CBSE 2026 EXAMINATIONS
XII MATHEMATICS (041)

Series PQSR5 ¢ Q.P. Code 65/5/1; 65/5/2; 65/5/3

( )

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 - 65/5/1
SECTION A

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

01. If matrix A ={ P q} is such that A*> =1, then
r p

(@) 1+p°+qr=0  (b)1-p°—-qr=0  (c)1-p°+qr=0  (d) 1+p’—qr=0
Sol.  (b) Since A’ =1 = AA=1

i N

2 1
N p +qr 0 _ 0
0 rq+p’ 0 1

By equality of matrices, we get p> +qr=1 ..1-p>—qr=0.

02.  If A is a square matrix such that A> = A | then (A —1)’ — A is equal to
(@) I (b) -1 (c) A (d) A*

Sol.  (b) Since AI=1A, so we canuse (a—b)’ =a’ —3a’b+3ab>—b’ to expand (A-1)’.
Now (A-1)’ =A°-3A°1+3AT* -1

= (A-1 =A-3AI+3A1-1 [WA’=A’A=AA=A"=A
=(A-1Y=A-3A+3A-1 [-AI=1A=A
= (A-1Y-A=-1.
03.  For the inverse trigonometric functions, which of the following Principal Value Branch is not
correctly defined?
0 T T a T
(a) tan :R—)(—E,Ej (b) sec :R—(—l,l)—)[O,n]—{E}
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Sol.

04.

Sol.

05.

Sol.

06.

Sol.

07.

Sol.

(c) cot” :R — (0, m) (d) cosec :R—(~1,1) > [—g, g}
(d) Since the correct way to define is cosec” :R—(-1,1) = [—g, g} —{0}.

0 -3 4 -3 0 1 ) )
Let A= and B= .If A+B+C =0, then matrix C is
1 0 2 2 40

()—3 -3 5 ) 3 3 5 © 3 3 -5 @ -3 -3 -5

a342 -3 4 -2 C—3—4—2 3 4 2
{0 3 —4} {—3 0 1}

(c) A+B+C=0 =C=-A-B= -

10 2|2 40
3 3 -5

..C= .
-3 4 -2

If A is a non-singular matrix, then which of the following is net true?
(a) adj. A is singular (b) (adj.A)™" =(adj.A™)
(c) [A]=0 (d) A" exists

(a) The statemet “adj. A is singular” is not true.

Note that, |adj. A| = |A|Hf1 , where n is order of A. When |A| # 0, then |adj.A| 0.
That is, the determinant of the adjoint is not zero. Hence, adj. A is also non-singular.
x> —4x-5 ot
If f(x)= x+1 is continuous at x = —1, then the value of k is
k,x=-1
(a) Any real value (b) 6 (c)-1 (d) -6
(d) Since f'is continuous at x =—1. So, f(-1) = lin}1 f(x).
2 g’ —
That idljk = lim S A=
x>l x+41
| X —4x — 5] 0
= k= hm1 dx g [ It is — form, so we can use L’ Hospital rule
T Sk 0
dx
= k= lim 2x—4
x—-1 1
=k=2(-1)-4

~k=-6.
If the area of AABC with vertices A(3, 1), B(-2, 1) and C(0, k) is 5 sq. units, then values of k
are

(a)3,1 (b)-1,3 (c)-1,2 (d)o,2
3 11
(b) Using area of AABC, absolute value 0f%—2 1 1=5
0 k 1
=0-kB+2)+1(3+2)==10
= -5k+5=%10
=k-1=72
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08.

Sol.

09.

Sol.

10.

Sol.

11.

Sol.

12.

Sol.

~k=-1,3.
Derivative of cos™ (W%j, —% <X <§ with respect to x is

T T
a)—1 b) 1 c) — d ——
(a) (b) (©) 2 (d) 2

sinx+cosxj

(a) Let y=cos™ ( 5

= y=cos’ L ginx+——cosx |=cos™ (sinﬁsinx +cos—cos xj =cos ' cos [E— xj
ND) L2 4 4 4

e

oy
dx

T T T T T T h
v ——<X<— =>—-——<Xx——<0 =20<——-X<—; cos cosx=X,xe[0, ].
4 4 2 4 4 2

Absolute minimum value of f(x) = (x—2)> +5 in the interval [-3, 2] is
(a)-3 (b) 2 (c)5 (d) 30
(c) For f(x)=(x-2)*+5, f'(x)=2(x-2)".

Put f'(x)=0,2(x-2)’=0 =>x=2.

Now f(-3)=(-3-2)"+5=30, f(2)=(2-2)*+5=5.

So, the required absolute minimum value of f is 5.

1
'[\/1+0082X

dx is equal to

1
a) logcosx +C b) —=log|secx +tan x|+ C
(a) log ()\E g|
1
¢) —=log|secx —tan x|+ C d) logsin2x +C
()\E g| | (d) log

1 1
b) | ——dx=|—=d
S I s i v

1dx

1
:ﬁjcosx

1
secxdx=—log|secx+tanx +C.

_1 |
2 2

-1
The value of I ldx is equal to

X
(a) —log3 (b) x° (c) log(=5) (d) x°°

-1

@ | ~ax =[loglx]] =log|-1|-log|-5 = log1 - log 5=~ Iog’ [ logl =0

An ant is observed crawling on a sheet of paper along a straight line given by equation y =2x
—4 . Area of the surface covered by the ant bounded by y-axis, x-axis and x =1 is

(a) 1 sq. unit (b) 3 sq. units (c) 2 sq. units (d) 4 sq. units

(b) y=2x-4, y-axis, x-axis and x =1.
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13.

Sol.

14.

Sol.

15.

Sol.

16.

Sol.

17.

Y! ]
P Required area= I (2x—-4)dx
I 0
= _| 27!
= m[(zx -4y ],
1

[4—16]‘

0O / X “2x2
1
B 2x2(_12)‘
/ -3
/ =3 Sq. units .

3.\ 2
The order and degree of the differential equation 1+ (%j = X% is

X X
(a) Order=3, Degree =3 (b) Order=2, Degree=2
(c) Order=3, Degree=1 (d) Order=2, Degree=1
(a) Order=3, Degree =3.
The general solution for the differential equation ? =e" 7V is

X

(a) 3e' =e™ +C (b) log(Bx—y)=C (c) e =C (d) —e* +3e* =C

(a) Rewriting the D.E., ? =e*xe’
X

= jeydy='[e“dx
=¢’ =le3x +k
3

=3¢’ = +C, where C=3k.

The corner points of the feasible region determined by the system of linear constraints are (0, 0),
(0, 40), (20, 40), (60, 20) and (60, 0). If the objective function of an LPP is Z =4x + 3y, then the

maximum value is

(a) 200 (b) 300 (c) 240 (d) 120

(®) Z =0, Z 40 =120, Z ) 49, =200, Z 9, =300, Z 4, = 240.

.. Maximum value of Z is 300.

If position vector p of a point (24, n) is such that |f)| =25, then the value of n is
(a) +49 (b) £5 (c) £1 (d) £7

(d) Here p :24f+n3'.

Since [p|=25 so, V24” +n* =25

= 24% +n’ =25

=n’ =25"-24> = (25+24)(25-24)

=n’=49

Sn==17.

If vectors @ =31+ 23’+ Ak and b=2i- 43’+ 5k represent the two strips of the Red Cross sign
placed outside a doctor’s clinic, then the value of A is
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Sol.

18.

Sol.

5 2
(a) 1 (b) 5 (c) 3 (d) 0
(c) A Red Cross consists of two strips that are perpendicular to each other.
So, using a.b=0 we get 3i+2j+1k).(2i-4j+5k)=0 =6-8+51=0 s =§.

REMARK The question should have mentioned about the strips of Red Cross sign. Maybe
giving a suitable diagram would convey the mathematical information required to solve this
problem.

If 3P(A)=P(B) =% and P(A|B) =§, then P(AUB) is

3 1 2 2
(a) g (b) g (c) E (d g
3 1 3
@ 3P(A)=PB)=C  =P(A)=7.P(B)=;
Also P(A|B):2=m
3 P(B)

:>§><P(B)=P(AmB)

:>g><§=P(AmB)
35
2
:>P(AmB)=g
Now P(AUB)=P(A)+P(B)-P(ANB)
:>P(AUB)=1+§—2=2.
55 5 5

REMARK Here P(A)=0.2, P(AnB)=0.4 ie., P(AnB)>P(A), which is not possible.

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.

Sol.

(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) : A relation R on the set {1, 2, 3} defined as R ={(1,1),(1,2),(2,1),(2,2),(3,3)} is
an equivalence relation.

Reason (R) : A relation that is reflexive, symmetric and transitive is an equivalence relation.

(a) As the relation R given in Assertion is reflexive, symmetric and transitive; hence it is an
equivalence relation.

Both Assertion and Reason are true and, Reason is the correct explanation of Assertion.
Assertion (A) : Consider a Linear Programming Problem with minimize Z =x+2y subject to
constraints 2x+y >3, x+2y>6; x, y=>0 which gives minimum Z at infinitely many points.
The corner points of feasible region are (0, 3) and (6, 0).

Reason (R) : If two corner points produce the same minimum value of the objective function,
then every point on the line segment joining the points will give the same minimum value.

(a) Note that, Z,, =6, Z, =6.

So, max (Z) is obtained at all the points on the line segment joining (0, 3) and (6, 0).

.. Both Assertion and Reason are true and, Reason is the correct explanation of Assertion.
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SECTION B

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

21. Evaluate sin {tan‘] tan (%ﬂ .

3n T T 1
Sol. sin| tan"'tan| =— | |=sin| tan'(-1) | = sin[——} =—sin—=———.
{ ( A ﬂ [tan” D) 4 4 2
Note that, tan (3—nj = tan(n—ﬁj = —tanE =-1.
4 4 4

22. (a) Differentiate x* with respect to xlogx .
OR

2
(b) If y=Pcosux+Qsinux, show that %mzy:o.

Sol.  (a)Let u=x" and v=xlogx.

Note that u = e8¢ =e*"ogx

Now u=¢e""** and v=xlogx

du xlogx 1 X dV l
=>—=¢ xx—+logxxl [=x"(1+logx) and — =xx—+logxx1=1+logx

dx X dx X
So, ﬂ=@><%=x"(l+logx)><—=xx

dv dx dv (1+logx)

OR

(b) y=Pcosux+Qsinux ...(1)
:ﬂ=—uPsinux+uQcosux

dx

dzy 2 R Yelh 2 .
:F=—u Pcosux —u” Qsinux = —u” (P cosux + Qsin ux)

X

. dly 2
By (1), —=—u

y () e y

dzy 2
So—=+uy=0.

dx’ Y

23. Determine the values of x for which f(x) = X—i , X #—1 is an increasing function.
Sol.  We have f(x)= X3, x %1
x+1
:>f(x):1—i
x+1

:f’(x):O—{— 4 2}: 4 >>0 for all xe R—{-1}
(x+1) (x+1)

Hence, fis always increasing for all x e R—{-1}.
24.  (a) Three honey bees were found flying along the vectors a= 21— 33’+ k,b= 43 —2k and
¢=3i+2k respectively. Find the value of A such that the path for a+Ab is perpendicular to

C.
OR
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(b) If A, B and C be three non-collinear points such that AB=i+ 23’—1; and AC=21 —33’ , then
find the area of AABC.

Sol. (a)As (8+Ab)LE ..(A+Ab).c=0
Now [21—3j+12+x(4j—212)}.(3i+212) -0
= 2)3)+((2)+A1(-2)(2)=0
=6+2+A(-4)=0
=>A(-4)=-8
SA=2.

OR
(b) AB=1+2j-k, AC=21-3]
i)k
Now ABxAC=[l 2 -1|=-3i-2j-7k.
2 -3 0
. N 4 2 .
So, the area of AABC Z%‘ABX AC‘ :%\/(—3)2 +(-2) +(-7) = 2 +j+ o \/5 Sq. units .
25.  Find the angle between the following pair of lines L = y;—S = 1_6Z and > I LN % = 6 _2Z .
Sol.  Rewriting the given lines, we get N G Wl and x=7_y_2=6 '
2 6 1 2 g
Their respective direction ratios are 3, 2, 6 and 1, 2, 2.
Let 6 be the required angle between both the lines.
3x1+2%x2+6x%x2
s.cos0 =
VB +22 46V +22 422
. cos— 3+4+12 19 19
J9+4+36\1+4+4 499 T3
s 0=cos (Qj :
21

SECTION C

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

26. A spherical balloon loses its volume due to escape of air from it in such a way that decrease of
volume at any instant is proportional to its surface area. Show that the radius is decreasing at a
constant rate.

Sol.  Given v xS = v =kS.

dt dt

Since k is a constant, the radius is decreasing at a constant rate.
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27.

Sol.

28.

Sol.

(a) Find jx—smxdx'
1—cosx
OR
: 1
(b) Evaluate | ———=-dx.
}[\/x2+2x+3
(a)LetI:JX_Sdex
1—cos x
:I:j X dx—j sin X dx
1-cosx 1—cosx
:>I=l xcoseczidx—jcotidx
2) 2 2
1( , X X d X
=1=—] xcosec” —dx — cot—jldx—j —cot—.[ldx dx
2 2 2 dx 2
(" 1
:>I=l XCOSCCZidX—[XCOti+—JXCOSCC2§dX:|
2 2 2 2 2
:>I=l xcoseczidx—xcoti—ljxcoseczidx
2) 2 2 2 2

.'.I=—xcot§+C.
2

REMARK We can also apply integral by parts method in %jx cosec’ %dx :
OR
2
(b) Let I:J.;dx
o Vx> +2x+3
2
=1= I ! dx
2 (x+1) +(+2)

x+1+\/(x+l)2 WL(\/E)Z}2

= 1=1log|2+1+/(2+1)* +2|-log|0+1++/(0+1)* +2
g

=I= 10g‘3+\/ﬁ‘—10g‘1+x/§‘

I=log(3+\/ﬁj.

:Iz[log

1+\B

2
REMARK In the question paper, the given integral was J. dx, the square root
0

R
VX +2x+3
applied only till “x*+2x+ and the term ‘3’ was not inside the square root. It was a strange
situation for some of the students, as they had to pre-assume that square root is on x> +2x +3.
Solve the differential equation (x +2y’)dy = ydx .

x+2y3_% dx [

Rewriting the D.E., we get =>—+

_lJ X = 2y2
y dy dy

y
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29.

Sol.

30.

Sol.

On comparing with %+ P(y)x =Q(y), we get P(y) = —l, Q(y)=2y".
y y

1
So, LF.= eji?dy —e ¥ = SLE.

y

lo,
e gy

Required solution is, Lx= '[l x2y°dy +C
y y

:>§=_[2ydy+C
y

2

:>§=2><y—+C

y

:>£:y2+C or x=y +yC.
y

Solve the following Linear Programming Problem graphically.
Maximise Z = 2x +ﬁ
5 10
Subject to the constraints 2x +y <1000, x +y <800; x,y >0.
Consider the graph shown below.
Corner points are O(0, 0), A(0, 800), B(200, 600) and C(500, 0).
5 Z2y=0,72,=240,Z, =260, Z. =200 .

Y
Hence, the maximum value of Z is 260 at the point
(200, 600).
W
+
<
A
Qo
S B
o
C
X
O \
2x+y = 1000

(a) Let three toys A, B and C be placed in the same straight line. If the position vectors of A, B
and C are 5512 3 , 51+ 83’ and ai- 523 respectively, find the value of ‘a’.
OR

— —12 - 2
(b)If a, b and ¢ are unit vectors, then prove that ‘5 —b‘ +‘b —E‘ +|E —5|2 <9.

(a) AB=(51+8))—(551-27)=-50i+10j, AC=(ai—52])—(551-2])=(a—55)i—50]
Since A, B and C are collinear so, AB (| AC.

Note that, for two vectors to be collinear (or parallel), their components must be proportional.
-50 10

a—55 —50

Therefore,
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31.

Sol.

=50 1

a-55 -5
=a-55=250
=a=250+55
s.a=305.

OR
~2 |- 2 2

(b)Lety:‘ﬁ—b‘ +‘b—6‘ +[c-af.

Taking y=[a]’ +[bf ~2a.b+[b[ +[¢ ~26.c+[e +[af —2¢.a

:y=2[|a|2+\Br+|a|2}—2(5.6+”.6+6.a)

=y=2[P+1+1’]|-2@@.b+b.c+.d)

=>y= 6-2(@.b+b.c+¢.4) ...(1) [As @, b and ¢ are unit vectors
Since the square of the magnitude of any vector is always non-negative.

- 2
So, [a+b+¢ =0

= [a +[6[ +[¢[ +2@.b+b.c+eE)20
1P+ +1+2(3.b+b.6+¢.3) >0
—2(a.b+b.¢+¢.3)>-3

— -2(a.b+b.c+¢.3)<3
—6-2(3.b+b.c+¢.3)<6+3

By (i), y<9

- P e’ A SO
Hence, a—b‘ +‘b—c‘ +|c—a| <9,

(a) A die is rolled. Consider events : A ={1, 2,5}, B={3, 5}, C={2, 3,4, 5} and hence find
(i) P(A|C) and P(C|A) (i) P(ANB|C) and P(AUB|C)
OR

(b) A box contains 6 cards numbered 1 to 6. A student is asked to pick up two cards, one by one
after replacement and note down the numbers on the cards. Let A be the event of getting sum of
the numbers on two cards as 10, and B, the event of a number other than 4 on the first card
selected. Find P(A and B) and find whether the events A and B are independent events or not.
Here S={1,2,3,4,5, 6}

Given A={l, 2,5}, B={3,5},C={2, 3, 4, 5}.

LANC={2,5}, AnB={5}, AuB={1,2,3,5, AnBNnC={5} and AUBNC={2, 3, 5}.

2 2
- _PAnO _6_2_1 _PCnA) _6_2
(i) P(A|C) = NGO 47 S and P(C|A) bA) 373
6 6
1
.. _P(AmBmC)_EZl
(i) P(AmB|C)——P(C) _ﬂ 2
6
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P(AUBNC)

and P(AUB|C) = P(O)

QO olh|on|w
A|w

=

(b) Total outcomes, n(S) =6 =36.
¢ Event A (Sum is 10): {(4, 6), (5, 5), (6, 4)}
3 1
SZPA)=—=—.
) 36 12
¢ Event B (First card is not 4): Since there are 6 options for the first card and 5 of them are ‘not
4’, and 6 options for the second card. Total outcomes will be 36 -6 =30.
30 5
SPB)=—==.
(B) 36 6
® Event AN B (Sum is 10 and first card is not 4): {(5, 5), (6, 4)}
P(AmB)=£=i.
36 18
Since P(A). P(B) = %x% = % . Clearly, P(AnB) = P(A). P(B).
Hence, events A and B are not independent events.

SECTION D

There are 4 Long Answer questions in this section. Each is of 56 marks.

32. A man goes to buy fruits from the market. The shopkeeper informs him that 4 apples, 3 oranges
and 2 bananas cost ¥60; 2 apples, 4 oranges and 6 bananas cost ¥90; whereas 6 apples, 2 oranges
and 3 bananas cost ¥70. Using matrix method, find the cost of one fruit of each kind.

Sol.  Let the cost of 1 apple, 1 orange, and 1 banana be X, y and z (in ) respectively.

Based on the information, we have
4x +3y+2z =60,

2x+4y+62=90 = x+2y+3z=45,
6x+2y+3z=70

4 3 2 X 60
Let A=|1 2 3|,X=|y|,B=|45].
6 2 3 z 70

Since AX=B =X=A"B ...()
Now |A|=4(0)-3(-15)+2(-10)=45-20=25#0 .. A™" exists.

0 -5 5 PN

cadiA=[ 15 0 -10| ~A"' =292 _ 15 0 -10
det.(A) 25

~10 10 5 ~10 10 5

| 0 -5 5 |60
By(i),X:2—5 15 0 -101{45
-10 10 5 |70

0o -1 1 12
:>X:2i><5 3 0 -2{x5|9
-2 2 1 14
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33.

Sol.

0 -1 1|12
=>X=/3 0 -2(9
-2 2 1114
X 5
=|y|=|8
z 8

Sx=5,y=8,z=8.
Hence, the cost of one fruit of each kind is : Apple =35, Orange =38, Banana =38.
(a) If ya/x> +1 :1og[\/x2 1 —XJ, show that (x> +1)?+xy+l 0.
X
OR
2x* -3

(b) Find the differential of x“™ +—
2x°—x+2

(a) ym =log [ﬁ—x}

:>y><;><2x+ x2+lxﬂ= / x( ! ><2x—lj
1

2Ux% +1 dx  Jx®+1-x (2Vx*+
yX 3 dy_ 1 ( X j

= +VX HlIx—= X -1
x> +1 dx xX+1-x \W/x*+1
[ 2
+X +lxﬂ= ; x| ZNX 1

dx —I:X—’\/Xz-i-l}
yX +\/x2+1><ﬂ:— !
Vx® +1 dx
dy

= yx+(x* +)x—2<=-1
dx

with respect to x.

y¥X

x> +1 x> +1

=
= 2
X" +1

Hence, (x’ +l)?+xy+l =0.
X

REMARK The question paper had a typing/printing error in this Q33 (a).

It was given like this way in the paper : yv/x”+1=logv/x”+1—-x, the brackets in RHS were
missing.

OR
2x* -3
b) Let y=x“"" +——-—"—
®) Y 2x% —x+2
2 —_— —_— —
N y=el°g"m +(2x xj2) 3+x-2
2X"—x+2
-5
= =ecotxlogx +1+ X
Y 2x7 —x+2
2 — — — — —
LY oo [Cotxx 1 +logx (_COSGCZX)} 0. (2% x+2)(12 0) (x2 5)(4x —1)
dx X (2x* -x+2)
2 _ 2
:g _ oo [cotx _CosecleogX} (2x x+22) (4x 221x+5)
dx X (2x"—x+2)
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34.

Sol.

35.

Sol.

dy e [cotx 20x —2x* -3

= T = x| 2 LURTAR 7O

dx X (2x* —x+2)’

Sketch the curve {(x,y):100x” +25y* =2500} and find the area of the region enclosed by it,
using integration.

—cosec’x log x} +

2 2 2 2

We have 100x* +25y” =2500 i.e., LI ANS Clearly, it is an ellipse of X—2+y—2 =1 form.
25 100 b° a

Also 25y* =2500-100x" ‘3:

= 5y = +/2500-100x 10
— 5y =+10325—x
= y=4225-x"

Refer the diagram shown.
Also the ellipse is symmetrical about both the axes.

5
.. Required area= 4.[ 24/25-x7dx
0

- 5 » X
—3 %\/25—){2 +2—25sm‘ﬂ O 5

0

=8 (0+%sinl 1)—(0+0)}

=8 (0+2x£j
L 2 2

=507 Sq. units.

-3 l-y 3z+12

(a) Find the foot of the perpendicular from the point (0, 2, 3) on the line — 5 5 5

and hence find the length of the perpendicular.
OR
(b) Find the value of p if the shortest distance between the lines 1 = (f + 23 + 1;) +A (f — j + 1;) and

3 .

ﬁ units.
(a) Let P(0, 2, 3).
Also Jet L -x -3 _ I-y _ 3z+12 “ % or x+3 _ y—1 _ z+4 _

-5 -2 9 5 2 3

The d.r.’s of line L are 5, 2, 3. P
Draw PQ L line L.
The coordinates of a random point on line L :
Q(5A—-3,2A+1,31-4).
The d.r.’s of line PQ : 5A—3-0, 2A+1-2,3A—4-3

F=(pi—j—k)+pn(2i+]+2Kk) is

ie., 5—3, 2.~1,30-7. Line (L)
Since aa, +bb, +c,c, =0 for L™ lines. Q

So, 5(5A=3)+22Ar-1D)+3(3r-7)=0

=38A-38=0
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=>A=1
So, the Foot of perpendicular is Q(2, 3, —1).

Hence, the length of the perpendicular (PQ) = \/(2 —0)° +(3-2)" +(~=1-3)’
= (PQ)=+4+1+16
~.(PQ) =21 units..

OR
(b) We have T=(1+2j+k)+A(i—j+k) and T=(pi—j—-K)+pn(2i+]+2k).
Here &, = (i+2j+k), b, =(i—j+k); 4, =(pi—j—k), b, =(2i+j+2k).

i j k
—d,-4,=(p-1)i-3j-2k; b,xb,=|1 -1 1|=-3i+3k
2 1 2

(,—4,).b,xb
AsS.D.=‘ : 2‘=iunits

b, xb,| J2
‘((p—1)?—3}—212).(—3i+312)‘ 3
= e
J3)P 107 43 V2

:>|(—3p+3)—6|=i

b9 2
|(—3p—3)|: 3
W2 2
=|(-3p-3)|=9

= (-3p-3)=9or (-3p-3)=-9
= (-3p)=12 or (-3p)=—6
Sp=—4orp=2.

Hence, the values of p are 2 or —4.

SECTION E

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

36.

A school wants the students of class XII to do a project on ‘Sustainability’ keeping the world
environment in mind. They select the student participants on the basis of an essay writing
competition.

7 students out of 80 are selected for the project and are categorized into two sets such that :

Girl students belong to Set A ={G,,G,,G;,G,},
Boy students belong to Set B={B,,B,,B,}.
Based on the above information, answer the following questions.
(i) How many relations are possible from Set A — Set B?
(ii) Let R be a relation from A — B such that R = {(G,,B,),(G,,B,),(G;,B,),(G,.B,),(G,,B,)}.

Is R an injective function? Justify your answer.
(iii) (a) Let the relation R from A — A be such that R ={(x,y):x, ye A, x and y are students

from the same colony in the city}. Verify if R is an equivalence relation.

OR
(iii) (b) Verify if any function f:B — A is bijective. Give reason to support your answer.
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Sol.

37.

Sol.

(i) " n(A)=4,n(B)=3.

.. Number of relations possible from Set A to Set B=2*° =2" = 4096

(ii) No, R is not an injective function because it is not even a function (due to G, € A having
multiple images). Also, it fails the injectivity test as multiple inputs G,, G, map to the same
output B, .

(iii) (a) R={(x,y):x, ye A, x and y are students from the same colony in the city}.

For R to be an equivalence relation, R must be Reflexive, Symmetric, and Transitive.
® Reflexive: For any student x € A, (X,x) € R because every student lives in the same colony

as themselves. So, R is reflexive.
¢ Symmetric: If (x,y) € R, then x and y are in the same colony. This implies, y and x are in the

same colony, so (y,x) € R . Thus, R is symmetric.
® Transitive: If (x,y) e R and (y,z) € R, then x and y are in the same colony, and y and z are in
the same colony. Therefore, x and z must be in the same colony, so (x,z)€R. Thus, R is
transitive.
Since R is reflexive, symmetric and transitive, it is an equivalence relation.

OR
(iii) (b) A function is bijective if it is both injective (one-to-one) and surjective (onto).
For a function to be bijective, the number of elements in the domain and codomain must be
equal i.e., n(B)=n(A). Note that, n(A) =4, n(B)=3.
Since n(B) <n(A), it is impossible for the function to be onto. There will always be at least one
student in Set A who is not mapped to by an element in Set B.
Therefore, the function cannot be bijective.
There are three types of vaccines A,, A,, A,, available in the market to protect the population

of the country from spread of certain infection. According to a survey conducted, it was found

that 25% of the population was given Vaccine A, 35% of the population was given Vaccine

A, and 40% of the population was given Vaccine A,. The survey also stated that the

probabilities that Vaccines A, A, and A, would protect against the infection were 60%, 55%

and 50% respectively.

Based on the above information, answer the following questions.

Find the probability that

(i) the person taking vaccine A, will get infected.

(ii) if a person is chosen randomly, he/she will be protected from the infection.

(iii) (a) the person was given Vaccine A, given that the randomly chosen person is infected.
OR

(iii) (b) the person was given Vaccine A,, given that the randomly chosen person is not

infected.

Given P(A,))=25%, P(A,)=35%, P(A,)=40%.

Let E be the event that a person is protected and F be the event that a person is infected.

So, P(E|A,)=60%, P(E|A,)=55%,P(E|A,)=50%.

(i) A person taking A, is either protected or infected. Since the protection rate is 55%.

So, P(F|A2)=1—P(E|A2)=1—55%=1—£=£=45%=0.45=i.
100~ 100 20

(ii) Using total probability, P(E) =P(A,)P(E|A,)+P(A,)P(E|A,)+P(A,)P(E|A,)
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38.

Sol.

:>P(E)=25 60 35 55 40 50

X + X + X
100 100 100 100 100 100
1500 1925 2000 5425 217

=PE)= + + = =54.25% or 0.5425 or —.
10000 10000 10000 10000 400
(iii) (a) Note that P(F)=1-P(E) =1-0.5425=0.4575.
Using Bayes’ theorem, P(A, |F) = P(A)PEIA)
P(F)
0.25x|1-P(E|A
BRI eSS (B CIT)
0.4575
0.25%[1-0.60]
=P(A |F)=
0.4575
. P(A, |F) = 0.25%0.40
0.4575
= (A, |F) = 22004
0.4575
. P(A, |F) = 100 _ 1000 _ 40 '
457.5 4575 183
OR
P(A,)P(E|A
(iii) (b) Using Bayes’ theorem, P(A, |E) = (A))P(E| A;)
P(E)
. P(A, |E)= 0.40x0.50
0.5425
— P(A, |E) = 20 2000 80

5425 5425 217°

A company produce cylindrical tumblers, open from the top. Since they want uniformity in the
product, they fix the surface area of the tumblers produced.

N
_ | T

Tumbler

—Tr-3 v
@)

Based on the above information, answer the following questions.

If for a tumbler, V is its volume, h the height and r the radius of the circular base, then

(i) differentiate its volume with respect to radius of the base, where the surface area is constant.
(ii) if the company wants to maximize the volume of each tumbler, then establish a relation
between its height and the radius of the base.

(i) Surface area of cylindrical tumbler, S =2nrh +nr’
S—nr’

2nr

=h=
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_ 2
Alsothevolume,V:75r2h=75r2><S nr :%(Sr—nﬁ)

Now d—V=l(S—3nr2).
dr 2

dv

(ii) Put — =0, %(S—3nr2)=0 =(S-3nr’)=0  =3nr’=$
r

2
Now d \2] =l(0—3nx2r)=—3nr<0 at r= ‘{i
dr 2 3n

Hence, volume (V) is maximum.
As S=2nrh+nr?

=3nr’ =2nrh+nr’

= 2nr’ =2nrh

=r=h

To maximize the volume of the tumbler for a fixed surface area, the height must be equal to the
radius of the base.

M Q.P. Code - 65/5/2

01.

Sol.

02.

Sol.

10.

Sol.

sin@ cosO

IfA:{ } and A+ A'=T, then 0 is equal to

—cosO sinO
() 0 @% @g (d) m

sin® cos6 sin® —cosO
—cosO sinb

2sin O 0 1 0
- =
0 2sin© 0 1

On comparing the corresponding elements, we get 2sin0=1

(b) Since A+A'=1 = .
cos® sinb

= sin0 = 1
2
g==
A .
If A is a symmetric matrix, then for any matrix B of order same as A, BAB' is a/an
(a) Skew symmetric matrix (b) Identity matrix
(c) Symmetric matrix (d) Null matrix
(c) Let P=BAB'
= P'=(BAB') =BA'B'=BAB'=P [~A=A

Hence, P=BAB' is a symmetric matrix.

1—-cos2x .
'[ — dx is equal to
1+ cos2x

(a) log‘sec2 X‘+C (b) 10g|cosx|+C () log|l+cos2x|+C (d) log|secx|+C

[1-cos2x [2sin” x
(d) .[ mdx:j S cos x dx:j\/tanzxdx :jtanxdx:10g|secx|+C.
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1
11. The value ofj ! dx is
03X —
1 1
(a) glog4 (b) —glog4 (c) log(—4) (d) log4
(1 1 Pl 1
Sol. b dx =—|log|3x—4|| =—|log|-1|-log|-4||=——log4 ~+log|-1=logl=0
(0) [ 55 dx =3 [logl3x 4[], =3 log|-1| ~log|-4|] = ~3log [+ log|-1| = log
d dyY
18.  The order and degree of differential equation 3 }2] :1_[(1_}3]} is
X X
(a) Order=3, Degree =3 (b) Order=2, Degree=2
(c) Order=3, Degree =2 (d) Order=2, Degree=1

Sol.  (c) Order=3, Degree =2.
21.  Evaluate sin {cos‘1 cos (%ﬂ :

Sol. sin{cos1 COS(%H =sin {cos1 cos(n +gﬂ = sin[cos1 (—cosgﬂ

= sin{n —cos™' (cos%ﬂ [vcos'(=x)=m—cos ' x
[ n} |
=sin| n—=|=sin—=—.
6 6 2

3/2

23. Determine the interval (s) in which f(x)=5x"*-=3x"?, x > 0 is increasing.

Sol.  For f(x)=5x"-3x"%,x>0

— £'(x) =1_5X1/2 _1_5X3/2 :1_5X1/2 [l—X]
2 2
Put f'(x)=0,175x”2[1—x]=0 x=1 [x>0

Note that, f'(x) >0 for x (0, 1].
Hence, f is increasing in the interval x € (0, 1].

26. A thin metallic wire in the shape of a circular ring has its enclosed area increasing at a uniform
rate when heated. Show that the rate of change of circumference varies inversely as the radius.

- . ) dA )
Sol.  The area is increasing at a uniform (constant) rate. So, m =k (where k is a constant).

dr_
=—|nr |=k
dt[n }
:>27cr£:k
dt
dr  k )
=>—=—...(1
dt 2nr ®
Now taking circumference as C=2nr
dc_,dr , k _k
dt dt 2nr ot
dC 1
= — =
dt r

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



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

28.

Sol.

32.

Sol.

Hence, the rate of change of circumference varies inversely as the radius.
Solve the differential equation ydx +(x—y’)dy=0.

Rewriting the D.E., we get %vtlx =y’.
y
) ., dx 1 )
On comparing with d—+ P(y)x =Q(y), we get P(y)=—, Q(y)=y".
y y

fro
So,LF.=¢¥ =e"*¥=y.
Required solution is given by yxx = J yxy'dy+C
=>yX= '[y3dy +C

3
= yX =ly4 +Cor x =2+
4 y

Find cost (per kg) of each fertilizer A, B and C that the farmer needs to buy such that 1 kg each
of fertilizer A and C added to 2 kg of B costs him I400. Also, cost of each kg of fertilizer B and
C added together is equal to cost of 1 kg of fertilizer A. However, cost of 3 kg of fertilizer B
added to %200 is the same as cost of 1 kg of fertilizer A and C together. Use matrix method to
find the solution.
Let the cost per kg of fertilizer A, B and C be X, y and z respectively (in ).
Then according to the question, we have the following equations.

x+2y+z=400

y+tz=x=>-x+y+z=0
3y+200=x+z=-x+3y-z=-200

1 2 1 X 400
Let A=|-1 1 1 [, X=|y[,B=[0
-1 3 -1 z ~200
Since AX =B =X=A"B ...(J)
Now |A|=1(-4)-2(2)+1(-2)=-10#0 A" exists.
4 5 1 . 4 5 1
cadiA=|—2 0 =2 arcadAa 1y,
Al -10
2 -5 3 -2 -5 3
—4 5 17][400
By(i),xz+0 2 0 -=2|0
-2 -5 3| -200
—4 5 17][400 | —1800
~X=—]2 0 =20 =—| —400
-10 -10
-2 -5 3| -200 —1400
x| [180
=|y|=]|40
z| |140

~.x =180, y=40, z=140.
Hence, the costs per kg of the fertilizers A, B and C are respectively X180, 340 and X140.
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35.

Sol.

Sketch the curve described by {(x,y):9x” +16y” =144} and find the area of the region enclosed
by it, using integration.

XZ y2 XZ y2
We have 9x* +16y* =144 = E+? =1, which is an ellipse of the type —2+§ =1.
a
Now 9x> +16y> =144 Y
=16y’ =144-9x° 3

= 4y =++/144-9x°
:>y=i%\/16—x2 4
Since the ellipse is symmetric across both the axes. O X

4
Hence, required area= 4 I % V16 —x>dx
0

— 4
=3 X16—x> +Esmli}
2 2 .

=3 :(0+8sirr1 1)~(0+8sin™ 0)]

=3 SXE—O}
"2

=121 Sq. units.

M Q.P. Code - 65/5/3

01.

Sol.

02.

Sol.

10.

Sol.

11.

For any square matrix A with real entries, if A+ A’ is a symmetric matrix, then
(a) (A—A'") cannot be a skew symmetric matrix

(b) (A=A") is a skew symmetric matrix

(c) A is always a symmetric matrix

(d) A is always a skew symmetric matrix

(b) (A—A") is a skew symmetric matrix, for any square matrix A with real entries.

A matrix B=[b;] .
(a) b;=0, when i= ] (b) by =1, when i=j
(c) by;=1, when i#]j (d) b; =0, wheni#j

(d) By definition, a diagonal matrix is a square matrix in which all the elements outside the main
diagonal are zero (0). Also for non-diagonal elements, i+ j.

is said to be a diagonal matrix, if

I+cosx .
j dx is equal to
I-cosx
(a) 2log sin% +C (b) %log|sin2x|+C () log|l—c0s2x|+C (d) log|l+cos2x|+C

+C.

(a) I,/tzzzzdxjf =I‘/cot2%dx:jcot%dx:2log

1
If j (6x> —4x +k)dx = 0, then the value ofk is
0

. X
sin —
2
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Sol.

13.

Sol.

21.

Sol.

23.

Sol.

(a) 1

(b) 0

(b) j (6x> —4x +k)dx =0

1
6x——4x—+kx} =0

x> x*
=
REats

0

2x* —2x? +kx] =0

=[
=[2x1P = 2x1? +kx1]|-[2x0° =2x 0’ +kx0 =0
=[2-2+k]-0=0

~k=0.

1
0

(a) Order=2, Degree =2
(c) Order=1, Degree =2
(a) Order=2, Degree =2.

Evaluate tan {cosl (tan %Tnﬂ .

e (02 |- o a5 |

=tan {cos1 (— tan Eﬂ
4

= tan [cosf1 (—1)}

= tan[n—cos’l(l)} =tan[n—0]=tann=0.

> 2
The order and degree of differential equation y = [j yj -\ dy is
X

(d) -1

(b) Order=2, Degree =3
(d) Order=2, Degree =4

= theopgupta.com

[vcos ' (=x)=m—cos ' x

Determine the interval (s) in which f(x) = % +i, X # 0 is increasing.
X

Given f(x) =24+, x %0
3 x

, 1 3

=1'(x)= 32

For critical points, f'(x) =0

= 1 —% =0
3 x

=x’=9

Sox=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, o) Positive Increasing
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~.f(x) is increasing on (—o,—-3]U[3, ).
26.  The volume of a wooden block in the shape of a cube increases at a constant rate as the air

becomes moist during the rainy season. Show that the rate of change of its surface area varies
inversely as the length of edge of the cube.

Sol.  Given (31—1] =k, where k is a constant.

3
= d@) =k, where ‘a’ is the edge length of cube
= 3a’ x da =k
dt
da k .
—=— ...(1
dt 3a’ ®
Now surface area of cube, S=6a’
= @ =12ax %
dt dt
. dS k 4k
By (1), —=12ax—=—
y® dt 3a° a
dS 1
Jo— X =,
dt a
This proves that the rate of change of the surface area varies inversely as the length of the edge
of the cube.

28. Solve the differential equation (x —siny)dy +tanydx =0.

Sol. RewritingtheD.E.,%Jr x Sy
dy tany tany

:>d—X+(COtY)X=COSY
dy

On comparing with % + P(y)x =Q(y), we get P(y)=coty, Q(y)=cosy.
y

cotydy  ogsiny

Now LLF.= eI

Therefore, the required solution is sinyxx = '[ sinycosydy+C

e =siny.

n+l
= Xsiny = lSinz y+C I[f(x)]n xf'(x)dx = —[f(x)] +C
2 n+l1

1 .
X =Esmy+Ccosecy

A few other possible solutions are:
® Since xsiny = J.sinycos ydy+C = xsiny= —J.(—sin y)cosydy+C

:xsinyz—%coszyntc.
® Since Xsiny=.[sinycosydy+C :xsiny:%'[sin2ydy+c
= xsin —l[—lcos2 }LC

y 5| 75 y

= xsinyz—%cos2y+C.
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32.  Three students A, B and C go to a book-store to buy art books, story books and puzzle solving
books. A buys one of each type of book for a total ofX21. B buys 4 art books, 3 story books and
2 puzzle solving books for I60. C buys 6 art books, 2 story books and 3 puzzle solving books
and pays I10 more than B. Use matrix method to find the cost of each type of book.

Sol.  Let the cost (in %) of one art book be x, one story book be y, and one puzzle-solving book be z.
Then according to the question, we get the following equations.
x+y+z=21,
4x+3y+2z2=60,
6x+2y+3z=70

1 11 X 21
Let A={4 3 2|, X=|y|,B=|60].

6 2 3 z 70
Clearly, AX=B

=X=A"B ...(J)
Now [A|=1(5)-1(0)+1(8-18)=-5=0

A7 exists.
5 -1 -1 5 -1 -1
cadiA=| 0 -3 2 A=l o 3 2
10 4 -1 =10 4 -1
5 -1 -1][21
By(i),X:i 0 -3 2|60
=10 4 -=1/70
5 -1 =1][21
X=-_] 0 -3 2160
|10 4 -1/70
105-60—70

:X:is 0—180+140
712210424070

X 5
=|y|=|8
z 8

Sx=5,y=8,z=8.
Hence, the cost of an Art book: X5, Story book: %8, Puzzle solving book: I8.

2 2

34. Sketch the graph defined by {(x, y): )2(—5 +;—5 = 1} . Find the area of the region of minor segment

cut off by the line x = % , using integration.

2 2
Sol. Given — +y— =1
25 25

= x*>+y’ =25, which is a circle of radius 5 units and centre at (0, 0).
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Y Now x* +y* =25
X:é :>y2:25—X2

2 = y=1+y25-x"

Because of the symmetry of the circle about the x-axis,
the total required area is twice the area of the region in

f \ X first quadrant.
iy

5

.. Required area= 2_[ V25 -x*dx
5
2

5
= Required area =2 [% V25-x7 + %sin‘ %}

5

2

5 1s

5
= [X\/25 —x? +25sin™ i}

2

=[0+255in’11]— > 25—§+255m41
2\] 4 2

:25><£— 5><5><£+25><E
2 2
_25XE_&
3 4

:2{7: V3

E_T} Sq. units or %[47:—3\/5] Sq. units .
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by prominent academicians having vast knowledge and experience in teaching of Math. Still if any
error is found, please bring it to our notice.

Kindly forward your concerns/feedbacks through message on WhatsApp @ +919650350480 or
mail at iMathematicia@gmail.com
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Join Our Mathematics Learning & Teachers Community

To support collaborative learning and resource sharing in Mathematics,
dedicated WhatsApp groups have been created for:

Maths Teachers Community | Students of Classes XI & XII | Students of Classes IX & X

These groups aim to share:
v Quality Mathematics Resources v Board Exam Discussions & Solutions

v Important Practice Questions & Updates ¢ Healthy Academic Interaction

® 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

