝑧𝑧−4

1
= 𝜆𝜆         (𝑙𝑙𝑙𝑙𝑙𝑙)    …(1) 

  
 𝑥𝑥 = 2𝜆𝜆 + 2,𝑦𝑦 = −𝜆𝜆 + 3, 𝑧𝑧 = 𝜆𝜆 + 4 

   
 Let coordinate of foot of perpendicular from point P on the given line 

is  
 𝐴𝐴(2𝜆𝜆 + 2,−𝜆𝜆 + 3, 𝜆𝜆 + 4) 
 Direction ratio of 𝐴𝐴𝐴𝐴 = 2𝜆𝜆 + 2 − 3,−𝜆𝜆 + 3 + 1, 𝜆𝜆 + 4 −5 
 = 2𝜆𝜆 − 1,−𝜆𝜆 + 4, 𝜆𝜆 − 1 
 Direction ration of given line is 2,−1,1 
 AP is perpendicular on given line so  
 2(2𝜆𝜆 − 1) − 1(−𝜆𝜆 + 4) + 1(𝜆𝜆 − 1) = 0 
 𝜆𝜆 = 7

6
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 
 
1 
 

1 
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 So, coordinate of foot of perpendicular  
 𝐴𝐴 �13

3
, 11
6

; 31
6
� 

 Let image of point P is 𝑃𝑃′(𝑥𝑥′,𝑦𝑦′, 𝑧𝑧′) 
 A is the mid point of 𝑃𝑃𝑃𝑃′ 
 So 13

3
= 3+𝑥𝑥′

2
, 11
6

= −1+𝑦𝑦′

2
; 31
6

= 5+𝑧𝑧′

2
 

 𝑥𝑥′ = 17
3

,𝑦𝑦′ = 14
3

, 𝑧𝑧′ = 16
3

 

 So, coordinate of image of 𝑃𝑃 is 𝑃𝑃′ �17
3

, 14
3

, 16
3
� 

 
 
1 
 
 
 
 
1 

34.  Maximise 𝑧𝑧 = 200𝑥𝑥 + 300𝑦𝑦 
Subject to constraints 
𝑥𝑥 + 2𝑦𝑦 ≤ 12    …(1) 
2𝑥𝑥 + 𝑦𝑦 ≤ 12    …(2) 
4𝑥𝑥 + 5𝑦𝑦 ≥ 20    …(3) 
𝑥𝑥 ≥ 0,𝑦𝑦 ≥ 0    …(4) 

 
Common shaded region is bounded, it is a polygon ABCDE. 

 
Maximum value of z is 2000 at point 𝐸𝐸(4,4). 

 
 
 
 
 
 
 
 
 
 
 
3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1½ 
 
 

½ 
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35.  (a) 𝐼𝐼 = ∫ 𝑥𝑥
1+cos𝑎𝑎 sin𝑥𝑥

𝜋𝜋
0 𝑑𝑑𝑑𝑑     …(1) 

 𝐼𝐼 = ∫ 𝜋𝜋−𝑥𝑥
1+cos𝑎𝑎 sin(𝜋𝜋−𝑥𝑥)

𝜋𝜋
0 𝑑𝑑𝑑𝑑  

 𝐼𝐼 = ∫ 𝜋𝜋−𝑥𝑥
1+cos𝑎𝑎 sin𝑥𝑥

𝜋𝜋
0 𝑑𝑑𝑑𝑑     …(2) 

 Adding (1) and (2) 
 𝐼𝐼 = 𝜋𝜋

2 ∫
𝑑𝑑𝑑𝑑

1+cos𝑎𝑎 sin𝑥𝑥
𝜋𝜋
0       

    = 𝜋𝜋 ∫ 𝑑𝑑𝑑𝑑
1+cos𝑎𝑎 sin𝑥𝑥

𝜋𝜋
2
0      

�∵ 𝑓𝑓(2𝑎𝑎 − 𝑥𝑥) = 𝑓𝑓(𝑥𝑥) ⇒ ∫ 𝑓𝑓(𝑥𝑥)𝑑𝑑𝑑𝑑 = 22𝑎𝑎
0 ∫ 𝑓𝑓(𝑥𝑥)𝑑𝑑𝑑𝑑𝑎𝑎

0 �  

 𝐼𝐼 = 𝜋𝜋 ∫ 𝑑𝑑𝑑𝑑

1+cos𝑎𝑎
2 tan𝑥𝑥2
1+tan2𝑥𝑥2

𝜋𝜋
2
0   

 𝐼𝐼 = 𝜋𝜋 ∫
sec2𝑥𝑥2𝑑𝑑𝑑𝑑

1+tan2𝑥𝑥2+2cos𝑎𝑎 tan
𝑥𝑥
2

𝜋𝜋
2
0   

 Let tan 𝑥𝑥
2

= 𝑡𝑡 ⇒ sec2 𝑥𝑥
2
𝑑𝑑𝑑𝑑 = 2𝑑𝑑𝑑𝑑 

 When 𝑥𝑥 = 0, 𝑡𝑡 = 0; 𝑥𝑥 = 𝜋𝜋
2

, 𝑡𝑡 = 1 

 𝐼𝐼 = 𝜋𝜋 ∫ 2𝑑𝑑𝑑𝑑
1+𝑡𝑡2+2𝑡𝑡 cos𝑎𝑎

1
0   

 𝐼𝐼 = 2𝜋𝜋 ∫ 𝑑𝑑𝑑𝑑
(𝑡𝑡+cos𝑎𝑎)2+1−cos2 𝑎𝑎

1
0   

   = 2𝜋𝜋 ∫ 𝑑𝑑𝑑𝑑
(𝑡𝑡+cos𝑎𝑎)2+sin2 𝑎𝑎

1
0   

   = 2𝜋𝜋
sin𝑎𝑎

�tan−1 �𝑡𝑡+cos𝑎𝑎
sin𝑎𝑎

��
0

1
  

   = 2𝜋𝜋
sin𝑎𝑎

�tan−1 �1+cos𝑎𝑎
sin𝑎𝑎

� − tan−1 �cos𝑎𝑎
sin𝑎𝑎

��  

   = 2𝜋𝜋
sin𝑎𝑎

tan−1 � sin𝑎𝑎
1+cos𝑎𝑎

� 
 = 𝑎𝑎𝑎𝑎

sin𝑎𝑎
   

 
 
 
 
 
1 
1 
 
 
 
 
 
1 
 
 
 
 
1 
 

 

 

 

1 
 
 35. 

OR 
(b) 𝐼𝐼 = ∫ 2cos𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥 𝑥𝑥

(1−sin𝑥𝑥)(1+sin2 𝑥𝑥)𝑑𝑑𝑑𝑑 

 Let sin 𝑥𝑥 = 𝑡𝑡 
 cos 𝑥𝑥 𝑑𝑑𝑑𝑑 = 𝑑𝑑𝑑𝑑 
 𝐼𝐼 = ∫ 2𝑡𝑡

(1−𝑡𝑡)(1+𝑡𝑡2)𝑑𝑑𝑑𝑑  

 Let 2𝑡𝑡
(1+𝑡𝑡)(1+𝑡𝑡2) = 𝐴𝐴

1−𝑡𝑡
+ 𝐵𝐵𝐵𝐵+𝐶𝐶

1+𝑡𝑡2
  

 2𝑡𝑡 = 𝐴𝐴(1 + 𝑡𝑡2) + (𝐵𝐵𝐵𝐵 + 𝐶𝐶)(1 − 𝑡𝑡) 
 After comparing both sides 
 𝐴𝐴 = 1,𝐵𝐵 = 1,𝐶𝐶 = −1 
 𝐼𝐼 = ∫ 1

1−𝑡𝑡
𝑑𝑑𝑑𝑑 +∫ 𝑡𝑡−1

1+𝑡𝑡2
𝑑𝑑𝑑𝑑  

    = −∫ 𝑑𝑑𝑑𝑑
𝑡𝑡−1

+∫ 𝑡𝑡
𝑡𝑡2+1

𝑑𝑑𝑑𝑑 − ∫ 1
𝑡𝑡2+1

𝑑𝑑𝑑𝑑 

    = − log|𝑡𝑡 − 1| + 1
2

log|𝑡𝑡2 + 1| − tan−1 𝑡𝑡 + 𝐶𝐶  

    = − log|sin 𝑥𝑥 − 1| + 1
2

log|sin2 𝑥𝑥 + 1| − tan−1(sin 𝑥𝑥) + 𝐶𝐶 
 

 
 
 
 
1 

1 
 

1 
 

1 
 

1 
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 Section E  
36.  Sample of 10 patients {𝑃𝑃1,𝑃𝑃2,𝑃𝑃3, …𝑃𝑃10} 

Their blood groups are 
𝑃𝑃1 → 𝐵𝐵,𝑃𝑃2 → 𝐴𝐴,𝑃𝑃3 → 𝑂𝑂,𝑃𝑃4 → 𝐴𝐴𝐴𝐴,𝑃𝑃5 → 𝐴𝐴  
𝑃𝑃6 → 𝐴𝐴,𝑃𝑃7 → 𝐵𝐵,𝑃𝑃8 → 𝐴𝐴𝐴𝐴,𝑃𝑃9 → 𝐴𝐴,𝑃𝑃10 → 𝐵𝐵  
𝑅𝑅 = {(𝑥𝑥,𝑦𝑦): 𝑥𝑥 and 𝑦𝑦 are patietns having the same blood group}  
(a) Reflexive: Every patient has the same blood group as himself so 

(𝑃𝑃1,𝑃𝑃1), (𝑃𝑃2,𝑃𝑃2) … … … (𝑃𝑃10,𝑃𝑃10) ∈ 𝑅𝑅  
Hence R is reflexive. 

(b) Symmetric: If  (𝑥𝑥,𝑦𝑦) ∈ 𝑅𝑅 means both x and y have same blood group  
or y and x both have same blood group  
So, (𝑦𝑦, 𝑥𝑥) ∈ 𝑅𝑅 
Hence R is symmetric. 

(c) Transitive: If (𝑥𝑥,𝑦𝑦) ∈ 𝑅𝑅 and (𝑦𝑦, 𝑧𝑧) ∈ 𝑅𝑅 means x and y have same blood group 
and y and z have same blood group. So, all 𝑥𝑥,𝑦𝑦, 𝑧𝑧 have same blood group 
means (𝑥𝑥, 𝑧𝑧) ∈ 𝑅𝑅 
Hence R is transitive. 
Because R is reflexive, symmetric and transitive so R is an equivalence 
relation. 

 
 
 
 
 
 

1 
 

 
1 

 
 

1 
1 

  OR 
(c) Equivalence class related to blood group 𝐴𝐴 = {𝑃𝑃2,𝑃𝑃5,𝑃𝑃6,𝑃𝑃9} 
     Equivalence class related to blood group 𝐵𝐵 = {𝑃𝑃1,𝑃𝑃7,𝑃𝑃10} 
     Equivalence class related to blood group 𝐴𝐴𝐴𝐴 = {𝑃𝑃4,𝑃𝑃8} 
     Equivalence class related to blood group 𝑂𝑂 = {𝑃𝑃3} 
     There are 4 distinct equivalence class are obtained from their records. 

 
 
 
 

1½ 
½ 

37.  Let 𝐸𝐸1 is the event problems are solved by group A. 

𝐸𝐸2 is the event problems are solved by group B. 

𝐸𝐸3 is the event problems are solved by group C. 

A is the event they committed some error. 

𝑃𝑃(𝐸𝐸1) =
38

100
,𝑃𝑃(𝐸𝐸2) =

36
100

,𝑃𝑃(𝐸𝐸3) =
26

100
 

𝑃𝑃(𝐴𝐴/𝐸𝐸1) =
2

100
,𝑃𝑃(𝐴𝐴/𝐸𝐸2) =

3
100

,𝑃𝑃(𝐴𝐴/𝐸𝐸3) =
4

100
 

(a) 𝑃𝑃(𝐴𝐴) = 𝑃𝑃(𝐸𝐸1)𝑃𝑃(𝐴𝐴/𝐸𝐸1) + 𝑃𝑃(𝐸𝐸2)𝑃𝑃(𝐴𝐴/𝐸𝐸2) + 𝑃𝑃(𝐸𝐸3)𝑃𝑃(𝐴𝐴/𝐸𝐸3) 

=
38

100
×

2
100

+
36

100
×

3
100

+
26

100
×

4
100

 

=
288

10000
= 0.0288 

(b) Required probability = 1 − 𝑃𝑃(𝐸𝐸2/𝐴𝐴) 

 
 
 
 
 
 
 
 
 

 
1 
 
 

1 

1 
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= 1 − 𝑃𝑃(𝐸𝐸2)𝑃𝑃(𝐴𝐴/𝐸𝐸2)
𝑃𝑃(𝐴𝐴)    

= 1 −
36
100× 3

100
288
10000

= 1 − 108
288

= 180
288

= 5
8
  

 
 
1 

38.  

 
(a) Radius of semi-circular opening = 𝑟𝑟 = 𝑥𝑥 𝑚𝑚 

Length of rectangular portion = y m 
Breadth of rectangular portion = 2 x m 
Perimeter of window = 14 m. 
2𝑥𝑥 + 2𝑦𝑦 + 𝜋𝜋𝜋𝜋 = 14  
𝑦𝑦 = 14−2𝑥𝑥−𝜋𝜋𝜋𝜋

2
  

(b) Area of window = 2𝑥𝑥𝑥𝑥 + 1
2
𝜋𝜋𝑥𝑥2 

= 2𝑥𝑥 �14−2𝑥𝑥−𝜋𝜋𝜋𝜋
2

�+ 1
2
𝜋𝜋𝑥𝑥2  

= 14𝑥𝑥 − 2𝑥𝑥2 − 𝜋𝜋𝑥𝑥2 + 1
2
𝜋𝜋𝑥𝑥2  

= 14𝑥𝑥 − 2𝑥𝑥2 − 1
2
𝜋𝜋𝑥𝑥2  

(c) 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 14 − 4𝑥𝑥 − 𝜋𝜋𝜋𝜋 

For getting critical point 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 0 

𝑥𝑥 = 14
4+𝜋𝜋

= 14
4+227

= 49
25
𝑚𝑚  

𝑑𝑑2𝐴𝐴
𝑑𝑑𝑥𝑥2

= −4 − 𝜋𝜋 < 0 local maxima 

Maximum area = 14 × 49
25
− 2 × 49

25
× 49

25
− 1

2
× 22

7
× 49

25
× 49

25
  

= 343
25
𝑚𝑚2  

OR 

(c) Width of window = 2𝑥𝑥 = 2 × 49
25

= 98
25
𝑚𝑚 

      𝑦𝑦 = 14−2𝑥𝑥−𝜋𝜋𝜋𝜋
2

= 7 − 49
25
− 1

2
× 22

7
× 49

25
  

      𝑦𝑦 = 49
25
𝑚𝑚  

     Height of window = 𝑦𝑦 + 𝑥𝑥 = 49
25

+ 49
25

= 98
25
𝑚𝑚 
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