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COMMON PRE-BOARD EXAMINATION 2022-23 

CLASS: XII 

SUBJECT: MATHEMATICS (041) 

Marking Scheme 

Q.No SECTION A Marks 

1 (b) symmetric matrix 1 

2 (c) det (A) 1 

3 (a) cos−1  (
2

3
) 1 

4 (d) (2y − 1)
dy

dx
− cosx = 0 1 

5 (c) tan
x

2
                   1 

6 (b) secx 1 

7 (b) (2, 5) 1 

8 (a) 25 1 

9 (b) 3 1 

10 (d) 15 1 

11 (b) p =
q

2
                 1 

12 (b) 10                     1 

13 (d) 
1

2
 1 

14 (b) 
1

3
                           1 

15 (c) p > q              1 

16 (a)  2 1 

17 (c) 3(î − 2ĵ + 2k̂) 1 

18 (a)  (5 + 3)î + (2 + 2)ĵ + (−4 − 8)k̂    1 

19 (c) A is true but R is false. 1 

20 (a) Both A and R are true and R is the correct explanation of A 1 
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 SECTION B  

21 2tan−1(cosx) = tan−1(2cosecx)  

 tan−1 (
2cosx

1−cos2x
) = tan−1(2cosecx) 

 
2cosx

sin2x
= 2cosecx  cosx = sinx 

tanx = 1  x = π/4 

 

½ 

½ 

 

1 

OR Let x1, x2 ∈ R 

f(x1) = f(x2) x1
3 = x2

3 x1 = x2 

 f is 1-1 

Let y ∈ Codomain R.  

y = x3 − 1 x = (y + 1)
1
3  f(x) = y 

 f is onto.  

 f is bijective. 

 

 

1 

 

 

 

1 

22 dr

dt
= 5cm/s 

A = πr2
dA

dt
= 2πr.

dr

dt


dA

dt
= 10πr 

r = 8cm 
dA

dt
= 80πcm2/s 

 

1 

 

1 

23 a⃗ = î + ĵ + k̂ , b⃗ = î + 2ĵ + 3k̂. 

a⃗ + b⃗ = 2î + 3ĵ + 4k̂ ; a⃗ − b⃗ = 0î − ĵ − 2k̂  

Let c = (a⃗ + b⃗ )  × (a⃗ − b⃗ ) 

c = |
î ĵ k̂
2 3 4
0 −1 −2

| = −2î + 4ĵ − 2k̂ 

Unit vector along (a⃗ + b⃗ )  ×  (a⃗ − b⃗ ) = 
c⃗ 

|c⃗ |
 = 

−1

√6
î +

2

√6
ĵ −

1

√6
k̂ 

 

½   

 

 

½  

1 

OR r = (3î + 2ĵ − 4k̂) + (î + 2ĵ + 2k̂) …………..(1) 

r = (5î − 2ĵ) + µ(3î + 2ĵ + 6k̂) ……………….(2) 

 

 

 



Page 3 of 15 
 

cosθ = |
a1a2+b1b2+c1c2

√a1
2+b1

2+c1
2×√a2

2+b2
2+c2

2

| = |
3+4+12

√1+4+4×√9+4+36
| 

= |
19

√9 × √49
| = |

19

21
| 

θ = cos−1 (
19

21
) 

 

1 

 

 

 

1 

24 ey(x + 1) = 1  ey =
1

x+1
 

y = −log (x + 1) 


dy

dx
= −

1

x+1
………………(1) 


d2y

dx2
= − [

(x+1).0−1.(1+0)

(x+1)2
] =

1

(x+1)2
 


d2y

dx2
= (

−1

x+1
)
2
= (

dy

dx
)
2
  by (1) 

 

 

 

1 

½  

 

½  

25 a⃗ = 3î − 5ĵ ; b⃗ = 6î + 3j ̂; c = a⃗ × b⃗  

c = |
î ĵ k̂
3 −5 0
6 3 0

| = 39k̂ 

|a⃗ | = √34 ; |b⃗ | = √45; |c | = 39 

|a⃗ |: |b⃗ |: |c | = √34: √45: 39 

 

 

1 

 

½  

½  

 SECTION C (3 marks each)  

26 ∫
1

√7−6x−x2
 dx 

7 − 6x − x2 = 7 − (x2 + 6x + 9 − 9) 

               = 16 − (x + 3)2 

= ∫
1

√42−(x+3)2
 dx  

Let t = x + 3  dt = dx 

∫
1

√42−t2
 dt 

 

 

1 

 

 

 

1 
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sin−1 (
t

4
) + c 

sin−1 (
x+3

4
) + c  

 

 

1 

27 Let E1, E2 and E3 be the events that boxes I, II and III are chosen 

respectively. 

P(E1) = P(E2) = P(3) = 
1

3
 

A: The event that the coin drawn is gold 

P(A/E1) =
2

2
= 1;  P(A/E2) = 0;  P(A/E3) =

1

2
 

P(E1/A) =
P(E1)/P(A/E1)

P(E1)P(A/E1) + P(E2)P(A/E2) + P(E3)P(A/E3)
 

=

1
3 × 1

1
3 × 1 +

1
3 × 0 +

1
3 ×

1
2

=
2

3
 

 

 

 

1 

 

 

1 

 

 

 

1 

OR (a) We have ∑ pi = 1n
i=1  

 0.1 + k + 2k + 2k + k = 1  k = 0.15 

(b)  P(X ≥ 2) = P(X − 2) + P(X = 3) + P(X = 4) 

= 2k + 2k + k = 5k = 5(0.15) = 0.75 

(c) P(X ≤ 2) = P(X = 0) + P(X = 1) + P(X = 2) 

= 0.1 + k + 2k = 0.1 + 3(0.15) = 0.55 

 

1 

 

1 

 

1 

28 I = ∫
x sinx

1+cos2x

π

0
 dx……………………(1) 

I = ∫
(π−x) sin (π−x)

1+cos2(π−x)

π

0
 dx = ∫

(π−x) sinx

1+cos2x

π

0
 dx ……………..(2) 

(1)+(2)  

2I = π∫
 sinx

1+cos2x

π

0
 dx I =

π

2
∫

 sinx

1+cos2x

π

0
 dx 

Put t = cosx  dt = −sinxdx ; x = 0  t = 1; x = π  t = −1 

I = −
π

2
∫

dt

1 + t2

−1

1

= −
π

2
[tan−1t]1

−1 =
π

4

2

 

 

 

1 

 

 

1 

 

1 
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OR 

∫|x sin(πx)|

3
2

−1

 dx 

|x sin(πx)| = {
x sinπx for − 1 ≤ x ≤ 1

−x sinπx for 1 ≤ x ≤
3

2

 

∫|x sin(πx)|

3
2

−1

 dx = ∫x sin(πx)dx + ∫−x sin(πx)dx

3
2

1

1

−1

 

= [
−xcosπx

π
+

sinπx

π2
]
−1

1

− [
−xcosπx

π
+

sinπx

π2
]
1

3
2
 

=
2

π
− [−

1

π2
−

1

π
] =

3

π
+

1

π2
 

 

 

 

 

 

 

1 

 

 

1 

 

1 

29 dy

dx
+ 2ytanx = sinx; y = 0 when x =

π

3
 

P = 2tanx; Q = sinx 

I. F = e∫pdx = e∫2tanx dx = e2log|sinx| = esec2x = sec2x 

General solution is  

y. (I. F) = ∫(Q × I. F)dx + C 

y(sec2x) = ∫(sinx. sec2x)dx + C 

 ysec2x = ∫(secx. tanx)dx + C 

ysec2x = secx + C ………….(1) 

Now y = 0 at x =
π

3
 

0 × sec2
π

3
= sec

π

3
+ C 0 = 2 + C  C = −2  

(1)  ysec2x = secx − 2 y = cosx − 2cos2x 

 

 

 

1 

 

 

 

 

 

 

1 

 

 

1 

OR 
(x + 1)

dy

dx
= 2e−y − 1 
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dy

2e−y−1
=

dx

x+1
 

eydy

2−ey
=

dx

x+1
 

 ∫
eydy

2−ey
= ∫

dx

x+1
 

 − log(2 − ey) = log|x + 1| + logC 

 
1

2−ey
= C(x + 1) 2 − ey =

1

C(x+1)
 

x = 0 and y = 0  C = 1 

 2 − ey =
1

(x+1)
  ey =

2x+1

x+1
 y = log |

2x+1

x+1
| , x ≠ −1 

1 

 

 

1 

 

 

 

1 

30 Maximize: Z = 20x + 10y 

Subject to x + 2y ≤ 8, 3x + y ≤ 9, x ≥ 2, x ≥ 0 , y ≥ 0 

           x + 2y = 8                    

x 0 8 

y 4 0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1½  

 

 

 

 

 

 

 

 

(2, 3) 

  



Page 7 of 15 
 

Z = 20x + 10y 

A(2,0)  Z = 20(2) + 10(0) = 40 

B(3,0)  Z = 20(3) + 10(0) = 60 

C(2,3)  Z = 20(2) + 10(3) = 40 + 30 = 70 

Maximum value is 70 at x = 2 and y = 3 

 

 

 

1 

½  

 

31 
∫

x2+x+1

(x+2)(x2+1)
 dx 

x2 + x + 1

(x + 2)(x2 + 1)
=

A

x + 2
+

Bx + C

x2 + 1
 

x2 + x + 1 = A(x2 + 1) + (Bx + C)(x + 2) 

By solving we get  

A= 
3

5
 ; B= 

2

5
 and C= 

1

5
 

∫
x2+x+1

(x+2)(x2+1)
 dx = 

3

5
∫

dx

x+2
+

1

5
∫

2x

x2+1
 dx + 

1

5
∫

dx

x2+1
 

=
3

5
log|x + 2| +

1

5
log|x2 + 1| +

1

5
tan−1x + C 

 

 

 

 

 

 

1 

 

1 

 

1 

 

 SECTION D  

32 {(x, y): x2 + y2 ≤ 4, x + y ≥ 2} 

x2 + y2 = 4 y = √4 − x2 

x + y = 2 y = 2 − x  

x 0 2 

y 2 0 

            

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

 

O 

(2, 0) 

(0, 2) 

X 

Y 



Page 8 of 15 
 

Required area  

= ∫ √4 − x22

0
 dx −∫ (2 − x)dx

2

0
   

= [
x

2
√4 − x2 +

4

2
sin−1 x

2
]
0

2

− [2x −
x2

2
]
0

2

 

 

= [(0 + 2sin−11) − (0 + 0)] − [(4 − 2) − (0 − 0)] 

= 2 (
π

2
) − 2 = π − 2                                

 

1 

 

1 

 

1 

1 

33 Given that (a, b)R(c, d) iff ad(b + c) = bc(a + d) 

b + c

bc
=

a + d

ad


1

c
+

1

b
=

1

d
+

1

a
 


1

a
−

1

b
=

1

c
−

1

d
 

(a, b)R(c, d) iff 
1

a
−

1

b
=

1

c
−

1

d
 

Reflexive: 

(a, b) ∈ N × N 
1
a
− 1

b
= 1

a
− 1

b
  (a, b)R(a, b) 

∴ R is reflexive. 

Symmetric: 

(a, b)R(c, d)
1

a
−

1

b
=

1

c
−

1

d
 


1

c
−

1

d
=

1

a
−

1

b
  (c, d)R(a, b) 

∴ R is symmetric 

Transitivity: 

(a, b)R(c, d)and (c, d)R(e, f) 

 
1

a
−

1

b
=

1

c
−

1

d
 and 

1

c
−

1

d
=

1

e
−

1

f
 

 
1

a
−

1

b
=

1

e
−

1

f
  (a, b)R(c, d) 

∴ R is transitive. 

 

 

 

½  

 

 

 

 

 

1 

 

 

 

 

1   

 

 

 

 

 

2 
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R is reflexive, symmetric and transitive  R is an equivalence 

relation. 

½  

OR A =  {x ∈  Z ∶  0 ≤  x ≤  12} 

(i) R = {(a, b) : |a – b| is a multiple of 4} 

Reflexivity: 

Let a ∈ A, (a, a) ∈ R|a − a| = 0 is a multiple of 4 

 R is reflexive. 

Symmetricity: 

Let  (a, b) ∈ R|a − b| is a multiple of 4 

|−(b − a| is a multiple of 4 

 |(b − a| is a multiple of 4 

 (b, a) ∈ R 

 R is symmetric. 

Transitivity 

(a, b), (b, c) ∈ R 

 |(a − b| is a multiple of 4 and |(b − c| is a multiple of 4 

 (a − b) is a multiple of 4 and (b − c)is a multiple of 4 

 (a − c) = (a − b) + (b − c) is a multiple of 4 

 |(a − c| is a multiple of 4 

 (a, c) ∈ R 

 R is Transitive. 

 R is an equivalence relation. 

|(1 − 1| = 0 is a multiple of 4 

|(5 − 1| = 4 is a multiple of 4 

|(9 − 1| = 8 is a multiple of 4 

The set of elements related to 1 is {1,5,9} 

 

 

 

 

 

1  

 

 

 

 

1 

 

 

 

 

 

 

 

2 

 

 

 

 

1 

34 Equation of line passing through the point (1,2,-4) is  

x−1

a
=

y−2

b
=

z+4

c
………………(1) 

 

1 
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Given lines are  

x−8

3
=

y+19

−16
=

z−10

7
  …… (2) 

x−15

3
=

y−29

8
=

z−5

−5
……………….(3) 

Line (1) is  (2)  3a − 16b + 7c = 0……………..(4) 

Line (1) is  (3)  3a + 8b − 5c = 0 ……………….(5) 

Solving (4) and (5) 

a

80 − 56
=  

b

15 + 21
=

c

24 + 48
=  

 
a

24
=

b

36
=

c

72
=   a = 24; b = 36; c = 72 

∴ Equation of the line in cartisian form is  

x − 1

24
=

y − 2

36
=

z + 4

72
  

x − 1

2
=

y − 2

3
=

z + 4

6
 

In vector form, 

r = (î + 2ĵ − 4k̂) + (2î + 3ĵ + 6k̂) 

 

 

 

 

 ½  

½  

 

 

 

1 

 

 

1 

 

1 

OR Equation of the given line is  

r = (−î + 3ĵ + k̂) + (2î + 3ĵ − k̂)…………….(1) 

 
x+1

2
=

y−3

3
=

z−1

−1
=  

 x = 2− 1; y = 3 + 3; z = −+ 1 

Let Q(2− 1, 3 + 3 , −+ 1) be the foot of the perpendicular on 

the given line. 

Drs of PQ: 2 − 1 − 5, 3 + 3 − 4 , −+ 1 − 2 

Drs of PQ: 2 − 6, 3 − 1 , −− 1 

PQ BC  2(2− 6) + 3( 3 − 1) − 1(−− 1) = 0 

  = 1 

∴ Q = (1,6,0)Length of perpendicular PQ        

=√(5 − 1)2 + (4 − 6)2 + (2 − 0)2 = 2√6 units. 

 

 

1 

 

½  

 

 

 

1 

 

1 

½  

1 
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35 
A = [

2 3 1
1 2 2

−3 1 −1
] 

Givn system of equations are  

2x + y − 3z = 13;   3 x + 2y + z = 4;    x + 2y − z = 8 

|A| = |
2 3 1
1 2 2

−3 1 −1
| = −16 ≠ 0 

adj A = [
−4 4 4
−5 1 −3
7 −11 1

] 

A−1 =
adjA

|A|
=

−1

16
[
−4 4 4
−5 1 −3
7 −11 1

] 

Givn system of equations are in matrix form, 

[
2 1 −3
3 2 1
1 2 −1

] [
x
y
z
] = [

13
4
8

] 

A′X = B  X = (A′)−1B  X = (A−1)′B 

X =
−1

16
[
−4 −5 7
4 1 −11
4 −3 1

] [
13
4
8

] =
−1

16
[
−16
−32
48

] 

X = [
1
2

−3
] 

 x = 1; y = 2; z = −3 

 

 

 

 

 

1 

 

1 

 

1 

 

 

 

 

 

 

1 

 

 

 

1 

 SECTION E  

36 Case Study-1 

(i) P(x) = −5x2 + 125x + 37500 

38250 = −5x2 + 125x + 37500 

= 5x2 − 125x + 750 = 0 

= (x − 10)(x − 15) = 0 x = 10, 15.  But x ≠ 10 

∴ x = 15 

 

 

 

 

 

 

1 
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(ii) Put x = 2 in P(x) 

P(x) = −5x2 + 125x + 37500 

P(2) = −5(4) + 125(2) + 37500 

           = ₹ 37730 

(iii) P(x) = −5x2 + 125x + 37500 

     P′(x) = −10x + 125 

P′(x) = 0  − 10x + 125 = 0  x = 12.5 

P′′(x) = −10 < 0 when x = 12.5 

∴ P (x)is maximum when x = 12.5 

Put x= 12.5 in P(x) 

Maximum profit  = ₹38281.25 

OR 

P(x) = −5x2 + 125x + 37500 

 P′(x) = −10x + 125 

Profit is strictly increasing where  

P’(x)>0 

 -10x+125>0 

x<12.5 

Profit is strictly increasing for x ∈ (0,12.5) 

Profit is strictly decreasing where  

P’(x)<0 

 -10x+125<0 

 -10x<-125 

 x>12.5 

Profit is strictly decreasing for x ∈ (12.5,∞) 

 

 

 

1 

 

 

½  

 

½  

 

1 

 

 

 

 

 

 

 

1 

 

 

 

 

 

1 
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37 Case-Study 2: 

 

 

 

 

 

 

 

(i) Let A be the area of the poster.  

A = 864 + 2(a × 9) + 2(b × 6) − 4(6 × 9) 

A = 648 + 18a + 12b 

(ii) A = a. b 

∴ 648 + 18a + 12b = ab 

 ab − 18a = 648 + 12b  a(b − 18) = 648 + 12b 

 a =
648 + 12b

b − 18
 

(iii) A  =
648b+12b2

b−18
 

A′(b) = 
12(b2−36b−972)

(b−18)2
 

For minimum consider, 

A′(b) = 0 b2 − 36b − 972 = 0  

 b = −18 or b = 54 

 but b ≠ −18. There fore b = 54 

A′′(b) > 0 at b = 54 

Area is minimum when b = 54cm.  

Height of the poster is 54cm 

 

 

 

 

 

 

 

 

 

 

 

 

1 

 

 

 

1 

 

½  

 

½  

 

 

 

 

½  

 

 

½  
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OR 

A = a. b 

∴ 648 + 18a + 12b = ab 

 ab − 12b = 648 + 18a  b(a − 12) = 648 + 18a 

 b =
648 + 18a

a − 12
 

   A = a.
648 + 18a

a − 12
 

648a + 18a2

a − 12
 

A’(a)= 
18(a2−24a−432)

(a−12)
2  

For area is minimum,  

A′(a) = 0 a2 − 24a − 432 = 0  a = −12 or a = 36 

But a ≠ −12, There fore a = 36 

A’’(a) > 0 at a = 36. 

Area is minimum when a = 36cm. 

Width of the poster is 36cm. 

 

 

 

 

½  

 

½  

 

 

½  

 

 

 

 

½  

38 Let E1, E2, E3 be three events of drawing a bolt produced by 

machine A, B and C respectively. 

P(E1) =
30

100
=

3

10
 ; P(E2) =

20

100
=

1

50
 ; P(E3) =

50

100
=

1

2
  

Let F be the event of drawing a defective bolt. 

P(F/E1) =
5

100
=

1

20
 , P(F/E2)  =

2

100
=

1

50
 , P(E/E3) =

4

100
=

1

25
 

(i)  P(E1/F) = 
P(E1)×P(F/E1)

P(E1)×P(F/E1)+P(E2)×P(F/E2)+P(E3)×P(E/E3)
 

=

3
10 ×

1
20

3
20 ×

1
20 +

1
50

×
1
50

+
1
2 ×

1
25

 

=
5

13
 

 

 

 

½  

 

 

½  

 

 

 

 

1 
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(ii) P(E3/F) =
P(E3)×P(E/E3)

P(E1)×P(F/E1)+P(E2)×P(F/E2)+P(E3)×P(E/E3)
 

=

1
2 ×

1
25

3
20 ×

1
20 +

1
50

×
1
50

+
1
2 ×

1
25

 

=
20

39
 

Probability that defective bolt drawn is not manufactured by     

Machine B = 
15

39
+

20

39
=

35

39
 

 

 

 

1 

 

 

1 

 

 


