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1. (b) Given
A>—-3A+1=0
Multiplying by A™1.
A-31+A1=0
Al=31-A
So,x=—-1,y=3
X+y=2

2. (©]Al=2,Ais2x%x2
[4A71 = 4%|A71

1 1
—16-W—16-§—8

3. (d) For a 3 X 3 matrix,
ladjA| = |A|""! =] A?
|A|?2 = 64
|A| = £8

4. B)2A+B=0
B=-2A

3 4 -6 -
B=-2 [5 2] a [—10 4]

5. (b) f'(x) = logx

f(x) = f logxdx

Using integration by parts,
f(x) = xlogx —x+ C
=x(logx—1)+C

6. (a)l= fOT[/G sec? (x—g)dx

 [tan (x— g)]:“

= tan0 — tan (— g)

V3 3
d? d .
7. (¢) d—X}ZI + (d—i') = siny
Order = 2, Degree = 1
2+1=3
8. (a) Perpendicular vectors = dot product = 0
(2,p,1)-(—4,-6,26) =0
—-8—-6p+26=0
18—6p=0
p=3
9. @xj-j+(Gxi)-k
ixj=kjxi=-k
k-j+(-k)-k=0-1=-1
10. )3+b=1i
b=i-13
=(1,0,0) - (2,-2,2) = (-1,2,-2)
bl =/ (-D2+22+(-2)?=V9 =3

-1 1- 2z-1
@7 =5="

Let each = A.
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1+12A

x=14+2\Ly=1-3Az= >
Direction ratios:

(2,-3,6)

Magnitude:

V4+9+36=7

Direction cosines:

(2 3 6)
@P (% )—03 P(A) = 0.4

( ) P(An B)
" P(B)
_P(ANB)
- 08
P(ANB) = 0.24
B\ P(ANB) 024
(K) "~ P(A) 04
(d) For continuity at x = 2,
Jip 69 = lim 100 = 2
k(2)2=3(2)+5
4k =11

11
k_

on[ 1
1 -1

_[_1 o”-1 0]_[0

Now,

(31 + 4A)(31 — 4A) = 91 — 16A?

=9I + 161 = 251

Given

31+ 4A)(3I

x? =25

X =45

(d) xdy — (1 + x?)dx = dx

xdy = (x? + 2)dx

dy 2

dx =xt X

Integrating.

2 x?
y—f <x+;)dx—7+210gx+c
(c) f(x) = a(x — cosx)
f'(x) = a(1 + sinx)
Since
1+ sinx = 0 Vx
For f(x) to be strictly decreasing.
a<o
a€ (—x,0)
(¢)Z =18x+9y
At (2, 72):
Z=18(2)+9(72) = 684
At (15, 20):
Z = 18(15) + 9(20) = 450
At (40, 15):

—01] a0

—4A) = x?1
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Z = 18(40) +9(15) = 855
Maximum = 855 at (40,15)
Minimum = 450 at (15,20)
(a) Constraints:
x—y=20=>y<x

x4+ 2
2y§x+2:>yST
x=20y=0
Intersection of

X+ 2
y=Xxand y = >
gives

x4+ 2
X = >x=2,y=2

Corner points are:

(0,0),(2,2)
Hence number of corner points = 2.
(c) * Assertion (A):

3m
f(x) = 2sin71(x) + —XE€ [-1,1]

Since

sin"1(x) € I E]
2’2

2sin"1(x) € [-m, ]

Adding 2*.

¢ m 5™
() € [2 "2 ]
So Assertion is True.
* Reason (R):
The principal value range of sin"1x is
T
[ 2°2
not [0, t].
So Reason is False.
 Assertion is True, Reason is False.
(d) * Assertion
Points:
(1,2,3),(3,—1,3)
Direction ratios:
3-1,-1-23-3)=(2,-3,0)
Equation of line:
x—3 y+1 z-3
2 -3 0
The given assertion has %1, which is incorrect.

Hence Assertion is False.

* Reason (R):

The formula

X=Xy Y=V1 Z774
X27X1 Y271 Z277%
1S correct.

Hence Reason is True.

* So, Assertion is False, Reason is True.
(A) Given

f:A - B, f(x) = 2x

and
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A =1{1,23,4}
Then
f(1) = 2,f(2) =4,f(3) = 6,f(4) =8
Since f is onto,
B ={2,4,6,8}
OR

(B) sin~! (sin %) + cos™1 (cos %ﬁ) + tan"1(1)

Sin SIn— ) = SIn — ) = -
4 V2) 4

1 3t 31
CcoSs™ (cos —) =—

Vector collinear with

i+5+k

has form

AG+]+ k)

Magnitude:
AVI+1+1=AV3

Given magnitude = 3+/3.

Al =3

3(0+j+k)and —3(0+]+K)
(A) Given

(B) Line 1:
Xx=2A4+2,y=7A+1,z=-3A-3
Direction ratios:

(2,7,-3)

Line 2:
X=—U—2,y=2u+8,z=4u+5
Direction ratios:

(-1,2,4)

Dot product:
QOEDD+MH2)+(-3)4)=-24+14-12=0
Therefore the lines are perpendicular
Given

y = (X +x? — 1)4
Taking log.
Iny = 21n(x+ x? — 1)

Differentiating.
1dy 2
ydx  Vx2 -1
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dy 2y
dx  x2—1
Squaring.
() -~

dx/ x2-1
Hence

dy z
o -
Sinx
f(X) - 4+Ccosx —X
16(4cosx+ 1)
f'x) =—/——""—-—
(4 + cosx)?
_ 64cosx + 16 — (4 + cosx)?
h (4 + cosx)?
_ —(cosx —8)?
" (4 + cosx)?
Since denominator > 0,
f'(x) <0
T
forx € (E,n).
Therefore,

* f(x) is strictly decreasing on (g, 11)

Evaluate
TT

2
I =j [log(sinx) — log(2cosx)]dx
0

/2 /2
[= f log(sinx)dx—f log(2cosx)dx
0 0
Using the standard results:
/2 /2 T
f log(sinx)dx = f log(cosx)dx = —ElogZ
0 0

Hence,

/2 T /2
f log(2cosx)dx = ElogZ + f log(cosx)dx =0
0 0

Therefore,

I=—Zlog2

T

2 m
fz [log(sinx) — log(2cosx)]dx = —ElogZ
0

Find
1
J dx
VXWX + D (VX +2)
Let
t=x = x=t%,dx = 2tdt
Then

2
[= | —————=dt
f t+D+2)
Using partial fractions,
2 2 2

t+D(t+2) t+1 t+2
Hence,

l—zf<1 1)dt
- t+1 t+2
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[ =2Injt+ 1] — 2Injt+ 2| + C
Substituting t = v/x,
1

d
f Vx(Vx + D(Vx +2)
(A) Particular Solution

Y oo 2
I + sec”xy = tanxsec“x,y(0) =0
This is a linear differential equation.

P(x) = sec?x
Integrating factor:
IF = ef sec’xdx — gtanx

Thus,

Vx+1
Vx+2

x = 2ln

| +c

— (ye'@X) = tanxsec?xeta"X

dx
Let u = tanx, du = sec?xdx.

ye' = f ue'du=e"(u—1)+C

Hence,

y = tanx — 1 + Ce™%nx

Using y(0) = 0,

0=0-1+C

c=1

Therefore,

y=tanx—1+e
OR

(B) Solve

xdy — ydx — /x? + y?2dx =0
dy

X——y =+x%+y?

dx
1-&(%)

—tanx

d 2
y_y,

dx ~ x

Let

Yy _ dy _ dv
V—X > y-VX,dX—V+XdX
Substituting.

dv
V+X—=vV+41+V?
dx

d
xd—:= v1+v?
dv dx

VIitvZ X
Integrating.

sinh™!v = In|x| + C
Substituting v = %a

ﬂnh_l(g)::hﬂx|+-c

or equivalently.

y AN
; + |1+ (;) = Cx

which is the required solution.
The given constraints are
4x+y >80

X+ 5y > 115
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3x+ 2y =150
Xy=0

Converting the given inequations into equations, we get
4x+y =80,x+ 5y =1153x+ 2y =150, x =0andy =0

These lines are drawn on the graph and the shaded region ABC represents the feasible region of the given LPP.

Y
4

1
1004

X

709

O 10 2030 40 50 &Q 70 80 90 100110120 X

Y 4x + y =80

It can be observed that the feasible region is bounded. The coordinates of the corner points of the feasible region

Ix+2y= 150

are A(2,72),B(15,20) and C(40,15).

The values of the objective function, Z at these corner points are given in the following table:

Corner Point Value. of the Objective

Function Z = 6x + 3y
AR,72) o L
B(15,20) £ = B 20
C(40,15) R = 6><40+3;<;gs

From the table, Z is minimum at x = 15 and y = 20 and the minimum value of Z is 150 .

Thus, the minimum value of Z is 150 .

(A) Given

X 1

PX)

N
ST -l I
x| W

(i) Find k

k:

(i) Find P(1 < X < 3)

P(X=1)+PX=2)
1 1 5

2 3 6
(iii) Mean E(X)
E(X) = z xP(x)

o) +s0)
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(B) Given
_ 1
P(ANB) =-
( ) %
P(ANB) = ‘
Since

P(A) =P(ANB) +P(ANB)
PCAY = 1 N 1 5

W =5+1=12
Because A and B are independent,

P(A N B) = P(A)P(B)

2
P(A) = 5, P(B) = £
(A) Evaluate
X/2
[= f e*sinxdx
0
Using
eX
f e*sinxdx = 0 (sinx — cosx) + C

Therefore,
2

eX m/
[= [— (sinx — cosx)]
2 0

e™/2 1
=—(0-0)—=(0-
—(1-0)-5(0-1)
e™2 41
/2 - eT[/Z +1
f e¥ sinxdx =
0 2
OR
(B)Find
J‘ dx
cos(x —a)cos(x — b)
Using
tanA — t B_sin(A—B)
an anb = cosAcosB
Hence,
1 _ tan(x—a) —tan(x — b)

cos(x —a)cos(x —b)  sin[(x—a) — (x —b)]
_ tan(x —a) —tan(x —b)

- sin(b — a)

Therefore,

= ! b)]d
I—mf [tan(x —a) — tan(x — b)]dx
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= ! In | +1 b ] +C

= Sn(b—a) [—In | cos(x —a)] + In|cos(x — b)]

dx 1 1 cos(x —b)

J- cos(x —a)cos(x —b)  sin(b — a) g |cos(x —a)
32. Relation R = {(%,y): Xy is an irrational number }

Reflexive

For reflexive, (x,x) € R for every x € R.

Takex =1,

1-1=1

which is rational.

Therefore, R is not reflexive.

Symmetric

If (x,y) € R, then xy is irrational.

Since

yX =Xy

yx is also irrational.

Therefore, R is symmetric.

Transitive

Take

X=\/§,y= 1,z =2.

Then

xy = V2( irrational ), yz = V2( irrational ),

but

xz = 2 (rational).

Hence R is not transitive.

R is neither reflexive nor transitive, but symmetric.
33. (A) Find (AB)™!

Given
1 2 =2 3 -1 1
A=|-1 3 O],B‘1=[—15 6 —5]
0 -2 1 SN —2 480
Using
(AB)"' = B71A°L
First,
3 -2 6
A‘1=[1 -1 2]
2 -2 5
Therefore,
3 -1 1713 -2 6
(AB)‘1=[—15 6 —5”1 -1 2]
5 —2 212 -2 5
10 -7 21
(AB)"1 =149 34 103]
17 —-12 36
OR

(B) Solve by Matrix Method
X+2y+3z2=6

{ZX —y+z=2
3x+2y—2z=3

Solving.

x=1Ly=1z=1

34. (A) Points:

A(3,3,-5),B(1,0,—11)

Direction vector of AB :

AB = (-2,-3,—6)
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Line through (1,2, —4) parallel to AB :
Vector equation
It =i+ 2f— 4k) + A(—=21— 3j — 6k)
Cartesian equation
x—1 y—2 z+4

-2 -3 -6
Distance between the lines
Take
P(1,2,-4),Q(3,3,-5)
PQ = (2,1,-1)
4 = [P X AB|

|AB]

PQ x AB = (—9,14,—4)
|PQ x AB| = V293
|AB| =7
Hence

V293
7

OR

(B) Given
A(1,2,3),B(3,5,9)
Direction vector
AB = (2,3,6)
Equation of line
x—1 y—2 z-3

2 3 6
Points at distance 14 units from B
|AB| =7
Unit vector along line:

(2 3 6)
7'7'7

Required points:
Bx14(3,5,2)
- 7°7°7
=(3,59) + (4,6,12)
Hence
(7,11,21)
and (—1,-1,-3)
Area bounded by y = x%,y = x + 2 and x-axis
Intersections:
(Hy=x%*andy =x+2
x2=x+2
x=-2)x+1)=0
x=2-1
(2) Line meets x-axis at x = —2.
(3) Parabola meets x-axis at x = 0.
Area enclosed:

-1 0
A=f (x+2)dx+f x2dx
-2 -1
oo of5]

= |— X -
2 2 1315
1

23

d=
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5
6
Area = 3 square units

From the Venn diagram:

* Aonly =0.32
*ANB=0.09
*Bonly=y
*BNnC=x
*Conly =0.21
* Outside all three = 0.11
(i) Given:
P(C) = 0.44
So,
x+0.21 = 0.44
x =0.23
(i) Find y
Total probability = 1
032+0.094+y+0234+021+011=1
096+y=1
y = 0.04
(i) (A) Find P(B)
P(B) = 0.09 + 0.04 + 0.23 = 0.36
Therefore,
P(B) =1—P(B)
=1-0.36
P(B) = 0.64
OR
(B) Probability that a person does Yoga of type A or B but not C
Required region:
* Aonly = 0.32
*ANB=0.09
* B only = 0.04
P((AUB)NnC) =032+ 0.09 + 0.04
P((AUB)NC) = 0.45

Given:

+ Water flows out at the rate 2 cm3 /s

av 2 em?

T cm® /s

» Semi-vertical angle of cone = 45°
r

tan45° =—-=1

an o

r=h

(i) Volume of water in the conical tank in terms of r
Volume of cone:

V—1 2h
—Snr
Sinceh =r.
V—1 3
—Snr
_nr3
K

(i) Rate of change of radius when r = 2v/2 cm
Differentiate




38.

i

GP 12" CBSE MATHS PAPERS 2023 é 12" CBSE PAPERS PYQs
T3
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V=—
3
with respect to t :
dv o, dr
a0 gt
Substitute N _ -2
dr
-2 = 2
Tr I
dr _ -2
dt T2
At
r=2v2
r’=8
dr _ 1
dt 4m cm/s

(iii) (A) Rate at which wet surface area decreases when r = 2v/2 cm Since h =,

l1=yr2+h2=42r2=r/2

Curved (wet) surface area:
S = nrl = mr(rv2) = mv2r?

Differentiate:

ds dr

— =2m2r—

a0 = 2y )
Substitute r = 2/2 and = = — L :
ds dt 4Tt

P 2mV2(2v2) (— %)

Hence the wet surface area is decreasing at the rate
2 cm?/s
OR
(B) Rate of change of height when slant height 1 = 4 cm Since

l=rv2,r=h
|

h=—
V2
Ifl=4,

4
h=ﬁ=2\/§

Thus r = 2V2.
Sincer = h,
dh dr

dt dt

From part (ii).
dh 1

T cm/s

So the height is decreasing at the rate

— cm/s
41-[ . / . . .
(negative sign indicates decrease).

Given

fx) =ax+9)+1)(x—3)

and the curve crosses the y-axis at (0, —1).
(i) Find the value of a
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Since f(0) = —1.

a0 +9)O+1)(0-3)=-1
a)M)(-3)=-1
—27a=-1

1

27

(ii) Find f"' (1)

Substitute a = % :

a =

1
f(x) = ﬁ(x +9)xE+1)-3)
First expand:
x+1)x-3)=x%—-2x-3
x+9)(x?—2x—3) =x3+7x%? —21x— 27
Hence

1
f(x) = ﬁ(x3 + 7x? = 21x — 27)
Differentiate:

1
f'(x) = o (3x?% + 14x — 21)

1
£'(x) = 7> (6x + 14)

Atx =1,

f'"(1) = ! 6+ 14 —20
M =--6+19 =

€101 = 20

(c)Let's calculate AZ.

2_[0 1710 13_[0 O
AT = [o o] [o 0 [o 0
Since A = 0, any higher power A" = 0 for n > 2. Thus, A%023 = [8 8]

(b) Any square matrix A can be uniquely expressed as P + Q, where
A+ AT , A—AT .
P= 5 (symmetric) and Q = (skew-symmetric).
T_[2 5
A= [0 4

L2 oj_2 spy_1jo -5 0 -—5/2
QZE([S 4 _[o 4)=E[5 0]:[5/2 0/ ]
(d) A non-singular matrix has a determinant not equal to zero.
det(A)=13—-a)—2(2—-3)+1(2a—9) =a—4
For the matrix to be non-singular,a — 4 # 0 = a # 4. Thus,a € R — {4}.
(d) The determinant property states that |kA| = k™|A| where n is the order of the matrix. Given n = 2|kA| =
k?|A.
|A| = k2|A| = |A|(kK2—=1)=0
For a non-trivial matrix where |A| # 0, we have k? — 1 = 0 = k = 1, —1. The sum of these values is 1 +
-1)=0.
Eb) Izltegrating the derivative with respect to x :

ax?
f(x)=] (ax+b)dx=7+bx+c

2
Using the initial condition f(0) = 0, we get C = 0. Thus, f(x) = % + bx.
(c¢) The degree of a differential equation is the highest power of the highest-order derivative when the equation is a

polynomial in its derivatives. Because this equation contains cos (d—z), which cannot be expressed as a polynomial

. dy . .
in d_i,’ its degree is not defined.
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45. (d) (1 —y )d—y+yx= ay
dx a
& vy
dy 1-—y? 1—y?
IF. =¢ 2yl ey - L
J1—y?

46. (@) PQ = (4 —2)i+ (4 — Dj+ (=7 + Dk = 21+ 3§ — 6k
IPQl=V4+9+36=7

Unit vector:
21 + 3j — 6k

7
47. )M =22
B=2M-A
=2(31 + 2j — 3k) — (21 + 3] — 4k)
=4i+j-2k
48. (a) Projection = %

R1+3)-Bi—-2)=6-6=0
~ Projection = 0
49. (d) Line through (1,1,1) parallel to z-axis has direction ratios (0,0,1).
x—1 y—1 z-1
o o0 1
50. (d) Given sum =9
Possible outcomes:
(3,6),(4,5),(54),(6,3)
Total = 4
Favourable = 2(4,5), (5,4)
2 1

P=—=-—
4 2

T

tanx—1 tanx—tan— T

51. (o) = 4 =tan (x - —)
tanx+1 1+tanxtanz 4

ftan(x—g)dx=—ln|cos(x—g)|+c
g

=ln|sec(Z—x)|+C

a c e

b d f

1 1 1

Therefore,
a c e

b d f|=2A
1 1 1
Squaring.
a c e?
b d f| =4A?
1 1 1

2
53. (a) f(x) = x|x| = {’i);z

f(0)=10
Continuous at x = 0.

2 2
FO= I =R O= I =0
Hence differentiable at x = 0.

52. (D)A =7

x>0
x<0
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(b) tan (=) =k

x-y
Since k is constant,
X +
y_ C
X—y
Differentiate:

d ;x+vy 0

dx (x - y) B

Using quotient rule:
A+y)x-y)—Ex+yA-y)=0
2xy' —2y =0

dy _y

dx  x

(¢) Z = ax + by

At (4, 6).

4a+ 6b =42

At (3, 2).
3a+2b=19
Multiply second by 3:
9a+ 6b =57
Subtract:
5a=15=a=3
33)+2b=19
2b=10=>b =5
(d)

Corner Z = 30x + 24y
Points

(0,4) Z =30 %0+ 24 X 4 = 96 > Min.

Z=30x8+24Xx0=240->

(8,0) Max.

20 4
(@ﬁ) Z:30x?+24x§=200+32
3’3 =232

Then Max. Z — Min. Z = 240 — 96 = 144.
(¢) The maximum value of cos 'xismat 1 .
+ Maximum value of (cos™1x)? is m2.
Range of principal value branch of cos™!
(a) cos?a + cos?B + cos?y =1

= (1 —sin?a) + (1 —sin?B) + (1 —sin?y) = 1
= 3 — (sin%a + sin?B + sin?y) = 1

= sina + sin?p + sin?y = 2

(A) sin™! (sin %T[) + cos™I(cosm) + tan~1(1)

x is [0, m].

= sin~! [sin (T[ - E)] +m+tan~?! (tan E)

LGP
27T,

L
==+

2

31

2
(B)
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Y

=2

< —
o (=]

ik

Y

>

Range of cos™! x is [0, 7).
60. Given:
3y=ax3+1
Differentiate w.r.t. t
y d
3—=ax3x*—
dt 4 ;‘ d
A
Ta X
Use given condition at x = 1
dy dx
—~ =2
d d d'(ci d
y x dx
—~Z =3(12)—a—
TR TS
dx =5 dx
ST
&0
dt
a =
61. Given,3-b=3-¢
i-b—3-¢=

>3- b-0=0
Eitherb =2or3a L (b—©)
Butb # ¢
[~3, b, ¢ are three non-zero unequal vectors]
= Angle between 3 and b — ¢ is 90°.

62. Given line is

x y—1 z+1

1 2 2
x=ky=2k+1,z=2k-1
So, let point on the given line is
P(k,2k+ 1,2k—1)
Distance of point (P) from the origin is
Jk—=0)2+ (2k+1—-0)2+ (2k—1 — 0)2
Now k2 + (2k + 1)2 + (2k — 1)2 = V11 ... (Given)
=> k% +4k?+1+4k+4k* + 1 —4k =11
>9%k*+2=11
=>9k?=9
=>k=4%1
Therefore, point on the line is (1,3,1) or (—1,—1 — 3).
63. (A) Given,y =vax+b
dy a

Then, dx  2vax+b
. dy a

dx 2y

= k( assume )
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dy a

Sy—==
dx 2
Again, differentiating with respect to x , we get
d’y dy dy
d’y  (dy
=yt (q) =0
Hence Proved.
OR
(B) We have,
_(ax+b:0<x<1
i) _{sz—x:l <x<2
(LHDatx=1)
0 —£(1)
im ——————=
x-»1- x—1
. f(1-h) —f(1)
B 1-h-1
[a(1 —h) +b] — [a+ b]
m
h-0

- —h
. [a—ah+b—a-b]
= lim
h-0 —h
ah
= lim —
h-0 a
=a
(RHDatx=1)
. fx) - (1)
m —
x»1r x—1
. f(1+h) —f(D)
hoo (1+h) —1
[20+h)?=1+h)]—-[2-1]
m
h-0

h
[20+h?+2h)—1-h] -1

= lim
h-0 h
[2+2h?+4h—-1-h-1]
= lim
h-0 h
3 (2h? + 3h)
- h.—>0 h
= }ll_r;r(l) (2h +3)
=3
Since, f(x) is differentiable, so
(LHDatx=1)=(RHDatx=1)
~a=3
Now, LHL = ligr_lf(x)
X,
= }l%_r)r(l)f(l —h)
= }11_1)1(1)3(1 —h)+b
=a+b
Now, RHL = lim f(x)
x-1*
= }llin(l)f(l +h)
= }llirr(l)Z(l +h)2—-(1+h)
=2-1
=1
 LHL = RHS
~a+b=1
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=>3+b=1
b=-2
Hence,a =3 andb = —2.

(A) Letl = fOT[M log(1 + tanx)dx
By using property
a

f:f(x)=fo f(a — x)

/4
l=f0 lo,gf[l+tan(g—x)]dx

/4 tan% — tanx
f log|1+ R - — dx
0 1+ tanztanx

T4 11— tanx
f log |1+ —] dx
0 [ 1+ tanx

/4 - )
1 _
J;, 08 1+ tanx] dx

/4 /4
f log2 — f log(1 + tanx)dx
0 0

On adding equations (i) and (ii),

/4
2l = f log(1 + tanx)dx + f
0 0

/4

/4
=2l = f log2dx
0

/4

$21=log2f 1-dx

= 21 = log2[x],

0
/4

log2 =

T
=>]=——Xx-—=—log2

2 4 8
OR
dx

B)Letl = [ ——

Jsin3xcos(x—a)
dx

[cosxcosa + sinxsina]

=

sinx

J‘ dx
sinZxy/cotxcosa + sina
cosec?xdx

v/cotxcosa + sina

Let cotxcosa + sina = t
Then, dt = —cosec?xcosadx

_ I_f —dt
T ) cosant

_2\/E

cosa
—2+/cotxcosa + sina

+C

+C

cosa
—2secoy/cotxcosa + sina + C

Let] = [ ecot™' (ﬂ) dx

1+x2

Take cot™1x =t
~ X =cott

/4

log2dx — f log(1 + tanx)dx

0
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~ dx = —cosec?tdt
1 + cot?t — cott
_ t 2
= e —cosec“t)dt
f < 1 + cot?t ) ( )
(cosec?t — cott)
=f —et > X cosec?tdt
cosec?t

= [ — et(cosec?t — cott)dt

= f et(cott — cosec?t)dt

~ Now, taking f(t) = cott
Then f’(t) = —cosec?t
1= f et[f(t) + f'()]dt
= etf(D) + C

= e X|cot(cot™1x)| + C
= et X x x 4 C

= xe®U X 4 C

_ logv3 1
LetI= flogﬁ (eX+e~X)(eX—e~X)

logv3 1
N flog 7 @+ (&1 dx
eX @

dx

dx

logV3 e2X
Jl‘og«/f (e4x - 1)
Lete?* =t
Then, 2e?*dx = dt

_f3 dt

, 2(t2-1)
_1f3 dt

S 2), t2—12
—[1>< 1 | |t—1]3
2% 2% 1 B ler 1,
1'1 (3—1) 1 (2—1)]
98\3 1) T8 \2 11
log 2 1 1]

983 7 1983

1
logE + log3]

el Bl et Bt al

_1 1><3
g %3]
3

I

I
o
a9
I

NN
)

(A) (xy — x*)dy = y*dx
Divide throughout by y? (assuming y # 0 ) to simplify:
xy — x?

y2 dy = dx

<X XZ)d q
R — = X
y yv2)Y

To simplify, let us introduce a substitution. Divide the entire equation by x? (assuming x # 0 ):

V=§(sothaty=vxanddy=vdx+xdv)
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Substitute into the equation:

(1 1) dx + xdv) = = d
=V V(Vx XV)—XZX

v 1 1
(— T ox (vdx + xdv) = 2z dx)

X
Simplify step by step:

Multiply and separate:

v2 v 1 1 1
—dx +-xdv — —vdx — —xdv = —dx
X X ;4 ;4 X

v? 1 1 1

—dx ——dx+ vdv ——dv = —de
X X \% X

Group terms involving v and x . The equation becomes:
vi-1 1 vi-z
dv=|—=- dx

(B) Given equation is

d

(x? + 1)d—y+ 2xy =Vx%2+ 4
X
dy N 2x X% + 4
> — Xy =
x e+ YT+
It is of the form,
dy + Py =
TPy =Q
~IF = ef Pdx
2
= ef (Xz-):l)dx
Letx? +1=t
2xdx = dt
[ a

] F=¢el t
— elogt
=t
=x?+1
General solution is given as

(LF.)y = j (LF.)Qdx + C

Vx2 + 4
=>(x2+1)y=j (x2+1)ﬁ

z(x2+1)y=f Vx?+1dx+C
z(x2+1)y=f V()2 +22dx+ C
X 4
=>(x2+1)y=§( x2+4+zlog|x+\/x2+4|)+c

= (x2 +1)y=§\/x2 +4+210g|x+\/x2 +4-| +C

is the required solution of given differential equation.

dx+ C

(A) When we draw 2 balls, we get no red balls, 1 red ball or 2 red balls.

Then, possible values of X are 0,1,2.
Let, number of red balls be y and number of green balls be y.
The, total number of balls = 2y
Now, P(X = 0) = P( no red ball )
= (PGG)
AN
2y 2y
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P(

1
4
X =1) = P( one red ball )
P(RG or GR)

AN AN

T2yT2y 2y 2y
+

e

4
1
2
P(X = 2) = P(two red balls )
P(RR)

vy

2y 2y

1

"3
~ Probability distribution is
X 01172

P(X) %

Now, mean i.e.,
E(X) = Z XP(X)

N| =
Sl =

0 +1 1+2 !
= X — X — X —
2 4

N R |

>+
=1
OR

(B) Let S denote the success (getting a '6") and F denote the failure (not getting a '6').
Thus, P(S) = £ = p,P(F) = = =

P(A wins in first throw ) = P(S) = p

P( A wins in third throw ) = P(FFS) = qqp

P( A wins in fifth throw ) = P( FFFFS ) = qqqqp

p

1-—¢g?

N =

~11
P(B wins ) =1 — P(A wins )
6
=1-—
11
5

11
So, P(A wins ) = % and P(B wins ) = %
Here, objective function
Min. Z = 5x + 10y
Subject to constraints
x+ 2y <120
x+y=60
x—2y2>20
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x=20y=0
Changing inequations to equations, we get
x+2y =120 ...(1)
x |0 120
60 | O
X+y =60 ....(i1)
0 60
y | 60 | O
X—2y = ....(1ii)
x | 0] 120
y | 0 60

On solving equations (i) and (ii), we get point of intersection E(0,60).
On solving equations (ii) and (iii), we get point of intersection C(40,20).
On solving equations (i) and (iii), we get point of intersection B(60,30).

?1020)0

Corner Z = 5x + 10y
Points
A(120,0) Z=5%x120+10x 0 =600
Z=5x60+10x 30
B(60,30) = 300 + 300
= 600
Z=5%x40+10x20
C(40,20) =200+ 200
=400
Z=5x60+0x0=300-
D(60,0) Min.
Hence, min. value Z is 300 , when x = 60 and y = 0.
-3 -2 —4
70. (A) Given, A = | 2 1 2 ]
2 1 3
1 2 0
and B = [—2 -1 =2
0 -1

Now, AB =

1
-3 -2 4171 2 0
2 1 2 ] [—2 -1 —2]

2 1 3110 -1 1
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—-3+4+0 —-6+2+4 0+4-—-4
2—-24+0 4—-1-2 0—-2+42
2—-24+0 4—-1-3 0—-2+3
1 0 0

01 0

0 0 1

~AB =1

(AB)B~! = B!

A=B"1 ....(1)

Now, equations are

x—2y=3

2x—y—z=2

—2y+z=3

1 -2 07X 3
[2 -1 —1”y]=H

0 -2 11tz 3
CX=D
Here, C = BT
~C(cX)=Cc"'D ...(i1)
= [X=C"1D
=>X=C1D
= [BT]7'D
= [B~!™D
= [A]"D ...[from (i)]
-3 -2 —41"13
2 1 2] [2
2 1 3113

-3 2 21[3
X=|-2 1 1”2

—4 2 3l13
—-9+4+6

—-6+2+3
-12+4+9

-]

Hencex=1,y=—1andz = 1.
OR

....[from (i1)]

X =

cosa —sina 0
(B)Given, f(a) = |[sina  cosa 0

0 0 1

cos(B) sin(B) O

f(—B)=[Sin(B) cos(B) 0]
0

0 1
cosf sinf O
= [—sinB cosf 0]
0 0 1

cosa —sina 0][cosB sinf O
f(a) - f(—PB) = [sina cosa 0] [—sinB cosf 0]
0 0 1 0 0 1
cosacosf + sinasin  cosasinf} — sinasinf 0
= [sinacosB — sinfcosa  sinasinf + cosacosf3 0]
0 0 1
cos(a —B) —sin(a—p) O
= [sin(a —B) cos(a—P) O]
0 0
= fla—P)

Hence Proved.

1
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71. (A) Equation of diagonal PR is i.e., P(4,2,—6) and R(12,4,5) is
x—4 y—2 z+6
12—4 4-2 5+6
S R G A ...
8 2 11
Equation of diagonal QS isi.e., Q(5,—3,1) and S(11,9, —2) is
x-5 y+3 z-1
11-5 9+43 -2-1
x-S _y¥3 201
6 12 -3
For finding point of intersection.
X—4 y—2 Z+6
Let—="—F=—=A2
8 2 11
x=8A+4,y=2A+2,z=11A—-6
Since, the lines (i) and (i) are intersecting, the point ( X, y, z ) must satisfy the second line.

BA+4-5 22+2+3 11A-6-1

.(i0)

6 12
L8 -1 2245 1A-7

6 12 -3
8A—1 2A+5
= =
6 12
= 16A—2=2A+5
> 141 =7
)\_1
)

~ Point of intersection is

1
= X — 4 =
x=18 2+ 8

1

11Xt 6=t ="

= X = — = —— ==

‘ 2 2 2

Thus, the diagonals intersect at (8,3, _71)

OR
(B) Line i is passing through the point (—1,3, —2) and the lines are
X y z x+2 y—1 z+1
1 2 3™ 3772 T
Direction cosines of first line is
a=(+2j+3k)
Direction cosines of second line is
b = (=31 + 2j + 5k)
~3axb=(+2j+3Kk) x (=31 + 2§ + 5k)

A

ik
=1 2 3
-3 2 5

=110 — 6) = (5 + 9) + k(2 + 6)

A =41—14j + 8k

Position vector of the given line is
B=—1+3)—2k

Vector equation of line is,

r=B+2AA

= (—=1+ 3j + 2k) + A(41 — 14§ + 0k)
or i = (=14 3] — 2k) + A(21 — 7] + 4k)
Distance of the line ' 1 ' passing through the point (—1,3, —2) from the origin is
=/(-1-0)2+ (3 -0)2 + (-2 — 0)2
=(-1)2+32+22
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—Vi¥9+4
= V14 units.

Given, y = V4 — x?

>x2+y?=4

For finding point of intersection put y = v/3xiny = V4 —x2, we get
V3x =4 —x2

= 3x% = 4 — x?

=>4x?2 =4

>x?=1

=>x==*1

ay=v3

~. Coordinates of A is (1,/3)

NE) 2
~ Required Area = f Ldy + f V4 —y?dy
o V3 V3

RN 4
_ﬁ[7]0 +[§ 4—y2+zsm 1(5)]\/§
= % E - 0] + [ZSin_l(l) - ? — 2sin™?! <§>]
V3 T 3 i
+2X 2 X

= teXg T Xy
_ 2T
=3 $q. units

We have, f: [—4,4] - [0,4] defined as f(x) = V16 — x?
(1) One-One
f(x1) = f(x2)

z\/l6—x§=\/16—x§

=16 —x? =16 —x3

= x? = x2

=>x2-x3=0

= (X +x2)(X —%2) =0

Here, x4 + x, = 0 is also possible.
Asifx; =4 and x, = —4.

Then, x4 + x, = 0 is also possible.
X1 = TXp

But for one-one,

X1 = —X,

so, f(x) is not one-one.

(i1) Onto

Let,y = V16 — x?

=>y? =16 —x?

=>x2=16—y?

=>x=4/16 —y2 € [0,4]

So, f(x) is onto.

For f(a) = /7, we have

f(a) = /16 — a2
= V7 =16 —a?

On equating both sides
=7 =16 —a*
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=a’=16-7
=a’2=9
=>a=+3

Hence, possible values of a are 3 and -3 .

(i) Area of metal sheet required to made a cylinder open from top = 751 cm
Given, 'r ' is the radius of the cylinder ' h ' is the height of the cylinder.

~ 2mrh + mr? = 757

= 2rh+r1r? =75
= 2rh =75 — r?
_ 75-1r%

= h= ” ...(1)
Then, volume of cylinder,
(ii) From (i),
V=mr?h
75-r2 .
= mr? x ( er ) ...[From (i)]
r
= 1T7(75 —r?)cm3
T
V= > (75r —r?3)
dv _ E _ 2 .o
-3 (75 — 3r%) ...(ii)
(iii) (A) From (ii),
dv.m (75 — 317)
dr 2 r

For maximum volume, put i—‘: =0
i
= 5(75 -3r3)=0

3n
=>7¢0,25—r2=0

= 25 = r? [after taking square roots]
=>r=5cm
2
Now, 3 =2(3r2) <0
Hence, the volume is maximum, when r = 5 cm.
OR
(B) From

Then, h = 751t
_75-5%
205

_ 75 — 25

10
50

10

=5

For max. volume,

h=r=5cm

Hence, the given statement is false.

Given, P(L) = %

P(L)P(L) = 1 12 _ 88
(L)P(L) = 100 100

and P(A) = P(B) = P(C) = P(D) =

P(L)_ 24
A/ 100

1
4

2
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17 .
—, from the given data.
100

v o (L) _ P(LNA)
(i) P (_) YY)
_P(A)—P(LNA)
B P(A)

_P(LNA)

P(A)

L —
)=

25
cen A P(ANL
(iiii) (A) P (E) = ; (L))
L\ _ P(ANL)
But P (X) T P®)
24 _P(ANL)

100 1

P(AN L 24><1 6 3
= = — — =SSy
( ) 100 4 100 50
:.P(A)= 50 _3x100 1

12 12 x50 2

L\ _ P[L)N(BUC)]
(B) P (BUC) ~ P(BUC)

P[(LNB) U (LNC)]
P(BUC)
__ P(LNB)+P(LNC)~P(LNB)P(LNC)
- P(B)+P(C)-P(B)P(C)
22 1,17 _1 22 _ 17
_ 700 %2t 100 %2~ 300 X 700
1.1 1_1
4tz 2%7
22 17 22x17
_ %00 " %00 — 400 X 400
11
2 16
(ﬂ 374 )
200 _ 160000
1 1

... (As they are independent)

2 16
_ 16 (39 X 400 — 374)
7 160000
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_ 16 x 15226

7 %160000

=0.217

=0.22

Given, the estimated of electric vehicles in use at any time t is given by

1 5
V(t) = §t3 — Etz +25t—2
(i) No, the function cannot be used to calculate the number of vehicles in 2000.
As, t = 1,2,3, ... where starting year is 2001, 2002, 2003 ...
Therefore, it could not be used to calculate the year before 2001.
(ii) Here, V(t) = £t3 — 2t2 + 25t — 2
v 1

x 3t? 5><2t+25
dt 5 2

3
V/(t) = gtz —5t+ 25
For the function to be increasing V'(t) > 0
Here, %tz —5t+25>0

Hence, function V(t) > 0

So, it is an increasing function.

(d) Matrix A is symmetric

For a symmetric matrix, A = A’ (the transpose of A).
Comparing the non-diagonal elements:

cap; =a;>4=z

*a;3 =agz; > x=—3

*ayg =azp=>y=-1

Thus, the value of x+y+z=-3+ (—=1) +4 = 0.
(a) Value of |A| + |adjA|

Using the standard matrix property A - (adjA) = |A|l, we can see that:

30 0
Al=|0 3 0|=]Al=3
00 3

We also know that the determinant of the adjoint matrix is |adjA| = |A|® 1. Fora 3 X 3 matrix (n = 3 ):
ladjA| =331 =32=9

Therefore, |A| + |adjA| =3 +9 = 12.

(c) Skew-symmetric matrices A and B

Since A and B are skew-symmetric, A’ = —A and B’ = —B.
For AB to be symmetric, we must have (AB)’ = AB.

Using the transpose property (AB)' = B'A" :

B'A’ = AB

(=B)(=A) = AB

BA = AB

(b) Value of x € [o, g]

COoSX sinx

Given A = [ :
—sinx cosx
Adding these together:

A+A'= [ZC(())SX ZCgSX]

COSX —sinx]

], the transpose is A’ = [ )
sinx  cosx

We are given that A + A’ = /3] = [\/§ 0 ]
0 V3

Equating the elements yields 2cox = v/3, or cosx = \/;

Forx € [0, g], the value is x = g.
(b) Area of a triangle
The area of a triangle (A) with vertices (X4,y1), (X2,¥2), and (X3,y3) using determinants is given by:
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1% 1 1
A=i§ X2 y2 1

X3 y3 1
Multiplying both sides by 2 gives:
X1 y1 1
X Y2 1{=22A
X3 y3 1

(Your written question had a typo yg in the vertices, but standard formulas require y5.)
(¢) Integration of 2X*2dx

We can rewrite the integral using exponent rules: [ 2¥*2dx = [ 2¥-22dx =4 [ 2*dx.
Recall the standard integration formula [ a*dx = li_a + C.
Applying this, we get:

2X 22 _ ZX 2X+2
4| — C= C= C
(anZ) +2 . In2 + In2 +
COS2X—
(b) f 1+2sinx d

2cos2x — 1 = 2(1 — 2sin?x) — 1 = 1 — 4sin%x
1 — 4sin?x = (1 — 2sinx)(1 + 2sinx)

Hence,
(1 — 2sinx) (1 + 2sinx) _
_ dx = f (1 — 2sinx)dx
1 + 2sinx
=x+ 2cosx+ C

dx  dy _
(© —+ S = 0
Integrating.
dx dy
| S+] S=o
X y

logx + logy = C

log(xy) =C
xy = (4
d?y . dy)3
(b) dx}zl siny + (d—Z) cosy = [y
: o dy
Highest derivative = B
* Order = 2
* Power of highest derivative = 1
So,
Degree = 1

Order x Degree =2 x1 =2
(c) Let direction cosines be 1, m, n.

Given,

1 i 1 g1 1
=C0S—=—,Mm = C0S— = —

TG TN
Using

F+m?+n®=1
R
2727 T
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Given projection = 0,

a-b=0

Since both vectors are non-zero, they are perpendicular.
s

0=-
2

(d) Given

AB=i+j+2kAC =3i—j+4k
If D is midpoint of BC, then

. AB+AC

AD = ——

2
i+ +2K) + (3i—]+4k)

_ 4i+6k

2

= 2i+ 3k

(a) The value of A for which the angle is /2 :

* Direction vector of line 1: E =(2,1,2)

* Direction vector of line 2: b_z) =(1,A1)

* For the angle to be 1/2, the dot product b_l) : E must be O :

200+1M)+21)=0=24+2A+2=0=>1=—4

(a)Find P(B/A) :

*P(A)=1-P(A)=1-2=

. _P@AnB) _1/8 _ 4
P(B/A) = P(A)  1/4 8 2

(d) Value of k for differentiability at x = 0 :

* Right-hand derivative (atx = 0 ): % (x?) = 2x. Atx =0, RHD = 0.

* Left-hand derivative (at x < 0) : % (kx) = k. Atx =0, LHD = k.

* For differentiability, LHD = RHD, so k = 0.

1

| I

. cosx—sinx
(a) Find dy/dx fory = p——
.. . 1-tanx T
* Divide numerator and denominator by cosx:y = = tan (— = X)
L 1+tanx 4
» Differentiating with respect to x: d—z = sec? G — x) < (—1) = —sec? G - x)
(d) Number of feasible solutions:

* The constraints 3x +y < 12,x+ 2y < 10,x = 0, and y = 0 define a bounded region (a polygon) in the first
quadrant.

* Every point within or on the boundary of this region is a "feasible solution." Since there are infinitely many
points in any such area, the number of solutions is infinite.

(c) The two boundary lines are:

x+y=3

and

X+2y=4

Their intersection point is:

x+y=3, x+2y=4

y=1 x=2

So the point of intersection is (2,1).

The shaded feasible region lies above both lines and is in the first quadrant.

Check a point in the shaded region, say (4,2) :

*Xx+y=4+2=62=3

*Xx+2y=4+4=82>4

Thus the inequalities are:

x+y=3

X+2y=>4
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and since the region is in the first quadrant,
x=20y=0
Therefore the possible constraints are:
Xx+2y=>4,x+y=>3,x=20y=0
95. (d)* Assertion (A): Range of [sin™1x + 2cos™1x] is [0, 1].
Analysis: Let f(x) = sin"1x + 2cos™x.
Since sin~!'x + cos'x = g, we can rewrite it as:
T
f(x) = (sin"'x + cos™'x) + cos 1x = >+ cos~x
The range of cos ™! x is [0, T].
Adding g to this range gives: [g, 37“]
* Conclusion: The assertion is False.
« Reason (R): Principal value branch of sin™* x has range [— g, g]

Analysis: This is a standard definition in inverse trigonometry.
* Conclusion: The reason is True.
96. (c) * Assertion (A): A line through ( 4,7,8 ) and ( 2,3,4 ) is parallel to a line through ( -1 ,—2,1) and ( 1,2,5).
Analysis: Direction ratios (DRs) of the first line: (4 — 2,7 — 3,8 — 4) = (2,4,4).
DRs of the second line: (1 — (—1),2 — (—=2),5—1) = (2,4,4).
Since the DRs are identical (proportional), the lines are parallel.
* Conclusion: The assertion is True.
« Reason (R): Lines ¥ = &; + Ab; and £ = &, + pb, are parallel if b, - b, = 0.
Analysis: b_l) . b_z) = 0 is the condition for lines to be perpendicular, not parallel. For lines to be parallel, E1 must
be a scalar multiple ofBZ (i.e., 1_51 = kBZ or Bl X Bz =0 ).
* Conclusion: The reason is False.
97. We can use the vector identity @ X b) - €xd) = @-&)(b-d) — @- d)(b - ¢).Settingd = £,b =j,¢ = T, and

A

d=k:
Ex)-Exk=¢D0-b-¢-bE-

Since j - k = 0, the first term disappears:
=0—(F-K)(F-))

From T = 31 — 2j + 6k, we have - k = 6 and ¥ - j = —2.

=—(6)(-2) =12
Substituting this back into the original expression:
12-12=0
98. The direction vectors of the lines are El = af — 5] + Pk and Bz = 1i + 0§ + 1k.
The angle between them is 6 = g. Using the angle formula cos 6 = ||:))J|';:)J| :
1 2

cos (g) __ la@)+ (=5)() +BAD)|
4 Jo? 4+ (=5)% + B2V1% + 02 + 12
1 loe + B

ﬁzw/a2+62+25\/§

Canceling v/2 from both denominators and squaring both sides gives:
a® + B2+ 25 = (a+ B)?
a? + B2+ 25 =a® + B% + 2aB = 2af = 25

99. Strictly Increasing Function

Differentiating f(x) = a(tanx — cotx) with respect to X :

f'(x) = a(sec?x — (—csc?x)) = a(sec?x + csc?x)

Since squares of real numbers are positive, sec? x > 0 and csc? x > 0 in their domain. Given that a > 0, the

product f'(x) > 0 for all valid values of x. Since the first derivative is strictly positive, the function is increasing.
100. (A) Substitute the principal values of each inverse trigonometric term:

o () -2
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2 6
s cos™}(0) =
Now, compute the complete sum:
3(n)+2(n)+n_ 31T+T[+T[_9‘IT+4‘IT+6T[_ 197
2.4 3 2 B

. cos—1 (\/_5) _T

SR

4 6 12 12
™ T
(B)* Range: [— Z'Z]
* Graph:
- 1 1
Graph of f(x) = sin"'x forx € [_\/_i'\/_i]
Graph of f(z) = sin™"(z) for z € -, 4]

-lv

f(x)

1 0 1
vE Vi
xT

(A) Ify = x1/%, ﬁnd% atx=1
Given

y = X1/x

Taking logarithm:

1 _ logx
08y =

Differentiate both sides:
1
1dy_X'§—10gX_ 1 —logx

ydx X2 X2
Hence

dy _ oy 1= logx

dx x2

Atx = 1.

y=1'=1,logl =0
Therefore

dy
dx
dy
dx

x=1 1

X=1
OR
B) If
x = asin2t,y = a(cos2t + logtant)
find .,
dx

Using parametric differentiation,
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dx

— = a(2cos2t) = 2 2t
It a(2cos2t) acos

and
dy _
a2
Since

d
(—Zsin2t + T (logtant))

sec?t 1 2

d
— (logtant) = = =
dt( & ) tant  sintcost sin2t

dy_ ( 2sin2t + 2 )
dt_a s sin2t

<1 - sin22t>
=2a|————
sin2t

cos?2t
a
sin2t
Therefore

5 cos?2t
ﬂ_ d75in2t _ Ccos2t

dx 2acos2t sin2t

y
— = cot2t
X

(A) General Solution of % (xy?) = 2y(1 + x?)

o c
The general solutionis y = SX0+ 2+ N
(1) Differentiate left side: Use the product rule on % (xy?) to gety? +x (Zy %) = 2y(1 +x?).

2
(2) Simplify to linear form: Divide by 2xy (assuming y # 0 ) to get % + 2—1Xy =1

—
1 1
(3) Find Integrating Factor (IF): IF = ef &% = 2™ = \x.
(4) Solve the equation: Multiply by IF and integrate:
1
Vxy = f (; + X) Vxdx = f (x=1/2 4+ x3/2)dx.

(5) Final Integration: vxy = 2x/2 + %xs/z + C. Dividing by Vx givesy = 2 + %XZ + %
OR
. Y dy
(B) Solution of xex —y + X = 0

Y
The solution is e x = In|x| + C.

(1) Identify type: This is a homogeneous differential equation. Rearrange to
dy y- xeV/* y

e eY/X_
dx X X 4 .
itute v =Y Lety = vx. so ¥ — v 4+ x &
(2) Substitute v = < Lety ZX, S0 - =Vtx (éx.
(3) Variable separation: v + Xd—: =v—e'= xd—z =—e"= e Vdv= _idx_

(4) Integrate: [ e Vdv=[ —~dx= —e™V = —In|x| +C".
(5) Back-substitute: e /X = In|x| + C.

Evaluate | 13 \/)_:—\/_:Txdx

The value of the integral is 1 .
(1) Apply property: Use fab f(x)dx = fab f(a+ b —x)dx. Herea + b = 4.
(2) New integral: Let [ = [ 13 &:/_% dx. Then
3 4—(4—x) 3 Vx
[ e [
1 VE—x+.4—(4—-x) 1 V4 —x++/x
(3) Add integrals: 2I = f3 XX gy = f13 1dx.

1 Vx+V/4—x
(4)Solve: 2l =[x]3=3-1=2=1=1.
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1
4x2—(xlogx)?

104. Evaluate | le

The value of the integral is %‘

(1) Simplify denominator: Factor out x? from the square root |. ¢

1 x./4—(logx)? dx.

(2) Substitution: Let u = logx, then du = idx.
(3) Change limits: Whenx = 1,u = 0; when x = e,u = 1.

(4) Integrate: The integral becomes f01
. .1 (1 -
(5) Final Value: sin™?! (5) —sin™1(0) = g -0=-

105. (A) Evaluate
= f coSX
~ ) sin3x
Using

sin3x = sinx(3 — 4sin?x)

cosx d
B f sinx(3 — 4sin?x) X
Let
t = sinx, dt = cosxdx
Then
dt

'#m

Using partial fractions,
1 1 4t

1G4 3t 303 -4
Hence
4tdt

I_1 dt+1j
“3) t 3J) 3-—4t?

—11 t 1l |3 —4t%| + C
—3n|| 6n

Substituting t = sinx,
f COSX d
sin3x
OR
(B) Evaluate
[= f x?log(x? + 1)dx

Take
u = log(x? + 1),dv = x%dx
Then

du = 2X q _x3
Y1V T

By integration by parts,

I—X31 2+1 2]
—30g(x ) 3

Now

X4

x2+1 -
Therefore
3

X

x2—1+

2
I= ?log(x2 +1) —5.[ <X2

—zzl—uz du = [sin_1 (g)]z
T
-

1 1 :
X = §ln|smx| — gln|3 — 4sin®x| + C

4

d
x2+1 X

—1+

1 )d
x2+1 X

x3 2 (x3
l=?log(xz+1)—§ ——x+tan x|+ C

3

1
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Determine graphically the minimum value of Z = 500x + 400y
The minimum value is 42,000 , which occurs at the point (20,80).
(1) Identify the constraints:

*x+y <200

*x =20

ey = 4x

cy=20

(2) Find intersection points (vertices):

* Point A: Intersection of x = 20 and y = 4x — (20,80).

* Point B: Intersection of y = 4x and x + y = 200 — 5x = 200 = (40,160).

* Point C: Intersection of x = 20 and x + y = 200 — (20,180).
(3) Evaluate the objective function at vertices:

* At (20,80):Z = 500(20) + 400(80) = 42,000.

* At (40,160):Z = 500(40) + 400(160) = 84,000.

* At (20,180):Z = 500(20) + 400(180) = 82,000.

Feasible Ragion for Linear Programming

200

—_— Ny =200

y=4x

== ¥=20

LER Fussd:n Regon

150 4

f
2841

ol 4
0 2% 50 s 100 s 50 ™ 20
X

(A) Probability Distribution of X
X = absolute difference of the numbers on two dice.
Total outcomes = 36.

X | Outcomes | Probability
0 6 £=1
36 6
1 10 E=i
36 18
2 | s 8 _z2
36 9
3 6 izl
36 6
4|4 2.1
36 9
s |2 2.1
36 18
Hence
X 011 2 13 14|5
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o [ 1|22 (2L
6 189 ]|6]|9]| 18
OR
(B) Bayes' Theorem
Let

* B : biased coin selected
 F : fair coin selected

* H : head occurs

Given

P(B) =P(F) =
For the biased ¢
P(H):P(T) = 1:
P(HIB) = %
For the fair ioin,
PHIF) = >

Now
P(H) = P(B)P(H | B) + P(F)P(H | F)
11 11 1 1 3

.Il,

Qo
w

=—. 4. =4 =
24 22 8 4 8
By Bayes' theorem,

P(B)P(H | B
11
_23_18_1
-~ 3 83 3
8

1
P( biased coin | head) = 3
Show that f: R = R defined by

£ = 5x—3
1s one-one and onto.

(i) One-One
Let
f(x1) = f(x2)
Then
5X; —3 5%, —3

4 4
5X1 —3= 5X2 -3
X1 =Xz
Hence f is one-one (injective).
(i1) Onto
Lety € R.
We need an x € R such that
fx) =y
5X—3

4 - y
5x =4y + 3
4y +3

- 45+3

Since YT € R, there exists an x corresponding to every y € R.

X

Hence f is onto (surjective).
Therefore,
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5x—3 .
f(x) = 3 s both one-one and onto.

109. Findm
Given:
x2+y%2=4
is a circle of radius 2 .
The line is
y =mx,m > 0.
Let the line meet the circle at P.
If the angle made by the line with the positive x-axis is 0, then
m = tan6.
The required region in the first quadrant is the sector bounded by:
* X-axis,
¢ line y = mx,
« arc of the circle.
Area of sector:
1rze = 1(2)29 =20
2 2 B

Given area

20 =1
2

Thus
0 =

Hence

A

=1

2
)
3
Show that
A’ —6A*+7A+21=0
Step 1: Characteristic polynomial
1-A2 0 2
0 2—A 1
2 0 3—-A
Expanding along second column,

1-2 2
_(2_7‘)| 2 3—A|
=@C-MA-HE -1 —4]
=Q2-MDA%*—-41-1)
=24+ 61— 71 -2
Therefore characteristic equation is
B—-6A2+7A+2=0
By Cayley-Hamilton Theorem, replacing A by A,
A’ —6A*+7A+21=0
Hence proved.

OR

3 2
®a=[c %]
Step 1: Find A™?1
Al =3(=7)—2(5) = —21—-10 = —31

1 -7 =2 17 2

-1 _ —_
A _—31[—5 3] 31[5 —3]
Thus

1
AT = [g —23]

m = tanb = tan
m=1
1

0
2

110. (A)A=

oNnvo a3

|A—All =
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Step 2: Solve
3x+ 2y =-3
5x -7y =11

or AX = [‘S]

Hence
w1

- L7215

111
T 31 [48]
Therefore
1 48

X=-—7,y=———

31 31
(Checking: 3x + 5y = 11,2x — 7y = —3 gives X = 2,y = 1. The coefficient matrix for those equations is

different from the given matrix A.)
111.  (A) (1) Express lines in parametric form

Let the first line be L; and the second be L,. We set each equal to a parameter s and t

-le%z%:?zsﬁxz25+1,y=3s+b,z=4s+3
-1

°L2:%4=y722=t:>xz5t+4,y=2t+1,z=t

(2) Solve for parameters s and t
Equate the x and z coordinates of both lines:
*2s4+1=5t+4=2s—5t=3 ....(1)
*4s+3 =t ....(1h)
Substitute t = 4s + 3 from (Eq. 2) into (Eq. 1):
2s—5(4s+3)=3
2s—20s—15=3=-18s=18 =s=—1
Then, t = 4(—-1) +3 = —1.
(3) Determine the value of b
Equate the y coordinates using the found values of s and t :
3s+b=2t+1
3(-D+b=2(-1)+1
—-3+b=-1=b=2
(4) Find the point of intersection
Substitute t = —1 into the parametric form of L, :
x=5-1)+4=-1
y=2(-1)+1=-1
z=-1
The point of intersection is (—1,—1, —1).
OR

(B) Part 1: Equations of all the sides of parallelogram ABCD
The vector equation or Cartesian equation of a line passing through ( x4,y4,z;1 ) and ( X5, ¥, Z, ) uses direction
ratios ( Xy — Xq,V2 — V1,Z2 — Z1 ).
* Side AB (passing through A(4,7,8) and B(2,3,4) ):
Direction ratios: (2 —4,3—-7,4—8) = (—2,—4,—4) or (1,2,2)
x—4 y—-7 z-8

1 2 2
* Side BC (passing through B(2,3,4) and C(—1,-2,1) ):
Direction ratios: (=1 —2,—-2 —3,1 —4) = (=3,-5,—-3) or (3,5,3)
x—2 y—3 z-—4

3 5 3
* Side CD (passing through C(—1,—2,1) and D(1,2,5) ):
Direction ratios: (1 — (—=1),2 — (—=2),5—-1) = (2,4,4) or (1,2,2)
x+1 y+2 z-1

1 2 2
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* Side DA (passing through D(1,2,5) and A(4,7,8) ):
Direction ratios: (4 — 1,7 — 2,8 — 5) = (3,5,3)
x—1 y—2 z-5
3 5 3
Part 2: Coordinates of the foot of the perpendicular from A to CD
Let P be the foot of the perpendicular on line CD.
The general coordinates of any point P on line CD can be written using parameter A :
L yrz zol L pa—12a-22241
12 2 @*-1 ’ )
The direction ratios of vector AP are given by (P —A) :
AP = (A—=1)—4,22-2)-7,2A+1)—8)=(A—=521—-92A-7)
Since AP is perpendicular to side CD (which has direction ratios 1,2,2 ), their dot product is zero:
1A=5)4+22A=-9)+22A-7)=0
A—=54+41—-184+41—-14=0

37
MN—37=0=A=—

9
Substitute A = % back into the coordinates of point P.
ex=37_1=28
) )
37 56
v=2(5)-2=3

cz=2(8)+1=2

9 9
* The foot of the perpendicular is (%, 26 g)

9’9/
112. (i) Findp
Since total probability = 1,
p+2p+2p+p+2p+p>+2p°+(7p*+p) =1
9p+ 10p? =1
10p2+9p—-1=10
(10p—D(p+1) =0
1

p= 10 orp=-—1

Since probability cannot be negative,
P=70

(ii) Find P(X > 6)

P(X > 6) = P(7) + P(8)

= 2p? + (7p? + p)

=9p?+p

Substituting p = %.

1 1
P(X>6)=9<m)+ﬁ
9 10

=700 T 100
_ 19
100

P(X>6) = i
( ) =100
(iii) (A) Find P(X = 3m), where m is a natural number

Possible values of X are 1,2,3,4,5,6,7,8.
Values of X that are multiples of 3:

X =236

Therefore
PX=3m)=PX=3)+PX=6)

= 2p + p?




‘I(G P 12 CBSE MATHS PAPERS 2023

—— adu

é 12™ CBSE PAPERS PYQs

Substituting p = 1—10.
- z( ! ) 4t
—~\10/ 100
2041

100
21

~ 100

P(X = 3m) = 2L

(X'=3m) =150
OR

(B) Find the mean E(X)
E(X) = Z xP(X)
= 1(p) + 2(2p) + 3(2p) + 4(p) + 5(2p) + 6(p*) + 7(2p?) + 8(7p* + p)

Substitute p = 1—10 :

EX—l 4 6 4 10 6(1) 14(1) 8(17)
®=1*t10 10 10" 10" %\T00) T *\100) T 8\100
25 6+14+136

BT 100
—25+156
7100

=2.5+1.56
= 4.06
203
EX) = =0 = 4.06
113. (i) Find the total cost C in terms of x
Since volume = x%h,
x%h = 250
250
Xz
Cost of land
= 5000x?
Cost of digging
= 40000h?
250\°
= 40000 (X—Z)
2500000000

<4
Therefore,

2500000000
C(x) = 5000x% + ————

X4-
(i) Find 5
C(x) = 50002 + 2500000000x~*

Differentiating,

dc

i 10000x — 10000000000x >
dC 10000000000
— =10000x — —

dx x5

(iii) (A) Find the value of x for which C is minimum
For minimum cost,

dCc 0
dx

10000000000
10000k ——— =0

X5
10000x® = 10000000000
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x® = 1000000 = 10°
x =10

Since x > 0,
x=10m
Verification

d’Cc _ 10000 + 20000000000
dx? X6
which is positive for all x > 0.
Hence C is minimum at

x=10m
and

_ 250 250 ”c

7102 100 ™

OR

(B) Check whether C(x) is increasing or not for x > 0
dC 10000000000
— =10000x — ———
dx x>

10000(x® — 10%)

Since x> > 0 forx > 0,

°j—§<0when0<x<10
dcC

e— =0whenx =10
dx

°j—§> 0 whenx > 10

Therefore,

C(x) decreases on (0,10) and increases on (10, )
Hence C(x) is not increasing for all x > 0; it starts increasing only after x = 10.

114. (i) Is h(t) a continuous function? Justify.
Yes, h(t) is a continuous function for all t > 0.
Justification: The path is modeled by the function h(t) = — %tz + %t + 1, which is a polynomial function

(specifically, a quadratic polynomial). In calculus, all polynomial functions are continuous everywhere over their
defined domain.

(ii) Find the time at which the height of the ball is maximum.

To find the time t when the height is at its maximum, we calculate the first derivative of h ( t ) with respect to t
and set it equal to zero:

h(t) = 7t2+13t+1

Differentiating with respectto t :

h'(t —-—(——7t2+—13t+1)
®© de\ 2 2
h'(t) = 7 2t +13

13
h'(t) =-7t+—

2
Set h'(t) = 0 to find the critical value of time:
13
-7t+—=0
2
7t = 13
2
13
t= 12 seconds =~ 0.93 seconds

115.  (b) Matrix Equation

Given: X B] +y [é] = [g]
This gives us two linear equations:
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(Hx+2y=4
(2)2x+5y=9
Solving for x in the first equation: x = 4 — 2y.
Substituting into the second: 2(4 —2y) + 5y =9=>8—-4y+5y=9=y=1.
Thenx =4 —2(1) = 2.

116.  (a) Matrix Product
[ a b] [a —b] _ [ (@> +b?*) (-ab+ ab)] _ [az + b2 0
—b allb a (—ba+ab) (b%+a?) 0 a? + b?

117.  (a) Square Matrix Identity
Given A2 = A, we expand (1 + A)2 —3A:
(I+A?=12+1A+Al+A>=14+A+A+A=1+3A(sinceI> =1and A? = A).
Then: (I+3A) —3A=1

118.  (d) Matrix AA’

1
2] (a 3 X 1 matrix).
3

AA' =[1(1D)+2(2)+3R3)] =[1+4+9] =[14]

119. (a) Determinant Value
X+y y+z zZ+X
Z X y
1 1 1
Perform the operation Ry - Ry + Ry :

A=[1 2 3](alx3matrix)and A" =

LetA =

X+y+z x+y+z X+y+z
A= Z X y ‘
1 1 1
Taking (x + y + z) common from R; :
1 11
A=x+y+z)|lz x y
1 1 1

Since R; and R; are identical, the determinant is 0.
120.  (c) Function Differentiability

The function f(x) = |x| forms a "V" shape on a graph. It is continuous everywhere because there are no breaks.
However, at x = 0, there is a "sharp corner" where the slope changes instantly, making it non-differentiable at that
specific point.

121.  (c) Work: Use the chain rule. y = (sin(x3))2.

% = 2sin(x®) % (sin(x®)) = 2sin(x®) - cos(x?) - 3x? = 6x*sin>cosx>
122.  (b) Work: Since e>108% = elos(x*) = x°, the integral becomes [ x°dx = XT: + C.
123.  (a) Work: foa 3x2dx = [x3]3 = a5.
Givena® =8,s0a = 18 = 2.
124.  (d) Work: Rewrite the equation in standard form % + P(x)y = Q(x) by dividing by x :

dy 1

— — — — 2

dx x X ) )
P(x) = ——,s0LF. = of —xdX _ o-Inx _ =
X X

2
125.  (d) Work: The highest order derivative is %, so the order is 2 . Because of the term sin (%), the equation is

X
not a polynomial in its derivatives, so the degree is not defined.

126.  (b) Work: The magnitude of the vector is /4? + (—3)? = V16 + 9 = 5.

. . Vector 1
The unit vector is ———— = = (4i — 3Kk).
cu cctoris Magnitude 5 ( )




I GP 12t CBSE MATHS PAPERS 2023 é 12 CBSE PAPERS PYQs

—— adu

127.  (b) Reason: The dot product is defined as 4 - b= Ell |B|cos 0. For the product to be > 0, cos® must be non-
negative. In the standard range of angles between vectors ( 0 to 1 ), cos® = 0 when 6 is in the first quadrant,
including 0 and /2.

128.  (d) Reason: The distance of a point (x,y,z) from the y-axis is given by the formula Vx? + z2. Substituting

(p,q,1), we get \/W

129.  (c) Reason: Because the inequality is strict (<), the boundary line is not included (making it "open"). Testing
the origin (0,0):3(0) + 5(0) = 0, and 0 < 7 is true, so the solution plane contains the origin.
130.  (d) Reason: Let's test the point (4,2) :
(1)2(4) + 2 =10 <10 (True)
(2) 4+ 2(2) =8 = 8 (True)
None of the other points satisfy both conditions.
131.  (d) Reason: For direction cosines (1, m, n), the property 12 + m? + n? = 1 must hold.
21 3

1\2 /1
(—) +(—) +<—) =l=>==1=a?=3=a=1/3.
a a a a

132.  (a) Reason: Contradiction happens if A speaks truth and B lies, OR A lies and B speaks truth.

P( Contradict ) = P(A)P( not B) + P( not A)P(B)

41 1_3 4 3 7
=(5x3)*+(ExD)=%+5=%
133.  (d) * Inverse Trigonometric Functions
* Assertion (A) is False. Trigonometric functions are periodic and many-to-one over their natural domains. To
make them invertible, their domains must be restricted to specific intervals (called principal value branches). They
do not have inverses over their entire natural domains.
» Reason ( R ) is True. The function tan™? x (the inverse tangent function) exists and is defined for all real
numbers X € R.
* Conclusion: Assertion (A) is false, but Reason (R) is true.
134.  (a) * Three-Dimensional Lines

* Assertion (A) is True. The direction of the lines is given by the vectors Bl and Ez. Two lines are perpendicular if
their direction vectors are perpendicular, which means their dot product must be zero ( b_l) . b_z) =0).

b by
[by|[b;|
* Explanation: If we substitute 8 = 90° (perpendicular lines) into the formula from the Reason, cos(90°) = 0,
which directly leads to b_l) . E = 0 as stated in the Assertion.

* Conclusion: Both Assertion (A) and Reason (R) are true, and Reason (R) is the correct explanation of Assertion
(A).
135.  (A) Find the domain of
y = sin"1(x? — 4)
For sin™1(t) to be defined.
-1<t<1
So,
-1<x*-4<1
Adding 4:
3<x*<5
Therefore,
V3 < x| <5
Hence the domain is
[=V5,—V3] U [V3,V5]
OR
(B) Evaluate

o o2

Since cosine is even,

(71‘[)_ (711)
cos 3 = oS 3

* Reason (R) is True. The standard formula to find the angle 6 between two vector lines is indeed cos® =
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3 T3
Therefore,
(711) _ T 1
cos 3) = cos 3=5
Hence,

1 i
-1(Z) = _
cos (2) 3
136. If(x2+y?)?%=xy
find 2.
dx

Differentiate implicitly:

d d
2(x2 +y?) <2X + Zyd—Z) = Xd—i

d d
4(x% +y?) <x+yd—1) = xd—i+y

. d
Collecting d—i terms:

+y

dy dy
4_ 2 2N _ o7 - _
y&E YD) L XL =Y
dy y—4x(x*+y?)
dx  4y(x? +y?) —x
dy y—4x(x*+y?)
dx  4y(x? +y?) —x
137.  Find maximum and minimum values of
f(x) = 5 + sin2x
Since
—1<sin2x<1
adding 5 gives
4<f(x)<6
Therefore,
Maximum value = 6
Minimum value = 4
138.  Ifprojection ofi+j + kon pi+j— 2kis ;, find p.
Leta=i+j+k=(1,11)
b=pi+j—2k=(p1,-2)
Scalar projection of & on b.
ab 1
b 3
Now,
ib=p+1-2=p-1
and
|l—))|=\/p2+1+4=\/p2+5

4x(x% + y?)

9p%2 —18p+9 =p?+5
8p?—18p+4=0

4p> —9p+2=0
(4p11)(p—2)=0

=22
P=3
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Checking in the original equation:

1

For p 1— "

P )
p2+5

not equal to %

Hence rejected.
Forp = 2,
2—-1

V4 +5

satisfies.
p=2
(A) Vector equation of the required line

Given lines:
x—1 y—-2 z-3

1
3

1 2 3

Direction ratios:
d; = (1,2,3)
and
X |y _ z
-3 2 5
Direction ratios:
d, = (-3,2,5)
A line perpendicular to both will have direction vector
d=d; xd,
S|t 7k
d=[1 2 3

-3 2 5

=(10-6)i—(5+9)j+ 2+ 6)k
= 41 — 14j + 8k

= (2,-7,4)

Since it passes through (2,1,3),

= (21 +§ + 3k) + A(21 — 7 + 4k)

OR
(B) Given:
5x—3=15y+7=3-10z=t
Then
t+3 t—7 3-t
AT G

Direction ratios:
(1 1 1 )
515" 10
Multiplying by 30,
(6,2,—3)
Magnitude:
V62 +22+(=3)2=+49=7
Direction cosines:

(6 2 3)
7’7 7
Fort =0,
3 7 3

X=5YS TRt
Hence a point on the line is

(3 7 3)
5" 15’10




I (G P 12 CBSE MATHS PAPERS 2023

— edu

é 12™ CBSE PAPERS PYQs

x2+x+1
140. 1=] (x+1)2(x+2)

Using partial fractions,

x2+x+1 1 1
x+12(x+2) x+2 (x+1)2
Therefore,

sz <xiz_(x+11)2)dx

1
=Inlx+2|+——+C

x+1
x*+x+1 dx = Inlx + 21 + 1 +C
(X+1)2(X+2) X = an | x+1
— (/2 |2x (1zsin2x
141. A)I= fx/4 e (1—c052x) dx

Using identities,
1 — sin2x = (sinx — cos)?
1 — cos2x = 2sin?x

Hence

1—sin2x _ (sinx —cosx)®  (tanx — 1)?
1 — cos2x _ﬂ 2sin?x © 2tan®x
Letu=x— " Then

1 — sin2x tan?

———— = tan‘u

1 — cos2x

Sol=e™? fOT[M e?“tan®udu
After integration,
1
[= E(e“ —e™/?)
OR
®) 1=

2 145X
Let

2 g2
I = d

j_ ,T+5 %%
Adding.

Zl—fz 2[ ! + ! d
P TR I e

x2

dx

142.
Let
t = eX,dt = e®*dx
Then

WI=] Fmammdx

I_f dt
Bl vs_dét_tz
:f V9 — (t+2)?
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Using
J‘ dx __1X+C
————=s5sin"" -
1/aZ_XZ a
(2
[ = sin ( 3 )+C
OR

B)I = fon/z Vsinxcos®xdx

Write

cos’°x = cos*xcosx = (1 — sin?x)?cosx
Let

t = sinx, dt = cosxdx

Limits:

o
x=0:t:0,X=E:>t=1
Thus

1
l:j t1/2(1 — t2)2dt
0

1
= f (t1/2 — 2t5/2 4 t9/%)dt
0

_ 2 4 2
3771
52
© 231
/2 52
V/sinxcos®xdx = —
. 231

143.  (A) Differential Equation

. L dy _ x+y . o
Given: e —5( with y(1) = 0.
(1) Simplify: el 1+ < ) )
. h y _ v
(2) Substitute: Lety = vx, so o VX

(3) Solve:

dv dv X
VHx—=1+v=ax—=1=dv=—

dx dx X
Integrating both sides: v = In|x| + C.
(4) Back-substitute: % =In|x| + C = y = xIn|x| + Cx.
(5) Initial Condition: y(1) = 0= 0= 1In(1) + C(1) = C=0.
Particular Solution: y = xIn|x]|.

OR
(B) General Solution
Given: e*tanydx + (1 — e¥)sec?ydy = 0.
(1) Separate Variables: (1 — eX)sec?ydy = —e*tanydx.
X

X

seczyd . —e dx = e d
tany Y e e T 1™

2 X
(2) Integrate: [ %’dy =J e:_l dx.

In|tany| = In|e* — 1| + InC
General Solution: tany = C(e* — 1).
144.  Linear Programming Problem
Minimise: z = —3x + 4y
Constraints: x + 2y < 8,3x + 2y < 12,x,y = 0.
(1) Feasible Region: The region is bounded by the axes and the lines.
* Intercepts for x + 2y = 8:(8,0) and (0,4).
* Intercepts for 3x + 2y = 12 : (4,0) and (0,6).
* Intersection Point: Solving the two equations gives (2, 3).
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(2) Corner Points and Value of z :

*(0,0):z=0

*(40):z=-3(4) +4(0) = —12

*(23):z=-3(2)+43)=6

*(04):z=-3(0)+4(4) =16

Minimum Value: -12 at point (4,0).
145.  Probability Distribution

Total bulbs = 30. Defective (D) = 6, Non-defective (G) = 24.
With replacement: P(D) = % = %, P(G) = % = %’

Let X be the number of defective bulbs in 2 draws.
*P(X=0)=P(G)P(G) =z Xz =>2=0.64

*P(X = 1) = P(DG) + P(GD) = 2 x (3 X 3) = == = 032
*P(X=2) =P(DD) = X £ = -- = 0.04

Probability Distribution Table:

X 0 1 2

P(X) | 0.64 | 032 | 0.04

Mean (1): E(X) = YX - P(X) = 0(0.64) + 1(0.32) + 2(0.04) = 0.4.
146.  Find A~! and solve the system

1 -1 27
A=|0 2 -3
3 -2 41

Step 1: Determinant
1 -1 2

[Al=]0 2 -3
3 -2 4

=1(8—-6)—(—1)(0+9) + 2(0—-6)
=24+9-12=-1

Hence A~ exists.

Step 2: Adjoint

Cofactor matrix:

2 9 -6
C=]0 -2 -1

-1 3 2
Adjoint
2 0o -1
adj(A) =19 -2 3]
-6 -1 2
Therefore
12 0 -1
-1
A =_—1[9 -2 3]
6 -1 2
-2 0 1
A‘1=[9 2 —3]
6 1 -2
Step 2: solve
Given
1
AX=B,B=[1]
3
X 1

=A""B
-2 0 1711
-5 2 )
6 1 2113
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1
|-

1
Hence
x=1ly=-16,z=1

147.  Area bounded by y? = 4ax and its latus rectum

For y? = 4ax
Latus rectum is
X=a
It intersects the parabola at
y = *2a
Required area:

148. (A) Givenrelation Ron N X N :
(a,b)R(c,d) & ad(b+c) =bc(a+d)
To show R is an equivalence relation:
Reflexive:
ab(a+Db) = ab(a+b)

Hence (a,b)R(a, b).
Symmetric:

If

ad(b + c) = bc(a + d),
then

bc(a+d) = ad(b + c),
so (c,d)R(a, b).

Transitive:

Given

(a,b)R(c,d), (c,d)R(e, )
we get

1 1 _ 1 N 1

a d b c

and

1 1 _ 1 1

c f d e

Adding and simplifying.
1 1 _

a f b e

which gives

af(b + e) = be(a + ).

Hence (a, b)R(e, f).

Therefore R is reflexive, symmetric and transitive.
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R is an equivalence relation.
OR
4 4
(B) f(x) = ——,x# —3
One-One:
Let
f(x1) = f(xz)
4x; 4xp
3, +4 3x,+4
X1 (3X2 + 4) =Xy (3X1 + 4’)
X1 =Xz
Hence f is one-one.
Onto:
Lety =
Then

4x
3x+4

_ Yy
X4 3y
4

This exists for all y € R excepty = .

Thus the range is

-

Since codomain is R, f is not onto.
Hence f is one-one but not onto.
149. (A) Lines:

x—1 y+1 z-1 N
3 2 5

x=14+3Ay=-14+2A4z=1+4+5A

And

x+2 y—1 z+1
s 3 -2 *

X=—2+4py=1+3u,z=—-1-2p

For intersection:

14+3A=-2+4+4p

—-14+22=1+4+3u

Solving gives

A=—-14,p=-10

Checking third equation:

1+4+5(—14) =-69

-1-2(-10)=19

Not equal.

Hence no common point exists.

The lines do not intersect (they are skew lines).

OR
(B) Angle between the lines
2x =3y = —z

Direction ratios:

(1 1 1)
2’3’

or
(3,2,—6)
6X = —y = —4z

Direction ratios:

G-1-3)
6 ' 4

or
(2,—-12,-3)
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Now
0 13(2) +2(=12) + (=6)(—3)|

VO+4+36V4+144+9
_ |6 —24+18]

7v157
=0

Hence 6 = 90°
I

0==(=90°
(= 90")

To find the derivatives and check for differentiability at x = 1, we first rewrite the function f(x) clearly
around that point.

Given:
|x — 3| x>1
f(x) = {x? 3x+13 <1
4 24 %

Since we are looking at x = 1, for the part x = 1, |x — 3| behaves like —(x — 3) = 3 — x (because x — 3 is
negative when x is near 1 ).

So, forx € [1,3),f(x) = 3 —x.

(i) Right Hand Derivative (R.H.D.) atx = 1

Using the formula Rf'(1) = }llim fa)-fa@)

-0
f(H)=]11-3|=2
*f(14+h)=3-(1+h) =2 — h(forsmall h > 0)
RE(1) = lim S =2y TN

( )_hl—rgT_hl—%T__
(ii) Left Hand Derivative (L.H.D.) atx = 1

Using the formula Lf'(1) = Lim {ETED

-0 =h
«f(1) =2
1-h)2  3(1-h 13
.f(l_h)z%_¥ z
(1 h_1—2h+h2 3—3h+13_1 h+h2 3+3h+13
( ) = 2 4 4 2 4 2 2 4

£(1 — h —(1 6+13)+h—8+h—2+h

( )_4 4 4 4 |

L(1) = lim et =2 _ b
D) =lm———=lm= ==

(>iii) (A) Is f(x) differentiable at x = 1 ?

A function is differentiable if L.H.D. = R.H.D.

Since Lf'(1) = —1 and Rf'(1) = —1, the function is differentiable at x = 1.
OR

(B) Find f'(2) and f'(—1)

* For x = 2 : This falls in the range x = 1. Near x = 2,f(x) = 3 — x.

f'(x) = %(3 —x)=-1=f'(2)=-1

* For x = —1 : This falls in the range x < 1.

¢ _x2 3x 13
=727
o _2x 3 x—3
=727

-1-3 -4

2 2

f'(-1) =

Given:

P(E;) = 0.65

where E; : Many workers are not present.
P(E,) =1—-P(E;) =1—-0.65 =0.35




‘I(G P 12" CBSE MATHS PAPERS 2023 é 12" CBSE PAPERS PYQs

— -adu

where E, : All workers are present.

Also,
P(E|E;) =0.35
P(E | E;) = 0.80

where E : Construction work completed on time.

(i) Probability that all workers are present

P(E,;) = 0.35

P(E,) = 0.35

(ii) Probability that construction is completed on time
Using the law of total probability:

P(E) = P(E{)P(E | E;) + P(E;)P(E | E;)

= (0.65)(0.35) + (0.35)(0.80)

=(0.22754+0.28

= 0.5075

P(E) = 0.5075

(iii) (A) Probability that many workers are not present given that work is completed on time
Using Bayes" theorem:

_ P(E))P(E|Ey)
P(E, | E) = T
_ (0.65)(0.35)
~ 0.5075
02275 91
©0.5075 203

P(E; |E) = L 0.448
V2037
OR
(B) Probability that all workers were present given that work was completed on time

P(E;)P(E | Ep)

P(E, | E) =
_ (0.35)(0.80)
~ 0.5075
028 112
©0.5075 203
P(E, | E) = 112 0.552
2B =555 0
(Notice that —+—=1)).
203 203

152. -« x: Length of the two sides perpendicular to the brick wall (in metres).
* y : Length of the side parallel to the brick wall (in metres).
(i) Relation and Area Function
Total Length of Fencing Wire:
The wire fencing is used for only three sides (two sides of length x and one side of length y). Given that the total
length of wire is 200 metres:
2x+y=200=y=200—-2x
Area of the Garden A(X) :
The area A is the product of the two adjacent sides x and y.
A=x-y
Substituting the expression for y :
A(x) = x(200 — 2x)
A(x) = 200x — 2x?
(i) Maximum Value of A(x)
To find the maximum area, we find the derivative of A(x) with respect to x and set it to zero:
A'(x) =200 — 4x
200—4x=0=>x=50
To confirm it's a maximum, we check the second derivative: A" (x) = —4. Since A" (x) < 0, the function reaches
a maximum at x = 50.
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Maximum Area calculation:

Substitute x = 50 back into the area function:

A(50) = 200(50) — 2(50)2

A(50) = 10,000 — 5,000

Maximum A(x) = 5,000 m?

153.  (b) Reflexive relations on A = {3,5} :

The number of reflexive relations on a set with n elements is 2°°~". Here n = 2,502%2=2%2=4
154.  (a) Value of sin[rt/3 + sin"1(1/2)] : sin"1(1/2) = /6. Thus, sin(t/3 + 1/6) = sin(n/2) = 1.
155.  (c) Inverse of square matrix A where A> —A+1=0:

Multiply the equation by A™1: A"1(A2 = A+ 1) =0 = A — 1+ A~! = 0. Solving for A™* gives I — A.
156.  (c) Value of x for A = B2 :

Bz:)1( 2”)1( (1):[;121 (1)]

Comparing with A = [; (1)], we getx? =1(sox=41)andx + 1 = 2 (so x = 1). The common value is x = 1.

157.  (d) Value of a from determinant:
Expanding the determinant: a(2 —4) —3(1-1)+4(4—-2)=0= 20+ 0+8=0=2a0=8= a =4.
158.  (c¢) Derivative of x2* :

Let y = x%X. Using logarithmic differentiation, Iny = 2xInx.
Differentiating both sides: %% = 2(1 + Inx), so % = 2x%*(1 + Inx).
159.  (b)The function f(x) = [X] is continuous at:
» Reason: The greatest integer function is discontinuous at all integer points because the limit from the left and

right differ. It is continuous at all non-integer points like 1.5.
2
160. () Ifx = Acos4t + Bsin4t, then T is:

* Reason:
dx .
. @ = —4Asin4t + 4Bcos4t
d?x . :
FTehe —16Acos4t — 16Bsin4t = —16(Acos4t + Bsindt) = —16x

161.  (b) The interval in which f(x) = 2x3 + 9x? + 12x — 1 is decreasing is:

* Reason: f'(x) = 6x? + 18x + 12. Setting f'(x) < 0 gives 6(x? + 3x + 2) < 0, which factors to (x + 2)(x +
1) < 0. This inequality holds true between the roots -2 and -1 .

secx
162. (b) f Secx—tanx dx equals.
+ Reason: Multiply numerator and denominator by (secx + tan x). Since sec? x — tan? x = 1, the integral

simplifies to [ (sec? x + secxtan x)dx, which is tanx + secx + C.

163. (d) f_11 X214 is equal to:

X—-2
* Reason: In the interval [—1,1], (x — 2) is always negative. Therefore, |x — 2| = —(x — 2). The integrand
becomes % = —1. The integral of -1 from -1 to 1is 1—x|1; = —=1(1) = —2.
d (dy\3\ _ .. .
164.  (b) The sum of the order and the degree of o (&) ) =0is:
. .. . dy\2 (d%y . . TR .
* Reason: Differentiating gives 3 (&) (@) = 0. The order is 2 (highest derivative is y'") and the degree is 1

(power of the highest derivative). 2+ 1 = 3

165.  (b) Two vectors are collinear if their corresponding components are proportional:
d; 4z _ ag

by b, bs

166.  (c) Magnitude of vector 6i — 2] + 3k :
3] = /62 + (—2)% + 32
=V36+4+9=+V49=7

167. (a) Direction cosines are:
1 =1c0s90° =0
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m = cos135° = ——

2
n = cos45° = —
V2
168.  (d) For lines:
2x=3y =~z

Direction ratios:

(1 ! 1) 3,2,—6
—_—— — cx 1Ly —
2'3’ ( )
Second line:

6x = —y = —4z
Direction ratios:
(1 1 1) 2,—12,-3
—_— — —— m — p—

6 ) ) 4 ( ) 1] )
Angle formula:

aia, + bib, + ¢4,

Ja? + b2 + c2\/a3 + b2 + ¢
_3(2)+2(-12) + (=6)(—3)

V9t 4+36V4+144+9

cosO =

6-24+18
- 7157
8 =90°
169. (c)P(BIA) = me)

_7/10 7 9 5
4/5 10 4 8

170.  (c) Probability of at least one head:
P( at least one head ) = 1 — P( no head )

)

31

32 32
171.  (a) Two coins are tossed simultaneously.

Sample space i.e., possible outcomes are {HT, TH, HH, TT}
E = event of getting two heads

F = event of getting at least one head
1 3 1
P(E) = = = =_
(B) =2 P(R)=2PENF) =7
(E) _P(EnF)
F/ P(F)

_®

0

So, Both (A) and (R) are true and (R) is the correct explanation of (A).

172 @l=[ &—t?;(;(__xdx ..()

Using property of definite integral
b b
f f(x)dx = f f(a+ b —x)dx
a a

w

8 Vx .
I:fz mdx ....(11)

Adding equations (i) and (ii)
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8 10— % + V&

2] =
8
=f dx
2
= [x]3
=8-2

=6
=>]=3

2 V10 —x + X%

dx

R is also true as the property P, is
b
J- f(x)dx = J. fla+b—x)
a a

So, Both (A) and (R) are true and (R) is the correct explanation of (A).
173. f(x) =tan"1x
Domain (—oo, 00)

ranse (.5}

2 ifx>1

T i
, 2x,1fx>1
thenf(x):{1ifx<1

LHD of f(x) =1

RHD of f(x) = 2x = 2

Since LHD # RHD

It is not differentiable at x = 1.
OR

(B) f(x) = {

)

sin?Ax

x2

x#0
x=0

For continuity at x = 0
lim f(x) = lim f(x) = f(x)
X—0~ x—-0%

_ sin?Ax \
lim —— x2A%2 = lim 1 x A% = A?
x-0" A %{2 x—0~
sin“Ax
2 _ Tim 22 — 32
A e <A = Ip AT =4
f(0)=1
Since f(x) is continuous.
A=1
>A=+1

175. 2x+y=8y=2,y=4

AY

2.4) y=4

S I T S T e
Yy 2x+y=8
Required Area = Area of ABDE + Area of BCD

2 3
=f m—zmx+f{@—2@—zmx
0 2

= [2x]3 + [6x — x?]3
=4+ [18—9—12 +4]

=441
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= 5 sq. units.

176.  (A) Let the angle between 3 and b be 0 It is given that @ X b is a unit vector.
~|@axbl=1
= |3|[b|sind = 1

:>3><§xsine=1

o1
= smen— >
>0= g
Thus, the angle between @ and b is g
OR
B)a=1—7+3k
b=2i—-7j+k
Area of parallelogram = |d X E|
R
Now (@xb)=1|1 -1 3
2 =7 1

@xb) =1(-1+421) —j(1 —6) + k(-7 +2)
@ x b) = 201 + 5] — 5k

|3 X b| = /202 + 52 + (—5)2

= /450

= 15v2 sq. units.
177.  The equation of the line 5x — 25 = 14 — 7y = 35z can be re-written as
x—5 y-—2 vA

1

7
5 y—-2

1 1
5 35
X =

7 -5 1
Since the required line is parallel to the given line, so the direction ratios of the required line are proportional to
7,-5,1.
The vector equation of the required line passing through the point (1,2, —1) and having direction ratios
proportional to 7, —5,1 is

r=(0+2]—k +A7i-5]+k)
2 3

1
178. A=|3 -2 1]
4 2 1
A3 —23A—-401=0
1 2 311 2 3
A>=|3 =2 1]3 -2 1]
4 2 14 2 1

1+46+12 2—-4+6 3+2+3
3—-6+4 6+4+2 9-2+1
4+6+4 8-4+2 12+4+2+1
19 4 8

= [1 12 8
6 15
19 4 8111 2 3
AA=[1 12 8 ] [3 -2 1]
14 6 15114 2 1

19+12+32 38-8+16 57+4+8
1+36+32 2-24+4+416 3+12+8
14+18+60 28—-12+30 4246+ 15
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63 46 69
=169 -6 23]
92 46 63
1 2 3 23 46 69
23A=23|3 -2 1]=[69 —46 23]
4 2 92 23

Now A3 - 23A-401

1 46
63 46 69 23 46 69 10 0 O
69 —6 23|—|69 —46 23|—|0 40 O
63 92 6 23

92 46 4 0 0 40
0 0 O
=[0 0 0
0 0 O
=0
— -1_1
179. (A)Letu = sec —
X = sinf
1 1

\/11 —x2  v1—sin20

" cosO
= secH

So u = sec” !sech

=0

=sin"1x

du 1

TN
v=sin"'(2xV1—x%) ..®)
Suppose that

X = sina

v =sin7! [ZSina\/ 1-— sin2a|

= sin"![2sina - cosa]
= sin™1[sin2q]

=2a

= 2sin~1x

v _ 2 3y
ol e ....(11)
From (i) and (ii)

~du 1

Tdv 2

(B)
y = tanx + secx

dy d ) N d
I dx( anx) T (secx)

= sec?x + secxtanx
= secx(secx + tanx)

1 1 sinx
= +
COSX \COSX COSX

1 + sinx

OR

cos?x
dy 1+ sinx
dx 1 —sinZx
_ 1
"~ 1 —sinx
d’y (1 - sinx)0 — 1(—cosx)

dx?2 (1 — sinx)?
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cosx

(1 — sinx)?
180.  (A)Letl=["

Applying property,
a a
f f(x)dx = f f(a — x)dx, we get
0 0

- o 1+ esin(2m-x)
2T dx
- fo 1 4 e—sinx

0 14—

esmx

1 .
mdx (1)

2w eSinXdx ..
=)o esimxgg ....(11)

On adding equations (i) and (ii), we get

2T dx 2T esinxdX
2] = —+ —
J;) 1 + esinx fo 1 + esinx
2T 1+ esinx
= — |dx
J;) (1 + eSlnX>
2T
= f 1-dx
0

= 21 = [x]3"
= 2] = [27]
>]l=m

OR

x* A (x*-1+1)
(B) f (x-1)(x2+1) dx = f (x—1)(x2+1) dx
x*-1) 1

=/ (x—l)(x2+1)dx+f G-+
=f(x+1)dx+f(

x—1Dx2+1) o

_x2+ 4 dx
2 T T D+ )

2
=X 4 x+4: (L— X2+1)dx ....{~ Partial factorisation }

2 21 x—11 x2+1 i ‘

X xdx X
_7+X+E[IX—1dx_IX2+1_I1+X2
—X2+ +11 1 11 x*+1) 1t “x+C
=5 X 2og(x ) 4ogx 2an X

181. y% <2x
y=x—4
y? =2x ...(1)
y—x+4=0o0rx—y=4% ....(i1)
Put the value of x from (ii) in (i), we have
yi=2(y+4)
y2—2y—8=0

>y=4-2
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X—-y=4
(2, 4)
(0,4)
(0, 0) (4, 0) -
(0,-2)

(2.-2)

Wheny =4,x=4+4=28

Wheny = —-2,x=4-2=72
2

4 4y
Required area = f (y +4)dy — f 1 dy
-2 -2

<[ -l
2 |, 2[3],

1

1
=—[64—4]——[64+8
2 (64 — 4] - = [64 + 8]
=30-12
= 18 sq. units.

(A) Let P = (0,2,3)

Let M be the foot of the perpendicular drawn from P to the line
xt3 _y-1_ z+4

S T:Tz}\ (Say)
The coordinates of any point on the line are given by
x=5A-3,y=2A+1,z=3A—-4
LetM = (51 —3,2A+ 1,3A — 4) (1)
The direction ratios of PM are
50,-3-02A+1-231-4-3
ie. 5SA—=3A2A—-13A -7
Since, PM is perpendicular to the line whose direction ratios atr 5,2,3,
561=3)+22A-1)+33BA=-7)=0
#2500 —154+4A—=24+92—-21=0
~380—-38=0
Substituting A = 1 in (1), we get
M=(G5-32+13-4)=(23-1)
Hence, the coordinates of the foot of perpendicular are (2,3, —1).

OR
(B) Since 3+ b + & = 0, we have
i+b+¢=0=0
ord-3+3-b+3-¢=0
Therefore3-b +3- ¢ = —|3|2 = —9 (1)
Again,b-@+b+3) =0
ord-b+b-¢=—|b>=-16 ...(ii)
Similarly3-¢+b - ¢ = —4. ... (iii)

Adding (1), (2) and (3), we have

2@-b+b-¢+3-&)=-29

or 2 = —29, ie. p = =
Lines are parallel

ag by o

a; by ¢
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2
4
1
2
b

bl = V4 +9 + 36

Il

\1<|
o~
O

=

_ L0 =
fo)

= —97 + 14j — 4k

|b x &, —a7)| = V81 + 196 + 16
=293
S.D. =

184. (A) Let'a'be the side of an equilateral triangle.
A

units

B3z m c

V3

Medain AM = y a

d(AM
Given (dt ) = 2v3 cm/s
d ﬁa
d(AM) "\ 2 y da
dt ;_ da dt
3 da
2V3=—-—
V3 2 dt
a
= Fri 4 cm/s
OR
(B) Let two numbers be x and y then
Xx+y=5 ...()
LetS=x3+y3 ...(i1)
=x3+((5—-x)3 ....[From (1)]

dS—32+35 2(-1
— =3 +3(5 -0 (-1)
ds
dx

=3x% —3(25 +x%2 — 10x)

= 3x% — 75 — 3x% + 30x
=30x—75
For maximum or minimum
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2 == ...[ From (1)]— = 30 which is +ve .

. 5 5
So the sum is least when x = 5 andy = 5

S =x2+y?
25 25

Y
5

0
4
25
2

T

e - _1 .
J¢ sin2xtan™*(sinx)dx
T
2

-},

Letsinx =t

cosxdx = dt

When x = 0,t = 0 andx =g
>t=1

2sinxcosxtan™!(sinx)dx

1
2 f ttan~ 1tdt
0

) t2 1 14 t2
=2|tan" "t — Zf -—dt
0

2O 1+t2 2
P11
=(z1-0 fo 14+t
T
=Z_f0 (1 1+t2)dt

T
=7" [t — tan~1t]}
I [1 T o
T4 4
S
T4 4
- _q
)
Zimax = 70x + 40y
3x+2y=9
x| 30
y | 0| 9/2
3x+y=9
X 3 0
y|0]9
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X BEHEHERHER EEEHRERL £ 3 1 gt an) st

f

= S R s 3x +2y = 9

zp =70 X 3 +40 X 0 = 210
9
zg =0 +40 x> = 180

Zc = 0
So, Zmax = 210 at A(3,0).
187.  (A) Let B, be the event student knows the answer
B, be the event student guesses the answer
E = Event answer is correct

P(By) =
P(B;) =
(-
P (B—) =

3
5
2
5
1
1
3

E
i (&) ) P(BP ()
= E E
EJ pB)P (B_l) + P(B,)P (B_z)
3
E X1
3 2 1
§x1+§x3
3
__5
9+2
15
= H'
OR
(B
X: | PX):
g | 1
10
g | 1
10
4 |1
10
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4 1
10
4 1
10
4 1
10
4 1
10
2 1
10
2 1
10
2 1
10

Probability of having one ticket out of 10 ticket = =

10
H=Z Xip

1 1 1 1 1 1 1 1 1 1
—8xE+8xﬁ+4xﬁ+4xﬁ+4xﬁ+4xﬁ+4xﬁ+2XE+2xE+2xE
_16+20+6
B 10
42
10
=4.2
188.  (I) Number of possible relations from B — G
— Zn(B)xn(G)
— 23)(2
=26
= 64
(1))

=
AR

Every element of set B has two options to map in set G i.e., B; can go to G; and G,.
So, 2 ways (i.e., two functions).
~ Total function=2 X2 X 2 =8
(I)R:B—-B
R = {(x,y): x and y are students of the same sex }
(by,b;) € R ... (Reflexive)
(b1, by) € R = (b,, by) € R... (Symmetric)
If (by,b;) € RA (by,b3) ER
= (bq,b3) € R...(Transitive)
= It is an equivalence relation.
OR
(IID) Given, B = {b4, by, b3} and G = {g4, g,}
f={(by,51), (bz,s2), (b3, 51)}
Since b, and b, both are related to same element g;.
So f is not bijective (one-one).
189. 5x+3y+z=160
2x+y+3z=190
X+ 2y + 4z = 250
(I) AX = B form
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5 3 17X 160
[2 1 3] [Y]=[190]
1 2 41z 250
(1))

5 3 1
[Al=12 1 3

1 2 4

=5(4—-6)—3(8-3)+14—1)
=5(-2)—-3(5)+3

=-10—-15+3
=-22
(I A" = -~ (adjA)

Ci1 =-2,C, =-50C;3=3
Cy1 = —10,Cy, = 19,Cy3 = =7
C31 =8,C3, = —13,C33 = —1
-2 -10 8

AdjA=|-5 19 —13]
3 -7 -1
AL = - (adja)

|A|
-2 -10 8 ]

—>|-5 19 -13

3 =7 -1
2 10 —8]

Al=—

22 5 -19 13

-3 7 1

OR

I P=A?>-5A

5 3 115 3 1 5 3 1
2 1 3]—5[2 1 3]

=2 1 3
1 2 4111 2 4 1 2 4

32 20 18] !25 15 5]

=15 13 17 10 5 15

13 13 23] L5 10 20
75 13]

=[5 8 2

8 3 3

190. 1)) (XZ — yz)dx + nydy =0
dy _y*—x?

dx 2xy
#e-1)
2 (2)

59

D) Lety = vx
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o (1+v®)

=
2v dx
_J‘TIQ“V: X

—log|1 + v?| —log|x] + C=0
2

y
—log|1 +X—2’ —log|x| +C=0

x% +y?

—log = |~ log|x| +C=0
x% +y?

—log +C=0

191.  (c) » Domain of cos ™ x

The domain of the inverse cosine function, y = cos™!x, consists of all values x for which cosy = x. Since the
range of the cosine function is [—1,1], the domain of its inverse is:
192.  (c) * Element a3; in Matrix A

Given the formula aj; = %| — 3i+j|, we substitutei =3 andj =1

_2 3(3 +1—1 9+1—1 8—8—4
asi =51 -3(3) +1| =5 |=51=8l==
193. (a) Valueof 2x —y
Perform the matrix addition:
1 3 y 01_[5 6
2[0 x]+[1 2]_[1 8
[2+y 6 ]=[5 6
1 2x + 2 1 8
*Solvefory:2+y=5=y=3
eSolveforx:2x+2=8=2x=6=x=3
* Calculate 2x —y:2(3)—3=6—-3=3
194.  (b) * Inverse of Matrix A

_[1 2].
For A = [3 5] :
(1) Determinant |Al: (1 X5)—-(2%X3)=5-6=-1
(2) Adjoint: Swap diagonal elements and change signs of off-diagonal elements:

. _[5 =2
=[5 7] 5 —2]_[-5 2
A1 — i i = i v .
(3) Inverse: A7 = - adj(A) = — [_3 1 ] [ 3 —1]
195.  (c) * Minor M4

The minor M,5 is the determinant of the submatrix formed by removing the 2 nd row and 3rd column:
M23=|i _53|=(2><5)—(—3><1)=10+3=13
196.  (b) Derivative % atx =1

Given y = sec(tan™!x). Let = tan™'x = tanf = x.
Using the identity sec® = V1 + tan?0, we simplify:

y =+1+x?
Now, differentiate with respect to x :
dy 1 X

= 2X =
dx  2v1 +x2 V1 + x2

Substitute x =1 :

dy 1 1
dx V1i+12 2

197.  (d) Continuity of f(x) atx = g

For f(x) to be continuous at x = g, the limit must equal the functional value:
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kcosx
im =
X-’% ™ — 2X
Using L'Hopital's Rule:
. —ksinx k _
)I(Lr% = —E—S:>k—10
dx

198.  (c) Integration of [

sin?2x-cos?2x
Using the identity 1 = sin?2x + cos?2x :
sin?2x + cos?2x 5 5 1 1
J. snZ7xcos27x dx = f (sec“2x + csc*2x)dx = Etaan — ECOtZX +C
199. (b) Integral of an Odd Function
The function f(x) = sin®x is an odd function because f(—x) = —f(x). For any odd function:
a

J-_ f(x)dx =0

200. (d) General Solution of % =Xy

Separate the variables: e¥dy = e*dx. Integrating both sides:
ev=eX+C=eX—eY=—-C(ore*—e¥y=C")
201.  (a) Order and Degree of Differential Equation

3

For (H)Z + 3x (@)4 =logx:

dx3 dx?
* Order (highest derivative): 3
* Degree (power of highest derivative): 2
*Sum:3+2=25
202. (d) Condition fora + b to be a Unit Vector
Given|3| =1,|b| = 1,and [3+b| =1:
|3+ Db|2 = 3|2 + |b|? + 2[3]|b|cosb = 1
1
1+1+2(1)(1)cosd =1 = 2cosd = —1 = cosb = —3
2T
6 = ?
203. () If2i+6j—22k) x (i+Aj+pk) =0
For cross product to be zero, vectors must be parallel.
(L, ) =t(2,6,-22)
Since first component gives

1=2t=>t !
= = = —

2
Thus

7\-6(1)—3 = 22(1)— 11
= 2 = , u — 2 =
A—u=3-(-11) =14
204. (b) Direction cosines of BA
A=(12-3),B=(-1,-21)
BA=A-B=(24-4)
Magnitude:
IBA| = /22 +42 + (-4)2 =36 =6
Direction cosines:
(2 4 —4)_(1 2 2)
6’6" 6/ \3'3’3
205. (b) Value of A
First line:
x—5 2-y z
7 5 1
Direction ratios:
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(7,-5,1)
Second line:
x 2y-1 z
1~ a2 ~3°°

Direction ratios:

(122)
) 2 )
For perpendicular lines:
A
7(1) + (=5) (E) +13)=0
1 =0

2
20 = 5A
A=4
206. (d) Solution set of 2x+y =5
Line:
2x+y=>5
Check origin:
200+0=0=5
So the solution is the half-plane not containing the origin, and since inequality is =, the boundary line is included.
207. (a) Minimum value of
z = 3x + 8y
Subject to
0<x<20,y=>10
Since coefficients of X and y are positive, minimum occurs at smallest feasible values:
x=0,y=10
z = 3(0) +8(10) =80
208. (c) Two events A and B are independent if
For independent events,
P(A'B') = P(A")P(B)
= (1 -PA)(1-P(®))
209. (a) * Assertion (A) & Reason (R)

0
0

0 -3 5
* Assertion (A): Matrix A =| 3 0 —2]
= A
0 3 -5
* To check if it's skew-symmetric, we find AT: AT = | -3 0 2 ]
5 -2 0

« Since AT = —A, the assertion is True.

* Reason (R): This is the definition of a skew-symmetric matrix. True.

* Conclusion: Both ( A ) and ( R ) are true and ( R) is the correct explanation of ( A ).
210.  (a)* Assertion (A) & Reason (R)

* Assertion (A): Line passing through A(—1,0,2) and B(3,4,6).

* Direction vectorb = B — A = (3 — (1)) + (4 — 0)] + (6 — 2)k = 41 + 4§ + 4k.

* The given equation uses b=1+ 7+ k, which is parallel to 41 + 4j + 4k.

« Vector equation: ¥ = (—1 + 0] + 2k) + A(1 + j + k). This matches. True.

* Reason (R): This is the standard formula for a line. True.

* Conclusion: Both ( A ) and ( R ) are true and ( R)) is the correct explanation of ( A ).
211.  (A) Find the value of tan~1v/3 — sec™1(-2)

(1) tan™1/3 = g
(2)sec”(-2)=m—sec”!(2)=n-— g ==

2T T

(3) Result: g —— ==

3 3
OR
(B) Check injectivity and surjectivity of f: N — N, f(x) = x3
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« Injectivity: For x;,x, € N. if x3 = x3, then x; = x,. It is Injective (one-to-one).
* Surjectivity: Fory = 2 € N (codomain), there is no x € N such that x3 = 2. It is not Surjective (into).
212.  Differentiation
Given: cosy = xcos(a +y)
osy

Rewrite as: x = ———
cos(a+y)

Differentiate with respect to y :
dx  —sinycos(a +y) — cosy[—sin(a +y)]

dy cos?(a+y)

dx sin(a + y)cosy — cos(a + y)siny

dy cos?(a+y)

Using the identity sin(A — B) = sinAcosB — cosAsinB:
dx sina+y-y) sina

dy ~ cos?2(a+y) cos2(a+y)

Taking the reciprocal:

dy cos®*(a+y)

dx sina . .
213.  Projection of 71 —j + 8k on 1 + 2] + 2k

Letd = 71—j+ 8k b =1+ 2]+ 2k

Scalar projection:

a-b

Ib|
a-b=7(1)+(-1)(2)+8(2) =21

b =12 +22+22=4/9=3
21

Projection = 3= 7
214.  (A) Unit vector parallel to diagonal AC
Given
AB = 21— 4j + 5k
AD =1-2j-3k
In a parallelogram,
AC = AE + AD
= (31— 6] + 2k)
Magnitude:
|AC| = 32+ (=6)2 +22 =49 =7
Hence the required unit vector is
1 N
= (31— 6]+ 2k)
OR

(B) Angle between the lines
Direction vectors are

d; = (1,-2,-2)
d, = (3,2,-6)
Using

_ a)1'(_1’2
T
dy - d; = 13) + (~2)(2) + (~2)(=6) = 11
J=vitata=3
|

=V9+4+36=7
11

cos0
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g 1 (11)
=cos ' |—
21
215. Rate of increase of surface area of an air bubble
Given

dr_05
Frimis cm/s

Surface area of sphere:
S = 4mr?
Differentiate w.r.t. t
ds dr

Atr = 1.5 cm,

dS—8 1.5)(0.5
— = 8T(L5)(05)
= 6T

dS_6 5
i T cme /s
216. Evaluate

l_f dx
) 1+ cotx

sinx
= —dx
Sinx + cosx

Write
) (sinx + cosx) — (cosx — sinx)
sinx =
2

Hence

1 1 COSX — Sinx
<[ oo L[ i,

2 2 sinx + cosx
Let

t = sinx + cosx
dt = (cosx — sinx)dx
Therefore

1=~ Dnising + cosx| + C
=5 2n|smx cosx|

f & XL injsink +cosx| +C
T T o2 2 n|sinx + cosx|
217. (A) Evaluate
T 1 — sinx
[= f e* (—) dx
/2 1 — cosx
Use identity:
1—sinx (1 —sinx)(1+sinx) _ 1+ cosx
1—cosx (1—cosx)(1+sinx) (1—cosx)(1+sinx) 1+ sinx

Also,
14 cosx (sinx+ cosx+ 1)’

1+sinx  sinx+ cosx+ 1

cos?x

Hence
T d

[= f e*—In(sinx + cosx + 1)dx
/2 dx

Observing.

1 + cosx d( e* ) x

—_— e

1+ sinx dx\1+ sinx

Therefore,

1T e1't/2

eX
= ——| =e"——-
[1 + sinxL/z ¢
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N e11/2
OR

(B) Evaluate
/4

= f log(1 + tanx)dx
0

Let
/4

[ = f log(1 + tanx)dx
0

T
P

/4 1 — tant
= f log(l + )dt
0 1 + tant

/4 2
= 1 ( ) dt
J; %8\1+ tant

Adding both expressions:

Putx =

/4 T
2l = f log2dt = —log2
0 4
Hence
/4 T
f log(1 + tanx)dx = §1og2
0
218. Find

X
d
f x+1DE-1) <
Partial fractions:
X A Bx+ C

= +
+Dx-1) x—-1 x2+1
Comparing coefficients:

I_lf dx 1f xdx +1J‘ dx
2) x—-1 2) x24+1 2) x2+41
1—11 1 11(2+1)+1t “Ix+C
—2n|x | 4nx 2an X

219. (A % + ycotx = 4xcosecx

Giveny = 0 when x = %
Integrating factor:
IF = ef cotxdx — gIn(sinx) — ¢inw
Multiplying by IF:

d

. y .
sinx— + ysinxcotx = 4x
dx y

d

o (ysinx) = 4x
Integrating:

ysinx = 2x% + C
Usingy =0atx = g,
TN 2

0=2 (5) +C
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2x% — T[—Z
y f— —2
sinx

OR
(B)xdy — ydx = /x? + y2dx
dy

X ax
Put

— X2+y2

Substituting:

dv
x? i Xy 1+ v?
X
dv. dx
Vvi+vZ X
Integrating:
sinh™lv = In|x| + C
Replacing v = g
.
sinh (x) =In|x| +C
220. z=4x+3y

Corner points:
A(0,700),B(100,700),C(200,600),D(400,200)
Evaluate:

Point z=4x+ 3y

A(0,700) 2100

B(100,700) | 2500

C(200,600) | 2600

D(400,200) | 2200

Maximum:
Zmax = 2600 at (200,600)
Minimum:
Zmin = 2100 at (0,700)

221.  (A) Let
* H : pair of heads actually occurs.
* R : man reports pair of heads.

P(H) = ~ P(H®) = 3
( )_ 41 - 4
Truth probability:

3 2
P(T) = g, P(L) = g

3
P(RIH) =

2
P(R| H®) = T
By Bayes' theorem,

PCHL | R = P(H)P(R | H)

P(H)P(R | H) + P(HS)P(R | HO)
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(B)Let X = number of defective bulbs.
Possible values:
X =012
Total ways:
(10) _ 45
5 )=
P(X=0)
() _28
45 45
PX=1)

DE) 16

45 45
P(X = 2)

Q_1

45 45

Distribution:

Mean:

EX)=0 28+1 16+2 !
(X) = 45 45 45
_18 2

45 5
2
EX) =g
222.  (A) Relation and Equivalence Proof
Given set A = {5,6,7,8,9} and relation R = {(X,y): |x — y| is divisible by 2}.
(1) Roster Form
Two numbers have a difference divisible by 2 if they have the same parity (both odd or both even).
* Odds: {5,7,9}
* Evens: {6,8}
R = {(5,5),(6,6),(7,7),(8,8),(9,9), (5,7),(7,5), (5,9),
(9,5),(7,9),(9,7), (6,8), (8,6))
(2) Proof of Equivalence Relation
* Reflexive: For all x € A, |x — x| = 0, which is divisible by 2 . Thus, (x,x) € R.
» Symmetric: If (x,y) € R, then |x — y| is divisible by 2 . Since |y — x| = |x —y|, |y — x| is also divisible by 2 .
Hence, (y,x) € R.
* Transitive: If (x,y) € Rand (y,z) € R, then x —y = +2k; and y — z = £2k, for integers k4, k.
Adding the equations: x — z = 2(+k; + k;), which means |x — z| is divisible by 2 . Hence, (X,z) € R.
Since R is reflexive, symmetric, and transitive, it is an equivalence relation.
(3) Elements related to 7
The elements related to 7 are all odd numbers in set A: {5,7,9}.
OR
(B) One-One and Onto Proof
X—2

Given f: A - Bwhere A =R — {3}, B=R— {1}, and f(x) = —
(1) Testing One-One (Injective)
Let f(Xl) = f(Xz) .

X1—2 X2_2

X —3 :X2 -3
(xp =2)(x2 = 3) = (xp — 2)(x4 — 3)
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X1Xp — 3%y — 2X; + 6 = XX, — 3X, — 2% + 6

—3x1 — 2Xy; = —3X; — 2X; = —X; = —X; = X1 = Xy
Hence, f is one-one.

(2) Testing Onto (Surjective)

Lety € B. Sety = f(x) and solve for x :

= = —3)=x—-2
y=—3=y(x-3)=x

3y—2

y—1

Sincey € B(R — {1}),y # 1, so x is defined for all values of y. Moreover, X can never equal 3. Thus, every
element in codomain B has a unique pre-image in domain A.

Hence, f is onto.

xy—3y=x—2=x(y—-1)=3y—-2=x=

223.  Solve using matrices
X—y+2z=7
3x+4y—5z=-5
2x—y+3z=12
Subtract first from third:
x+z=5
XxX=5—1z
Substitute in first:
S5—z—-y+2z=7
y=2z—2
Substitute in second:
36—-z)+4(z—-2)—5z2=-5
15—-3z+4z—8—-5z2=-5

7 —4z = -5
z=23
x=2,y=1

x=2,y=1,z=3
224.  Area Bounded by Curves
Given curve y = v/X = x = y?, line x = 2y + 3, and the x-axis (y = 0).
Step 1: Point of Intersection
Equate x values of the curve and line:
y2=2y+3=y?-2y—-3=0=(y—-3)(y+1)=0
Since y = v/x = 0, we select y = 3. The intersection point is (9,3).
Step 2: Set up and Compute Area
Integrating with respect to the y-axis fromy =0toy = 3:

3
Area = f (Xlinc — Xcurvo )dy
0

3
Area =j 2y + 3 —y3)dy
0

vl
Area = [yz + 3y—?
0

33
Area =(32+3(3)—?>—0=9+9—9=9sq.units

225.  (A) Lines:

r=(1,2,—4) +A(2,3,6)
r=(3,-3,-5)+ u(-2,3,8)
Le
3 -

-

=(1,2,—4),b =(3,-3,-5)
d, = (2,3,6),d, = (-2,3,8)
Shortest distance:
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o |d; % dy|
d1 X d2 = (6, _28,12)

v

|d; x dy| = V964 = 2v241
b—-3=(2,-5-1)
(b—3) - (d; xd,) = 140
Hence

140

24241

70

241

OR

(B) Line:
x—4_y_z—1_t

2 6 3
So

x=4+2ty=—-6t,z=1+3t

Foot of perpendicular from

P(2,3,-8)

to line is Q(4 + 2t, —6t, 1 + 3t).

For perpendicular,

(PQ)-(2,-63)=0

(—2t=2)2)+ (6t+3)(—=6) + (—-3t—9)(3) =0

—49t—49=0

t=-1

Therefore

Q=1(26,-2)

Hence foot of perpendicular:

(2,6,—2)

Distance:.

PQ=+/(2—-2)2+ (3 —6)2+ (-8 + 2)2
=45 = 3V5

226.  Case Study — 1: Spherical Balloon Analysis
This case study focuses on the rates of change for a spherical balloon as it is inflated.
(i) Rates of Change
The quantities (radius, surface area, and volume) change at different rates.
While they all increase as the balloon expands, their rates of change are related nonlinearly. For instance, the
surface area depends on the square of the radius (r?), while volume depends on the cube of the radius (r3).
(ii) Expressions for Surface Area and Volume
For a sphere with radius r :
+ Surface Area (S): S = 4mr?

* Volume (V):V = %1‘[1‘3

(iii) (A) Rate of Change of Surface Area

Given: r = 6 cm and% = 2 cm/s.

To find the rate of change of surface area (%)’ we differentiate S = 4mr? with respect to time t :

dS g dr
TR
Substituting the given values:

ds
— = 8n(6)(2) = 96m cm?/s

dt
OR
(B) Rate of Change of Volume
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. dr
Given: r = 6 cm and e 2 cm/s.

dv . . 4 . .
To find the rate of change of volume (—), we differentiate V = gnr3 with respect to time t :

dr
dv rop? dr
dat - T dr
Substituting the given values:

av
— = 41(6)%(2) = 41(36)(2) = 2887 cm?/s

dt
227. Case Study - 2

Based on the information provided, here are the step-by-step solutions:
Given:

x2

s Path of the jet: 4y = x2 > y = T
* Position of the soldier: (0,5)

* Position of the jet: (X,y)
(i) Express the distance f(x)

Using the distance formula d = \/(x; — x)% + (y; — y1)?:
f() =/(x = 0)2 + (y — 5)?

2
Substitute y = X: :

2 2
X
) = sz ; (Z _ 5)

ooy o dS
(ii) Find =
Given S = [f(x)]?:

2 XZ i
S=x“+ Z—S

Differentiate with respect to x :
ds x?2 2x
d_ =2x+2(—-5]-—

X 4 4

ds x? x3
&=2X+X<Z_5>=2X+Z_5X
ds x3

x-a X

(iii) (A) Position of the jet when shot down
The soldier shoots when the jet is nearest, which occurs when 5 _d

3 2 dx
Z—3X=O$X(Z—3>=O
Possible values: x = 0 or x? = 12 = x = +2+/3.
*Ifx=0,y=0,S = 25.
(Ifx=42V3,y="=3.5=12+(3-5)?%=16.

Since 16 < 25, the nearest positions are (2v3, 3) and (—2v/3, 3).
OR
(B) Minimum distance
The minimum distance is the value of f(x) at the nearest point:
f(x) = VS =16
Distance = 4 units
228.  Case Study - 3
There are 10 cards numbered 1 to 10 .
Total number of possible outcomes:
n(S) =10
(i) Probability that the number on the drawn card is greater than 4
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Numbers greater than 4 are:
{5,6,7,8,9,10}
Number of favorable outcomes:
n(E) =6
Therefore,

6 3
P(E) = E = g
(ii) If it is known that the number drawn is greater than 4 , find the probability that it is even This is a conditional
probability.
Given numbers greater than 4:
{5,6,7,8,9,10}
Total outcomes = 6.
Even numbers among them:
{6,8,10}
Favorable outcomes = 3.
Hence,

3 1
P( Even | Greater than 4) = ‘ = 3




