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SAMPLE PAPER

issued by CBSE for Board Exams (2026-27)
Mathematics (041) - Class 12

(

Time Allowed : 180 Minutes Max. Marks : 80

~

General Instructions :
1. This Question paper contains 38 questions. All the questions are compulsory.
2. This Question paper is divided into five sections - A, B, C, D and E.

Section B has 05 Very Short Answer (VSA)-type questions of 2 marks each.
Section C has 06 Short Answer (SA)-type questions of 3 marks each.
Section D has 04 Long Answer (LA)-type questions of 5 marks each.

(with a total of 4 marks for each Case-study / Source-based / Passage-based question).

4, There is no overall choice. However, internal choice has been provided in
= (02 Questions of Section B
= 03 Questions of Section C
= 02 Questions of Section D
= 02 Questions of Section E
You have to attempt only one of the alternatives in all such questions.

5. Draw neat and clean figures wherever required. Use of calculator is not allowed.
4

3. Section A has 18 MCQs and 02 Assertion-Reason (A-R) based questions of 1 mark each.

Section E has 03 Case-study / Source-based / Passage-based questions with sub-parts

SECTION A

(Question numbers 01 to 20 carry 1 mark each.)
Followings are multiple choice questions. Select the correct option in each one of them.

01.  Identify the function whose graph is given below.

37T Ay

L e
mmmn ' } X |
=2 =110 1 2
SEE el
557 AeEeeeRaRREs
| !
(a) cos™ (%) (b) cos™'(2x) (c) m—cos™ x (d) m+cos™' x

01. FOR VISUALLY IMPAIRED
Find the range of g +sec” (%j :
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02.

03.

04.

0s.

06.

07.

08.

09.

10.

11.

(@ [0, 7] wnm@{ﬁ ({g%ﬂ m{ﬁﬁﬂ{w
Domain of the function sec™ (2x) is

11
(a) (-0, ) (b) (—5 Ej

1 1 1 1
(C) (—OO, _EJU(E, Ooj (d) ( —00 —E}UI:E, (XD)
Value of cot™ {ZCos[lsin1 (QDJ is
2 2

T T T T
(a) 5 (b) 2 (c) 3 (d) 5
2 1 2
If A=|3a 0 4 |isasymmetric matrix, then value of /6a+2b+3c is
b 2¢c 1
(a) -2 (b) 2 (c) £2 (d) 4

=3, then find |adj(PQ)) .

2 1
If P and Q are matrices of the same order such that P = {0 J ,

(a) -3 b)) 1 (c) 6 (d) 36
[1 X]{O EM 41} =0, then value of x is
(a) 2 (b) -1 ()1 (d) 2

The derivative of cos™ (2x*> —1) with respect to cos™' (x); 0<x <1 is
(@ 2 (b) 1 © 5 (@ -2

, : ax’+b,b=0,x<1 |
If a, b, ¢ are arbitrary constants such that the function defined by f(x) = , 1s
bx" +ax+c, x>1

differentiable at x =1, then which of the following could be a triplet for (a, b, ¢)?

(@) (3,2,0) (b) (0,0, 3) (c) (% , 2, Oj (d) (3 , %, Oj

Ify=a {x +2asin (ij}, a>0, xe[0, ma]; is a decreasing function, then the largest interval in
a

which x lies is

(a) (%t, n} (b) (%, n} (c) (571_21 na} (d) (@ na}

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<0Oorx=>4

2

3 2
The degree and order of the differential equation y —x (?j = a[y +d_};J are respectively
X X

(@) 3,1 (b) 2,2 (c)3,2 (d) 4,2
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12.

13.

14.

15.

16.

17.

18.

If.[ ! dx =x—Plog(1+e*)+C, then ‘P’ is equal to

1+
1 1 1 1
—— b) —— c) — d) —
(a) 5 (b) 3 (c) 3 (d) >
If vector 21 —uj +3k has magnitude 4, then the value of ‘u’ is
(a1 (b) V2 (¢) =3 (d) £2
Angle made by the vector i+ j ++/2k with the positive direction of the z-axis is
T T T T
— b) — c) — d) —
(a) 6 (b) 2 (c) 3 (d) >
A vector perpendicular to the vectors I+3 and i—j is
(a) —2] (b) 3k (c) 2i (d) 2i+k

The probability that it rains on a particular day is 3 Assuming weather conditions of any two

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

4 1 1 1
(a) 3 (b) 3 (©) >3 (d) s

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) — b) — c) — d) —
(a) s (b) s (c) - (d) -
A and B are two independent events such that P(A)=é, P(B)=k. If the probability of

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

1 2 3 5
(a) Z (b) g (c) Z (d g

Followings are Assertion-Reason based questions.

In the following questions (Question numbers 19 and 20), a statement of Assertion (A) is followed
by a statement of Reason (R).

Select the correct answer out of the following choices.

(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 and 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.

1
19.  Assertion (A) : The value of the integral [|x—2[dx is 4.
-1
Reason (R) : If f(—x) = f(x), then j f(x)dx =2 j f(x)dx.
—a 0
20.  Assertion (A) : The general solution of a differential equation represents a family of curves.
Reason (R) : The derivative of an arbitrary constant is zero.
SECTION B

(Question numbers 21 to 25 carry 2 marks each.)

21.

(A) Evaluate |

1
—dx.
xvVx®—1
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OR
COS X —sin X

\/sin 2x

22. Ify=sin(x+y) and % =0 (at a point), then prove that y =+1.
X

(B) Evaluate j dx .

23. (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 g,
p
OR

(B) A rectangle ABCD is such that AC =1, and BD = v, then find the vectors representing the
four sides of the rectangle (in cyclic order starting from AB).

a|=+/6,a.b=1and bxa=3i+4j-2k. Find [0].

25.  The feasible region of a linear programming problem is shown in the given figure.

J\y

24. For two non-zero vectors a and b,

Write all the constraints on the decision variables involved.
25. FOR VISUALLY IMPAIRED
For a linear programming problem, the maximum value of an objective function Z =3x+4y

exists at the points (p, q) and (2p , %j . Find the relation between p and q.

SECTION C
(Question numbers 26 to 31 carry 3 marks each.)
2 00 Lo
26. For two matrices P = {0 | 2} and Q=0 2|, find PQ and QP, whichever is defined. Also,
1 0
find the inverse of the product matrix, if it exists.
27.  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.

0

)
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 / {Q) \
the instant when the radius of the circular area on the ground is 14 m.

(Use n=2j. T T~
7 rd ~

-

g
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. d’y 1 1
28. (A)If x=sin’t, y=cos’t, evaluate at ( , j .
dx’ 227 2\2
OR
(B) If y =x"** +(logx)*; x >1, then evaluate % .
X

29.  (A) Find the particular solution of the differential equation xdy +(y—x’¢*)dx =0, given that

y(1)=0.

OR
(B) Find the particular solution of the differential equation (x*+y”)dy=xydx, given that
y(0)=1.

30. (A) Find the foot of the perpendicular drawn from the point (2, 1, 4) on the following line:
Xx—2= 2y+3 =2-z. Also find the equation of the line passing through this point and the point
(2, 1,4).

OR
(B) Find the angle between the lines: x1_y-l_z=2 and = = y—l =3;Z. Also find
2 2 1 2 2 2
the Cartesian equation of a line passing through the point (1, 1, 1) and perpendicular to both
lines.
31. Solve the linear programming problem graphically.
Maximize Z =40x +30y
Subject to constraints x+y<6,2x>y,y>2.

31. FOR VISUALLY IMPAIRED
For a linear programming problem, vertices of the feasible region are (20, 0), (40, 0), (30, 10),
(0, 20) and (0, 10). Minimize and maximize the objective function Z =50x —20y .

SECTION D

(Question numbers 32 to 35 carry § marks each.)

32. (A) Let A=NxN, 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 a> +d* =b” +c*. Check whether R is an equivalence relation or
not?

OR
(B) A relation R :(—o0, ©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
A relation R :(—o0, o) —>[0, ) 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.

33.  Evaluate J ‘,a—x dx.

s Va+x
34.  (A) Using integration, find the area of the region {(x ,y):0<y<4-x*, x>2— y} .

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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34.

35.

(B) Using integration, find the area of the region bounded by the curve y* =2x and the line
x—2y=0.
FOR VISUALLY IMPAIRED

(A) Using integration, find the area of the region enclosed within 25x* +16y* = 400.

OR
(B) Using integration, find the area of the region in the first quadrant bounded by the curve
y> =8x, and the lines x =2, x =5 and x-axis.
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 0.01.

Based on the given information, answer the following questions.

(1) Find the probability that a randomly selected user gets a false alert.
(i1) If a false alert occurs, what is the probability that it came from a Beta smartwatch?

SECTION E

(Question numbers 36 to 38 carry 4 marks each.)

This section contains three Case-study / Passage based questions.

First two questions have three sub-parts (i), (ii) and (iii) of marks 1, 1 and 2 respectively.
Third question has two sub-parts (i) and (ii) of 2 marks each.

36.

CASE STUDY 1 :
Two security sensors in a multi-storey mall emit laser beams for movement detection. Three of
these beams travel along the following lines.

[ :T=(h+1)i+(BL+2)j+(B3-M)k,
L i=2(n+1)i+@u-1)j+@u+1)k, and
I, T=(y+3)i+@y-1)j+(1-7)k.

Based on the given information, answer the following questions.

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

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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37.

38.

(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 /;.

CASE STUDY II :

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 (WQI), the Water Quality Index 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 ¥x crore on the WQI i.e.,

W(x) as W(x)=35+1.6x—-0.02x>, 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 crores, then find by how much the WQI is short of its maximum
achievable value.

OR

(iii) (B) Evaluate the WQI when the investment is R60 crores. Determine whether this indicates
an enhancement or a diminishing return in our objective when compared with the optimum
WQL
CASE STUDY III :
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 basket A, B and C are respectively ¥2750, 3500, and %4100.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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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.

Scan now to check for all
updates related to CBSE &
watch important lectures

This Sample Question Paper has been issued by the CBSE for the academic session 2026-27 and is
intended for 2027 Board Exams of class 12 Mathematics (041).

Note : We have re-typed the Official CBSE Sample Question Paper and, also added the
necessary illustrations / corrections at some places.

If you notice any error which could have gone un-noticed, please do inform us via message
on the WhatsApp @ +919650350480 or, via Email at iMathematicia@gmail.com

Let’s learn Math with smile:-)

# O.P. GUPTA
Indira Award Winner & Math Mentor

Author - MATHMISSION Series of Books
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Detailed Solutions for CBSE Sample Paper (Session 2026-27)
SECTION A
01.  (d) Recall that, for -1<x<1,0<cos”' x<m.

So, clearly, n<(m+cos”' x)<2m.

Hence, the function is m+cos™' x whose graph is given.
Note that, the range shown in the graph is [r, 27].

01. FOR VISUALLY IMPAIRED
(d) Since 0 <sec™ (%) <m,sec’ (%) 2T

2
So, T« fgec!| 2 S?’—TE,Eanec’1 Xlen,
2 2 2 2 2 2
Hence, the range of — +sec” | = | is E,3—n —{m}.
2 2 2 2

02.  (d) Recall that, sec”'(x) is defined for all xe R— (-1, 1).

Therefore, sec™ (2x) will be defined for all 2x e R—(-1, 1) ie., xeR —(—%, %j .

Hence, the domain of the function sec™' (2x) is x € (—00, —%} U [%, OO).

03. (a) cot™ (2 cos[l sin”' (QJB =cot™’ (2 cos (leD =cot™ [2 cos (ED
2 2 2 3 6
=cot™ (2 xﬁJ —cot'3=L.
2 6

04. (b) Since A is a symmetric matrix so, we must have a; =a;.

Thatis, a,, =a, =>3a=1; a, =a,=>b=-2and a,, =a,; = 2c=4.

Hence, /6a+2b+3c =\/2(3a)+2(b)+%(2c) =\/2x1+2(—2)+%(4) =2-4+6=+4=2.

05. (c) It is given that P and Q are matrices of the same order.
As the order of P is 2, so the order of Q will also be 2.
Clearly, the order of (PQ) will be 2 as well.

Now [adj(PQ)| =|(PQ)"" =|(PQ)|=|P||Q|= (2x1-0x1)x3=2x3=6.

06. (@]l X]B ﬂ_ﬂ:o

=l 2x]{_4J=O

=[4-2x]=[0]

By equality of matrices, we get 4—2x =0
= 2x=—4

Sx=2.

07. (a)Letu=cos ' (x)=>x=cosu.As 0<x<1 so, OScosuSl:OSuég.

Now let v=cos™'(2x* —1)

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics n
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08.

09.

10.

11.

12.

= v=cos '(2cos’u—1)=cos ' (cos2u)
Since 0<2u<m,s0 v=2u
Hence, ﬁ =2.
du
(d) As fiis differentiable at x =1 so, it will be continuous also at same point x =1.

Now f(I)=a+b; limf(x) = lim (bx* +ax+c)=b+a+c.
x—1* x—1*

Taking f(1)=lim f(x), we get a+b=b+a+c
x—1*

=c=0.

2ax, x <1 2a,x<1
Also f'(x) = =f'(l)=

2bx+a, x>1 2b+a, x >1

As fis differentiable at x =1 so, Lf'(1) =Rf’'(1).
That is, 2a =2b+a
=a=2b.

Hence, (a, b, ¢) becomes (2b, b, 0) which is satisfied by option (d) [3 , %, Oj.

(d) Since the function is decreasing so, % <0
X

:>a{1+2cos(§j}£ 0
a

As a >0 so, we must have 1+2cos(§j§0 :Cos(fjg_%
a a
That is, —lécos(ijg_l
a 2
:nZ(EJZE
a 3
:naZxZ@

Therefore, x € [%, na]

2
Clearly, the largest interval from the given options will be x € (%, na} .

(a) As dy >y
dx

So, 4x° >x*
=4x’—x*>0
=x’(4-x)>0
Clearly, 0<x<4.

A
Y

2
j }2/ and it has the exponent of 2 (once we expand the RHS).
X

Hence, the degree and order of the given differential equation are respectively 2, 2.

2x
(d) As J1+162X dx='[[l—l>< 2e jdx=x—%log‘l+ezX

(b) The highest order derivative is

+C { | f'x) ;1" dx = log|f(x)|+C

f(x

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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13.

14.

15.

16.

17.

18.

On comparing j 12 dx=x—llog‘l+ez" +C with I 12 dx =x-Plog(l+e*)+C, we
I+e™ 2 I+e™
1
shall get P=—.
8 2

() ‘2i—uj+312‘=4

=J4+u>+9=4

On squaring both the sides, we get 13+u’ =16
=u’=3

.'.u=i\/§.
(b)Forf+j+\/§1;,theunitvectorisMzli lj IA.
Ni+1+2 2 2

The angle made by i+ j +/2k with the positive direction of the z-axis is cosy = 72 .

1
Therefore, cosy=—=

V2

., T
Y=y

(b) Note that, both the given vectors I+3 and I—} are in xy-plane.

So, a vector perpendicular to both must be in the direction of z-axis. Hence, 3k is the required

vector.
ik
Alternatively, the vector L to both I+3 and I—} = (f + 3’) X (f — 3’) =1 1 0|=(=2 1A<) .
I -1 0

Any scalar multiple of (-2 1;) is also perpendicular to both the given vectors. Observing all the

options, we notice that 3Kk is a scalar multiple of (-2 1A<) .

o . . .1
(d) Probability that it rains on a particular day is 3

o . . I 1.1 1
Therefore, the probability that it rains on three consecutive days = 3 X 3 X 3 = 5"

(d) Let A : sum of the numbers appeared is a multiple of 5, B : at least one number is 4.
Then A ={(1,4),(2,3),(3,2),(4,1),(4,6),(5,5),(6,4)} ; AnB={(1,4),(4,1),(4,6),(6,4)} .

4

A) 36 4

P(B|A):—P(I])3(2) )=%=7.
36

(a) Probability of occurrence of exactly one of themz%

:>P(Amﬁ.)JrP(AmB)=l

3 If A and B are two independent
B(A) P(B)+ P(E) P(B 1 events, then A and B as well as
= P(A).P(B)+P(A).P( )_5 A and B are independent events.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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- (1 k) + (k) =~
= (1 k)+5 k =2
=4k =1
=k= l
4"
‘ ‘ x-20] 1 . .
19. (b) J|x —2|dx = J—(x —2)dx =—| ~——| =——=[1-9]=4; so Assertion (A) is true.

e e 2x1 |, 2
Also, the statement given in Reason (R) is also true; however it is not the correct explanation of
Assertion (A).

20. (a) Explanation for Assertion (A) : Note that, on solving the differential equation, an arbitrary
constant appears in the general solution. Different values of the arbitrary constant give different
curves, which together constitute a family of curves. So, Assertion is true.
Explanation for Reason (R) : Because the derivative of each arbitrary constant vanishes, every
member of the family (i.e., every choice of the constants) satisfies the same differential equation.
Consequently the general solution, which retains those arbitrary constants, represents the entire
family of solution curves. So, Reason (R) is also true.
Hence, both the statements given in Assertion (A) and Reason (R) are true and Reason (R) is the
correct explanation of Assertion (A).

SECTION B

21.

~ 1
(A)Letl—j—xmdx
1 J —

Put x° —I:t :>6x5dx =2tdt.

1, 2t
[=—[—=
6'[(‘[2 LIWE

2
=Ztan't+C

=1=— dt
6-[(t2 +1)
I=%tan1VX6—l+C.

OR
COSX —SsIn X

\/sin 2x

Put sinx+cosx =t = (cosx —sinx)dx =dt.

(B) Let 1= j dx

Also (sinx+cosx)’ =t°
= sin’ X +cos’ X +2sinx cosx = t°
=sin2x =t> -1 [ sin®x+cos’x =1

I:J' dt
VT -1
:>I:10g“[+\/t2 —1‘+C

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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22.

23.

= I=log (sinx+cosx)+\/(sinx+cosx)2 —1‘+C

s I= log‘(sinx +cos X) ++/sin 2x‘ +C.

y=sin(x+Yy)
=sin” y=(x+Y)

Differentiating w.r.t. y both the sides, we get ! = ax +1
1-y* dy
1 dx
= —-l=—
1-y’ dy
dy _ J1-y°
dx 1-/1-y

As ﬂ=0,so —“l_yz=0
dx 1-y1-y*

= 1-y* =0
=1-y*=0
=y =1
Sy==1.
Alternatively, we have y =sin(x +y)
Differentiating w.r.t. x both the sides, we get % =cos(X+y)x [l + %}
X X
:ﬂ =cos(x + y)+cos(x+y)><ﬂ
dx dx

As it is given that ? =0 (at a point), so 0 =cos(x+y)+cos(x+y)x0
X

= cos(x+y)=0
= cos’(x+y)=0

=1-sin’(x+y)=0 [-sin’ O+cos’ 0 =1
=1-y*=0 [ y=sin(x+Yy)
=y =1

Soy=z1.

(A) Let A(2, 6, 5), and B(3, p, 7); also let C(—4, 3, 4), and D(-1, 0, q).
Direction ratios of line AB: 3—-2,p-6,7-5 ie.,1,p—6,2.
Direction ratios of line CD : —-1-(—4),0-3,q—-4 ie., 3,-3,q—4.
Since lines AB and CD are parallel, their d.r.’s will be proportional.

3 -3 q-4
Takingl:p—_6 =>-l=p-6 ..p=5
3 3
1 2
Taking —=—— =q-4=6 ..q=10.
3 q-4
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Now [ﬂj=%=2.

p
OR
(B) Let the vectors representing the four sides of rectangle ABCD be AB=3d, BC=b, CD=¢
and DA =d . D,. ¢ C
Then AC=ti=a+b ...0i)and BD=vVv=b+c=b-a ...(ii)
Solving (i) and (ii), we get a = U7V and b= utv d \ a T
Also ¢=-d=—" and a:—B:_(“—”).
2 2 )/
A a B

24.  Given that |a| J6,3.b=1and bxd = 31+4J 2k.
Since [bxa| =[axb|=vo+16+4=29.
:|*2#

Also we know that, |a XB‘Z +‘*.q

:>29+1:6><‘B‘2
:>3O=6><‘B‘2

:\Br ==

=|bl =5

- [l=
25. For line AC (3x+2y=10):
The shaded region lies to the right [away from the origin O(0, 0)] of the line. That is, origin is
not included in feasible region. So, 3x +2y >10.
For line BC (x +2y=6):
The shaded region lies below (towards the origin side) the line. That is, the origin is included in
the feasible region. So, x +2y <6.
Hence, the constraints of LPP are : 3x+2y>10, x+2y<6,x>0,y>0.
Note that, the condition x >0 is naturally satisfied since the minimum value of x in the region is

at the intersection point C(2, 2). Though it is standard practice to include the non-negativity
restrictions x >0, y>0.

25. FOR VISUALLY IMPAIRED

Since Z . occurs at (p, q) and (2p, j both.

So, 3p+4q = 3(2p)+48j

=3p+4q=6p+2q
=2q=3p
=3p=2q or, 3p—2q=0.
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SECTION C
10
2 00 2.0
26. Let A=PQ= 0 2|= :
01 2 2 2
10
10 2 00
2 00
Let B=QP=|0 2 =10 2 4
01 2
10 200
As|A|=420 . A7 exists.
gia 1[2 0 3 0
Now A” =292 _2 -1
Al T4l 27| 1
2 2

Also note that, |B|=0 .. B™" does not exist.

= theopgupta.com

27.  Let A be the area of the circular region covered by the drone and r be its radius.

Let h be the height of the drone at any time t.
Given that A _ 44 m’/m and ar_ 6 m/s.
dh dt

Since area of circle is, A =mnr’

%_12nr

dt 44

(@) s n 2B,
dt ), iam 11 11 11 7

28. (A)Given x=sin’t, y=cos’t
Differentiating w.r.t. t, % =3sin’ tcost,

L dy _dy dt _ —3cos’ tsint

. =—cott
Tdx dt dx 3sin’tcost

2

: -y dt
Differentiating w.r.t. x, we get —}2] = cosec’t x —
dx dx

d’ 1 1 .
= —}2] = cosec’t X = —(cosec4t sect) ...(1)
dx 3sm tcost 3

. 3 1
=sm°t,——=cos’ t

At the point ( j we have L
V2 242 22 "2V2
3 3
= (Lj =sin’t (Lj =cos’t
V2 W2
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29.

:>sint=%,cost=%
T
Clearly, t—Z.
0 () I area ] ez A2
By (i), ( dxj = (' W)= {42 ]==

OR
(B) y=x"*"+(logx)"

log X
= y = ™) | gloello ] [ x = e

— y — elogxlogx + exlog(logx)

2
— y — e(logx) +exlog(logx)

Differentiating w.r.t. x, we get

dy = oz’ x2logxxl+e"1°ga°gx) x| X x ! xl+10g (logx)x1
dx X logx x
= gy _ x'°¢* leoi+(log X)* x ! +log(logx) |.

dx X log x
(A) We have xdy+(y—x’¢*)dx =0
= xdy =—(y-x’e")dx
Rewriting the given D.E., we get %4‘1}/ =xe"

X X

On comparing with % +P(x)y=Q(x), we get P(x) = l, Q(x)=xe".
X X
1
So, LF.= ¢l = gber —x.
The solution of D.E. is given by y(x) = .[X (xe*)dx+C
= xy='[xzeX dx+C ...>0)

Taking szex dx = xzjeX dx —'[L%(xz)jex dx}dx

=x’e" —.[2)( e*dx

X X d X
=x"e —{2){]6 dx—j{d—x(2x)je dx}dx}
=x’e" —[2){ e’ —J.2exde
=x’e" —[2xeX —2ex}
By (i), we get the general solution as xy = (x* —2x+2)e* +C.
It is given that y(1)=0 i.e., when x =1, y=0.
So, I1x0=(1*-2x1+2)e' +C =>C=-e.
Hence, the particular solution is xy = (x* —2x+2)e* —e.

OR
(B) We have (x* +y*)dy = xydx
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Rewriting the given D.E., we get gy S -

dx x’+y’
Y
dy #-f{l

= 5= , hence it is a homogeneous D.E.
dx y X
I+ =
X

Tosolve,puty=vx:>ﬂ=v+xﬂ_
dx dx
So, the D.E. reduces to V+Xﬂ= v 5
dx 1+v
dv %
> X— = 2_
dx 1+v
dv —v*
> X—= 5
dx 1+v
1+ v? 1
= dv=—|—dx
-[ v -[x
1 1 1
=|| —=+—|dv=—|—dx
([ sJor=-ts
= - 12+log|v|:—log|x|+C
2v
x? y
=5 2Jrlog—:—log|x|+C
2 X
XZ
= - 2+10g|y|—10g|x|:—10g|x|+C
XZ
= - 2+10g|y|=C

It is given that y(0) =1 i.e., when x =0, y=1.

2

0
So, — +logll]=C = C=0.
2)(12 g| |
: . .x x? =
Hence, the particular solution is —F+log|y| =0 or 10g|y| =5 or y=e’ .
y y

x—2:y+2:Z—2:k'
2 -1

The direction ratios of the line (L) are 1, 2, —1.

30. (A) Rewriting the given line (L) :

A random point on the line (L) can be taken as P(X +2, 2\ —%, 2 —Xj .

Let A(2, 1, 4). Then the direction ratios of the line AP will be A, 2A —%, -2-A.

When AP is perpendicular to the line (L), we shall have 1xA+2 (2% —%j +(-)(-2-1)=0

=S>A+4A-54+2+A1=0
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=6A=3
:>7\4=l.
2
. ) ) 5 13
Hence, the required foot of the perpendicular is P > 755
. . x-2 y-1 z-4. x-2 y-1 z-4. -y 4-z
Equation of line (AP) : = = Le., = = Le., Xx—2=—== .
1 AP —="3="3 1 3 s 35
2 2 2
OR
x-1 y-1 z-2 . . . .
(B) Let(L,): > = 2 = 1 ; its direction ratios are 2, 2, 1.
, !
Let(L,): X_5=y—l=3_Z Le., X_S: 2 :2_3;its direction ratios are 2, 1, —2.
2 2 2 2 1 -2
Let 6 be the required angle between these lines.
2x2+2x1+1x(-2) 4 4
..cosf = = =
V242 422+ +(-2)7 9O 9
SO:COSI(ij.
9

Further, it has been given that the required line (say L) is passing through the point (1, 1, 1) and

31. Refer the

perpendicular to both lines.
i ok
Clearly, line (L) will be in the direction of vector [2 2 1|=-51+6]-2k.
21 =2
Hence, the Cartesian equation of line (L) will be x—1 = y-1 =2 _ Le., x-1 = y-1 =2 =
-5 6 -2 5 -6 2
graph shown below.
y = 2x
B(4,2)
1
X
-2 -1 1 2 3 4 5 6 7 8 -
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31.

Feasible region is bounded with three vertices A(1, 2), B(4, 2), C(2, 4).
We need to maximize Z =40x +30y.

Now Z, =40x1+30x2=100,

Z, =40x4+30x2 =220,
Z.=40x2+30x4=200.

So, maximum value of Z is 220 at the point B(4, 2).

FOR VISUALLY IMPAIRED

The vertices of the feasible region are A(20, 0), B(40, 0), C(30, 10), D(0, 20) and E(0, 10).
We need to minimize and maximize Z =50x —20y.

Now Z, =50x20-20x0=1000,
Z, =50x40—20x0 = 2000,
Z.=50%x30-20x10=1300,
Z, =50x0—20x20 =—400,

Z. =50x0-20x10=-200.

Clearly, the minimum value of objective function Z is —400 at D(0, 20), and the maximum value
of objective function Z is 2000 at B(40,0).

SECTION D

32.

(A) Relation R is defined on A = NxN such that (a, b) R (c, d) ifand only if a* +d* =b* +¢”.
Reflexive : Let (p, Q)€ A=NxN.

Then it is clear that p, qe N.

SO, p2+q2 :q2+p2

= (p, DR (p, Q).

Therefore, R is reflexive relation.

Symmetric : Let (p, q), (r, s) € A=NxN such that (p, Q)R (r, s).

So, p’+s’ =q* +r’

=q +r’=p°+s’

=1 +q =" +p’

= (r,s)R(p, q).

Therefore, R is symmetric relation.

Transitive : Let (p, q), (1, s), (u, v)€ A=NxN such that (p, q)R(r, s) and (r, s)R(u, v).
So, p>+s>=q*+r’ ...() and r’ + Vv’ =s> +u’ ...(ii)

Adding (i) and (ii), we get p* +s” +1° + v’ =q° +1° +s’ +u’

=Sp + (" +12)+ v =g + (7 +57) +u’

=Sp+vi=q+u’

= (p, PR (u, v).

Therefore, R is transitive relation.

So, R is reflexive, symmetric and transitive.

Hence R is an equivalence relation.
OR

(B) Given R :(—0, 00) [0, o) is defined as R ={(x, y):y=x"+5}.
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Take y=x"+5 for x € (-0, ©).
Refer the graph shown below.

oY ¥

6 =B —4 =312 [-110 123 4rrb

i)

| |
0
\

Yes, R is a function as the graph shows every element of the set (—oo, ) has a unique image in
the set [0, ).

Let us denote this function by f: (-0, 00) —[0, ) as f(x)=x>+5.

® Injective function: Since f(1)=1°+5=6, f(-1)=(-1)* +5=6 ie., f(1)=f(=1) but 1 # 1.
Thus f'is a many-one function, so not injective.

® Surjective function: Range of f(x) =[5, o) # codomain. So, it is not surjective.

Note that, codomain is [0, o).

Alternatively, make a correct graph as above.

Clearly, R is a function as graph depicts every element of the set (—oo, ) has a unique image in
the set [0, ).

Let us denote this function by f: (-0, 00) =[0, ) as f(x)=x>+5.

® Injective function: Let a, b € (—oo, ©), such that f(a) =f(b).

Then a’>+5=b"+5

=a’=b’

—a=1b

So, f is not injective.

® Surjective function: For f(x)=1, we get 1=x"+5 = x* =—4, which is not possible for all
values of x € (-0, ).

That is, there is no pre-image of 1 € codomain =[0, o) in the domain (—o0, ).

So, f is not surjective.

m MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics



YouTube channel - MATHEMATICIA By O.P. GUPTA = theopgupta.com

33.

FOR VISUALLY IMPAIRED

For every element a e (o0, o), we shall have a* [0, «), therefore a* +7 €[7, ) < [0, ).
Hence every element of the set (—o0, ) has a unique image in the set [0, o).

So, R:(~, o) —[0, ) givenby R ={(x, y):y=x"+7} is a function.

Let us denote this function by f:(—o0, 00) —»[0, ) as f(x)=x>+7.

® Injective function: Since f(1)=1°+7=8, f(-1)=(-1)’+7=8 ie., f(1)=f(-1) but 1= -1.
Thus f is not injective.

® Surjective function: Range of f(x)=[7, o) #codomain. So, it is not surjective.
Note that, codomain is [0, o).

Thus, the function f is neither injective nor surjective, and hence not bijective.

Letl:j 27X d4x
“Na+x

:>1=j AXA7X 4k
‘Va+x a-x

:‘I‘fm
X
=1= dx — dx
e lm=
Take f(x)=% and g(x) = x =
a”—x a”—x
a a —X

wf(=x) = =f(x) and g(—x) =

= = ——=-g()
\/az—(—x)2 Ja? —x’ \/az—(—x)2 Ja? —x> '

Using if(x) )2 ! f(x)dx, if £(-x)=f(x)

h 0, if f(—x)=—-f(x)

, WEC get IZZJ‘ﬁdX—
s —

=1=2a [sin1 3}

a 0
=1=2a [sin’1 l—sin™ 0} =2a [E—O}
2
SI=am.

Alternatively, let 1= I ‘/a— % dx
‘Na+x

Put x =acos20 = dx =—2asin26d06.

When x=—a:c0s29=—1:29=n:6=g

When x=a=c0s20=1=20=0=0=0.

: I——Zai /Msinzede
B °Va+acos20
2
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3
:>1=2aj /1 “’529 in20d0 = 2a stm 9 Gin26do= 2ajtanesmzede
o V1+cos2
>
:>I=2ajsnex25in9cos9d9
cos0

2
:>I:2aI25in26d6
0

2
:>I:2aj(l—c0s26)d6
0

=1=2a|0-

T—22 (E_san_(O_smOj
27 2 2
—1=2a (E—Oj—o}
2

sin 26}2
0

S I=am.

34. (A)Consider y=v4-x",y=0,x=2-y.
y=+4-x’ is a semicircle with r =2 and its 4y
centre is at (0, 0). 3

Also x=2-y :>§+%=1 is a straight line

whose intercepts on x and y both axes are 2.

2
". Required area:J.[\M—x2 —(2—X)J dx

) — . —>
) 4 -3 2 -10| 1 Nx
B e N S e x)} 1

2 27 2 2(=)

= 2\/ 4+2sin'1— ((0_)1)} {0\/ +2sm10—2((2)1)}

= 2xﬂ—[0+0+2]

=(n—2) Sq. units.
OR
B) y* =2x is a parabola with vertex at (0, 0).
y p

For the point of intersection of parabola y* = 2x and the line x —2y =0 :
Put x =2y in y* = 2x.
Sy =2(2y)
=y —4y=0
=y(y-4=0
[ 22 MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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34.

Either y=0 or (y—4)=0

Thatis, y=0 or y=4.

Hence, x =0 or x =8

.. Points of intersection are (0, 0), (8, 4).

Ay

8
.. Required area= J.[«/g—g} dx
0

8

2 I,
| =2 -
Dy }

_2 1 2 2 1 2
= 2288 ——x8 |-| Z42x0J0 —=x0
'3 4 3 4

= ?ﬁx2\/§—%x64}—0

_ 16x4_16}
3

ol

16 .
=— Sq. units.
3 q

FOR VISUALLY IMPAIRED

2 2
A) 25x*>+16y* =400 is an ellipse with standard form of equation given as S A
y p

16 25
Then y=%\/16—x2 .

Also, note that the ellipse is symmetrical about both the axes.
4

.. Required area= 4.[% V16 —x>dx
0
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4
=5[%\/16—x2 +§sm‘ﬂ

0

:5{[3\/16—16 +8sin™ 1}—[0\/16—0 +8sin™ o]}

]

=207 Sq. units.
OR
(B) y* =8x is a parabola, and the area of the region above the x-axis, below the parabola,
between the lines x =2 and x =5 is given by :

5
Required area= J. J8x dx

]

3

2

42 [s45-241]

= g[sx/ﬁ - 4] Sq. units.

35.  Let the events be
E, : user uses Alpha smartwatch;
E, : user uses Beta smartwatch;
E, : user uses Gamma smartwatch;
E, : user uses Delta smartwatch;
A : user gets a false heart-rate alert.
Clearly, {E,,E, ,E,, E,} is a partition of the sample space.
Then P(E,)=0.45, P(E,)=0.3, P(E,)=0.15, P(E,)=0.1.
Now 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, the total probability that a randomly selected user gets a
false alert=P(A)=P(E,)P(A |E,)+P(E,)P(A |E,)+P(E,)P(A|E,)+P(E,)P(A|E,)
=(0.45)(0.01)+(0.3)(0.02) +(0.15)(0.05) +(0.1) (0.01)
=(0.0045) +(0.006) +(0.0075) +(0.001)
=0.019.
(i) By Bayes’ theorem, the probability that the false alert came from a Beta smartwatch
PE, |A)= P(E,)P(A |E,)
P(E))P(A|E,)+P(E,))P(A|E,)+P(E;) P(A|E;) +P(E,)P(A|E,)
0.3x0.02  0.006

0.019  0.019

6
~P(E,|A)=—.
(B, [A)=75

= P(E,|A)=

SECTION E
36.  We have been given
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[ :T=(h+1)i+(Br+2)j+(3-M)k —T=i+2]+3k+1(1+3j-k);
L:t=2(+D)i+@u-1j+@+k S T=2i—j+k+p2i+3j+k);
I, T=(y+3)i+Gy-1)j+(1-p)k —T1=3i—j+k+y(i+3j-k)
The direction ratios of /;, /, and /; are respectively 1, 3,-1; 2, 3, 1;and 1, 3, —1.
(i) Since the direction ratios of /, and /, are not proportional i.e., 3 ;t%;t_Tl.
Hence, the lines /, and /, are not parallel to each other.
(ii) Since the direction ratios of /, and /; are proportional i.e., %=% =_—1.
Hence, the lines /, and /; are parallel to each other.
(iii) (A) For /., @, =1+2j+3k, b, =i+3]-k;
For ,, 4, =2i—j+k, b, =2i+3]j+k.
ik
Now &, -4, =1-3j-2k: b,xb, =[1 3 -1=6i-3j-3k.
2 3 1
, , @, —d,).(b, xb,)
Required S.D. between the lines /, and /, = —
(B, xb,)
(-31-2k).(61-3]-3k)
- ‘61—3}—312‘
6+9+6] 21 21 7 76
= = = —— units.

V364949 54 36 V6 6
OR
(iii) (B) For /,, a, =1+2j+3k, b, =i+3j—k;
For I, &, =3i—}+k. b, =i+3}-k.
Since b, =b,, so lines /, || /;. Take b, —b=i+3j-k
You may also refer to sub-part (ii) for proof of lines /, and /, being parallel.

A A A

i j k
Now d,-d,=2i-3j-2k; (8,-a,)xb=[2 -3 —2/=91+0j+9k.
1 3 -1
. . ‘(53—51)XB‘
Required S.D. between the lines /, and /, :T

VBI+0+81 _9v2 o [2 _9v22

N T RN TR FTRET
37. (i) W(x)=35+1.6x-0.02x>

= W'(x)=1.6-0.04x

For stationary point, W'(x)=0,1.6-0.04x =0

units .
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38.

=0.04x =1.6
=x=40.
Therefore, x =40 crores at the stationary point of W(x).
(ii) Since W'(x)=1.6—-0.04x
= W’'(x)=-0.04 <0 (at x =40).
So, W(x) is maximum at x =40.
Thus, the WQI is maximum when %40 crores are spent on the revival.
Also the maximum value of the WQI = W (40) =35+1.6x40—-0.02(40)> =35+ 64—-32=67.
(iii) (A) If the investment is 35 crores, then the WQI = W(35)=35+1.6x35-0.02(35)°
=35+56-24.5=66.5
-- Maximum value of WQI is 67. Refer to sub-part (ii).
Then the difference between WQI__ and W(35) is 67—-66.5=0.5.
So, the WQI is short by 0.5 units of its maximum level.
OR
(iii) (B) W(60)=35+1.6x60—-0.02(60)> =35+96—-72=59.
-- Maximum value of WQI is 67. Refer to sub-part (ii).
Clearly, W(60)=59 is less than the maximum value 67 of WQI, even though the investment
increased from 40 crores to 60 crores. This shows that the returns are diminishing.
Taking the price of each kg of apples, oranges, and pomegranate as Xx, Iy, and Iz respectively.
Clearly, we have 5x+10y+5z=2750, 10x +10y+5z=3500, 8x +15y+7z=4100.

5 10 5 X 2750
(i) Then the matrix formis AX =B, where A={10 10 5|, X=|y |, B=|3500|.
8 15 7 z 4100
-5 5 0
So, adjoint of the coefficient matrix is adj.A=| -30 -5 25
70 5 =50
(ii) Since |A|=25#0 . A exists.
-5 5 0
oAt =2A SAa'=L|30 5 25
|A| 23 70 5 =50

As AX =B implies, X=A"'B
-5 5 0 )(2750

:>X=i =30 -5 25 | 3500
23 70 5 =50/ 4100
X 150
=|y|=]|100
z 200

By equality of matrices, we get x =150, y=100, z=200.
Hence, the price of apples, oranges, and pomegranate are respectively X150 per kg, X100 per kg,
%200 per kg.
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