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GENERAL INSTRUCTIONS
1. This question paper contains 38 questions. All questions are compulsory.
2. This question paper is divided into five Sections — A, B, C, D and E.

3. InSection A, Question no. 1to 18 are multiple choice questions (MCQs) and Questions no. 19 and 20
are Assertion-Reason based questions of 1 mark each.

4. InSection B, Question no. 21 to 25 are Very Short Answer (VSA)-type questions, carrying 2 marks
each.

In Section C, Question no. 26 to 31 are Short Answer (SA)-type questions, carrying 3 marks each.
In Section D, Question no. 32 to 35 are Long Answer (LA)-type questions, carrying 5 marks each.
In Section E, Question no. 36 to 38 are case study-based questions carrying 4 marks each.

© N oo

There is no overall choice. However, an internal choice has been provided in 2 questions in Section
B, 3 questions in Section C, 2 questions in Section D and one sub-part each in 2 questions of Section
E.

: . 22 . .
9. Draw neat and clean figures wherever required. Take 71 = bl wherever required, if not stated.

10. Use of calculators is not allowed.

SECTION A (20 x 1 = 20)

18 multiple choice questions and two assertion-reason type questions of 1 mark each. In every question of this section
the correct option carries 1 mark; there are no part marks.

Question 1 — 1 mark

Identify the function whose graph is given below:
Y

v

—IT

(A) cos '

%) (B) cos '[2x) (C) m—cos ' x (D) m+cos ' x

s

(©)

For Visually Impaired

. T -
Find the range of —+sec !

m 3n n 3n
22 o |52 - )
272 272
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ANSWER AND SOLUTION
(D) m+cos 'x
The graph is defined only on [ -1, 1}, decreases throughout, and runs from 271 at x=—1tor at x=1.

Since cos ! x decreases from 77 to 0 on |- 1,1}, the curve shown is y=m+cos ' x, whose range is m,2m).

For Visually Impaired: (D) %,—327[ —{n} —as Sec_ltG[O,n}— % ,adding%shifts the set to
n 3n

—, |-

L3 n)

Question 2 — 1 mark

Domain of the function sec”™ (2 x| is

(A) (—00,00)(B) —%,%) © (—OO,—%)U(%,OO) (D) (_Oo,_%}U[%,OO)

ANSWER AND SOLUTION

(D)

—00 — —

© 2

sec 't is defined for \t\z 1. Heret=2x, so |2x|2 1=>|x‘2%, which gives x < — % or xz%. The end points

are included.

Question 3 — 1 mark

1

2

Value of cot '{ 2 cos

2

1. -
—sin
2

n n n n
(A) ° (B) 2 (®) 3 (D) 5

ANSWER AND SOLUTION
T
A —_—
(A) 6
cot |2 cos lsin_1 ﬁ =cot '|2cos lxﬂ =cot ' 2cos X |=cot ™" ZXE :cot_1\/§=E
2 2 3 6 2 6
Question 4 — 1 mark
2 1 =2
IfA=|3a 0 4 |isasymmetric matrix, then value of V6 a+2b+3c is:
b 2¢c 1

(A) -2(B)2(C)+2(D)4

ANSWER AND SOLUTION
(B) 2

For a symmetric matrix a;;=d;;,s0 3a=1,b=—-2and 2c=4, giving 6a=2,b=-2,c=2.
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Hence V6 a+2b+3c=+2 - 4+6=+4=2 (the radical sign denotes the non-negative root, so + 2 is not
accepted).

Question 5 — 1 mark

2 1
0 1f

If P and QQ are matrices of same order such that P :[ Q\ =3, then find |a djlP Q)|

(A) =3(B)1(C)6(D)36
ANSWER AND SOLUTION

(C) 6
‘adj(PQ)‘=|ade'adjP|=|ade||ade|:|Q||P| for matrices of order 2, since
lad jM|=|M[""=|M]| when n=2.

Here |P|=2and |Q|=3, s0 |adj(PQ)‘=3 X 2=6.

Question 6 — 1 mark

1 0f 4
1 =0 i
If[ X}[O ZH_J , then value of x is

(A) -2(B)-1()1(D)2

ANSWER AND SOLUTION
(D) 2
[1x] (1) g}:hzx},and{ux} 4 }:4_2)(.

Therefore 4 -2 x=0=x=2.

Question 7 — 1 mark

The derivative of cos ' (2 X - 1) with respect to cos ™[ x| is

(A) 2(B)i1(C)%(D) -3

ANSWER AND SOLUTION
(A) 2
Let y:COS_1(2X2— 1) and y=cos ' x, so that x =cos u.
-1 2 -1 dy _
Then y=cos (2cos u-1]=cos (C052u)=2u,andhencea—2-

Question 8 — 1 mark

ax2+b, b;'fO,xsliS

If a,b,c are arbitrary constants such that the function defined by f (X |= 5
bx"+ax+c, x>1

differentiable at x =1, then which of the following could be a triplet for (a,b, C)?
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(8) (3’2:0)<B>(0,0,3)(C>(%,2,0)(D)(a,%,o)

ANSWER AND SOLUTION
3
D) |3,=,0
(D) >

Differentiability at x =1 implies continuity at x=1: a+b=b+a+c=c=0.
Equality of the one-sided derivatives gives 2a=2b+a=a=2b.

So|a,b,c) must be of the form (2b, b, 0| with b #0, which is satisfied only by option (D).

Question 9 — 1 mark

If y=a{x+2asin X ,a>0,x€[0,na}; is a decreasing function, then the interval in which x lies is
5n 2n S5ma 2na
A —,m| (B C)|——,mal|(D ,ma
(A) 5 (B) B | (C) 5 (D) 3
ANSWER AND SOLUTION
2ma
D) (——,ma
(D) 3
yisdecreasing=d—y<0=a 1+2cos| > |l<0=cos| X <—l
dx a a 2
. X X |21 . 2ma
SlncexE{O,na},wehaveEG[O,n],soae ?,n ,thatisx €| ——,ma|.

Question 10 — 1 mark

The values of x for which the derivative of the function y= x*is greater than the value of the function are
(A) 0<x<4 (B)0<x<4(C)x<0orx>4 (D)x<0Qorx>4

ANSWER AND SOLUTION
(A) O<x<4
Zy>y=>4x >x'=x’(4-x|>0=x[x-4]<0=0<x<4.

Question 11 — 1 mark

2

d’y ? :
y+ o are respectively
X

dy|_,
X

The degree and order of the differential equation y — x

(A) 3,1(B)2,2(C)3,2(D)4,2

ANSWER AND SOLUTION
(B) 2,2
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dzy

27

The highest order derivative present is so the order is 2. After expansion the equation is a polynomial

dzy

2
X

in the derivatives and the term containing carries the maximum power 2, so the degree is 2.

Question 12 — 1 mark

1
1+e*"

dx=x- Plog(1+ezx)+C, then P is equal to

If [

1 1 1 1
(A) 5 (B) 3 ©) 3 (D) 5

ANSWER AND SOLUTION
1
D) =
(D) >
] L dx={ L+e” e~ dx=x—1log|1+e“ +C
1+er 1+e2x 1+e2x 2 '

Comparing with the given form, P= %

Question 13 — 1 mark

If vector 2 —u j’+ 3 ]A< has magnitude 4, then value of u is

(A) 1(B)+2(C)++/3 (D) +2
ANSWER AND SOLUTION

©) +v3
2i-uj+3k|=4=V4+u’+9=4=1*=16-13=3=>u=2=3.

Question 14 — 1 mark

Angle made by the vector i+ } + \/EIQ with positive direction of z-axis is

m n n n
(A) 6 (B) 2 (®) 3 (D) 5

ANSWER AND SOLUTION
Tt
(B) —
4

The magnitude of the vector is y/1+1+2 =2, so its direction cosines are

b

N |~
==

N |~

1
If the required angle is y, then cosy = E Sy= e

Question 15 — 1 mark

A vector perpendicular to the vectors 1+} and j — j is
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() -2 (B)3k (C)2i (D) 2i+k
ANSWER AND SOLUTION

(B) 3k
Both 1+} and j — } lie in the XY-plane, so a vector perpendicular to both must be along the z-axis. Indeed
(1+3) X (1 - j): - 2]A<,which is parallel to 3]2.

Question 16 — 1 mark

The probability that it rains on a particular day is % Assuming weather conditions of any two days are

independent, find the probability that it rains on three consecutive days.

4 1 1 1
(A) = (B) 5 ©) BT (D) 5

ANSWER AND SOLUTION
1
D N
(D) 125
By independence, the required probability = lxl Xl:i
v ineep » THE TEHITeC I Y55 5 125

Question 17 — 1 mark

A die is thrown twice. What is the probability that at least one number is 4, given the sum of the numbers
appearing is a multiple of 5?

3 4 3 4
(A) c (B) c (©) 7 (D) =

ANSWER AND SOLUTION

4
(D) -

Let A: the sum of the numbers appeared is a multiple of 5, and B: at least one number is 4.
A={(1,4],2,3),13,2],14,1],(4,6),(5,5],(6,4)},s0n[A|=7.
AnB={1,4],4,1),14,6],(6,4]},s0n|AnB|=4.

Required probability = P|B]| A):%

Question 18 — 1 mark

A and B are two independent events such that P A ) = é, PB |=k. If the probability of occurrence of

exactly one of them is % then find the value of k.

1 2 3 5
(A) 1 (B) 3 (©) 1 (D) 5
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ANSWER AND SOLUTION
1
A j—
(A) 4
P(A'nB)+P(AnB’):%=>P(A’)P(B)+P(A)P(B')=%
6/ 6 3 6 6/ 3 6 6 6 4

ASSERTION-REASON BASED QUESTIONS

Questions 19 and 20 are Assertion and Reason based questions carrying 1 mark each. Two statements are
given, one labelled Assertion (A) and the other labelled Reason (R). Select the correct answer from the
options given below:

(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of Assertion
(A).

(B) Both Assertion (A) and Reason (R) are true but Reason (R) is not the correct explanation of
Assertion (A).

(C) Assertion (A) is true but Reason (R) is false.
(D) Assertion (A) is false but Reason (R) is true.

Question 19 — 1 mark

1

Assertion: The value of the integral f |x-2|dxis4.
-1

Reason: Iff(—x]:f(x)then_} f(x)dx=2} flx)dx.

ANSWER AND SOLUTION

(B) Both Assertion and Reason are true, but Reason is not the correct explanation of the Assertion.
1

=4.The

-1

1 1
On|-1,1]we have x —2<0,s0 |x —2|=2 - x and f \x—Z\dx:f 2-x|dx=
-1

-1

XZ
2xX——
2

Assertion is true.

The Reason is a correct standard property, but ‘x - 2‘ is not an even function, so the property is not used in
evaluating this integral. Hence R does not explain A.

Question 20 — 1 mark

Assertion: The general solution of a differential equation represents a family of curves.

Reason: The derivative of an arbitrary constant is zero.

ANSWER AND SOLUTION

(A) Both Assertion and Reason are true, and Reason is the correct explanation of the Assertion.
The general solution of a differential equation of order n contains n arbitrary constants; giving these
constants different values produces different members of a family of curves. The constants survive the
solution process precisely because the derivative of a constant is zero, so differentiating any member of the
family returns the same differential equation. Hence R correctly explains A.
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SECTION B (5 x 2 = 10)

5 very short answer (VSA) type questions of 2 marks each.

Question 21 — 2 marks

1
21 (A). Evaluate | ——=d x
R

ANSWER AND SOLUTION — 21 (A)

1 1 6x°
I=[——dx==[———
X\/X6—1 6 XG\/XG—I
Put xX*—1=t’=6x>dx=2tdtand x*=¢"+1.
1. 2tdt _1 dt _1

[== = ==tan 't+C
61(t2+1)t 37 t°+1 3

I:%tan_l(vX6—1)+C

d x

OR

Ccos X —sin x

Q21 (B). Evaluate fﬁ
sin2 x

ANSWER AND SOLUTION — 21 (B)

dx

cosx-—sinx , . CcOosx-—sinx COs X —sinx

I=[—————dx=——dx=
J Vsin2 x I\/1+sir12x—1 I\/(s,inx+cosx)2—1

Put sin x+cos x=t ={cos x —sin x|d x=d't.

I=f dt =log|t+V/ - 1|+C

-1

dx

| I=log‘sinx+cosx+\/sin2x|+C

MARKING SCHEME
dt

1
21 (A): correct substitution — Y2; reduction to 5 f 201 and integration — 1; answer in terms of x with constant
t+

— Y.

21 (B): writing \/sin 2 x = \/ ( sin x+Cos X )2 — 1 — Y-; substitution — Y»; integration — Y2; answer in terms of x
with constant — Y.

Question 22 — 2 marks

If y=sin|x+y|and Z—yZO, then prove that y=+1.
X
ANSWER AND SOLUTION

y=sin(x+y|=sin ! y=x+y. Differentiating with respect to y,

_dx_1-V1-y*' _dy_ Vi-y’

dy  1-y? dx 1-y1-y’

1 _dx

_ ——" 4
Vl—y2 dy

1
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Soz—y—0=>\/1—y2=0=>y:il

X

Alternativeway.y=sin(x+y)=>d—yzcos(x+y] 1+d—y =>d—y(1—cos(x+y))=cos(x+y).
d x dx| dx
Lody .
PuttlngH—Oglvescos(x+y):0=>sm(x+y):i1=>y=i1.

MARKING SCHEME
dy dy

Correct differentiation / correct relation for d— — 1; using d— =0 to conclude y =+ 1 — 1. Either method is
X X

accepted in full.

Question 23 — 2 marks

Q23 (A). A line passing through the points (2 ,6,5)and (3 P> 7| is parallel to the line joining the points
|—4,3,4]and(-1,0, q). Find the value of%.

ANSWER AND SOLUTION — 23 (A)

Given points are A(2,6,5|, B3, p,7),Cl-4,3,4)and D[-1,0,q|.

Direction ratios of A Bare (1, p—6,2) and direction ratios of C D are (3,-3,q—4 ).

As the lines are parallel, % = p__—36 = q%
=>p—6:—1andq—4:3x2,sop:53ndq:1()_
Thusizﬂzz
p 5

OR
Q23 (B). A rectangle A BC D is such that R =y and BD= v, then find the vectors representing four

sides of the rectangle (in a cyclic order starting from ,ﬁ).

ANSWER AND SOLUTION — 23 (B)
Let the vectors representing the four sides be AB= a, B_E‘ = B, CD=c¢cand DA= a .

Then AC=ii=d+b . (i) and BD=v=bh+¢=bh—q ... (i), since ¢ =— .

Solving(i)and(ii):éZ%(ﬁ—T/)andBZ%(ﬁﬂ_?)
= -~ 15 2 = > 1. -
Alsocz—azz( —u)anddz—b:—z(u+v)

MARKING SCHEME

23 (A): writing both sets of direction ratios and the condition of parallelism — 1; finding p — *2; finding g and q
P

— 1,
23 (B): forming equations (i) and (ii) — Y2; solving for g and [; — 1; writing ¢ and EI — Yo,
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Question 24 — 2 marks

For two non-zero vectors g and B a|:\/€, a- B:l and B X a:3f+43' —2]2. Find ‘B‘

ANSWER AND SOLUTION

|a x b|=|b x d|=132+4%+(-2]*=+29
Using the identity |g x 5[ +[a - B[ =|a[*[B["
29+1:6Ef=4BF:%?:5

| 1Bl=v5

MARKING SCHEME

| Finding ‘B X d | —+/29 — Y-; writing the correct identity — Y»; substitution and final answer — 1.

Question 25 — 2 marks

The feasible region of a linear programming problem is shown in the given figure. Write all the constraints
on the decision variables involved.

Y 4
b
4
3
2

3x+2y=10

1 .

H
.
\

%
.
/

X
For Visually Impaired
For a linear programming problem, the maximum value of an objective function Z=3 x+4 y exists at the
points | D, q) and |2 p ,% . Find the relation between p and q.

ANSWER AND SOLUTION

The shaded region lies on or above the x-axis, on or to the right of the line 3 x+2 y =10, and on or below
the line x+2 y=6. Hence the constraints are

I 3x+2y>10,x+2y<6, y>0

For Visually Impaired. As the maximum value exists at both | p , q) and

2p, %), the objective function
takes the same value at these points:

q

3p+4q=39p%H1§)=3p+4q:6p+2q=6p—3p=4q—2q

| 3p=2q
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MARKING SCHEME
Writing the two line constraints with correct inequality signs — 1'%2; writing y >0 — *>. For Visually Impaired:
equating the two values of Z — 1; simplifyingto 3 p=2qg — 1.

SECTION C (6 x 3 = 18)

6 short answer (SA) type questions of 3 marks each.

Question 26 — 3 marks

1 0
For two matrices P :[3 2 g] and Q=|0 2|, find PQ and Q P, whichever is defined. Also, find the
1 0

inverse of the product matrix, if it exists.

ANSWER AND SOLUTION
Both products are defined. Let A=P Q and B=Q P. Then

10
weray £ 2 32 4
10
10 2 00
B=QP=|0 2[3 ’ g]zo 2 4
10 2 00
Here |A|=4#0, so A is non-singular and its inverse exists:
1 112 0 % 0
A'l=—adjA== =
A" 4[—2 2] 11
2 2
Here |B|=0 (its first and third rows are identical), so B is singular and (Q P| " does not exist.

MARKING SCHEME

Correct P(Q — 1; correct Q P —1;
Ya.

A ‘ =4and A~ ' — Y | B | = with the conclusion that B~ ! does not exist —

Question 27 — 3 marks

The circular area of vision on the ground by a surveillance drone fitted with camera increases at the rate of
44 m? per metre as it gains vertical height. The radius of the circle on the ground increases at the rate of 6
m/s. Find the rate at which the height of the drone increases with time, at the instant when the radius of

the circular area on the ground is 14 m. (Use = %

ANSWER AND SOLUTION
Let A be the area of the circular region covered by the drone, r its radius and h the height of the drone at
time t.

Given Z—Q =44 m” per metre and % =6 m/s; to find % when r=14 m.
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dA dr dA dh dr
A= 2$—:2 - = . =2 -
T e dn Al M de

dh 22 dh
44 —=2|—1(14)(6]=528=— =12
dt (7 )( ]( ) - dt r=14

| The height of the drone increases at the rate of 12 m/s at that moment.

MARKING SCHEME

dA dA h
Writing the given rates and what is to be found — ¥2; relating F’ ﬁ and E with correct differentiation —
1'/2; substitution and final answer with unit — 1.
Question 28 — 3 marks
Q28 (A). If in’t 3¢, evaluate d’y at 1 1
A x=smn t, y=cos t, > .
4 dx* | 2v2°2V2

ANSWER AND SOLUTION — 28 (A)

dx . d ;
=2 =3sin’tcost and—y:—3c052tsmt

dt dt
d—y/dx
dy_dt  __ oo
dx dt
d’y d(dy)| dt 2 1 1 4
=—|—>|-—=cosec’t| ———— |==sect - cosec t
dx* dt\dx| dx 3sin’t cost
1 1 . 3 1 . 1 b3
Atth int|——=,——=|,SIn" t=—F+—=sint=—==t=—
CPIt 5222 242 2 4
2
A N W
dx t=nl/4 3 3
OR
dy

Q28 (B).If y= xl°gx+(log x)x; x>1, then evaluate Ix
X

ANSWER AND SOLUTION — 28 (B)

log x X

Lety:xlogx+(logx]xzu+v,Whereu:x and v:(]ogx)

log u=(log x|* and log v=2x1log [log x|

1du 1 l1dv ' 1
——=2]1 ‘= ——=logll

udx (ng) xandvdx og| ng)+lo

du _ 1gx[2logx dv X ' 1
R == |and [log x|*{ log| ogx)+10 X)
d_y_g log x X

=X log x+(log x| log(logx)+logx
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MARKING SCHEME
2

28 (A): ﬂ, d—y and d—y —1; correct 5 finding t = E and the value — 1.
de’ dt = dx dx 4
o . . du dv i o loaxP
28 (B): splitting as u+ v and taking logarithms — 1; d_ —1 d_ and the final sum — 1. (Writing ; = ¢"°8¥/,
X X

— e*108l108x jg 9 equally acceptable method.)

Question 29 — 3 marks

Q29 (A). Find the particular solution of the differential equation x d y+ ( y- x> e") d x=0, given that
yl1]=o0.

ANSWER AND SOLUTION — 29 (A)

The equation is linear: dy 1 y=xe"

dx x

1

J-dx N
ILF.=e ¥ =¢"%"=x
Solution is yex=|[ x2e*d x. Integrating by parts twice,

+C

2 2
yx=x'e"~[2xe*dx=x'e"~2|xe" - ¢"

yl1)|=0=0=e-2(e-e/+C=C=-¢

| yx=e" x2—2x+2)—e
OR

Q29 (B). Find the particular solution of the differential equation (x2+ yz) d y=xyd x, given that y (OJ =1.

ANSWER AND SOLUTION — 29 (B)

d
L % is a homogeneous differential equation.
dx X +y
Let y=vx=>d—y=v+xﬂ. The equation becomes
dx dx
v+xﬂ= v =>Xﬂ:v—v—va}:—\ﬁ
dx 1+v* dx 1+ 1+’
2
j1+3v d ——jd—x=>j %+l dv=-1log|x|+logC
X %

2_—12+log\v\:— log|x|+log C=1log
A%

2
y _ X : X21(2 2
“—=|=——, thatis y= <y
C‘ 2y2 1 y Ce

Putting x=0, y=1 gives C=1.
| y= ex 112y°
MARKING SCHEME
29 (A): reducing to linear form — Y2; integrating factor — %2; integration by parts — 1; evaluating C — Y;
particular solution — Y.

29 (B): substitution y =v x and separation of variables — 1; integration — 1; evaluating C and writing the
particular solution — 1.
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Question 30 — 3 marks

Q30 (A). Find the foot of the perpendicular drawn from the point (2,1, 4) on the line

_2y+3

-2 =2 - z. Also find the equation of the line passing through this point and the point (2,1, 4 )

ANSWER AND SOLUTION — 30 (A)

2y+3 5 —kisp|k+2, K23

A point on the line x —2= ,2 — k|, and the direction ratios of the

given lineare (1,2,-1).

Direction ratios of the line joining A(2,1, 4) and P are <k , 4 k2— > ,— k- 2>.

As A P is perpendicular to the given line,

4k—-5 1

+(—1)><(—l<—2):0=>k+4k—5+k+2:0=>6k—3:0=>k:E

1xk+2x

N | W

So the foot of the perpendicular is P (g ,~ % ,

Direction ratios of A P are < Lol ) , E>, thatis (1,—3, -5 ), and the required line is

27 27 2
X I 2 = y_—31 = Z__54 , or equivalently x — 2:1_Ty: 4 ; Z
OR
Q30 (B). Find the angle between the lines X ; 1 = y; 1 = ZIZ and x;S :y—%: 3 —Z Also find the

cartesian equation of a line passing through the point (1 ,1,1] and perpendicular to both lines.

ANSWER AND SOLUTION — 30 (B)

1
The second line can be writtenas x —5 _ Y 2 _ z—3,so0 the direction ratios of the two lines are
2 1 -2

(2,2,1)and(2,1,-2).

If 6 is the angle between the lines, cos = 2x2+2x1+1x (_2) :%

V9x+/9

‘ O=cos " i)
9
Y
The required lineisalong 2 2 1 |=-5i+6j-2k
2 1 -2
X__51 = yg L = Z_—21 , or equivalently X ; 1 = Y__61 _Z ; 1
MARKING SCHEME

30 (A): general point on the line and its direction ratios — Y»; direction ratios of A P — »; perpendicularity

condition — Y2; value of k — Y; foot of perpendicular — %»; equation of the line — '%-.
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4
30 (B): writing both sets of direction ratios in standard form — %; cos 0= 5 and the angle — 1; cross product —

1; equation of the required line — Ya.

Question 31 — 3 marks

Solve the linear programming problem graphically: Maximize Z =40 x+30 y subject to the constraints
X+y<6,2x2y,y=2.

For Visually Impaired

For a linear programming problem, vertices of the feasible region are (20, 0},(40,0),(30,10J,(0,20] and
|0,10]. Minimize and maximize the objective function Z=50x — 20 y.

ANSWER AND SOLUTION
Y

4

™
oo
4
3

T

Feasible region (shaded) — bounded, with vertices A(1, 2), B(4, 2) and C(2, 4)
The feasible region is bounded with the three vertices A(1,2), B(4,2)and C(2, 4.
Z,=40(1]+30(2)=100, Z,=40(4]+30(2)=220, Z.=40(2|+30(4]|=200
| Maximum value of Z is 220 at the point B(4, 2).
For Visually Impaired. With Z=50 x — 20 y at the vertices A (20 ,0], B40, 0), C (30 ,10), D(0,20),
El0,10):
Z,=1000, Z;=2000, Z-=1500 -200=1300, Z,=—-400, Z,=-200
| Minimum value of Z is — 400 at D|(0,20) and maximum value of Z is 2000 at B(40,0.

MARKING SCHEME
Correct graph with the shaded feasible region and its vertices — 1'%; values of Z at the corner points — 1;
maximum value with the point at which it occurs — Y2. For Visually Impaired: values of Z at the five vertices —
2; minimum and maximum with their points — 1.
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SECTION D (4 x 5 = 20)

4 long answer (LA) type questions of 5 marks each.

Question 32 — 5 marks

Q32 (A).Let A=N x N, where N is the set of natural numbers and a relation R is defined on A such that
(a ,b|R|c,d|if and only if g*+d*=b*+c*. Check whether R is an equivalence relation or not.

ANSWER AND SOLUTION — 32 (A)

Reflexive. Let(p,q/€ A=N xN.As p,q €N, p’+q’=q°+p°>.so|p,q|R|p,q)forall(p,q/ € N x N.
Hence R is reflexive.

Symmetric. Let | p,q|,|r,s| € Awith(p,q|R(r,s|. Then p’+s*=q*+r°
= q2+r2:p2+52=>r2+q2:sz+p2=>(r,s)R(p,q]. Hence R is symmetric.
Transitive. Let (p,ql,[r,s),lu,v|€ Awith(p,q|R(r,s|and r,s|R(u,v) Then
pz+52:q2+r2 .. (1) and rl+vi=g’+u? ... (ii)
Adding (i) and (ii): p*+s°+r’+v’=g’+r’+s°+u’= p’+v’=q¢’+u’=(p,q|R(u,v|. Hence R is
transitive.
| Since R is reflexive, symmetric and transitive, R is an equivalence relation.
OR

Q32 (B). A relation R:|—00,00] , [0, 0] is defined as R={(x, y|: y=x’+5]. Draw its graph and check
whether it is a function or not. If the given relation is a function, then examine whether the function is
injective, and whether it is surjective or not.

For Visually Impaired

Arelation R:(— 00,00 [0, 00) is defined as R={(x,y|: y=x"+7]. Check whether it is a function or not.
If the given relation is a function, then examine whether the function is injective, surjective, or both, and
conclude whether it is bijective or not.

ANSWER AND SOLUTION — 32 (B)

T T T T T T T >
—4 -3 -2 -~ 1 2 3 4

Graph of y= X2+ 5 — aparabola with vertex (0, 5), opening upwards
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Yes, R is a function, as the graph shows that every element of the set ( — 00, oo) has a unique image in the set
[0 ,00 .
Denote this function by f :(— o0, 00| - {0,00), flx)=x*+5.
Injective. f(—1]|=(-1]+5=6and f(1)=1°+5=6,s0 f [~ 1)=f(1/=6 while — 1#1. Thus f is
many-one, so it is not injective.
Surjective. Range of f =[5 ,00)# [0 ,00| = co-domain. For instance, y =1 has no pre-image, since
1=x’+5= x*= - 4, which is impossible. Thus it is not surjective.
For Visually Impaired. For every element a of (— 00,00/, a° € [0, 00| and therefore g°+7 € |7, o0 |. Hence
every element of — oo, oo| has a unique image in [0, oo), sof: (— oo,oo) - [0, oo), f(x):x2+7 is a function.
fl-= 1):8:]‘[1), so f is many-one and not injective. Range off:[7, 00| # [0, o), so f is not
surjective. Hence f is neither injective nor surjective, and therefore not bijective.
MARKING SCHEME
32 (A): reflexive — 12; symmetric — 1%-; transitive — 1'2; conclusion — %».
32 (B): correct graph — 1; stating that R is a function — 1; injectivity examined — 1%; surjectivity examined —

1%. For Visually Impaired: showing it is a function — 1; injectivity — 1%»; surjectivity — 1%»; conclusion about
bijectivity — 1.

Question 33 — 5 marks

a
- X
Evaluate f dx
e X
a
ANSWER AND SOLUTION

= fmdx j,/‘;ﬂ’: X = fm

J‘\/CI_X J‘\/CI_X

a
Now —=—; is an even function, so
a —x

-1 X
=2a|sin —

I, 2af\/7

X
and —7—; is an odd function, so I,=0.
a —x

| Hence I=1,-I,=na
Alternate method. Let x=acos20=d x=-2asin260d 6. When x:—a,GZ%andwhen x=a,0=0.
/2

——2af tanfsin20d 6= ZGf tanfsin20d0 ... (i)

/2

Usingff(x)dXZIf(a—x)dx,

e & 8888-0000-21, 7410900901, 7410900906, 7410900907, 7410900908 ; Page # 17
www.competishun.com

. 52/6, OPPO. METRO MAS HOSPITAL, SHIPRA PATH, MANSAROVAR, JAIPUR - 302020 (RAJ.)
Cn competishun




COMPETISHUN CBSE Class 12 — Mathematics (041) - Sample Paper 2026-27 - Questions and Solutions

/2

I=2a f cotfOsin260d0 ... (ii)
0

/2 /2

Adding (1) and (i): 21=2a [ (tan@+cot8)sin20d0=4a [ [sin’9+cos’|d 6
0 0

/2
=>I:2af df=2a n =na
0

MARKING SCHEME

a—x

Rationalising to f? d x — vy; splitting into I, and I, — 1; evaluating I, = 1T @ using the even-function
va — X

property — 2; stating I, =0 using the odd-function property — 1; final answer — Y. The substitution method

shown above earns full marks.

Question 34 — 5 marks

Q34 (A). Using integration, find the area of the region {[ x,yl:0<y<v4- x5, x>2- y].

ANSWER AND SOLUTION — 34 (A)

y=vV4- x? is a semi-circle of radius 2 units with centre (0 s 0), and x=2 - y, thatis x+ y=2, is a line with
intercept 2 on each axis. The curves meet at (0,2 and (2, 0.

Areazli (V4—x2—(2—x))dx=

) 12

5\/4 —x2+2sin*§ —2x+%

0

0+2-%—4+2 —0=m-2

| Area =7 - 2| sq. units
OR

Q34 (B). Using integration, find the area of the region bounded by the curve y2 =2 x and the line
x—-2y=0.
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ANSWER AND SOLUTION — 34 (B)
Y

X=2y

[
T T T T T Ll

adg 2 4 6 8 10
X
y2=2x

yZ: 2 x represents a parabola whose points of intersection with the line x=2 y are |0,0]and (8 ,4).

218

2 32 X
2._ -
V2 3% 7

X 64 16
2x—= =—-16=—
V2x : 3

5 dx=

0

8
Area= f
0

Area = ? $q. units

For Visually Impaired — Q34 (A)

Using integration, find the area of the region enclosed within 25 x*+ 16 y2 =400.

ANSWER AND SOLUTION

2 2
25 x*+16 y°=400 is an ellipse with standard equation f_6+3/_5: 1, s0 yZ% 4> - X2

0

4 4 4
Area:4f%\/42—x2dx:5fme—x2dx:5 SV16-x'+8sin ' | =5[4x]
0 0

| Area =207 sq. units

For Visually Impaired — Q34 (B)
Using integration, find the area of the region in the first quadrant bounded by the curve y2 =8 x and the
lines x=2, x =5 and the x-axis.

52/6, OPPO. METRO MAS HOSPITAL, SHIPRA PATH, MANSAROVAR, JAIPUR - 302020 (RAJ.)

et e el & 8888-0000-21, 7410900901, 7410900906, 7410900907, 7410900908 ; Page # 19
www.competishun.com

CH competishun




COMPETISHUN CBSE Class 12 — Mathematics (041) - Sample Paper 2026-27 - Questions and Solutions

ANSWER AND SOLUTION

x
JL-
S}
—
I
Ul

N [
<
]
|
o
>

=
—_

o
w
o

_(5.1_
(e
-

yZ: 8 x represents a parabola, and the required area lies above the x-axis, below the parabola, between the
lines x=2 and x=5.

5
Areazlf\/adx: 3
2

2@-3x3’215:%@(5£—2ﬁ):%(5mq)

Area = %(5 V10 - 4) $q. units ~ 15.75 sq. units

MARKING SCHEME

34 (A): correct figure — 1; identifying the curves and points of intersection — 1; correct integral with limits — 1;
integration — 1; final answer with units — 1.

34 (B): correct figure — 1; points of intersection — 1; correct integral with limits — 1; integration — 1; final
answer with units — 1. For Visually Impaired (A): standard form — %; integral set up — 1; use of symmetry —
1; integration — 1'%; answer — 1. For Visually Impaired (B): integral with limits — Y»; integration — 2;
simplification — 1'»; answer — 1.

Question 35 — 5 marks

A fitness app syncs with four types of smartwatches: Alpha, Beta, Gamma and Delta. 45% of the users use
Alpha, 30% use Beta, 15% use Gamma and 10% use Delta. Due to device errors, the probabilities of getting a
false heart-rate alert from the Alpha, Beta, Gamma and Delta smartwatches are respectively 0.01, 0.02, 0.05
and 0.0

Based on the given information, answer the following questions:

(i) Find the probability that a randomly selected user gets a false alert.
(ii) If afalse alert occurs, what is the probability that it came from a Beta smartwatch?

ANSWER AND SOLUTION
Let E,,E,, E,, E, be the events that the user uses an Alpha, Beta, Gamma and Delta smartwatch

respectively, and let A be the event that the user gets a false heart-rate alert. Clearly { E,, E,,E;,E,} isa
partition of the sample space.

P(E,|=0.45, P|E,=0.3, P|E,|=0.15,P|E,|=0.1

P|A|E,|=0.01, P|A|E,=0.02, P[A| E,|=0.05, P|A| E,|=0.01

(i) By the Theorem of Total Probability,
P|A|=P|E,|P|A|E,|+P|E,|P|A|E,+P|E;|P|A|E,|+P|E,|P|A|E,|
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=0.45x0.01+0.3 x0.02+0.15 x0.05+0.1 x0.01=0.0045+0.006+0.0075+0.001
| P(A]=0.019
(ii) By Bayes’ Theorem,

P(E,|P(AlE,) 03x0.02_0.006_6
P(A) ~0.019  0.019 19

P(E,|A)=

MARKING SCHEME
Defining the events and writing the prior probabilities — 1; writing the conditional probabilities — 1; part (i) using
total probability — 1%-; part (ii) using Bayes’ Theorem — 1'.

SECTIONE (3x 4 =12)

3 case-study / passage-based questions of 4 marks each with sub-parts. The first two have sub-parts (i), (ii), (iii) of 1, 1
and 2 marks; the third has two sub-parts of 2 marks each.

Question 36 — 1+ 1+ 2 =4 marks

Two security sensors in a multi-storey mall emit laser beams for movement detection. Three of these
beams travel along the following lines:

1,:7=(A+1)i+(32+2)j+(3~ Ak and
L:i=2(p+1]i+3p-1)j+(p+1]k

L:F=[y+3)i+[3y -1]j+l1-y)k

Based on the given information, answer the following questions:

(i) Show that the lines [, and I, are not parallel to each other.

(ii) Show that the lines [, and [; are parallel to each other.

(iii)
(a) Find the shortest distance between the lines [, and [,.
OR
(iii)
(b) Find the shortest distance between the lines [, and 5.
ANSWER AND SOLUTION

(i) The given lines are
ll:F:i'+2}'+3f<+)\(f+3}‘—IA<)EZ:+)\B and lZ:F:Zf—}'+l§+p(22‘+3}'+l§)56+p3
Here g=i+2 j+3k b=i+3 j—k ¢=2i— j+k d=2i+3j+k.

For the direction vectors E and d, E # )\a for any A € R, so b is not parallel to Zj Hence the lines

are not parallel.
(i) 1,:F=3i - j‘+l§+y(i’+3}' —12) Eé+yf
| Since f:B, the lines [, and [, are parallel.

(i) (a) ¢ - a=(2i - j+k|-(i+2j+3k|=i-3] -2k
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A

k
~1|=6i-3j-3k=3[2i-j -k
1

S
X
Qul
Il
N =~
W W~

(E—&)-(E ><a):(f—[;j'—2]})-3(22’—}'—]}):3(2+3+2):21¢0, so the lines are skew.

b xd|=3V22+(-1+(-17=36

D= (c—g)-(_l?Xd): 21 =l=—7\/€units
b % d| 36| V6 6
. . _|bxle-al L
(iii) (b) The lines [, and [, are parallel, so the shortest distance is T,wheree—azzi—B, j—2k.
b
] ik
bxlé-dl=1 3 -1|=-9i-9k
2 -3 -2

|-9i-9k|_9v2 _9v22
V11 Jiiz 11

Shortest distance = units

MARKING SCHEME

(i) 1mark; (ii) 1 mark; (iii) (a) or (b) 2 marks — 1 for the correct cross product and 1 for the correct
shortest distance.

Question 37 — 1+ 1+ 2 =4 marks

Water is essential for life, and rivers are vital water sources across the world. The Yamuna Action Plan
(YAP), one of India’s largest river restoration projects, was launched to clean the Yamuna, but its
effectiveness — the Water Quality Index (WQI) — must be measured through cost-benefit, economic
and environmental analysis. Therefore, comprehensive pollutant treatment, prevention of further
contamination, and community awareness are crucial for sustainable river management.

Implementing the same concept to the river Yamuna, if an initial base line WQI is 35, a quadratic
expression is formed to measure the impact of investment of Xx crore on the WQI, i.e. W (x ), as
W (x|=35+1.6 x — 0.02 x°, where x is in rupees in crores
Use the given W (x) to answer the following questions:
(i) Find the value of x at the stationary point for the function W | x|.
(ii) Find the maximum value of the WQI using the second derivative test.
(iii)
(a) If the investment is X35 crore, find by how much the WQI is short of its maximum
achievable value.
OR
(iii)
(b) Evaluate the WQI when the investment is Y60 crore. Determine whether this indicates an

enhancement or a diminishing return in our objective when compared with the optimum
WQIL
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ANSWER AND SOLUTION
(i) W(x)=35+1.6x—-0.02x’=W '(x|=1.6 - 0.04 x

w' (x |=0=1.6—0.04 x=0 = x=40, i.e. the stationary point occurs at an investment of 340
crore.

(ii) W "(x)=—10.04<0, so by the second derivative test W | x| is maximum at x = 40.
| Maximum WOQI = W (40)=35+1.6(40] - 0.02(40/*=35+64 - 32 = 67

(iii) (a) W(35)=35+(1.6)(35] - (0.02)(35]°=35+56 — 24.5=66.5

I 67 — 66.5=0.5, so the WQI is short by 0.5 units of its maximum level.

(iii) (b) W (60)=35+(1.6(60| - (0.02|(60]°=35+96 — 72=59

59 is less than the maximum value 67 of the WQI, even though the investment has been
increased from 40 crore to 60 crore. This shows that the returns are diminishing.

MARKING SCHEME
(i) 1mark; (ii)) W" (x)<0 with the conclusion — Y2, maximum value 67 — Y.; (iii) (a) W (35)266.5
— land the shortfall 0.5 — 1, or (b) W (60) =59 — 1and the conclusion of diminishing returns —
1

Question 38 — 2 + 2 =4 marks

To celebrate their child’s birthday, a family decided to distribute fruits among children in three
orphanages. The fruit vendor packed three different types of baskets, according to the quantity required
at each orphanage; details are given as follows:

Basket A contains 5 kg apples, 10 kg oranges and 5 kg pomegranate.
Basket B contains 10 kg apples, 10 kg oranges and 5 kg pomegranate.
Basket C contains 8 kg apples, 15 kg oranges and 7 kg pomegranate.
Cost of baskets A, B and C are respectively 2750, X3500 and I4100.
Based on the given information, answer the following questions:

(i) Write the matrix form of the equations involved in this situation and find the adjoint of the
coefficient matrix involved.

(ii) Using inverse of the matrix, calculate the price of each fruit per kg.

ANSWER AND SOLUTION

(i) Taking the price of each kg of apples, oranges and pomegranate as x, X y and Iz respectively, the
equations are 5 x+10 y+5z=2750, 10 x+10 y+5z=3500 and 8 x+15 y+7 z=4100.

The matrix form is A X = B, where

5 10 5 X 2750
A=[10 10 5|, X=|y|, B=|3500
8 15 7 z 4100

Here | A|=25#0, so the system is consistent and has a unique solution.

-5 5 0
adjA=|-30 -5 25
70 5 =50
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11~ 5 5 0 {2750
(ii) The unique solution is given by X=A ' B= 55|~ 30 -5 25 {|3500
70 5 —=501{4100

x| [150
=|y|=|100|=x=150, y=100,z=200
z| 200

So the prices of apples, oranges and pomegranate are respectively 150 per kg, 100 per kg and
200 per kg.
MARKING SCHEME
(i) Writing the equations in matrix form A X =B — 1; finding ad j A — 1. (ii) Writing X = A 'Band
multiplying — 1; stating the three prices — 1.
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