CBSE 2026 EXAMINATIONS
XII MATHEMATICS (041)

Series RPSQ4 ¢ Q.P. Code 65/4/1; 65/4/2; 65/4/3

( )

Time Allowed : 180 Minutes Max. Marks : 80

General Instructions :
1. This Question paper contains five sections - A, B, C, D and E. Each section is compulsory.
However, there are internal choices in some questions.
2. Section A has 18 MCQs and 02 Assertion-Reason (A-R) based questions of 1 mark each.
Section B has 05 questions of 2 marks each.
Section C has 06 questions of 3 marks each.
Section D has 04 questions of 5 marks each.
Section E has 03 Case-study / Source-based / Passage-based questions with sub-parts (4
marks each).
3. 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.
& J

M Q.P. Code - 65/4/1
SECTION A

This section has 20 multiple choice questions of 1 mark each.

01. The following graph represents

y
A

(0, m/2) (1, n/2)

(_]-alo) IL_
— . O (1, 0)

(-1, -7/2) (0, —m/2)

\4
’

y
(a) y=cos'x (b) y=sec” x (c) y=tan"'x (d) y=cosec™'x

N

Sol.  (d) Since for y =cosec™'x, x € (—0,—1]U[l, ©) and [—g, g}—{o}-

3
02. IfA= [aij} isa 2x2 matrix whose elements are given by a; =¥, then A’ is
3 3 & 3
@7, ®) ) ©1, CA
— 2 =~ 2 — 1 = 1
2 2 2 2
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_ |3 ap
Sol.  (b) Let A = [aij]m = L ) }
21 22
1 > 1 1
= A=| 2 LA 2
- 2 - 2
2 2
03.  The principal value of sec™ (v/2) + 2 cosec™ (—v/2) is
T T T T
a) —— b) —— c) — d) —
(a) 5 (b) 2 (©) 2 (d) 5
Sol.  (b) sec™ (v/2) +2cosec™ (—/2) = i 2(—Ej I IR
4 4) 4 2 4
04. If points (2, 3), (0, 4) and (p, 2) are collinear, then the value of p is
4 3
a) — b) —— c)4 d) -4
(a) - (b) - (c) (d)
2 31
Sol.  (c) Since points are collinear so, |0 4 1/=0
P wa
=2(4-2)-3(0-p)+1(0—4p)=0
=4+3p-4p=0
S p=4.
05.  Differential of e® with respect to x is
(a) logx (b) e (c) e*e” (d) (e¥)?
d et | _ e* X
Sol. (¢) &[e }—e Mhe
06.  The surface area of a sphere when its volume changes at the same rate as its radius is
(a) 4 sq. units (b) 1sqg. unit (c) 4 sq. units (d) msq. units
Sol.  (b) Since - =g
dt dt
d [475 3} dr
=>—|—r1i|==
dt] 3 dt
= 4nr’ ><E _dr
dt dt
=4nr’ =1
.. Surface area of sphere =1 sq. unit.
sin x +cosx,x#0
07. Iff(x)=9 x ’ is a continuous function at x =0, then the value ofk is
k,x=0
(a) 0 (b) 2 (c)-1 (d)2

Sol.  (d) As fis continuous at x =0 so, f(0) = ling f(x)

. [sinx
:>k=hm( +cosxj

x—0 X

=k=1+cos0=1+1
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~k=2.

08. The greatest integer function, f(x)=[x], 0 <x <3 is not differentiable at how many points?
(a) At only one point (b) At only two points
(c) At no point (d) At three points

Sol.  (b)In 0<x <3, only x=1,2eZ. That is, at only two points the given function f(x)=[x] is
not differentiable in 0 <x < 3.
Recall that, a g.i.f. is not differentiable at all x =ce Z.

09. '[ & is equal to
J25-16x
(a) lsin’1 4x+C (b) isin’1 16x+C (c) lsin’14—X+C (d) isin’14—X+C
5 4 5 16 5
Sol. sm 4—+C

C)I\/zs 16x> J«/s 2 (4x)?

1
10. .[ dx —=tan" e+k, then the value of k is

X

e +e
T T
b) — 0 d) —=
(@) e ()4 (c) (d) 2
1 1
dx e* dx
Sol. d) Let I = =
© (@) Le ~(|;e:"+eX ~(|).e2"+1

Pute*=t=e*dx=dt
When x—0:>t:1 when x=1=t=¢

= [

1

tan t] —tan 'e—tan ' 1=tan™' e—g ...(1)

1
Comparing (i) with I . gl =tan"'e+k, we get k = _g )
e
0

e
11.  The area of the region bounded by the curve y = x and x-axis, between x =0 and x =2 is
(a) 2 sq. units (b) % $g. unit (c¢) 1sq. unit (d) 4 sqg. units

Sol.  (a) Though we can solve this problem by integration. Y _
But it is a MCQ, so we shall use the formula for area of A. (2 2) / y=Xx
A

Therefore, the required area = ar(AOAB) = %x OBxAB

=%><2><2=2 $q. units.

Alternatively, by integration we can evaluate J. xdx to X =9
) =

find the area of the region bounded by y = x, x-axis, between x =0 and x =2.

3 3 2
12.  Product of the order and degree of differential equation 1+ (% = (ﬂj is
X

(a)5 (b) 6 (c)2 (d)3
Sol.  (b) Order : 3, Degree : 2.

.. Required product=3x2=56.
13.  Which of the following is not a Linear Differential Equation?
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Sol.

14.

Sol.

15.

Sol.

(@) (1+x*)dy +2xydx = cot xdx (b) y +di(xy) =X (sinX +logx)
X

() x(I+y))dx—y(1+x*)dy =0 (d) ydx —(x+3y*)dy =0
(c) Only the D.E. given in option (¢) x (1+y*)dx —y(1+x*)dy =0 is not a Linear D.E.

® Option (a) transforms to ﬂ%r 2x y= cotx , which is Linear D.E. in y.
dx ?

1+ x> 1+x

® Option (b) transforms to % +g y =sinx +logx, which is Linear D.E. in y.
X X
® Option (d) transforms to % —lx =3y, which is Linear D.E. in x.
y 'y
The region represented by the system of inequations 3x+y >3, 2x-y>-5;x,y>0 is
(a) unbounded in 1% quadrant (b) bounded in 1* quadrant
(¢) unbounded in 2™ quadrant (d) bounded in 2™ quadrant

(a) The region represented by given system is “unbounded in 1* quadrant”.
p y g y q

3x+y = 3 Y

2x—-y = -5

/ O\ X

In the graph, the feasible region representing the Linear Programming Problem for maximizing
objective function Z=px+qy; p, q>0 is shaded. If all points on segment AB give max (Z),

then which of the following is true?

Feasible Region
ABCO

» X
O] 5,0 (15,00 >
(0, 0)
(@) p=2q (b) p=3q () q=3p (d)q=2p

(c) Since max(Z,) =max (Z;)
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16.

Sol.

17.

Sol.

18.

Sol.

So, px0+qx5=px3+qx4

..q=3p.
If(31—23’+51§)x(41+p3+q1;)=(),thenthevaluesofpandqare
2 5 8 20 20 8
Ap=-2.q=> () p=-2,q=2 () p==rd=—= (@) p=0,q=0
(a) p 3973 () p 3973 (c) p 39773 (d)p=0,q
(b) Since (31—2j+5k)x(4i+p j+qk)=6 s0, the non zero vectors involved must be parallel.
Therefore,§=_—2=§
4 p q
Consider§=_—2 and§=§
4 7 4 q
)
377 30

Three points A(0, 1, 1), B(2, 0, —1) and C(1, 0, 3) form AABC. Then the ar(AABC) is
(a) ? $g. units (b) J53 $g. units () g $q. units (d) N $g. units

(a) Here A—B:2f—3’—2f< and A—C:i—j+21;.

A A A

P7 ok
ABxAC=[2 -1 -2|=-4i-6j-k
1 -1 2
<. ar(AABC) :%‘A—BXA—C‘ =%\/(—4)2 +(=6)> +(=1)’ =%\/16+36+1 =§ sq. units .

A box contains 4 red, 5 blue and 1 green marble. A child randomly takes out a marble from the
box, notes down the colour and puts it back in the box. If the activity is repeated 3 times, what is
the probability that at least one marble is red?

27 8 2 98
(@) E (b) E (c) E (d E

(d) Here P(red) = % = %, P(not red) =1-

| N

J
>

.. P(at least one red) =1—P(no red in three trials) =1—§><§><g =1—£ =ﬁ.
555 125 125

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

19.

Sol.

20.

(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.

Assertion (A) : If A and B are two square matrices such that AB and BA are defined, then it is
not necessary that AB=BA.

Reason (R) : Product of two diagonal matrices of same order is commutative.

(b) Both Assertion and Reason are true, but Reason is not the correct explanation of Assertion.
Assertion (A) : A function f:N — N given by f(x)=x’+2, V x € N is one-one but not onto.

1/3

Reason (R) : Since V y € N (Codomain), there does not exist x =(y—2)"" in N (Domain) such

that f(x)=x’+2=y.
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Sol.  (a) Let f(x,)=f(x,); X;,x, e N. Then x; +2=x+2 =X, —x; =0
= (x, —xz)(xl2 +X,X, + xi) =0
Since x,,x, €N, (X; +x,x, +x3)#0 . (x,—x,)=0 =X, =x,.
Clearly, fis one-one.
Let y=2eN suchthat y=f(x)=x’+2.Then 2=x+2=x=0¢N.
That means, there are some y in the codomain whose pre-images are not in the domain.

Hence, fis not onto.
.. Both Assertion and Reason are true and, Reason is the correct explanation of Assertion.

SECTION B

This section has 5 Very Short Answer questions of 2 marks each.

21. Evaluate tan™ [—Lj +cot™ (Lj +tan™ [sin (—ED +tan ' (tan Ej .
5 NG 2 3
r 1 o1 af . T R 21
Sol. tan [——j +cot (—j +tan [sm (——D + tan (tan —)
5 NG 2 3

-7 tan? (=1)+tan™ tan(n —Ej
6 3 3

T T -1 T
=———+tan | —tan—
6 4 ( 3)

:—l—tan’1 tanE =—£—E=—5—n.
3 12 3

12 12
COS X T
» XF —
[ — X 2 . : T
22. (a) Show that the function f(x)= 2 1s continuous at x =E.
1, x= T
o
OR
0 0 X— 1 , X < 2 a . .
(b) Find whether the function f(x)= at x =2 is differentiable or not.
2x-3,x22

Sol.  (a) Here f(gj b

Sin (—X + 2)
Also lim f(x) = lim—2% = lim—~ =/

T T ) T
vX—>— x——>01e,—-x+——0
2 2 2

Since f(ﬁj =limf(x) ..f(x) is continuous at x =§ .

x—>E
OR

(b) Here f(2)=2(2)-3=1.

LHD ¢ lim A0 =E@) i G=D=M) K22 iy =1

Xx—2" Xx—=2 Xx—2" Xx—=2 x»2 x =2 x—2"

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



Watch Maths Lectures on YouTube.com/@theopgupta = theopgupta.com

23.

Sol.

24.

Sol.

25.

Sol.

RED : lim 10— f@ _ . Cx=3)-O) . 2(x-2) lim (2) =2
x—2" X — x—2" X — x—2" X — x—2"

-~ LHD # RHD ..fis not differentiable at x =2.
Find the values of x for which f(x)=x", x >0 is increasing.

We have f(x)=x",x>0

= f(x) =" = f(x) ="

= f'(x) =" (xxlﬂogxxlj =x"(1+logx)
X

For critical points, f'(x)=x" (1+logx)=0
=1+logx=0 =logx=-1

x=e
, ) 1 ) I 1
~f'(x)<0in | 0,—| ..f(x)is decreasing in | 0,—
e e
, .1 . .1
wf'(x)>01in | —,0 | .. f(X) is increasing in | —, |.
e e
If the position vectors of three points A, B and C are 3f+j, 51+6j—31A< and 43’ respectively,
then show that they form an isosceles triangle.
AB=0B-0A=(5i+6]-3k)-(3i+])=21+5]-3k,
BC=0C-0OB=(4])—(5i+6]-3k)=-51-2]+3k,
CA=0A-0C=(3i+]))-(4))=31-3].
“AB+BC+CA=2i+5]-3k-51-2j+3k+3i-3]=0
So, the points A, B and C form a triangle.
Now ‘A—B‘:«/22+52+(—3)2 =/4+25+9 =38,
‘B—C‘=\/(—5)2+(—2)2+32 ~2514+9=+/38 and ‘C—A‘=«/32+(—3 > =919 =48
As ‘TB‘:‘B—C

Therefore, the points A, B and C form an isosceles triangle.

, the triangle has two equal sides.

(a) Let two rods placed on the ground be represented by vectors 41 —3’+312 and —21 +3’—21; .

Find a vector representing a flag-post of height 5 m that has to be erected perpendicular to both
the rods.
OR

: L. : T . .M. :
(b) A unit vector a is such that it makes an angle 1 with x-axis, 3 with y-axis and an acute
angle 6 with z-axis. Find 6 and the components of a .

(a) Let a=4i—j+3k, b=—2i+]-2k.

A

i j k
Now axb=|4 -1 3 :—f+2j+21;:13 say.
-2 1 =22

Since the required vector is perpendicular to @ and b both.

So, it must be in the direction of a xb.
Note that, the flag-post is of height 5 m i.e., magnitude of vector should be same as this height.
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. : Cen oD [-1+2)+2k —i+2j+2k
Hence, required vector of magnitude S mis=5p=5-—==35 LY :5( LYyt ).
| JI+4+4 3
OR
: T T
b) Given o =—,p=—, y=0.
(b) P37

. n T
Since cos’ a.+cos’ B+cos’0=1. So, cos’ i cos’ 37 cos’0=1.

1Y (1Y
=|—=| +|=| +cos’0=1
(ﬁj (2j

:>l+l+cosze=l
2 4

s cos?0=1-> =1
4 4
:>cose=% [As O is acute angle
—0=".
3
Therefore, 5=Lf+lj+lf<.
20 27 2

Hence, the components of a along x, vy and z axes are L l l respectivel
2 p g > y \/57 2 ] 2 p y.

SECTION C

There are 6 Short Answer questions in this section. Each is of 3 marks.
X—2

26. (a) Let A=R—-{3} and B=R—{l}. A function f: A — B is defined by f(x)= (—3) Find

whether f is one-one and onto.
OR
(b) Let n be a fixed positive integer. A relation R is defined in set Z such that R ={(x,y):

(x—y) is divisible by n; x,y € Z}. Determine if R is an equivalence relation.
Sol.  (a) Let f(x,)=f(x,) for some x,,x, € A (domain).

Then X, -2 _X,-2
x,-3 x,-3
= XX, —3X, —2X, +6 =Xx,X, —2X, =3X, +6
= —X, =X,
=X, =X,

.t is one-one.
Let y=f(x), ye B=R—{1}.
x—2
x—-3
=2-3y=x-Xy
=2-3y=x(1-y)
273y
I-y
EN MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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Since ye B, y#1, so x is always defined.
For every y € B, there exists x € A, hence f'is onto.

OR
(b) R={(x,y): (x—y) isdivisible by n; x,ye Z
Forany aeZ,a—a=0 = a-—a is divisible by n so, (a, a) lies in R.
. R is reflexive.
Also for (a,b) e R implies that a—b is divisible by n .
That is, a—b=np for some pe Z =b-a=n(-p)
= b—ais divisible by n ..(b,a)eR.
So, R is symmetric.
Now for some a,b,c € Z such that (a,b)eR and (b,c)eR.
Then (a,b) € R implies that a —b is divisible by n .
That is, a—b=np for some peZ.
Also (b,c) € R implies that b—c is divisible by n.
That is, b—c =nq for some qe Z.
S(a-b)+(b-c)=np+ngq=>a-c=n(p+q).
That means, a — ¢ is divisible by n.
So, (a,c)eR.
Hence, R is transitive.
.. R is an equivalence relation on the set of all integers.

320
27. IfA=|1 4 0], thencompute A>—7A+101.
0 0 5
3 2 0(3 2 0] [11 14 0
Sol. A*=AA=|1 4 0|1 4 0|=|7 18 0
0 0 5][0 0 5 0 0 25
11 14 0 320 I 0 0
Now A’-7A+10I=[ 7 18 0 |-7|1 4 0[+10[0 1 O
|0 0 25 0 0 5 0 0 1
[11 14 0 21 14 0 10 0 O
= 18 0}7 28 0{0 10 0
10 0 25 0 35 0 0 10
[0 0 0
=0 0 0(=0.
10 0 0
28. (a) If xy=¢"", then find ﬂ
dx
OR
JI+x? —J1-%

(b) Differentiate tan{ } with respect to cos™' x*.

\/1+x2 +\/l—x2
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Sol.  (a) xy=¢e""
Taking log both the sides, we get log(xy) =loge™™”
=logx+logy=(x-y)loge
~loge=1 slogx+logy=(x-y)

1 dy _

Now on differentiating w.r.t. X, 1 +—x l—ﬂ
x y dx dx

lxﬂ+ﬂ=]_l
y dx dx X

:[l.{.l}gzx__l
y dx x

:[lvtng:x—l
y Jdx  x
L dy _y&x-D

dx x(1+y)’

=

OR

\/l+x2 —\/l—x2
\/1+x2 +\/l—x2
2

Clearly, cosz=x".

(b) Let y =tan™ { } and z=cos ' x”.

Put x* =cosz iny.

) y—tanl(\/l+cosz —\/l—coszj

\/1+cosz +\/1—cosz

z . V2
\/20052—\/2s1n2
= y=tan" K *
z ¥
\/2cos2+\/2sm2
2 9)
V. W7 z
COS — —SIn — 1—tan —
:>y=tan’1 B U 1 =tan"' i
COSE+Sin5 l1+tan=
T z
tan — —tan —
:>y:tan’1 4 2
z
1+tangtan—

_1 T z
= y=tan tan (— ——j
4 2

AV
. - . . dy 1 1
On differentiating with respect to z both the sides, we get g =0 575
V4

29. Solve the following Linear Programming Problem graphically.
Maximise Z =200x +120y
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Sol.

30.

Sol.

Subject to the constraints x +y <300, 3x+y <600, x—y>-100; x,y>0.
Consider the graph shown below.
Corner points are O(0, 0), A(0, 100), B(100, 200), C(150, 150) and D(200, 0).
Zy=0,7Z, =12000, Z, = 44000, Z. = 48000, Z, = 40000

Y
3x+y = 600 The maximum value of Z is 48000, which
occurs at the point (150, 150).
e
_I_
<
I
o
-
S
B
C
A
X
D\
x—y = =100
(a) Find a point on the line i l;y h, at a distance of +/2 units from the point
a,2,3).
OR

(b) Find the shortest distance between the lines
F=(4+0)i+Q2A-1)j-3rk
F=(1+20)i+Q2-5wk+(4u=1)].

(a) Let A(1, 2, 3).

x=2 1-y z-3

3 2 2
The coordinates of any random point on the line is P(3A +2,1-2A,2A +3).

Taking AP =+/2 ie., AP>=2

S Gh+2-1)2+(1-21—2)> +(2A+3-3)> =2
= (Bh+1)% +(=1-2X)% +(21)? =2

=ON +OA+1+1+40+40° +407 =2

= 170> +10L =0
=A(171+10)=0
Either A=0 or (17A+10)=0

Either A=0 ork:—m.
17

Let =A\.

When A =0 : Required point is (2, 1, 3)
: .. (4 1
When A = _10 : Required point is —,3—7,3— .
17 17 17 17
OR
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(b) Rewriting the lines, we get T=41—j+A(1+2]-3k), T=1—j+2k+p(2i+4]-5k).
So, @, =4i—j,b, =i+2j-3k;d,=i—j+2k, b, =2i+4]j-5k.
Now &, -4, =-3i+2k.

i ]k
Also b,xb, =1 2 -3|=2i-].
2 4 -5
‘(a ‘( 31+2k)(21—])‘ Y

Therefore, S.D.=

it
S22 +0 A4l \/_ums

31.  Ina school, the probability of holding a debate competition is % and that of a quiz competition

is % . In the two participating teams, A has 4 girls and 6 boys and B has 7 girls and 3 boys. If a

debate competition is held, the students are selected from team A and for the quiz competition
they are selected from team B. If only two students are to be chosen from the teams, then find
the probability that one will be a girl and the other a boy.

Sol.  Let E, and E, be the respective events that a Debate competition is held and that a Quiz
competition is held. Also let A be the event that one girl and one boy are selected.

‘C, % °C, _A4x6 24 ’C,x°C, _7x3_21
PE— PE— ,P(A|E,)=—2 =—,P(A|E,)=— .

Using total probability, P(A)=P(E,).P(A|E,)+P(E,).P(A|E,)
P(A)_l ﬁ_‘_g 21 _24+42 66 22
3 45 3 45 135 135 45

SECTION D

There are 4 Long Answer questions in this section. Each is of 5§ marks.

32. (a) Find _[

(x —1)(X +4)
OR
¢ xtan"' x
b) Evaluate | ————dx.
(b) Ev uae-([(l+x2)3/2 X
X A +B(2x)+C

Sol.  (a) Consider 5 = >
x-Dx"+4) x-1 X +4

= x=AKX>+4)+B2x)x=1)+C(x-1)

On comparing the like terms on both the sides, we get A —% m

X 1 2x
o N
(x-1(x"+4) 5(x-1) 10 X +4 5 x> +4
1 | X
=glog|x 1|——0><10g‘x +4‘+ xEta E
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1 1 2 X
:—log|x—1|——log‘x2 +4‘+gtan IE+C

Recall that, '[ dX =log |f(x)| +C.
OR

dx =d0 = dx = (1+tan” 0)d0 =sec’0dO. Also x =tan0.

(b) Put tan"' x =0 =
1+x?

When x =0=6=0, when x=1:>6=§.

| i
J-xtan X ix = J-( Otan O sec’ 0 do
0 0

(1+x%)" 1+ tan? 6)3/2
: : :
=Ieta3 N0 ec?0do= jetane d0 = [0sin0do ..()
, sec o secO 0

Consider j 0sin0d0 =0 j sin0d0 — j [E(e) j sin 0 de} do

=—9cose+.[cosed6=—9cose+sin6

tan 'x

1
By (i), J. dx =[—Ocos(9+sin9]g/4
0

( 3/2

== Zcos s Ysin= —[-0cos 0 +sin0]
4 4 4

TE 1 1
PN
:( _gj l2
(i)

33.  Using integration, find the area of the region enclosed by the curve y =

, the x-axis, and

between x =4 and x =8§.
Sol.  We need to find the area enclosed by y =

, the x-axis, and between x =4 and x =8.

X—6,x2>6 Y
=|x—6|= .
—(x—6),x<6 \

6 8
Required area= ﬂx —6| dx +J.|x —6| dx

=—.6[(x—6)dx+.8[(x—6)dx /
1 76 1 28
=—E[(x—6) L+E[(x—6) ] '\6/' X

- Lo+ 1a-0] x=4
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=2+2=4Sq. units.
34. (a) Solve the differential equation ye'dx = (y’ +2xe”)dy when y(0)=1.
OR
(b) Find the general solution of the differential equation (x* —3xy”)dx = (y’ —3x’y)dy .
dx y3 +2x¢e’

Sol.  (a) Rewriting the D.E.,
dy ye’

2

On comparing with %+ P(y)x =Q(y), we get P(y) = —g, Q(y) = yy
y y ©

2
j—;dy — e—210gy — 1 —

1
So, I.LF.=¢ —=—.
e(’gy y

. 1 1y
The general solution is given by —xx = J — X y—y dy+C
y -

X
7_'[ ydy+C
-y
:>iz=e—l+c
y —
:>£2+e’y =C
y

As y(0)=11e., y=1,x=0.

So, 1%nLel:C =C=e¢".

: . T 9 _ 3
Hence, the required solutionis —+¢e™ =€ 'orx=y’ (——e yj.

y e
OR
3_ 2
(b) Rewriting the D.E., dy %
T dx -3xy
Put y = Vx:ﬂ—thxg
dx dx
dv  x*-3x*v?
VX —=———
dx V3X3 _3X3V
dV 1-3v*
dX TV o3y
dV 1—V4
dX TV o3y
X
4v? 2 | |
_J .[( 7y _ d =—log|x| [ Put v* =t in second integral of LHS
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35.

Sol.

1, .o 3podt
..Zlog‘v _1‘_§~[t2—1__10g|x|
1 3.1, |vi-1
= —logly* —x*|-1o —=x—1lo =-1lo +log|C
3108y —x'|log x| log o= = log x| +1og| €
1 4 4l 3 y’ —x’ _
:Zlog‘y -X ‘—Zlog i =log|C|
y? x>
:>logy4—x4‘—3log ——=log|C"|
Yy +x’ ’
= log (yz—xz)(y2+x2)‘+log[yz_xzj =log|C*|
2 4 52 3
= log (yz—xz)(y2+x2)x[§2_xzj =log|C"|
2 2\4
:>10g(yz+—xz)2=log|c4|
(y" =x%)
2 25\2
= 210g| Y X)) _o10g |2
(y" =x%)
2 25\2
SO ) where A=
(y"=x%)

sy +x%)? =My® —x?) is the required solution.
Find the equation of a line (in vector and Cartesian form) that passes through the point of

intersection of lines &' = y;2 = 223 and X;4 =yT_l=z and is parallel to the vector
3i+2j-8k.
Let x—1=y—2=z—3=k and X_4=y—_1=z=

2 3 4 5 2

The coordinates of any random point on both the lines are P(2A+1,3A+2,4A+3) and
Q(5u+4,2u+1,u) respectively.
When the lines intersect, the points P and Q will coincide.
That is, 2L +1=5u+4 ...(1)
3A+2=2p+1..(3i1)
p=4r+3 ..(>ii1)
Solving (1) and (iii), we get A =—1, p=—1
Put A =-1, p=-1 in (ii).
LHS of (i) : 3A+2=3(-1)+2=-1;
RHS of (i1) : 2u+1=2(-1)+1=-1.
Hence, the points P and Q coincide and therefore the point of intersection is (—1, —1, —1).
Now vector equation of a line passing through (-1, —1, —1) and parallel to 3i+ 23’—81; is given
by f=—i—j—k+A(3i+2]-8k)
+1 y+1 z+l
2 -8

Also the Cartesian equation of line will be X

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



CBSE 2026 Exams - Maths (041) By O.P. GUPTA (INDIRA Award Winner)

SECTION E

In this
36.

Sol.

section there are 3 Case Study questions of 4 marks each.

At a birthday party, children are being served orange juice in conical cups, as shown in the
figure.

R=5cm

H=15cm

A4

Each cup is 15 cm deep and has a radius 5 cm. The juice is being poured into this cup at a rate of
0.1cm’/s.

Based on the above information, answer the following questions.
(i) Establish a relation between the height h of the juice in the cup and radius r of the surface of
the juice in the cup, if the semi-vertical angle of the cone is o.
(ii) At what rate is the juice level in the cup rising when the juice is 6 cm deep?
(iii) (a) When the juice is 6 cm deep, then find at what rate is the upper surface area of juice
increasing?

OR
(iii) (b) When the juice is 6 cm deep, then find the rate at which the wetted surface area of the
cup is increasing.

(i) In the right-angled triangle formed by the semi-vertical angle o, tan o =% .

Also from the full cup, tana=5=i=l.
H 15 3
PLTELRN 5
3 h
n, =wfhY. xh’
(ii) Volume ofthe cone, V=—r"h :—(—j h=
3 303 27
dV 3rnh® dh
=>—-= X—
dt 27 dt
:ﬁzo.lx 92
dt wh
:(%j =0.1x 92:Lcm/s.
dt )6 em nx6- 407

2
(iii) (a) The upper surface area is A =nr’ = n(%j
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37.

Sol.

:>A=E)(h2
9
dA 27 dh
= —=""xhx—
d 9 dt
:(d_Aj :ﬁx6xL:icm2/S.
dt at h=6 cm 9 407[ 30
OR
2 2 2

h_+10h m/10h’
3

The wetted (curved) surface areais A =nr/= ngx 5
dA 2m/10h _dh

> — =X
dt 9 dt

(dAj 27d10x6 1 410
= — = X = C
dt ) oo 9 407 30

A carpenter needs to design a wooden box in the shape of a cuboid such that the sum of its
length and breadth is 3 cm more than its height. Twice of its length, thrice of its breadth and its
height add up to 10 cm. Its breadth added to 7 times its height is 1 cm less than 3 times its
length.

Based on the given information, answer the following questions.

(i) Write the equations representing the various dimensions and express them as the matrix
equation AX=B.

(ii) Find if A™" exists. Justify your answer.

(iii) (a) Find A™".

2
m-/s.

OR
(i) (b) Find A +71.
Let the length, breadth, and height of the box be x, y and z respectively (in cm).
(i) According to the question, we get x +y—z=3, 2x+3y+z=10,3x-y-7z=1

I 1 -1}|x 3 1 1 -1 X 3
12 3 1 |ly|=|10|,where A=|2 3 1 |,X=|y|,B=|10].
3 -1 -7||z 1 3 -1 -7 z 1

(i) " |A] =1(-21+ D) - 1(-14=3) + (=1)(-2-9) =—20+17+11=8 % 0
- A7 exists.
(iii) (a) We shall use cofactors of elements a to write the adjoint of matrix A.

-20 8 4 . -20 8 4
cadiA=| 17 -4 3| A=A _Lhoo 4 5

det.(A) 8
-11 4 1 -11 4 1
OR

11 11 1 -1 0 5 7
(i) (b) A>=AA=|2 3 1|2 3 1]|=[11 10 -6
3 -1 -7(|3 -1 -7| |20 7 45
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o 5 7 7 00 7 5 7
SAPHT7I=| 11 10 =6(+|0 7 O|=| 11 17 —6/|.
=20 7 45 0 0 7 =20 7 52

38.  An NGO organizes a charity event in which they decide to distribute woolen caps to protect
children from winter. The caps to be distributed are in three separate boxes, Box I has 30 red
caps, Box II has 20 red and 10 green caps, and Box III has 30 green caps. The probability that a

Box 1 is selected and a cap picked out is %, where i=1,2, 3.

Based on the above information, answer the following questions.

A person selects a cap.

(i) What is the probability that he selects a red cap?

(ii) If he selects a green cap, what is the probability that the cap has come from Box I1?
Sol.  Box I: 30 Red caps; Box II: 20 Red and 10 Green caps (Total 30)' Box III' 30 Green caps.

Now the probabilities of selecting Box i: P(E,) = P(E )= P(E )==

(i) Let R be the event of picking a Red cap.
So, P(R)=P(E,)P(R |E,)+P(E,)P(R|E,)+P(E;)P(R | E;)

PRy 15 30,2,20,3 0 707

6 30 6 30 6 6x30 18

(ii) Let G be the event of picking a Green cap.
7 11
So, P(G)=1-P(R)=1-—=—.
o PO=1=PRI=1-7g =13

Using Bayes’ theorem, P(E, |G) =

P(E,)xP(GE,)

P(G)
210
6 30_2
=P(E, |G)= ™ N,
18
M Q.P. Code - 65/4/2
01. The following graph represents
y
A

 /
y/
(a) y=sec'x (b) y=cot™ x (c) y=tan"'x (d) y=cosec'x

Sol.  (b) The graph is of y =cot™ x . Since the domain is x € (—o0, o) and range is y € (0, ).
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02.

Sol.

06.

Sol.

12.

Sol.

18.

Sol.

23.

Sol.

Let A= [a ] be a 2x2 matrix whose elements are given by a; = _@i- J) . Then A’ is
33 30 33 30
(a) 4 (b) 4 (c) { (d) {
0 — 3 — 0 — R
3 3 3 3
o L 15
(a) Since A=[aij]={ ! 12} . That gives, A = 3 A=
a, a, 4 4
3 — 0 —
3 3

If the distance travelled by a particle in t seconds is given by S=72t+3t> —t’, then time taken
by the particle to come to rest is
(a) 4 seconds (b) 6 seconds (c) 3 seconds (d) 0 seconds

(b) For S=72t+3t> —t*, %:72+6t—3t2 =-3(t° —2t-24).

When particle comes to rest, then % =-3(t" -2t-24)=-3(t-6)(t+4)=0

St=6sec [-t=—4

2 TP 2
The sum of the order and the degree of the differential equation 4{%} + 3|:1 + (?j — y:l =0
X
is
(a) 2 (b) 3 (c) not defined (d) 4
(d) Order : 2, Degree : 2.
. Required sum=2+2=4.
The probability that it will rain tomorrow in cities A, B and C is 60%, 70% and 80%
respectively. The probability that it will rain tomorrow in at least one of the cities is

244 9
— b) — 1 d) —
. 250 ®) 350 & D%
(b) Let P(A), P(B) and P(C) be the probabilities of rain in cities A, B, and C respectively.
60 40 30 20
PA——PB—— =— P(A)=—,PB)=—, P(C)=—
(A) 100 B) 100’ PO 100 B(A) 100 B) 100 ©) 100

Now P(rains in at least one city) =1—P(no rain in any city)
=1-P(A") P(B") P(C")

40 30 208 g i

5 10

)=

100 100 100

Find the interval (s) in which the function f(x

1_250-6 244
5 250 250

, where x € (0, 1)U(1, ), is increasing.
log x

Given f(x)=

log x

logxxl—xx;_ log x—1

(logx)’  (logx)’
For the function f'to be increasing, we must have f'(x)>0

=f'(x) =
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logx —1 S

(logx)’
=logx—-1>0
=logx >1 [ loge=1
=>Xx=2€

. f(x) is increasing on [e, o).
24, If (2f +33’+1;) and (2f +j—1;) represent the sides AB and AC respectively of AABC, find the

vector representing the median through A.
Sol.  Let AD be the median through A. Clearly, D will be the midpoint of BC.

AB+AC  (2i+3j+k)+(2i+j-k)

Therefore, AD =

2 2
:>A—D=2f+2j
Hence, the vector representing the median through A = 21+ 23’ .
1 2 2
27. If A=|2 1 2|,thencompute A>-4A-5I.
2 21
1 2 2|1 2 2 9 8 8
Sol.  Since A>=AA=|2 1 2|2 1 2|=|8 9 8
2 2 1]2 2 1 8 8 9
9 8 8 1 2 2 1 0
Now A’—4A-51=|8 9 8|-4/2 1 2 —5{0 1
8 8 9 2 9 0 0
9 8 8, |4 8 8|5 0 0 0
= =8 9 8|-/8 4 8|-|0 5 0]=(0

0 0
0 0|=0.
8 8 9] [8 8 4| |0 0 5 0 00
29. Solve the following Linear Programming Problem graphically.
Minimise Z =20x +10y
Subject to x+2y <40, 3x+y>30, 4x+3y>60; x, y>0.
Sol.  Consider the graph shown.
The corner points are A(4, 18), B(6, 12), C(15, 0) and D(40, 0).
Therefore, Z, =260, Z, =240, Z. =300, Z, =800.

Y
Hence, the minimum value of Z is 240 at
4x+3y = 60 the point (6, 12).
A,
B
C L X
3x+y = 30 x+2y =40
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33.

Sol.

35.

Sol.

Using integration, find the area of the region bounded by the curve y = x|x , X-axis, x =—2 and

x=2.

x*, x>0
We have the curve y:x|x|:{ ) .
-x",x<0
0 2 Y4 y =Xx|x]
Required area= '[—xzdx +'[x2dx
-2 0
Ip ;90 1p 372
T AT, oo
= —%[0—(—8)] +§[8—0] ) o (2,0 X
8 8
=|——|+—
31 3
=§+§ v
3 3

= ? Sq. units .

Find the vector and Cartesian equations of the line passing through the point of intersection of

the lines f:(f+3’—12)+7»(3f—j) and f=(4f—f<)+u(2f+31;) and parallel to the line X—21 -

s

Let L :F=(i+j—K)+A(3i—]) and L,: F=(4i—k)+p(2i+3k).

The coordinates of any random point on these lines are respectively P(3A+1,—A+1,-1) and
Q(2un+4,0,3u-1).

At the point of intersection, the coordinates of P and Q must be equal.

So, 3A+1=2u+4...(1), —A+1=0...>i)), -1 =3p—1...(iii)..

From (i) and (iii), we get A =1, p=0.

Put values of A =1, =0 in (i).

LHS of (i): 3A+1=3x1+1=4; RHS of (i): 2u+4=2x0+4=4.

Clearly, the points P and Q both coincide. So, the lines L, and L, intersect.

.. Point of intersection P(4, 0, —1).

x=1 T-y

-2 -3

Let L:

To find the d.r.’s of the line L, we shall rewrite it as L: x-1 = YTJ = % .

Therefore, the d.r.’s of line L are -2, 3, 1.
So, the d.r.’s of required line passing through (4, 0, —1) and parallel to line L are -2, 3, 1.
[Since the d.r.’s of parallel lines are proportional

Hence, the required vector equation of line is f:(4f—12)+k(—2f+33+1;).
—4_y—0_z—(—l)ie x—4_z_z+l
2031

Also the Cartesian equation of line is X 5 3 1
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M Q.P. Code - 65/4/3

01. The following graph represents
AY

(_1’ TC) T (O, ﬂ:)
\%2)

< : . > X
-L,0 |0 (1,0
\ 4
yl
(a) y=cos'x (b) y=sec'x (c) y=sin"'x (d) y=tan"'x
Sol.  (a) The graph is for y =cos™'x . Since domain is x €[~1, 1] and range is [0, 7].
. . 2
02.  Let A=[a;] bea 2x2 matrix whose elements are given by a;; =%. Then A’ is
12 ? 12 % 3 ? 3 %
(a) (b) (c) (d)
16 3 25 3 e 12 25 12
3 3 3 3
3 ~. , o N2
Sol.  (d) Since for matrix A, a; =%. Then for A', let element b, = [aij} =%.
16
g .
Let Ar — |:b11 blZ:I — 3 .
b21 b22 ? 12

06. A cylindrical tank is being filled with sand at a rate of 314 m’/h . If the radius of the tank is 10
m, then the height of sand in the tank increases at the rate of

(a) 1.1 m/h (b) 1 m/h (c) © m/h ) g m/h
Sol.  (b) Since volume of cylindrical tank is, V=nr’h =V =n(10)>h=1007h
= v _ 100 n%
dt dt
:>314=100><3.14><%
dt
R
dt

2
12. The sum of the order and the degree of the differential equation y = x? + 3|:2 - (%j :l is
X X

(a) not defined (b)3 ()1 (d)2
Sol.  (b) Order : 1, Degree : 2.
. Required sum=1+2=3.
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18.

Sol.

23.

Sol.

24.

Sol.

27.

The probability that a particular item is available in three shops A, B and C is %,% and %

respectively. If a person visits all the three shops to buy the item, then what is the probability
that it will be available in at least one of the shops?

59 1 9
(a) %0 (b) 1 (c) %0 (d) —

60
(a) Required probability=1-P(A") P(B") P(C")

:1_[1_%[1_3}[1_3}zl_lxlxlzﬁzﬁ,
s 74l 3T 53T 60 6o
)

Find the interval (s) for which the function f(x) = % +3, x # 0 is increasing.
X

Given f(x)=X+2, x %0
3 x

, 1 3

=f'(x)= 32

For critical points, f'(x) =0

= 1 —iz =0
3 x

=x’=9

SLx=13

Note that f(x) is not defined at x =0.
Interval Sign of f'(x) f(x) is
(—00,-3] Positive Increasing
[-3,0) Negative Decreasing
(0, 3] Negative Decreasing
[3, ) Positive Increasing

~.f(x) 1s increasing on (—,—3]U[3, ).

If in a parallelogram PQRS, PQ = 21+3 3 +k and QR = i- 23’+ k, then find the unit vectors
parallel to the diagonals PR and SQ.

The diagonal PR =PQ+QR = 3i+3+2f< =&1.

Also PS+50=PO = SO~ PO-OR =i+5}=d,. S R
Note that, PS = Q—R in the parallelogram PQRS.
~ o d 3f+j+212 3f+3'+212
Therefore, d, = =+ = - : P
1 ‘dl‘ Jo+1+4 J14 Q
Also d —i— i+5] —T+53
Cold Viv2s V26
2 0 1
If A=|2 1 3|, thencompute A>—5A+4I.
1 -1 0
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2 0 12 0 1 5 -1 2
Sol. A*=AA=|2 1 32 1 3|=[9 2 5
I -1 Ol -1 0 0 -1 2
5 -1 2 2 0 1 1 00
So, A>~5A+41=|9 -2 5 |-5/2 1 3[|+4/0 1 0
0 -1 2 I -1 0 0 0 1
(5 -1 2 10 0 5 4 0 0
= -2 5 |-|10 5 15(+/0 4 O
0 4

-1 2 |10 0 5 -1 -1 3
2 5(-(10 5 15|]=|-1 -3 -10
0 -1 2 5 -5 0 Yk o
29. Solve the following Linear Programming Problem graphically.
Maximise Z =20x +10y
Subject to constraints x +2y <28,3x+y<24, x>2;x20,y>0.
Sol.  Consider the graph shown.
The corner points are A(2, 0), B(2, 13), C(4, 12) and D(8, 0).
Therefore, Z, =40, Z, =170, Z, =200, Z, =160.

5
9
0 -1 -2 5 =5 0} 10
9
9

—

Y
Therefore, the maximum value of Z is 200 and
it occurs at the point (4, 12).
\\
B\C
0] \D
A
:ﬁ 3x+y =24 x+2y = 28 X
)

33.  Using integration, find the area of the region bounded by y=5x+4, y=0, x=-1 and x =1.
Sol.  Given y=5x+4, y=0,x=-1and x=1.

Note that, y =5x+4 cuts x-axis at A(—%,Oj .
YA 4
4 1
.. Required area = '[ (5x+4)dx|+ '[ (5x+4)dx
-1 7&

5

< =1 1 »X _| L 4)? 7% ! 4
A O = 275[(5)(4‘ ) ]71 +2_X5[(5X+ ) ]451
v =i[0_1] jLi[gl_o]:ijLE:g:ﬂ Sq. units .
10 10 10 10 10 5

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



Watch Maths Lectures on YouTube.com/@theopgupta = theopgupta.com

35.  Find the length of the perpendicular drawn from the point P(1, 2, 3) to the line x—6 =yT_7
_z77 . Also, find the equation of the perpendicular line joining P and the foot of the
perpendicular.

Sol.  Let L: x=6_y-7_z77 =\.

2 -2
The d.r.’s of line L are 3, 2, 2. P
Draw PQ L line L.
The coordinates of a random point on line L :
QBA+6,20+7, =2A+T7).
Thed.r.sofhnePQ: 3IN+6-1,2A+7-2, —2A+7-3 - Line (L)
1e, 3L+5, 20 +5, —2A+4. Q
Since aa, +bb, +c,c, =0 for L™ lines.
So, 3BA+5)+22A+5)+(-2)(-21+4)=0
=17A+17=0
=>Ai=-1
So, the Foot of perpendicular is Q(3, 5, 9).
Therefore, the length of perpendicular (PQ) = \/ G-D*+(5-2)*+(9-3)
— (PQ)=v4+9+36 =+/49 =7 units .
Also equation of line (PQ) : x-1 = y=2 = 23 iLe., x-1 = y=2 = 23 .
3-1 5-2 9-3 2 3 6
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® How to Join?

Please scan the QR-Code corresponding to your category (Teachers / Class IX - X
Students / Class XI - XII Students) to join the relevant group.

Alternatively, you can touch the QR-Code too, after opening in the Drive PDF App.

& Important Guidelines
¢ Teachers are requested NOT to join student groups.
¢ Students are requested NOT to join teachers’ groups.

M If you are already a member of any of our existing groups, please avoid joining another
group to prevent repeated notifications of the same resources.

Instead, you may share this opportunity with your colleagues or students who may benefit
from these Mathematics learning communities.

With Regards

O.P. Gupta

Author - Mathmission Series of Books

Founder & Mentor

THE O.P. GUPTA ADVANCED MATH CLASSES
@ Thana Road, Najafgarh, New Delhi

B WhatsApp: +91 9650350480

Dedicated to helping students and teachers strengthen
conceptual understanding and excel in Mathematics.



https://chat.whatsapp.com/CPwvzfXIOqSIC69NPmLKBo
https://chat.whatsapp.com/GL1CeJhbzKmBqpEpDPxPz0
https://chat.whatsapp.com/KRktkJdl1xb12vsNefss1H

