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MARKING SCHEME — MATHEMATICS CLASS XII (80 MARKS) 

SECTION A (Q.1 – Q.20 : 1 mark each) 
Q.1  (C)  reflexive and transitive but not symmetric 1 
Q.2  (A)  one-one and onto 1 

Q.3  (B)  − !
"
 1 

Q.4  (B)  [−1, 1] 1 

Q.5  (B)  − !
#
    [π

3
	− 	 5π

6
] 1 

Q.6  (C)  3	 × 	2 1 

Q.7  (B)  3 1 
Q.8  (B)  a symmetric matrix 1 
Q.9  (C)  continuous at x	 = 	0 but not differentiable at x	 = 	0 1 

Q.10  (B)  cot	x 1 

Q.11  (B)  4e#( 1 

Q.12  (B)  (0,∞) 1 

Q.13  (C)  (−1, 1)    [𝑓′(𝑥) 	= 	3𝑥# 	− 	3	 < 	0 for −1	 < 	𝑥	 < 	1] 1 

Q.14  (B)  20𝜋 cm²/s    [𝑑𝐴
𝑑𝑡
	 = 	2𝜋𝑟	 𝑑𝑟

𝑑𝑡
	 = 	2𝜋(5)(2)] 1 

Q.15  (A)  tan	x	 + 	C 1 

Q.16  (B)  1 1 
Q.17  (B)  2 sq units 1 
Q.18  (C)  9 sq units 1 
Q.19  (A)  Both true, (R) correctly explains (A) 1 
Q.20  (A)  Both true, (R) correctly explains (A) 1 

	

SECTION B (Q.21 – Q.25 : 2 marks each) 

Q.21  tan-.(1) 	= 	!
/
 ,  cos-. A− .

#
B 	= 	 #!

0
 ,  sin-. A− .

#
B 	= 	− !

"
  ..... 1 

Sum =	!
/
	+	#!

0
	−	!

"
	= 	 0!	2	3!	-	#!

.#
	= 	 0!

/
  ..... 1 

OR 
cos-. A− .

#
B 	= 	 #!

0
 and sin-. A.

#
B 	= 	!

"
  ..... 1 

Value =	 #!
0
	+ 	2	 ×	!

"
	= 	π  ..... 1 

2 
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Q.22  𝐴′	 = 	 F1 3
2 4G , so 𝐴	 + 	𝐴′	 = 	 F2 5

5 8G  ..... 1½ 

(𝐴	 + 	𝐴′)′	 = 	 F2 5
5 8G 	= 	𝐴	 + 	𝐴′ ; hence it is symmetric  ..... ½ 

2 

Q.23  Put t	 = 	 x# 	+ 	1 , so dt	 = 	2x	, dx  ..... 1 
∫ 	 (

(!	2	.
	dx	 = 	 .

#
	∫ 	45

5
	= 	 .

#
	log|x# 	+ 	1| 	+ 	C  ..... 1 

2 

Q.24  The highest order derivative is d
2y

dx2
 , so the order is 2  ..... 1 

The power of this highest order derivative is 3, so the degree is 3  ..... 1 

2 

Q.25  Separating the variables : dy

1	+	y2
	 = 	 dx

1	+	x2
  ..... 1 

Integrating : tan-.y	 = 	tan-.x	 + 	C  ..... 1 
OR 

dy

dx
	 = 	 ex 	 · 	 ey  ⇒  e−y	dy	 = 	 ex	dx  ..... 1 

Integrating : −e-< 	= 	 e( 	+ 	C , i.e. ex 	+ 	e−y 	 = 	C  ..... 1 

2 

	

SECTION C (Q.26 – Q.31 : 3 marks each) 
Q.26  Reflexive : 3 divides (a	 − 	a) 	 = 	0 for all a	 ∈ 	Z  ..... ½ 

Symmetric : if 3 divides (a	 − 	b) then 3 divides (b	 − 	a)  ..... ½ 
Transitive : if 3 divides (a	 − 	b) and (b	 − 	c), then 3 divides their sum (a	 − 	c)  ..... 1 
Hence R is an equivalence relation  ..... ½ 
Equivalence classes : [0], [1], [2] — the integers leaving remainders 0, 1, 2 on division by 3  ..... ½ 

3 

Q.27  (a)  𝑠𝑖𝑛-. A− .
√#
B 	= 	− >

/
   ..... 1	

(b)  𝑐𝑜𝑠-. A− √0
#
B 	= 	 ?>

"
   ..... 1	

(c)  Domain of 𝑡𝑎𝑛-.𝑥 is 𝑅 ; principal value branch is #− 𝜋

2
, 𝜋
2
$   ..... 1	

OR	
(a)  𝑐𝑜𝑡-.(−1) 	= 	 0>

/
   ..... 1	

(b)  Range (principal value branch) of 𝑐𝑜𝑠-.𝑥 is [0, 𝜋]   ..... 1	
(c)  2𝜋

3
	 ∈ 	 [0, 𝜋] , so 𝑐𝑜𝑠-. A𝑐𝑜𝑠	 #>

0
B 	= 	 #>

0
   ..... 1 

 

3 

Q.28  x
(x	+	1)(x	+	2)

	 = 	 A

x	+	1
	+ 	 B

x	+	2
  ⇒  A	 = 	−1 , B	 = 	2  ..... 1½ 

∫ 	A -.
(	2	.

	+	 #
(	2	#

B 	dx  ..... ½ 
=	−log|x	 + 	1| 	+ 	2	log|x	 + 	2| 	+ 	C  ..... 1 

3 

Q.29  Using integration by parts with 𝑢	 = 	𝑥 and 𝑑𝑣	 = 	𝑠𝑖𝑛	𝑥		𝑑𝑥   ..... 1	
∫ 	𝑥	𝑠𝑖𝑛	𝑥		𝑑𝑥	 = 	−𝑥	𝑐𝑜𝑠	𝑥	 +	∫ 	𝑐𝑜𝑠	𝑥		𝑑𝑥   ..... 1	

=	−𝑥	𝑐𝑜𝑠	𝑥	 + 	𝑠𝑖𝑛	𝑥	 + 	𝐶   ..... 1 
 

3 

Q.30  Required area = 	2	 ∫ 	2	√𝑥	𝑑𝑥
/
D   (by symmetry about the x-axis)  ..... 1 

= 	4	 ×	#
0
d𝑥0/#e

D
/ 	= 	 3

0
	× 	8	 = 	 "/

0
 sq units  ..... 2 

 

3 

Q.31  Area =	∫ 	√16	 −	𝑥#	𝑑𝑥/
D   ..... 1 

=	 FF
#
	√16	 −	𝑥# 	+ 	8	𝑠𝑖𝑛-. AF

/
BG
D

/
	= 	8	 ×	>

#
	= 	4𝜋 sq units  ..... 2 

OR 
Area = 	4	 ∫ 	#

0
	√9	 −	𝑥#	𝑑𝑥0

D   ..... 1 

3 
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=	 3
0
FF
#
	√9	 −	𝑥# 	+	 G

#
	𝑠𝑖𝑛-. AF

0
BG
D

0
	= 	 3

0
	× 	G>

/
	= 	6𝜋 sq units  ..... 2 

 
	

SECTION D (Q.32 – Q.35 : 5 marks each) 
Q.32  (a)  Reflexive : |a	 − 	a| 	= 	0 is divisible by 2 ; Symmetric : |a	 − 	b| 	= 	 |b	 − 	a|  ..... 1 

Transitive : if |a	 − 	b| and |b	 − 	c| are even then a, b, c have the same parity, so |a	 − 	c| is even  
..... 1 
Hence R is an equivalence relation ; classes are [1] 	= 	 {1, 3, 5} and [2] 	= 	 {2, 4}  ..... 1 
(b)  𝑓(𝑥.) 	= 	𝑓(𝑥#) 	⇒ 	𝑥.# 	= 	 𝑥## 	⇒ 	𝑥. 	= 	 𝑥# (as 𝑥	 ∈ 	𝑁) ; hence one-one  ..... 1 
2 ∈ N has no pre-image in N since √2 	∉ 	N ; hence f is not onto  ..... 1 

5 

Q.33  (a)  𝐴′	 = 	 F3 1
5 −1G  ..... ½ 

𝑃	 = 	 .
#
(𝐴	 + 	𝐴′) 	= 	 F3 3

3 −1G — symmetric  ..... 1 

𝑄	 = 	 .
#
(𝐴	 − 	𝐴′) 	= 	 F 0 2

−2 0G — skew-symmetric ; 𝐴	 = 	𝑃	 + 	𝑄  ..... 1 

(b)  𝐴𝐵	 = 	 F 4 6
10 12G  ..... 1 

(𝐴𝐵)′	 = 	 F4 10
6 12G  ..... ½ 

𝐵′𝐴′	 = 	 F2 1
0 3G	F

1 3
2 4G 	= 	 F

4 10
6 12G 	= 	 (𝐴𝐵)′ ; hence verified  ..... 1 

5 

Q.34  (a)  log	y	 = 	sin	x	 · 	log	x  ..... 1 
1

y
	dy
dx
	 = 	cos	x	 · 	log	x	 + 	 sin	x

x
  ..... 1 

dy

dx
	 = 	 xsin	x #cos	x	 · 	log	x	 + 	 sin	x

x
$  ..... ½ 

(b)  dx
dθ
	 = 	a(1	 − 	cos	θ) , dy

dθ
	 = 	a	sin	θ  ..... 1 

dy

dx
	 = 	 sin	θ

1	−	cos	θ
 ; at θ	 = 	!

#
 , dy
dx
	 = 	1  ..... 1½ 

OR 
LHL = 	lim(	→	.#(3x	 − 	2) 	= 	1 ; RHL = 	lim(	→	.$(2x# 	− 	x) 	= 	1	 = 	f(1) ; so f is continuous at x	 =
	1  ..... 2 
Left derivative = 	3 ; Right derivative =	 (4x	 − 	1) at x	 = 	1 = 	3  ..... 2 
Since the two derivatives are equal, f is differentiable at x	 = 	1  ..... 1 

5 

Q.35  (a)  𝑓′(𝑥) 	= 	6𝑥# 	− 	18𝑥	 + 	12	 = 	6(𝑥	 − 	1)(𝑥	 − 	2)   ..... 1	
Strictly increasing on (−∞, 1) 	∪ 	(2,∞)   ..... 1	
Strictly decreasing on (1, 2)   ..... 1	
(b)  𝐴	 = 	𝜋𝑟# , so 𝑑𝐴

𝑑𝑡
	 = 	2𝜋𝑟	 𝑑𝑟

𝑑𝑡
   ..... 1	

= 	2𝜋(10)(3) 	= 	60𝜋 cm²/s   ..... 1	
OR	

(a)  𝑓′(𝑥) 	= 	3𝑥# 	− 	6𝑥	 + 	4	 = 	3(𝑥	 − 	1)# 	+ 	1	 > 	0 for all 𝑥	 ∈ 	𝑅   ..... 2	
Hence 𝑓 is strictly increasing on 𝑅   ..... 1	
(b)  𝑉	 = 	𝑥0 ⇒ 𝑑𝑉

𝑑𝑡
	 = 	3𝑥2 	𝑑𝑥

𝑑𝑡
 ⇒ 9	 = 	3(100)	QF

QR
 ⇒ 𝑑𝑥

𝑑𝑡
	 = 	 3

100
   ..... 1	

𝑆	 = 	6𝑥# ⇒ 𝑑𝑆
𝑑𝑡
	 = 	12𝑥	 𝑑𝑥

𝑑𝑡
	 = 	12(10) # 3

100
$ 	 = 	3.6 cm²/s   ..... 1 

 

5 

	

SECTION E (Q.36 – Q.38 : case study, 4 marks each) 
Q.36  (i)  f(2) 	= 	200	 + 	50(2) 	= 	300  ..... 1 

(ii)  The claim means f is continuous at x	 = 	2, i.e. lim(	→	## 	f(x) 	= 	lim(	→	#$ 	f(x) 	= 	f(2)  ..... 1 
(iii)  2k	 + 	100	 = 	300  ⇒  k	 = 	100  ..... 1 
Bill for 5 GB = 	100(5) 	+ 	100	 = 	₹	600  ..... 1 

4 
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OR 
(iii)  With k	 = 	120 : RHL = 	120(2) 	+ 	100	 = 	340	 ≠ 	300	 = 	f(2) , so f is not continuous at x	 = 	2  
..... 1 
Jump in the bill = 	340	 − 	300	 = 	₹	40  ..... 1 

Q.37  (i)  𝑉	 = 	 /
0
𝜋𝑟0   ..... 1	

(ii)  𝑑𝑉
𝑑𝑡
	 = 	4𝜋𝑟2 	𝑑𝑟

𝑑𝑡
   ..... 1	

(iii)  900	 = 	4𝜋(225)	QU
QR

 ⇒ 𝑑𝑟
𝑑𝑡
	 = 	 1

𝜋
 cm/s   ..... 2	

OR	
(iii)  𝑆	 = 	4𝜋𝑟# ⇒ 𝑑𝑆

𝑑𝑡
	 = 	8𝜋𝑟	 𝑑𝑟

𝑑𝑡
	 = 	8𝜋(15) #1

𝜋
$ 	 = 	120 cm²/s   ..... 2 

 

4 

Q.38  (i)  dy
dt
	 = 	ky , where k is the constant of proportionality  ..... 1 

(ii)  Order 1 and degree 1  ..... 1 
(iii)  dy

y
	 = 	k	, dt  ⇒  log	y	 = 	kt	 + 	C  ⇒  y	 = 	 yD	eW5 with y0 	 = 	1000  ..... 1 

4000	 = 	1000	e#W  ⇒  e2k 	 = 	4 ; after 4 hours y	 = 	1000{e#W|# 	= 	1000	 × 	16	 = 	16000 bacteria  
..... 1 

OR 
(iii)  y	 = 	1000	eW5 and e2k 	 = 	4 , i.e. k	 = 	 .

#
	log	4  ..... 1 

16000	 = 	1000	eW5  ⇒  ekt 	 = 	16	 = 	 (e2k)2  ⇒  t	 = 	4 hours  ..... 1 

4 

	

Note : Competency-based / application questions (Q.9, 12, 13, 14, 17, 18, 19, 20, 24, 30, 31, 33, 35, 36–38) ≈ 42 marks (53%), meeting the 
CBSE requirement of at least 50% competency-focused assessment. 
 
	


