CBSE 2025 EXAMINATIONS
XII MATHEMATICS (041)

Series ZXW5Y ¢ Q.P. Code 65/5/1; 65/5/2; 65/5/3
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Max. Marks : 80
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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.

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).
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.

M Q.P. Code - 65/5/1
SECTION A

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

01.

Sol.

02.

Sol.

03.
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50
(b) Notethat A=|0 5
0 0

500
If A={0 5 0/, then A’ is
0 0 5
500 125 0 0 15 0 0 5500
@30 5 0 )| 0 125 0 | ()0 15 0 (d|0o 5 0
00 5 0 0 125 0 0 15 0 05

125 0 0

So, A =AAA=G5DGDHED=125P=1251=| 0 125 0

0 0 125

If PCGAUB)=0.9 and P(ANB)=0.4, then P(A)+P(B) is
(2) 0.3 (b) 1 (c) 1.3 (d) 0.7
(d) P(A)+P(B)=[1-P(A)]+[1-P(B)]=2-[P(A)+P(B)] =2—[P(AUB)+P(ANB)]

=2-(0.9+0.4)=0.7.

4 3
1 2 3
If A :{ 3 7} and B=| -1 2|, then the correct statement is
0 5
(a) Only AB is defined (b) Only BA is defined
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Sol.

04.

Sol.

05.

Sol.

06.

Sol.

07.

Sol.

08.

Sol.

09.

(c) AB and BA, both are defined (d) AB and BA, both are not defined
(c) AB and BA, both are defined.
2x 5| |6 -5
f x = , then the value of x is
12 x
(a)3 (b) 7 (c) 7 (d) £3

(c) Expanding the det. on both the sides, we get 2x* — 60 =18 —(-20)
= 2x° =38+60=98

=x’ =49
SoxX=27.
sin” ax -
If f(x)=9 x> ° is continuous at x =0, then the value of a is
1, x=0
(a)1 (b) -1 (c) %1 (d) o
(c) As fiis continuous at x =0, so f(0) = lim f(x) = lim f(x).
x—0" x—>0"
)
Now 1=lim>——
x—0 X
c 2
= 1= lim > azxxa2
ax—0 (ax)
=1=1"xa’
Sa==l.
If A= [aij} isa 3x3 diagonal matrix such that a;, =1, a,, =5 and a,; =2, then |A| is
()0 (b)-10 (c) 10 (d)1

(b) The det. value of a diagonal matrix can be obtained by multiplying all its diagonal elements.
Hence, A| =a,, xa,, Xa,, =1x5x(=2)=-10.

The principal value of cot™ [—Lj is

B

T 2n 2
(@) _E (b) —? ©) - (d ?

(d) cot™ (—%j =m—cot’ [%} = n—g = % .

4+x x-1]. \ ) )
If 5 3 is a singular matrix, then the value of x is

(@0 (b) 1 ()2 (d) 4
4+x x-1

(c) Since the given matrix is a singular matrix so, 5 3

-

= @+x)3)-(x-1)(-2)=0

=12+3x+2x-2=0

=5x+10=0 SoX==2.

If f(x)= {[x] , X € R} is the greatest integer function, then the correct statement is

(a) f is continuous but not differentiable at x =2
(b) f is neither continuous nor differentiable at x =2
(c) f is continuous as well as differentiable at x =2

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

10.

Sol.

11.

Sol.

12.

Sol.

13.

Sol.

(d) f is not continuous but differentiable at x =2
(b) f is neither continuous nor differentiable at x =2.

The slope of the curve y =—x’ +3x” +8x —20 is maximum at

(a) (1,-10) (b) (1, 10) (c) (10, 1) (d) (=10, 1)
(a) Slope of the curve =% =-3x*+6x+8=m
X
2
Now d—m=—6x+6 and r? =—6.
dx dx
For d—m=—6x+6=0 =x=1.
dx
. . d’m
Clearly, m is maximum at x =1, as > =-6<0.
at x=1

When x =1, y=—1+3x1>+8x1-20=-1+3+8-20=-10.
Therefore, the slope of given curve is maximum at (1, —10).

'[\/l +sinx dx is equal to

(a) 2(—sin§+cos§J+C (b) 2(sin§—cos§j+c
2 2 2 2

() -2 (sin§+cosiJ+C (d) 2(sin§+cos3J+c
22 272

2
(b) Note that, V/1+sinx = \/sinz X o cost X4 2sin > cos> = (sinintcosij = Sin—+cos—.
2 2 2 2 2 2 2 2

X . X
COS —  SIn —

So, J.\/l+sinx dx = J.(sin§+cos§jdx = ——2+—2+C = 2(sin§—cosi +C.
2 . 1 1 2 2
2 2
/2 i
Icosx.es‘“dx is equal to
0
(a)0 (b) 1-e (c) e—1 (d) e

(c) Put e™™ =t = e"" cosx dx =dt.
So, jesm cosxdx=jdt =t+C=¢e""+C.

/2 T
Hence cosx.edx =|e"* +C |2
i 0

0
- {emg + C} —[esmo + C] = [el + C} —[eo + C}

=e—1.
Here we can ignore “constant of integration, C” as it is a definite integral.
, X-axis, x =—-2 and x =2 is

The area of the region enclosed between the curve y = x|x

8 16
(a) < (b) — (c)0 (d)8
3 3
x?, if x>0
(b) We have y:x|x|: ,Xx=-2and x=2.
—x%,if x <0

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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o 5 Y
Required area= I—xz dx +'[X2 dx
-2 0 |
| Iposqol Ipos
= =5kl
1 1 ™ ~X
=  =|-—[0-(-8)]+=[8-0 N o N
£l0-c8)] +3[s-0] , ”
i v
31 3
= =? Sq.units . Y
ey ) dx
14. The integrating factor of the differential equation A N — R IS
Jx o Wx ) dy
L 2
(a) e (b) e () e (d) e>*
. . dy y eh
Sol. ¢) Rewriting the given D.E., we get —+——==—+
(©) gtheg RN Sl
On comparing with dy +yP(x)=Q(x), we get P(x) = ah, :
dx Jx
1
—=dx
So, integrating factor (L.F.) = ej& =™
ay V| &
15.  The sum of the order and degree of the differential equation |:l + (d—yj :l = d—}; is
X X
5
(a) 2 (b) % (c)3 (d) 4

Sol.  (c) For the D.E., the order is 2 and degree is 1. So, the required sum will be 2+1=3.
16.  For a Linear Programming Problem (LPP), the given objective function Z=3x+2y is subject

to constraints X +2y <10, 3x+y<15; x,y>0.

Y

X+2y=10

3x +y=15

The correct feasible region is

n MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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(a) ABC (b) AOEC
(c) CED (d) Open unbounded region BCD
Sol.  (b) The correct feasible region is AOEC.

17.  Let a be a position vector whose tip is the point (2, —3). If AB =3, where coordinates of A are
(-4, 5), then the coordinates of B are

@22 ®(2-2) (©) (-2,2) (d) (2,2)
Sol. (c) AB=OB-0OA=a
= OB—(—4i+5])=2i-3] [ d=21-3]

— OB =2i-3j+(—41+5])=-2i+2].
Therefore, the coordinates of B are (-2, 2).

18. The respective values of |ﬁ| and ‘B , if given (a ~b).(3+b)=512 and |ﬁ| =3 ‘B , are
(a) 48 and 16 (b)y3and 1 (c) 24 and 8 (d)6and 2
Sol.  (c) (@—b).@+b)=512 implies, [a]’ - Br =512
—~12 -2 12 -2
= [3fo|| -|f| =512 = 8x[b| =512 =[b| =64

\B\:g,

| =3[b|=3x8=24.

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.

(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.

19.  Assertion (A) : The shaded portion of the graph represents the feasible region for the given
Linear Programming Problem (LPP).
Yi

/

=10
L

x+2y

p t - ~ —
2x+y=8 5x+7y=38 (10,0)

Min Z =50x+70y
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subject to constraints

2x+y=28,x+2y210;x,y=0.

Z =50x+70y has a minimum value =380 at B(2, 4).

Reason (R) : The region representing 50x + 70y <380 does not have any point common with
the feasible region.

Sol.  (a) Here both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
Assertion (A).

20.  Assertion (A) : Let A={xeR:-1<x<1}.If f:A — A be defined as f(x)=x’, then f is not
an onto function.

Reason (R) : If y=—1€ A, then x=tJ-1¢A.

Sol.  (a) Here both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
Assertion (A). Note that, y=—-1€ A (codomain) has no pre-image in A (domain). So, f is not
onto, as Range # Codomain .

SECTION B

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

21. Find the domain of the function f(x)=cos™ (x* =4).

Sol.  For cos ' (x> —4) to be defined, x> —4e[-1, 1] ie., -1<x>—4<1
=3<x*<5
s—5<x<—Bor3<x<4f5
Therefore, domain of f(x) =x € [—\/g, —\/5] u[\/g, \/g].

22. Surface area of a balloon (spherical), when air is blown into it, increases at a rate of 5 mm?*/s.
When the radius of the balloon is 8 mm, find the rate at which the volume of the balloon is
increasing.

) ) dS dr
Sol.  Surface area of spherical balloon, S=4nr" = & =8 nrxa
:>5=87tr><g :gzi ...(1)
dt dt 8mr
Now volume, V=ﬂnr3 :>d—V=4nr2x£=4nr2>< > T [By (i)
3 dt dt nr 2
When r=8 mm, LA =20 mm’/s.
dt 2
23 (a) Differentiate S with respect to x
' \Jcosx '
OR
. d’y
(b) If y=5cosx—3sinx, prove that F+y =0.
X
Sol. (a)Let y= Snx

VCOSX

VeosX i(SinX)—Sirlxi[x/cosx]
Differentiating w.r.t. X, — = dx . dx
dx [\/ cosx]

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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24.

Sol.

25.

Sol.

. 1 .
A/COS X X COS X —Sin X X X (—sin x)

dy 2.Jcos x 2cos” x +sin” x
=== =

dx COS X 2CoS X/ COS X
_dy  cos’x+1

R [ sin® x+cos’x =1
dx 2cosx+/cosx
(b) y=5cosx—-3sinx ...(1)

On differentiating w.r.t. X, % =-5sinx —3cosx
X

OR

d’y

= o —~5cosx +3sinx =—y [By (1)
d2

d—X}2]+y =0.

(a) Find a vector of magnitude 5 which is perpendicular to both the vectors 3f—2j+f< and
41+3]-2k.

OR
(b) Let a,b and ¢ be three vectors such that a.b=a.¢ and @xb=ax¢,a=0. Show that
b=¢.
i j k
(a) Gi-2j+k)x(41+3]-2k)=|3 =2 1 |=1+10j+17k
403 22

(31-2j+k)x (41+3j-2k) Cid 1+10j+17k
(31—2j+12)x(4i+3j—212)‘ T J1+100+289

Required vector=5| + ‘

_ (i+103+1712j:+(5i+503+85f<j
= o0 = = 700 .
OR

(b) @.b=4a.¢ implies, a.b—a.¢=0
—3a.(b—¢)=0
— Either 4 L (b—¢) or b—¢ =0 ...(J) [-@0
Also, @xb=axc implies, axb-axc=0
= ax(b—¢)=0

— Either 4| (b—¢) or b—¢ =0 ...(ii)

By (i) and (ii), we conclude that b—¢ =0 ie., b=¢.

Since two vectors can’t be parallel and perpendicular simultaneously.

Remark In (b), @ # 0 is given, which should have been a0 .

A man needs to hang two lanterns on a straight wire whose end points have coordinates A(4, 1,
—2) and B(6, 2, —3). Find the coordinates of the points where he hangs the lanterns such that

these points trisect the wire AB.
Let P and Q be two points on the line (wire) joining A and B such that AP =PQ =QB.

That is, points P and Q trisect the line (wire) AB.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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Clearly, AP:PB=1:2 and AQ:QB=2:1.
_P(1x6+2><4 Ix2+2x1 l><(—3)+2><(—2)j

b

1+2 7 142 1+2
:P(E,i,—zj_ A
3°'3 3
Similarly, Q 2><6+1><4’2><2+1><1’2><(—3)+l><(—2)
2+1 2+1 2+1

SECTION C

There are 6 Short Answer questions in this section. Each is of 3 marks.
26. Find the value of ‘a’ for which f(x) = J3sinx —cosx—2ax+6 is decreasing in R .

Sol. f(x)=\/§sinx—cosx—2ax+6
— f'(x) =+/3 cosx +sinx —2a

:>f'(x)=2(§cosx +sinxx%j—2a

=f'(x)= 2(sin§cosx +sinxcos§j —2a
:>f'(x):2sin(§+xj—2a

As f(x) is decreasing on R so, f'(x) <0 ie., 2sin (ng xj —2a<0
.'.aZsin(ngxj ...(1)

We know that for all x e R, sin(ngxj e[-1,1] ie, —1< sin(gvtxj <1 ...(1)
By (i) and (i1), we conclude that a >1.

217. (a) Find '[(Xz +32)?x2 5 dx

OR

4
(b) Evaluate j(|x —2| +|x —4|)dx :
1

Sol. (a)Put x> =t=2xdx =dt.

Nowj 5 2X2 dx=.|.;dt
(x"+3)(x"=5) (t+3)(t=5)

=11[L_L}u
g t—5 t+3

=%[log|t—5|—log|t+3|]+c

x> =35

x? +3

+C.

:%[log‘xz —5‘—log‘x2 +3H+C :%IOg

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

2 4 4
®) }(|"‘2|+|X—4|)dX =i|><—2|dx+j|x—4|dX = [Ix=2]dx + [|x —2|dx + [ ~(x 4)dx
1

1 1 1 2 1

- .?_(X —-2)dx +:4[(X —2)dx Jﬁ?_(x —4)dx

=] Je-2 ] _[e=aT
2 1 2 2 2 1

:_[0_1}[2_0]_[0_2}:l+2+2 =5+2=7.
2 2] 2 2

28.  Find the particular solution of the differential equation {x sin’® (zj - y} dx +xdy =0 given that
X

T
=—,when x=1.
Ty

Sol.  Rewriting the D.E. {x sin’ (lj - y} dx+xdy =0, we get gy =Y _sin? [XJ
X dx x X

Put y =vx :ﬂ=v+xﬂ

dx dx

dv . v .y
So, v+tX—=v-sin" v = X—=-SIn"Vv
dx dx

_cosectvdy = [ X
:>I cosec Vdv—j "
:>cotv=log|x|+C Le., cotl=log|x|+C
X
. T T
It is given that y=Z,When x =1 so, cotZ=log|l|+C =C=1 [ log|1|:0

Hence, the required particular solution is given by cot (zj = log|x| +1.
X

29.  In the Linear Programming Problem (LPP), find the point / points giving maximum value for
Z =5x+10y subject to constraints x +2y <120, x+y =60, x-2y>0; x, y>0.
Sol.  Consider the graph shown below.

Y
~N

C

x+2y=120 %

D
x-—-2y=0 x+y=060
MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics n
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The corner points are A(40, 20), B(60, 30), C(120, 0) and D(60, 0).

Corner Points Value of Z

A(40, 20) 5x40+10x20 =400

B(60, 30) 5x60+10x30 =600 < Maximum
Cc120, 0) 5x120+10x0 =600 <« Maximum
D(60, 0) 5%60+10x0=300

The maximum value of Z is ‘600’ and it is obtained at B(60, 30) and C(120, 0).
Hence, Z__ =600 is obtained at all the points on the line-segment BC.
30.  (a)Ifa+b+c=0 such that [d=3, B\ =5,

E| =7, then find the angle between d and b.
OR

(b) If @ and b are unit vectors inclined with each other at an angle O, then prove that

l‘ﬁ—ﬁ‘zsing.
2 2

Sol. (a) a+b+¢=0 implies, a+b=—3
Considering (@ +b).(a +b) = (=¢).(-S)
=i +[of +2d.b=[¢
= [af’ +[b +2/a[blcos 6 =[]
=3%+5°+2x3x5c0s0 =7

49-9-25 1

OR
(b) Consider [i- B\z —@=b).(3-b)
—|2 b — —|2
=[a-b[ =[a" -2a.b+/p
=la—b At IGEN 2|§| ‘B‘ cos0+1° [ a and b are unit vectors and 0 is the angle betwen them

—la-b :2(l—cose)=2x2sinzg=4sin29

= sin’ 9 =l‘ﬁ —Br

2 4
Hence, l‘ﬁ —B‘ = sing )
2 2

2
Alternatively, consider B\a - BH = %(a ~b).(3-b)

1 B
2 4

P P+1*-2[d||b|cos
:»B\a_b@ _ 4 i

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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31.

Sol.

= theopgupta.com

N l‘ =~ 2_2—2><1><lcos6_2(1—cos(9)
- 4 4
2
= 1‘5—5‘ =lx2sin29=sin29
2 2 2 2
. = .
Therefore, E‘a - b‘ = s1ng .

(a) The probability that a student buys a colouring book is 0.7 and that she buys a box of colours
is 0.2. The probability that she buys a colouring book, given that she buys a box of colours, is
0.3. Find the probability that the student

(1) buys both the colouring book and the box of colours.
(i1) buys a box of colours given that she buys the colouring book.
OR
(b) A person has a fruit box that contains 6 apples and 4 oranges. He picks out a fruit three
times, one after the other, after replacing the previous one in the box. Find
(1) the probability distribution of the number of oranges he draws.
(i1) the expectation of the random variable (number of oranges).

(a) Let A and B denote the events that the student buys a colouring book and a box of colours
respectively.
Given that P(A)=0.7, P(B)=0.2, P(A|B)=0.3.
(i) P(ANB)=P(A|B)xP(B)=0.3x0.2=0.06.
P(BNA) P(AnB) 006 6 3
P(A)  PA) 07 70 35
OR
(b) Let X denote the number of oranges drawn. So, X takes the values 0, 1, 2, 3.
So, P(X=0) =§x§x§=£, P(X=1) :3clgx§x§=ﬁ, P(X =2) =3c23><3><§ :ﬁ,
5% 510 3, K24 55 5 125 5 5 5 125
2 2. 2 8

PX =3)=s—x—X—=—
5 FSNN2S

(1) The table of probability distribution is shown below.

(i) P(B|A) =

X

0

1

2

P(X)

27
125

4
125

36
125

3
8
125

(i) Expectation of the random variable = ZX P(X)

27 54 36 8
X +1x +2x +3x
125 125 125 125

_54+72+24 150 6

125 125 5°

SECTION D

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

32.

Sol.

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

Sketch a graph of y = x”. Using integration, find the area of the region bounded by y=9, x =0
and y=x".

Consider the diagram shown for the sketch of y = x>.
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33.

Sol.
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Note that, y=x" implies, x = i\/y. Yu

Required area= j\/; dy \ /
0

:_[(91/2)3} R
: 0 X

=§[33} =18 Sq.units .

I
D WD W
1
No)
SRS
|
o
|

A furniture workshop produces three types of furniture - chairs, tables and beds each day. On a
particular day the total number of furniture pieces produced is 45. It was also found that
production of beds exceeds that of chairs by 8, while the total production of beds and chairs
together is twice the production of tables. Determine the units produced of each type of
furniture, using matrix method.

Let x, y and z be the number of units produced of chairs, tables and beds respectively.

According to the question, x+y+z=45, z=x+8, x +z=2y.

Thatis, x+y+z=45, x+z=8, x-2y+z=0.

111 45 X
Let A=|-1 0 1[,B=|8 |, X=|y]|.
1 21 0 z

The system of equations can be represented by AX=B =X =A"B ...(i)

Now [A|=1(0+2)-1(-1-1)+1(2-0)=2+2+2=6#0 .. A" exists.
2 3 1
Adjoint of matrix A, adjA=|2 0 -2].
2 3 1
. 2 -3 1
Inverse of matrix A, A™' = adi A _1 2 0 =2
det.(A) 6
2 3 1
[2 =3 17[45 66
By(i),lez 0o —2fls [=L 90}
6_2 110 6114
X 1]
=|y|=|15
z 19

By equality of matrices, we get x =11, y=15,z=19.
Hence, the number of units produced of chairs, tables and beds respectively are 11, 15 and 19.

MATHEMATICIA By O.P. GUPTA : A New Approach in Mathematics
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g+l 1 :
34, (a) For a positive constant ‘a’, differentiate a ' with respect to (t+¥J , Where t is a non-zero

real number.
OR

(b) Find ? ,if y* +x” +x* =a", where a and b are constants.
X

1 a
Sol.  (a) Let y=at t and Z=(t+%j .

1 a-1
Nowﬂ=a ‘xlogax(l—%) and %=a(t+lj x(l—izj.
dt t dt t t
il 1
tx1 1-—
ﬂ_iﬂj;LEJ_a xogax( tzj
- a-1

a(t+l) x(l—lz)

t t

dt )
t+1—1

dt
t
_ﬂza xloga= a __xloga.

] (]
ajt+- t+-—
t t

Remark It has been mentioned that t is a non-zero real number”. Instead of this, the statement
should be like this - “t is a non-zero real variable”.

OR

dz

2

1
t-
t

(b) y'+x’+x*=a’

logx¥ b

= e 1 1 =
o eylogx +exlogy +exlogx =ab
Differentiating w.r.t. x both the sides, we get

eyl"g"(yxl+logxxﬂj+e’”°gy xxlxgﬂogy.l +e“°g"(xxlﬂogx.lj:i(ab)
X dx y dx X dx

y dy )\ x[Xx dy x
= x| —+logxx— |+y" | —x—+logy |+X (l+logx):0

X dx y dx

- (Xy1y+ x7 10gxx%j+(y“xx jy +y* log yj+ X" (1+log x) =0

X
o dy 3 x X
:>(xylogx+y lx)xd—x=—[xy 'y+y*logy+x (1+logx)}
Sdy Xy +y* logy+x" (I+logx)
X :

35. (a) Find the foot of the perpendicular drawn from the point (1, 1, 4) on the line
Xx+2 y+1 -z+4
5 2 -3

x¥ logx +y*'x

OR
x-1 y+1 z-4

(b) Find the point on the line 5

1,2).

at a distance of 2+/2 units from the point (-1,
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Xx+2 y+1 -z+4

Sol.  (a) Consider 5 3 =\.
The direction ratios of the line are 5, 2, 3.
Let A(1, 1, 4). A
Assume that M be the foot of perpendicular on the line drawn from A.
Any arbitrary point on the line is M (5A -2, 2A -1, 3A+4).
Direction ratios of AM : 5L —3,2A -2, 3A.
Since AM is perpendicular to the given line. Line
So by using a,a, +bb, +c,c, =0 for L lines, we get M
B)GAL-3)+(2)2Ar-2)+(3)(3A) =0
= 250 —-15+41L-4+91=0
=381 =19
=>A= 1 :
2
5 1 1 1 11) . \ :
M (— —-2,2x——1,3x—+ 4} =M [—, 0, —j is the required foot of perpendicular.
2 2 2 2 2
OR
(b) Let x—1 _ y+1 _ z—4 _
3 2 3
The coordinates of any random point on this line is PGA+1, 24 -1, 34 +4).
Let Q(-1, -1, 2).
According to question, PQ = /(3% +1+1)> + (2L —1+1)> + (3 +4—-2)> =22
On squaring both the sides, we get (3L +2)*+(21)" +(3A+2)" =8
=29\ +4+120)+4)\*> =8
= 220° +24A +8=38
=20 (11A+12)=0
5 A S0 = =2
11
Hence, the required points on the given line are (3x0+1,2x0—-1,3x0+4)1ie, (1, -1, 4) and
(36,0205, 36,0, (235 8)
11 11 11 11 11 11
SECTION E

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

36.

A carpenter needs to make a wooden cuboidal box, closed from all sides, which has a square
base and fixed volume. Since he is short of the paint required to paint the box on completion, he
wants the surface area to be minimum.

On the basis of the above information, answer the following questions.
(i) Taking length=breadth=x m and height=y m, express the surface area (S) of the box in
terms of x and its volume (V), which is constant.

(ii) Find @
dx
(iii) (a) Find a relation between x and y such that the surface area (S) is minimum.
OR
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Sol.

37.

(iii) (b) If surface area (S) is constant, the volume (V)= %(Sx —2x’), x being the edge of base.
Show that volume (V) is maximum for x = \/% .

(i) Volume of the box (V)= xxxxy=x’y =y :X_‘Z

. Surface area (S)=2(X X +Xy+Xy)=2x" +4xy

:>S:2x2+4—v.
X
(ii) We have S:2x2+4—v §=4x—4—\2/.
X dx X
(iii) (a) For das =4x —4—\2/ =0
dx X
1
4_\2/:4X =>x'=V  x=V3
X
2 2 1
Also, d—§:4+¥. Note that, d—§ :4+ﬁ=12>0. So, S is minimum at x = V3.
dX X at x=V13 \Y
A% x’
Now y=— =y=— SLX=Y.
X X

OR

. 1 .
(iii) (b) We have been given that, V = Z(SX —2x’), where S is constant

2
Now d—V=1(S—6x2) and dY=l(0—12x)=—3x.
dx 4 dx 4
Ford—V:l(S—6X2)=0 —S=6x> W X §
dx 4 6

2
Note that [d Yj :—3[ §J<0.
dX atx=\/§ 6

Hence, V is maximum for x = \/% .

Let A be the set of 30 students of class XII in a school. Let f: A — N, N is a set of natural
numbers such that function f(x)=Roll Number of student x.

On the basis of the above information, answer the following questions.

(i) Is f a bijective function?

(i) Give reasons to support your answer to (i).

(iii) (a) Let R be a relation defined by the teacher to plan the seating arrangement of students in
pairs, where R ={(x, y): X, y are Roll Numbers of students such that y =3x}.

List all the elements of R. Is the relation R reflexive, symmetric and transitive? Justify your

answer.
OR
(iii) (b) Let R be a relation defined by R ={(x, y): x, y are Roll Numbers of students such that

y=x"}. List the elements of R. Is R a function? Justify your answer.
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Sol. (i) Since f is not onto. Therefore, f is not bijective. Recall that, a bijection must be one-one and
onto both.

(ii) Note that, the codomain of function f is N (set of natural numbers), whereas its range will
be the set of natural numbers till 30, as we have only 30 students. That is, there will be many
elements in the codomain (N) of f whose pre-images will not be there in the set A (domain).
Hence, f is not onto.
However f is one-one, as every student will have a unique roll number allocated to them.
Recall that, a bijective function must be one-one and onto both.
Therefore, f is not bijective.
(iii) (a) R={(1, 3), (2, 6), (3, 9), (4, 12), (5, 15), (6, 18), (7, 21), (8, 24), (9, 27), (10, 30)}
Since (a, a)¢R VaeA. So, R is not reflexive.
Also, (1,3)eR but (3,1)¢ R . So, R is not symmetric.
Further (1, 3)eR and (3, 9)eR but (1, 9)¢ R. So, R is not transitive.

OR
(i) (b) Given R = {(x, y): x, y are Roll Numbers of students such that y = x’}.
So, R={(1,1), (2, 8), (3, 27)}.
To determine if R is a function from {1, 2, 3, ..., 30} to {1, 2, 3, ..., 30}, we need to check if R
satisfies the definition of a function : for every x in domain, there is exactly one y in codomain
such that (x, y)eR.
Here the domain of R isn’t explicitly stated, but since x and y are roll numbers of students, and
R is defined over the roll numbers, it’s reasonable to assume the domain is the set of roll
numbers that appear as first elements in R i.e., {1, 2, 3}, unless the statement given in the
question intends the full set {1, 2, 3, ..., 30} as the domain.
In R={(1,1),(2,8), (3, 27)}, the x values are 1, 2, 3 and each is paired with exactly one y
value 1, 8, 27 respectively. There are no two ordered pairs in R having the same first element
with different second elements. Each roll number x is uniquely mapped to its cube y, and all y
values are within the possible range of roll numbers (1 to 30). So, R is function on its listed
domain {1, 2, 3}.
However, if the intended domain is the full set {1, 2, 3, ..., 30}, then R is not a function because
for x=4,5, 6, ..., 30, there are no corresponding y values in R; since y =x" >30 for x >4 .
Note that, when a relation R is defined by a rule and a set of ordered pairs is provided without
specifying the domain, we often consider R as a function on the domain of the first element of
the pairs.

38. A gardener wanted to plant vegetables in his garden. Hence he bought 10 seeds of brinjal plant,
12 seeds of cabbage plant and 8 seeds of radish plant. The shopkeeper assured him of
germination probabilities of brinjal, cabbage and radish to be 25%, 35% and 40% respectively.
But before he could plant the seeds, they got mixed up in the bag and he had to sow them
randomly.

Radish Cabbage Brinjal

Based upon the above information, answer the following questions.
(i) Calculate the probability of a randomly chosen seed to germinate.
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Sol.

(i) What is the probability that it is a cabbage seed, given that the chosen seed germinates?
Let E,, E, and E, be the events of choosing brinjal, cabbage and radish respectively.

Let E be the event that the chosen seed germinates.
Now P(E)) =;—g, P(E,)= ;?) P(E,) —%, P(E|E,)=25%, P(E|E,)=35%, P(E|E,)=40%.
(i) Using law of total probability, we get
P(E)=P(E,)xP(E|E,)+P(E,)xP(E|E,)+P(E,)xP(E|E,)

P(E) = 10 25 25 12 12 35 8 40

+
30 100 30 100 30 100

_ p(p) 25044204320 990 _ 33 o0 ag
= = . = 0'
30x100  30x100 100

P(E,)xP(E|E,)

(ii) By using Bayes’ theorem, we get P(E, |E) =

P(E)
12 35
30 100 _12x35 2><7 14
= P(E, |E =
10 ="50" "0 ~ 33 33
30x100

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

03.

Sol.

08.

Sol.

11.

Sol.

12.

Sol.

If A and B are two square matrices of the same order, then (A + B)(A —B) is equal to

(a) A~ AB+BA -B’ (b) A>+ AB-BA -B’

(c) A —~AB-BA-B’ (d) A’-B*+AB+BA

(a) (A+B)YA-B)=AA-AB+BA-BB=A’-AB+BA-B’.

If a matrix A is both symmetric and skew-symmetric, then A is a

(a) diagonal matrix (b) zero matrix

(c) non-singular matrix (d) scalar matrix

(b) A zero matrix (if it is square matrix) is both symmetric and skew-symmetric matrix.

COS2X ;

J. ————dx isequal to
sin” X cos” X

(a) cotx+tanx+C (b) —(cotx +tanx)+C

(c) —cotx+tanx +C (d) cotx—tanx +C

2 : 2

cos 2X Cos” X —sin” X 2 2

(b) I—d :Iﬁdx:ﬂcosec X —Sec x]dx:—cotx—tanx+C.
sin” X cos” X sin” X cos” X

If.[ ! -dx :E, then the value of ‘a’ is
o 1+4x 8

1 1
@ 7 (b) ) (c) - (d) 4

(b)J. ! 2dx=E :[ltan@x} T
o 1+4x 8 2 8

= [tan’1 2a—tan”' 0} =

r
4

:>2a=tan£=l .'.a=l.
4 2
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14. The integrating factor of the differential equation dx = 2“& is
dy —logx -y
X
(a) o (b) e (©) e (@) logx
8x
2 logx —y
. X - 2 .
Sol.  (d) Rewriting the D.E., dy =X - J ie., gjt ! y :% .
dx x log x x~  xlogx dx | xlogx X
Here P(x) = [ j . Note that, J.P(x) dx = J.[ de =log(logx).
x log x x log x
So, integrating factor= eI PO _ glostlogx) logx .
21.  Find the domain of sec™' (2x +1).
Sol.  sec'(2x+1) is defined when (2x +1)<-1U(x+1)>1
=>x<-1ux=>0
Therefore, the domain is x € (—oo, —1]U[0, ).
22. The radius of a cylinder is decreasing at a rate of 2 cm/s and the altitude is increasing at the rate
of 3 cm/s. Find the rate of change of volume of this cylinder when its radius is 4 cm and altitude

1S 6 cm.

Sol.  Given that E =-2 cm/s and % =3 cm/s.
dt dt
As the volume of cylinder is, V = nr’h
dv [ , dh dr}
=—-=nm|r

—+2rh—
dt dt dt

When r=4 ¢m, h=6 cm, t—‘t]= n[42 ><3+2><4><6><(—2)] =n[48-96]=—48n cm’/s.
Hence, the volume is decreasing at the rate of 487 cm’/s.

26. Show that f(x) = tan"'(sin X +cos x) is an increasing function in {O, %} .

Sol.  f(x)=tan '(sinX +cosx), X € [0 , %}

1 . COSX —sin X
~f'(x) = - >%(CosX —sinXx) = — > -
1+ (sin x 4+ cosx) I+sin” X +cos” X +2sin X cos X
COSX —sin X
> X)) =—F——"
2 +sin 2x

2+sin 2x
Note that, 2+sin2x is always positive as —1<sin2x<1VxeR.

. ) ) . T COS X —Sin x ) T
As cosx >sinx 1.e., cosx—sinx >0 in XE[O,Z} so, f'(x)=—— >0 in XE[O’Z]

So, f'is increasing in x € [0, %} .

28.  Find the particular solution of the differential equation ? ~ X 1 cosec (lj =0, given that y=0
X X X

when x =1.
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Sol.

32.

Sol.

33.

Sol.
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Put y=vx:>—y=v+xﬂ
dx dx
So, the D.E. ﬂ—z+cosec(lj=0 becomes V+Xﬂ—V+COSCCV=0
dx x X dx
dv
= X— = —CO0SeCV
dx
:>.[—sinvdv=.[d—X
X
:>cosv=log|x|+C Le., cosl=log|x|+C.
X
As y=0 when x =1 so, cos0=10g|l|+C =C=1 ['.'log|1|=0

Hence, the required particular solution is cos (zj = 10g|x| +1.
X

Draw a rough sketch of the curve y = Jx. Using integration, find the area of the region bounded
by the curve y = JX, x =4 and x-axis, in the first quadrant.

For y=+/x , we can get y* = x as reference.

Refer the diagram shown. Y
2
4
Required area= I Jx dx
0 1 x=4
_ g[xz/z T
3 0 | X
o) 1 2 3 4 )
_Z [43/2 _ 0} AN
3 -1 \\\
~
_16 Sq. units . "‘\\\\
-2 e~ —

An amount 0f 10000 is put into three investments at the rate of 10%, 12% and 15% per annum.
The combined annual income of all three investments is 1310, however the combined annual
income of the first and the second installments is ¥190 short of the income from the third. Use
matrix method and find the investment amount in each at the beginning of the year.

Let the amount invested be x, y and z (in ) at the respective rate of 10%, 12% and 15%.
So, x+y+2z=10000, xx10%+yx12%+zx15% =1310, xx10%+yx12% =zx15%—-190.

That is, x +y+z=10000, 10x+12y+152=131000, 10x +12y —15z2=-19000 .

1 1 1 10000 X
Let A={10 12 15 |,B=[131000 |, X=|y|.Clearly, AX=B =X=A"B ...(i)
10 12 -15 ~19000 z
Here |A|=1(~180-180)—1(~150-150)+1(120—120) = -360+300+0=-60=0 .. A™" exists.
360 27 3
Adjoint of matrix A, adj.A=| 300 -25 -5
0o 2 2
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03.

Sol.
08.

Sol.

11.

Sol.

12.

Sol.

. 360 27 -3
Inverse of matrix A, A™' = adjA _ 1 -300 25 5
Al
360 -27 -31{/10000 360 -27 -31/10
By (i), we get X =L =300 25 5 |[{131000 =L><1000 =300 25 5 ||131
60 0 2 =21/ -19000 60 0 2 =2{|-19
120 X 2000
=X =@ 180 =|y|=]|3000
300 z 5000

By equality of matrices, we get x =2000, y =3000, z=5000.
Hence, the investment amounts are I2000 at 10% per annum, X3000 at 12% per annum, I5000
at 15% per annum.

Code - 65/5/3
If A=kB, where A and B are two square matrices of order n and k is scalar, then

(a) |A|=k|B| (b) |A|=k"[B| () |A|=k +[B| @ |Al=B/"
(b) |A| = |k B| gives, A| =k" |B , where n is order of matrix B.

Let A and B be two matrices of suitable orders. Then, which of the following is not correct?
(a) (A=A (b) (kA) =kA’, k is a scalar

(c) (A'+B)Y=A+B (d) (AB)=AB'

(d) Note that, (AB)' =B'A’.

Therefore, (AB) = A'B’ is not correct.

J- cos2x —cos 20

dx is equal to
cosX —cos0

(a) 2(sinx+xcos08)+C (b) 2(sinx —xco0s0)+C
(c) 2(sinx+sin0)+C (d) 2(sinx —xsin0)+C

2,1\ _ 20
(a) J-cos2x—cos26dx :J(2cos x—1)—(2cos"0-1) dx

cosX —cos 0
2, 2
=J'2(cos X —cos” 0) dx

cosX —cos0

cosXx —cos0
=2J(cosx+cos@)dx

=2(sinx+xcos0)+C.

[2x
.[ dx is equal to

05)(2+l

(a) l10 6 (b) l10 5 (c) l10 6 (d) l10 5
5 g 5 g > g > g
[2x [2x 1

(a) dx = | —=dx =—| log|x~ +—
[sea®] ;

1
1
5% +1 5(X2+1j 51
5
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14.

Sol.

21.

Sol.

22.

Sol.

26.

Sol.

1
=—log6.
5 g

Il
|
—
P—
o
o
| o
|
—_
o
oQ
W | —
[
Il
|
—
o
(1°]
W =|n| o

The integrating factor of the differential equation dx = —(I+sinx) is
dy x+ycosx

(a) log COS X (b) 1+sinx (C) e(l+sinx) (d) elogcosx
(b) Rewriting the D.E., we get dy_ —w Le., ﬂ+( COS. z j =— X
dx 1+sinx dx \1l+sinx 1+sinx

COSX COSX

1+sinx

Here P(x)= (1 +sinx

j. Note that, '[P(x)dx = J(

P(x)dx :
ej — e10g(1+s1n X)

jdleog(lJrsinx).

Therefore, integrating factor is =
Find the domain of sin™' (x> —3).
For the given function to be defined, we must have —1<(x* =3)<1 ie., 2<x* <4

That implies, -2 <x < ~J2u2<x<2.

So, the domain of sin™'(x* =3) is x € [—2, —\/EJ u[«/i, 2] .

Let the volume of a metallic hollow sphere be constant. If the inner radius increases at the rate of
2 cm/s, then find the rate of increase of the outer radius when the radii are 2 cm and 4 cm

respectively.
Let V denote the constant volume of hollow sphere with outer radius R and inner radius r.

Then, V =4—3n(R3 —1’)

=(1+sinx).

:d_V:ﬂ[?)Rz d_R_3r2 ﬂ}

d 3 dt dt

:Ozﬂx{de—R—rzx% [':E:2 cn/s
3 dt dt

When r=2 cm, R =4 cm,%=[42t—1?—22x2}

T
:>16><d—R—8=0 Le., d—R=§=0.5 cm/s .
dt dt 16

Therefore, the rate of increase of the outer radius is 0.5 cm/s .

Find the interval (s) in which the function f(x)=sin3x—-cos3x, 0<x < g is strictly increasing.

For f(x)=sin3x —cos3x, 0<x<§

= f'(x) =3cos3x +3sin3x =3(cos3x +sin 3x)
For critical points, f'(x) =0 i.e., 3(cos3x +sin3x) =0
= tan3x =-1

3 7n 1lx
=3x=—, —, —, ...

4 4 4

1 3 1 7n 1 1=
S X=X, —X—, —X——

b b

3 4 3 4 3 4

9 eee
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.'.xzﬁe(o, Ej.
4 2
Note that, f'(x) =3(cos3x+sin3x)>0 in x € (O, %j .

. o T
Hence, f'is strictly increasing in x € (O, Zj .

28.  Solve the differential equation x cos (lj dy =ycos (l +X.
X

Sol.  Rewriting the given D.E., we get cos (Zj dy =Y cos Zj +1 ie., ? =Y, !
X

Put y=vx:>ﬂ=v+xﬂ

dx dx
The D.E. becomes V+Xﬂ=V+ ie., xﬂ= !
dx COSV dx cosv

That is, Icosvdv = Ii—x

:>sinV:log|x|+C

Hence, the required solution is sin (zj = log|x| +.Cx

X

32.  In a rough sketch, mark the region bounded by y :l+|x+l ,x=-2,x=2 and y=0. Using

integration, find the area of the marked region.

2+x,if x=>-1

Sol.  We have y=1+|x+1| ={ ...() and, x =2, x =-2 and y =0 (i.e., x-axis).

—x,1f x<-1
) Y
-.Required area = Iydx |
9 1
G - III
= 2 jydx+jydx v
L NN \
= = | —xdx + | (2+x)dx
Jeel
1 ]! 2
= Z—E[XZJ_Z'FE[(Q,'FX)ZJ_I
1 1
=——|1-4|+=[16-1
= = lpeaelpe . X
3 15 . \
= =E+7=9 Sq.units . x=-1 x=2

33. Three students run on a racing track such that their speeds add up to 6 km/h. However, double
the speed of the third runner added to the speed of the first results in 7 km/h. If thrice the speed
of the first runner is added to the original speeds of the other two, the result is 12 km/h. Using
matrix method, find the original speed of each runner.

Sol.  Let x be the speed of the first runner, y be the speed of the second runner, z be the speed of the
third runner; keeping in mind that all the speeds are in km/h.

According to question, x+y+z=6, x+2z=7,3x+y+z=12.
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111 X 6
Let A={1 0 2|, X=|y|,B=|7
311 z 12

Note that, AX=B = X=A"B ...(i)
Now |A|=1(0-2)-1(1-6)+1(1-0)=-2+5+1=4=0 .. A™" exists.

-2 0 2
Adjoint of matrix A, adjA=| 5 -2 -1
1 2 -1
‘ -2 0 2
Inverse of matrix A, A~ = adj A =l 5 2 -1
Al 4
1 2 -1
-2 0 216 —12+0+24
By(i),X=% 5 =2 -1|7 :X:% 30-14-12
1 2 -1}12 6+14-12
X 3
=|y|=|1
z 2

By equality of the matrices, we get x =3, y=1, z=2.

Hence, the speed of first runner : 3 km/h, the speed of second runner : 1 km/h and the speed of

third runner : 2 km/h.
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