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(¢) The principal value range of cos™x is [0, Tt]. Let cos™*x = 0, s0 8 € [0, T].

Then, y = 20, giving y € [0,2m].

(a) A row matrix has exactly one row and any number of columns, so its order is always 1 X n.

(d) (A+ B)" = A" + B is always true. Also, the transpose of scalar multiplication and product gives (KAB)' =
k(AB)' = kB'A’, matching option (iv). However, (A — B)’ = A’ — B’, not B’ — A’, and (AB)’ = B’A’, not A'B’.
(b) A, is obtained by interchanging the first two rows of A, which changes the sign, and also multiplying one row
by 2 , which multiplies the determinant by 2 .

Hence, overall A, = —2A;.

(b) Determinant = cosx X sinx — (—cosx X sinx) = 2cosxsinx = sin2x.

Givensin2x =1, s0 2x = %

(d) For skew-symmetric matrices, A’ = —Aand B’ = —B. Then (A—B)' = A'—B'=-A+B = —-(A—-B).
Hence, A — B is skew-symmetric, while the other given expressions do not satisfy this property.

(a) Given f(x) = x® — 12x on [0,3].

Differentiate: f'(x) = 3x? —12=0=>x = 2

Check values: f(0) = 0,f(2) = —16,f(3) = -9

Thus, the least value in the interval is -16 at x = 2.
3ax

(d)Letl= [ S dX
Put u = b? + ¢?x?, So du = 2c?xdx
Then,

_ 3a du

“2¢2) u

3a
I = —log|b? + c?x?| + K
5cz 108l 3 I
Hence, A = —az.
2¢
(a) The denominator x? + 2|x| + 1 is an even function, since it contains x? and |x|. The numerator x3 is odd.

Hence, the integrand is odd.

The integral of an odd function over [—1,1]is 0 .

(c¢) Area bounded by the curve and x -axis is f_ll |yldx
Since y = x|x|, [y| = x?

Therefore,

1
Area =f x2dx
-1

1
=2f x?dx

o1
-2[3]

31,
. A _2
-~ rea—3d
(c) Given Rd—;+PX= Q,
o Ax P _Q
Divide by R: i X =1

P
A linear equation in x . The integrating factor is ef Edy, obtained from standard form g—i + Pyx = Qy.

. d
4 eV =
(b) Given = e)=0
Differentiating, e¥ % =0,
dy

Highest derivative present is o
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So the order is 1 . Power of the derivative is 1 , hence the degree is 1 after expressing the equation in polynomial
form.
(c) For perpendicular vectors, the dot product is zero:
1Xx2+2(-p)+3x1=0
=22-2p+3=0
Thus,5—2p =0
5
>p= 7
Hence, vectors are perpendicular for this value.

(a) Let points be A(—1,—1,2),B(2, m,5),C(3,11,6).
For collinearity,

AB = AAC

AB = (3,m+1,3)

AC = (4,12,4)

Comparing ratios:

3 m+1 3

4- 12 4
Thus, m+1=9

“m=38

(¢) Using the formula |3 X b| = |3] - |b||sin8]
Wegetd =+ g.

Therefore, 3 - b = |3] - [b|cosd
3
pxax
2
=12V3
y

(c) Line is % =53 %, so it passes through the origin with direction vector (1,0,0).

Distance from the point (2,5,7) to the line is V52 + 72 = /74
(d) For Z = 5x + 7y, evaluate at the corner points of the feasible region: (0,0), (0,2), (3,4), (7,0).
Values are 0,14,43,35. The maximum value is 43 , the minimum value is O .

Hence, maximum - minimum = 43

(b) In a linear programming problem, the objective function is always linear in variables, meaning each variable
has degree one and no higher powers occur. Hence, the overall degree of the objective function is 1 by definition
of linearity.

(¢) In a die throw, the odd numbers are {1,3,5} and odd primes are {3,5}, making P(A | B) = g, However, the
__ P(ANB) P(AUB)
formula for P(A | B) = PE) not — B

(d) Direction ratios are (p,1,r)and (p' +1+1").

For perpendicular lines,

pp’+1+1r' =0

pp' +rr’ =—1,not 1

Hence, the assertion is false and the reason Bl . Ez = 0 is correct, so Reason is true.
(A)Forx<3,|x—3|=3—-x

lim £60) = 1 3-x 1
A0 = i =3y~ 72

Forx = 3,
€3 _3-6
(3) =—
f(3) = !
3 =3

Also,
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lim 60 = 1 x—6 1

xlgl"' () = Xlgl"’ 6 2

Since LHL = RHL = {(3), f(x) is continuous at x = 3.
OR

(B) Given: V3(x? + y?) = 4xy
Differentiate implicitly:
dy dy
3 (2 2 —) = 4( —)
V3(2x + y Ix y+Xx Ix
Simplify:
dy

dy
2V3 2V3y— =4 4x —
\/_x+ \/_ydX y + de

Rearrange:
(2V3y — 4x) % = 4y — 2V3x
Zﬁyg - 4x% = 4y — 2/3x
% (2V3y — 4x) = (4y — 2V3x)
dy 4y —2v3x

dx 2y3y — 4x

Substitute x = l,y =¥

2 2
Numerator:

3
=4. g — 243
=2V3-+3
- V3
Denominator:

:2@.§_4.

=3-2
=1

dy
s— =1/3

dx V3 .
For cone, semi-vertical angle = E

gL r

tin (g) = H

V3

ST =

N =

N =

r
h

h
V3
Volume of perfume:

1
V= §T[I'2h

Substitute r =

v-gn()
= —1|—
3 W3
V= L h
373
Ve mth3
9
Differentiate with respect to t :
dv. m h2 dh

dt 9 7 dt

= qlE
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dv _ mh?dh
dt 3 dt
Given:

dv
e —1 mm3/min, h = 10 mm
_ m(10)*dh

3 dt
_ 100mdh

T3 dt
dh 3

dt 100w
Hence, the rate at which the level of perfume is dropping:

100w mm/min

Points: P(1,3,2),Q(—1,0,8)
Q¥=P-Q
=(1-(-1)3-02-8)
= (2,3,-6)

Magnitude:

|QP[ = V2% + 3% + (—6)?
=v4+9+36

Unit vector:

QP  2i+3j—6k

|QP| 7

Required vector of magnitude 14:

2i + 3§ — 6k
14(———

= 2(2i + 3j — 6Kk)

= (41 + 6] — 12Kk)

Hence, the vector of magnitude 14 is (41 + 6] — 12Kk).
Given:
3=31—2j+2kandb =1+ 2k
Diagonals of a parallelogram:
>d, =a+b

=@+ Di+(-2)j+ 2 +2)k
o d; = 41— 25+ 4k
>d,=a—b
=@B-1Di-2j+@2-2)k
fdy, =212

Lengths:

= |dy| = 42 + (=2)2 + 42
=+v16+4+ 16

%

Jary

d|=6
|dz| =v22+(-2)2+0

U
ol

8
=22
o~ |_&2| = 2\/5

Hence, the vectors representing its diagonals and their lengths are:
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25. (A) tan—1 (cost—sian)

Divide numerator and denominator by cos 2x :

Cc0s2x+sin2x

tan-1 (1 - tanZX)
an 1 + tan2x
Using,
tan(A — B) = tanA — tanB
an( ) = 1 + tanAtanB
_ 1 —tan2x
14 t%nZX
= tan (Z — Zx)
Since, 0 < x < E,
- tan-1 (COSZX - sinZX) T )
SN Cos2x +sinzx) ~ 2~ ¥
OR
(B) tan (sin‘ll —cos™?! (— %))
sin =—
2

1 ( 1) _ 2T
cos 5) =3
So,

m 2T T
m“(z‘?f)=fm(‘a)
T

tan(——) =—-—
an(-3) = -

26. Letl = folxtan‘lx - dx
= fol (tan™1x)(x) - dx

= [(tan™* %) [ x - dx](l) - fol [% (tan %) - [ x - dx] - dx
2

I
—

x2tan~1x]" 11 X
R _fo_z._.dx
2 0 1+x+ 2

1%tan™'1 1.11+x%2-1
S e PO i
2 2°0 14 x2
u 1 1
4. 1
= = — = 1_— .
2 12f0< 1+x2) dx
1
=372 [x — tan™* ()]5
m 1
=§—E[(1—tan"11)—0]
m 1 T
=5-3(1-3)
o 1+T[
8 2 8
_m 1
T4 02
X+2
X+ 2 X+ 2
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So,
x+2 X+ 2
f,/x—zzf N
X 1
=fmdx+2f mdx
= Vx2 — 4+ 2log [x +/x2 — 4| + C

f itidx=\/x2—4+210g|x+\/x2—4|+C

OR
X
(B) [ roaaiie X

1

3t ‘1X+C
70 3

S

x? __ 9 .16
(x24+9)(x2+16) 7(x2+9) 7(x2+16)
9 dx 16 dx
=zl =+t T
7 x¢4+9 7" x+16
= 3t _1X+4t 11X, ¢
=-ztan” z+otanT o
| x* dx = 4t -
T I+ 16) L7t
We have
/4 dx 1/2
I, = — I, = d
! f_ﬂ/41+c052x 2 f_1/2|x| x
We shall evaluate both integrals.

Step 1: Evaluate I
Use the identity
1 + cos 2x = 2cos? x
Hence,

/4 dx 1 /4 5
I=f —=—f sec” xdx.
1 —r/a 2cos?x 2 /4

Since
f sec? xdx = tanx

we get

1 /4 1
I = E[tanx]_ﬂ/4 = E(l -(-1)=1
Step 2: Evaluate I,

Since |x| is an even function,

12 T
12=2.[0 xdx=2[7]0 =(E) =7
Step 3: Verify the result
11—412=1—4G)=1—1=0.
Hence,

I, —4l, = 0.

(A)XZ%=X2 + xy + y?

]d)ivide by x? : .
212 ()

Put y = vx. Then,

d dv
—y=v+x—

dx dx
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dv
V+x—=1+v+v?
dx

dv_1+ )
de_ \%
dv dx

1+vZ  x
Integrate:
tan"lv = log|x| + ¢

Substitute v = %

~tan™! g) = log|x| + C

OR
d
B)xy = (x+2)(y+2)
y X+ 2
dx

+2y= X

{ 2
—y — —_
fy”dy_f (1+X)dx

2
f (1—m)dyzx+210g|x|+c

y —2logly + 2| = x + 2log|x| + C
Giveny(1) = —1:
—1—2logl =1+ 2logl +C
C=-2
~y—2logly + 2| = x + 2log|x| — 2
xty<7,

2x+6
2x—3y+6=0,2y<
x=0y=0
The corner points of the shaded feasible region are:
(1) Origin: (0,0)
(2) x-intercept of x +y = 7: (7,0)
(3) Intersection of x +y = 7 and 2x — 3y = —6:
(1) From the first: x =7 —y
(i) Substitute:
2(7-y)—3y=-6
14 — 5y = —6
5y = 20
y=4,x=3
(4) y-intercept of 2x — 3y = —6:(0,2)

Feasble Region Graph

Evaluate Z = 13x — 15y :
(D Z2(0,0)=0
(I1) Z(0,2) = 13(0) — 15(2)
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=-30
(IIT) Z(3,4) = 39 — 60
=-21
(V) Z(7,0) =91
So, the minimum value is -30 at (x,y) = (0,2).
31. (A) Die shows number less than 3: {1,2}
4 2

2 1
P(By) = A §.P(Bz) =573

3 8
P(RIB;) —7,P(RIB2) =11"

Required probability:

P(R) = P(B;)P(R | By) + P(B2)P(R | By)
13 N 2 4

37 37

721

_3+8

- 21
11
21
Hence, the probability that the ball drawn from one of the bags is a red ball is %
OR
B)PXUY)=a
Exactly one event occurs:
PXNY)+PX'NnY)=b
PX')+PX") =2—-[PX)+P(Y)]
PXUY)=PX)+P(Y)-PXnY)
b =PX) +P(Y) —2PXNnY)
PX)+P(Y)=2a-b
PX)+PY')=2—-(2a—-b)
PX)+P')=2-(2a+Db)
Hence proved.
32. (A) Given:
R = {(x,y): |x —y]| is divisible by a prime p}, this means x — y is divisible by p .
= Reflexive:
|x —x| = 0, and 0 is divisible by p . So, R is reflexive.

RIS

[l OS]

= Symmetric:

If |x — y| is divisible by p , then |y — x| is also divisible by p . So, R is symmetric.
= Transitive:

Ifpl(x—y)andp | (y — z), then

pllx—y)+ -2l

pl(x—12)

So, R is transitive.

Hence, R is an equivalence relation.

OR

3x+2
(B) f(x) = 22
One-one:

Let f(x,) = f(x2),

3xy +2 3x,+2

5%, —3 5%, —3

Cross-multiply:

(3x4 + 2)(5%, —3) = (3%, + 2)(5x; — 3)
X1 = X2
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So, f is one-one.

Onto: Let,
_ 3x+ 2
y= 5x—3

y(5x—3) =3x+2
5xy — 3y = 3x+ 2
5xy —3x =3y + 2
x(5y —3) =3y +2
3y+2
X_5y—3’»

. 3 L 3
Sincey # 5 X exists in R — {E}

Therefore, fis onto,
Hence, f is one-one and onto.

0 2 1
AA=|-2 -1 -2
1 -1 0

Al =0(-1-2)—2(0—(-2))+ 12— (-1)
|[Al=0—-44+3=-1
= Cofactor matrix:

-2 -2 3
C=]-2 -1 2

-3 =2 4
-2 =283
adiA=CT=|-2 -1 2
-3 -2 4
A‘l—iade
|Al
1[-2 -2 3
-1
A =_—1[—2 -1 2]
-3 -2 4
2 1 3
Al=12 1 2
-3 -2 —4
= Given equations:
=2y+z=7
2x—y—z=28
x—2y =10
0 -2 1
= The coefficient matrix is [2 —1 —1|=AT
1 -2 0
So, ATX =B
X=(AT)"B
X=AMHTB
2 2 =3
AHT=[1 1 -2
3 2 —4
2 2 =3117
X=(1 1 -2||8
3 2 —41110
14+ 16 — 30
X=|7+8-20
21+16-40
0
L~ X=1-5
-5
Hence,

X:O'y=—5,Z:_3
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OR
(B) = Given matrix is singular:
3 -1 sin3x
-7 4 cost] =0

-11 7 2
= Expand along the first row:

4 cos2x —7 cos2x . -7 4
::3|7 2 |'_(_1)|—11 2 |*’“n3x|—11 7
= 3(8 — 7co0s2x) + 1(—14 + 11cos2x) + sin3x(—49 + 44)
= 24 — 21cos2x — 14 + 11cos2x — 5sin3x
= 10 — 10cos2x — 5sin3x
= Since the matrix is singular,

10 — 10cos2x — 5sin3x =0
Divide by 5 :
2 — 2cos2x —sin3x =0
2(1 — cos2x) = sin3x
= Using identity:
1 — cos2x = 2sin®x
4sin’x = sin3x
4sin?x = 3sinx — 4sin3x
4sin3x + 4sin®x — 3sinx = 0
sinx(4sin?x + 4sinx — 3) = 0
4sin?x + 4sinx —3 =0
= Letsinx =t:
42 +4t-3=0
42 +6t—2t—3=0
2t(2t+3)—-1(2t+3) =0
2t+3)2t—1) =0

3 1

t=—=ort=—
2 T3

. s
= Since x € [O, E]
sinx=0=>x=0
) 1 i
sinx==-=2>x=—
2 61T
Therefore, x = O’E
= Given: X = cost,y = cosmt,

And we know that,
dx .
i sin
dy mt
i msmrr(;
y
dy Gt
= SO, & = @
dt
dy —msinmt
dx  —sint

dy msinmt

dx  sint
= Now, (1 —x?) = 1 — cos?t = sin’t

d msinmt
o (1= xz)d—z = sin’t -

sint
d
(1-x3) d—z = msintsinmt

= Differentiate with respect to x :
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d 132 dyj d esinmt
&[( X )&] = &(msm sinmt)
- Using: d 1 d4d 1 d
Sing: dx dx dt  sint dt

dt

d 1
I (msintsinmt) = — St d(dt) (msintsinmt)

m
= — ——(costsinmt + msintcosmt)
sint

costsinmt )
= —m—— — m“cosmt
sint
=—Xy—m2
d dx }:i d
N PP _y] _ Y
"olx[(1 Vil = o™y i
d dy d<y dy
—_ —_ 2\ 2| = 2y _ -
= But, - [(1 x2) dx] (=X 5 - 2x g
=So,
d’y _ dy dy
Al A S A S
a X)d)2<2 X x Xax— ™Y
dy dy
— 2y L L 2y =
1 X)dxz xdx+my 0
Hence proved.
Given lines:
x—1 y—2 z-3 x—4 y-—1
= = and = =7

2 3 4 5 2
For the first line, direction ratios are ( 2,3,4 ),

For the second line:
x—-4 y-1
5 2

.2 .3 4 ’
Since SESFD the lines are not parallel.

Now let the first line be:
x=14+2Ay=2+3Az=3 +4A
Second line:
X=4+5py=14+2uz=
Let's equate them:
14+2A=4+5u ...(0)

-0 M . :
= ZT, direction ratios are (5,2,1),

24+32=14+2p ....(i1)
34+4r=0p ....(1ii)
From third equation: p = 3 4 4A ...(iv)

Substitute equation (iv) in the second:
24+32=1+4+2(3+47)
24+32=74+8A

—5=5A

~A=-1

Let's put A = —1 in equation (iv):
u=3+4(-1)

=3+ (-4)

su=-1

Now substitute A = —1 and p = —1 in equation (i):
1+2(-1)=4+5(-1)

-1=-1

So lines intersect.

Point of intersection:
ex=14+2(-1)=-1
cy=24+3(-1)=-1
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ez=3+4(-1)=-1

Hence, the two lines are not parallel, and they intersect; their point of intersection is (—1,—1,—1).
(i) For every X 1 increase, 10 subscribers discontinue.
For X x increase:

10x subscribers will discontinue.

(ii) New subscription fee: 300 + x

Remaining subscribers: 5000 — 10x

So revenue will be,

R(x) = (300 4+ x)(5000 — 10x)

= 300(5000 — 10x) + x(5000 — 10x)

= 1500000 — 3000x + 5000x — 10x?

= 1500000 + 2000x — 10x?

~ R(x) = —10x? + 2000x + 1500000

(iii) (A)

R(x) = —10x2 + 2000x + 1500000

= Differentiate:

R'(x) = —20x + 2000

= For maximum:

R'x)=0

—20x+2000=0

~x =100

So, revenue is at its maximum when the annual fee is increased by X 100 .

OR
(B) R'(x) = —20x + 2000
= For increasing:
R'x) >0
—20x+2000>0
x <100
= For decreasing:
R'(x) <0
x> 100
= Hence, in (0,5000):
R(x) is increasing on (0,100) and R(x) is decreasing on (100,5000).
(i) A person who buys a ticket can win any one of the designated prizes. The possible amounts are:
* X 3,00,000 (First Prize)
*%2,00,000 (Second Prize)
* 250,000 (Third Prize)
(Note: They can also "win" X 0 if they do not hold a winning ticket.)
(i) (A)
Total number of tickets sold (n) = 1,00,000
Winning "at least ¥2,00,000" means winning either the first prize or one of the second prizes.
* Number of st prize tickets = 1
* Number of 2nd prize tickets = 2
* Total favourable tickets =1+ 2 = 3
~ P(wins atleast 2,00,000) = ;, or P =0.00003

1,00,000

OR
(B) To find the probability of not winning, we first find the total number of winning tickets.
* Total winning tickets = 1(1st) + 2(2nd) + 3(3rd) = 6
* Total non-winning tickets = 1,00,000 — 6 = 99,994

2999% 1P = 0.99994
1,00,000

(iii) In this scenario, Rohan has two tickets for two different jackpots.
» Event A: Wins Jackpot 1 (1st prize). P(A) = !

1,00,000
* Event B: Wins Jackpot 2. P(B) = 1 001000

~P(nowin) =
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To win on exactly one ticket, he must win the first and lose the second, OR lose the first and win the second:
P( Exactly one ) = P(A) x P(B") + P(A") x P(B)

P( Exactly one ) = ( 1y 99.999) (99,999 1 )

105 105 105 105
99,999+499,999
P( Exactly one ) =—
10,00,00,00,000
1,99,998
P( EX&Ctly one ) = om0

~ P( Exactly one ) = 0.0000199998
(i) Diagram of C; and C,

* C;:x% + y? = 64 represents a circle centered at the origin (0,0) with radius R,

=64 =8.

* C,:x% +y? = 4 represents a smaller concentric circle centered at the origin (0,0) with radius R, = v/4 = 2.
Concentric Circles Cy and C;

0.0

— 11 X7 4y = 64 (Rahus « 8}
7.5 1 — Cix* 4y’ =4 Radua~2)
8.0
251

1
L/

2.5 -
5.0

7.5 1

0.0 T
-10 -5

o
o
=]

X

(ii) Express y as a function of x
To express y = f(x), rearrange each equation to solve for y :

*ForC; :
X2 +y2 =64 =y?=64—x>=y =464 —x2
*For Cy :

X2 +y?=4=y?=4—x? =>y=i\/m

(Note: For integration in the first quadrant, we use the positive branch y = Va? — x?
(iii) (A) Area of the region covered by the roundabout (C,)

The total area is 4 times the area in the first quadrant ( x goes from 0 to 8 ):

8 8

Area = 4j ydx = 4j V82 — x%dx

0 0

2

Using the standard integral formula [ Va? — x?dx = EVaz — X %Sin_1 G)

X 64 X1
Area =4 [E 64 —x2 + 75in‘1 (g)]o
Area = 4[(0 + 32sin"1(1)) — (0 + 32sin~1(0))]

s

Area =432 - 0] = 4 x 16m = 64 sq. units

OR

(B) Area of the region covered by the circular pond (C,)
The total area is 4 times the area in the first quadrant ( x goes from 0 to 2 ):

2 2
Area = 4j ydx = 4j V22 —x2dx
0 0

Using the same integration formula:

X 4 X\ 1
Area =4 I:E 4 —x2 + ESil’l_1 (E):lo
Area = 4[(0 + 2sin"1(1)) — (0 + 2sin~1(0))]
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Area = 4[2-;—0] = 4 X T = 4 sq. units

(d) « Reflexive check: For R to be reflexive, (a,a) € R must hold for all a € A. Here, (3, 3) € R. It is not
reflexive.

» Symmetric check: (1,2) € R but (2,1) € R. It is not symmetric.

* Transitive check: If (a,b) € R and (b, c) € R, then (a,c) € R. The pairs (1,1) and ( 1,2) give (1,2) € R, and
(1,2) and (2,2) give (1,2) € R. It is transitive.

(c) * Statement (I): (A + B)(A — B) = A2 — AB + BA — B?. Since matrix multiplication is generally not
commutative (AB # BA), this does not equal A2 — B2. (False)

* Statement (I1): AB = BA. Matrix multiplication is not commutative in general. (False)

» Statement (II): (A + B)? = (A + B)(A + B) = A% + AB + BA + B?. This correctly applies the distributive
property. (True)

* Statement (IV): AB = 0 = A = 0 or B = 0. The product of two non-zero matrices can be a zero matrix. (False)

1 a b
(a) Problem: If A = [—-1 2 c] is a symmetric matrix, then the value of 3a + b + c is:
0 5 3

* For a symmetric matrix, A = AT, which means q; i = aji.
* Comparing elements:

a=-1
b=0
c=5

* Substitute values: 3a+b+¢c=3(-1)+0+5=-3+5=2.
(¢) * Find the transpose A’ :
' [ cosx sinx]

—sinx cosx
*AddAand A’ :

A+ A= [ZC((;SX 2C(())SX] - [(1) (1)

» Compare corresponding entries:

2cosx =1 = cosx =

1A =

* Since x € [O,E],x =-
2 3

(¢) * Use the scalar property of matrix inverses: (kA)™! = %A_l (where k is a non-zero scalar).
* Substituting k = 3 :
1
(B34l = §A‘1
(c) Expand the determinant along the first column:
a -1 -2 5 _
1 |4 2a| (=2) |4 2a|+0_ 20
—1-(a?+4)+2-(—4a—20)=-86
—2a?—4—8a—40=-86
—2a?—8a—44=-86
—2a*2—-8a+42=0
Divide the entire equation by -2 :
a’?+4a—-21=0
For a quadratic equation Ax? + Bx + C = 0, the sum of the roots is —% :

4
Sum of values of a = — 1 =—4

(d) Differentiate both sides with respect to x :
L e+ L2
dx € dx ¢ T dx

‘x—e‘yd—y=0

—¢ dx
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a = e_y =
(c) Find the first derivative:
1
fE=1-=
Set f'(x) = 0 to find critical points:

1—F=0=>x2=1=>x=10rx:—1

Find the second derivative:

=2

Evaluate at critical points:

cAtx =1:f"(1) = 2 > 0 = local minimum at x = 1.

Local minimum value = f(1) =1 + % =2

cAtx =—-1:f"(—1) = —2 < 0 = local maximum at x = —1.

Local maximum value = f(—-1) = -1+ = -2
Therefore, the local maximum value is -2 .
(a) Rewrite the integrand:

2a 1 T

—  dx=-

L 1+ "6
du

Letu = 2x, thendx = -
When x = 0,u = 0. When x = 2a,u = 4a.

1f4a 1 P
2), 1+u2™ 76

1 _ a T
E[tan tWwlg® = 3
tan~1(4a) — tan~1(0)

m
tan"1(4a) =

3
4a=tan(g)=\/§
3
=7

(d) The intersection points of y = x? and y = 16 are x = +4.
* Integrating with respect to x :

4 4
Area = f (16 — x?)dx = Zf (16 — x?)dx
-4 0

(None of the given options match this form).
* Integrating with respectto y :

The curve is symmetric about the y -axis, and x = ﬁ for the right half.

16 16

Area = f Zﬁdy = ZJ \/3_/dy

0 0
(c) Separate variables:

1 p 1
—_— y —_—
R
y 12dy = x~1/2dx
Integrate both sides:

fy‘l/zdy=f x~ Y24y

dx
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——— O
2\fy=2vx+
Divide by 2:

Jy=vx+C=[y—-vx=¢C

50. (b) Write the linear differential equation in standard form Z—z +P(x)y =Q(x):

dy 1 3

dx 2x _le

Here, P(x) = ——.
2x

Find the Integrating Factor (L.F.):

LF. = el P®dx — ef —%dx

LF. = e—%lnlxl = eIn(x™?) = y-1/2 — 1
X
51.(c)—2<1<1
|[Ad| = |A]]d]
= 5[4|

Greatest value = 5(2) = 10
Smallest value = 5(0) =0

=1040
=10
52. ()P =+a +a?+02=3
V2a? =3
av2 =3
3
>a=+—
2
7 +3“+3A
V=T—1l T —
V2 2’
3
v=4—{+]
xx\/z(yy]) zZ—z
—A1 __ —JY1 __ 4741
53. (h) — =t =—
2x—1 1-y -z
4 3 6
1
X—j_y—l_z—O
2 -3 -6

Direction ratio = (a, b, c) = (2,—3,—6)
Ja? + b2 +c? = \[22 + (=3)% + (—6)2

=v4+9+36

=49

=7

Direction cosines = 3,_—3,_—6
77" 7

54. (b) In a linear programming problem, the linear function which has to be maximized or minimized is called the
objective function. This function represents the goal of the optimization, such as maximizing profit or minimizing
cost, subject to a set of constraints.

55. (¢) The two sloping lines are x + y = 5 (intercepts (0,5), (5,0) ) and x + 3y = 9 (intercepts (0,3), (9,0) ); they
meet at ( 3,2 ). The shaded strip is the region above x + y = 5 and below x + 3y = 9 (together with x,y = 0), so
the non-trivial constraints are x +y = 5and x + 3y < 9.

/oy P(A'nB")

56. (d) P(A'/B') = = 7=
P(AuB) 1-P(AUB)

P(B’)  P(B)

57. (a) |d x b| = |d||b|siné
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|d x b|? = |@|?|b|?sin26
|d - b| = |@||b|cos@

Qu

|d x b|? = |d|?|b|?cos?0

|G x b|? + (@ - b)? = |d|?|b|?sin%6 + |d|?|b|?cos?6
= |d|?|b|?sin? + cos26

Since sin?f + cos?0 = 1, we get:

|d x b|? + (@ - b)? = |d|*|b|?

|@dxDb| |d||b|sin®
da-b  |d||b|cos®
= tané

|d X b| = (@ - b)tan
So, Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of Assertion (A).

. (d) * Assertion (A) is False: Direction cosines 1, m, n must satisfy the condition 12 + m? + n? = 1. For the values

(1,1,1), the sum of squares is 12 + 12 + 12 = 3 # 1. Therefore, (1,1,1) cannot be the direction cosines of any
line.
* Reason ( R) is True: The statement cos 8 = 1 is true when 6 = 0, which is a valid trigonometric property.

Ay =f(x)

xX—2

y= x—3
yx—=3)=(x—2)
xy—3y=x—2
xy—x=3y—2
x(y—1)=3y—-2

3y —2
=51
y*1
Range R — {1}

OR

(B) Let f(x1,y1) = f(x2,¥2)
(2y1,3x1) = (2y3,3x%3)

X

2y, =2y,

Yi=¥2

3x4 = 3%,

X1 = X3

~ The function is injective.
x = asin3t

dx

— = a - 3sin®t - cost
dt

y = bcos3t

% = b - 3cos?t(—sint)

dy _ 3bcos*t(—sint)
dx _b 3asin?t - cost

= —cost

ab

- T

=—os(3)
—b

=M

_ —b

a
(A) f(x) = cosx + sin’x
f(x) = —sinx + 2sinx - cosx
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f(x)=0

—sinx + 2sinx - cosx = 0
sinx(2cosx —1) =0
sinx = 0 or 2cosx = +1

1

= 0 = —

X Or COSXx >
T

X=Torx =
3

f(x) = cosx + sin®x
f(0) = cos0 + sin?0
=1+0

=1
T\ COST sin’m
f (5): 3 T3
2
V3
2

+

+

N

1
2
1
2
5

f(;i) = cosm + sin?m

=—1+ (0)?

=1

~ The absolute maximum value is ;.
OR

(B)V = mr?

S = 3mr?
av

dr k

dt _ 2mr?
Differentiate Surface Area with Respect to Time (t):
as d GBnr?)

=% nr

dS_6 dr
FTERRPT:

.dr. .
Substitute d—: into the surface area equation:

. dr k . ds k
Substitute = into — = 6mr ( 2)
dt 21r

dt 2mr?
s 3k

dt r
ds 1
r

EOC

Ay S
Il
o :f>l %1 o

U
Il

N
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63. 7 = —] + 3k + 221 — 2] + k)
7 =D+ (-1-2)j+ B+ Dk
x=2Ly=-1,z=3+1
Xx+y+z=3
CH+(-1+-2)+B+1) =3
221 —22+ D) +(-1+3)=3
A+2=3
A=1
x=2(1) =2
y=-1-2(1)=-3
z=3+ (1) =4
~ The point is (2, —3,4).

64. Letl = [ Z—dx

x+2

—dx
V—x2 —9x
x+2

: o -0

x+2

: =94
=f\E?€6tgfdx

[ =

dx

dx

Lett=x—=

it
=Ty

Add 2 to both sides,
9
x+2=t+§+2

13
=>x+2=t+7

Diff. both sides w.r. 'x'
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81
Let——t?=u
4

—2tdt = du

tdt = 2
= =—
2

_—1 du

S 2) va
-1 -1

=— | 42du

Substitute t = x — 2

2
81 9\2
R
_fs1 81+2 9+C
B X

=—/=x24+9x + (;
[ = —V9x —x%2+(; (1)

13 dt
)

Substitute, t = x — =

2
i3, (—2)

= —sin~
2

S/ i<}
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2x—9
1gsin‘1 ( 2 ) +C
2 9 2
13 22 9
.= X— .
I, = sin 1 (T) + C, ....(i1)
Now by adding (i) and (ii)
[= Il + 12
13 . 2x—9
= —y/9x — x2 +751n_1< 5 >+ C..[%C=Cy+Cy]
(A) Step 1: Simplify the integrand
Express cot x in terms of sin x and cos x :
__ (5m/12 dx __ (5m/12 Vsinx .
el e 14veosz  Jm/12 Vemxsveom O (D)

Step 2: Apply the integration property
Use the property f: flo)dx = f; fla+b—x)dx.

X 5T 6T T
Here,a+b—E+E—E—E.
Therefore, replace x with (% - x) :

dx

5x/12 sin (% - x)
-
x/12 \/sin(%—x)+\/cos(%—x)

Since sin (E — x) = cosx and cos (E — x) = sinx :
2 2
| = f5x/12 Vcosx d ... (i)

~ Jx/12  \[cosx++/sinx -
Step 3: Add Equation 1 and Equation 2

5 — J‘S”/lz Vsinx + vcosx
n/12  Vsinx ++/cosx

5m/12
21 = f 1-dx = [x]2"/1?

/12
/12
_ 5t 9w ) A1 T

dx

2l=———=—==
12 12 12 3
=2
6
OR
(B) Step 1: Split the integral based on absolute value definition
Since |x| = —x forx < 0 and |x| =x forx >0 :
0 n
I = j (sin(—x) + cos(—x))dx + f (sinx + cosx)dx
-1/6 0
Since sin(—x) = —sinx and cos(—x) = cosx :

0 n

I = f (—sinx + cosx)dx + j (sinx + cosx)dx
-1/6 0

Step 2: Integrate each part

* First Integral:

0
f (—sinx + cosx)dx = [cosx + sinx]o_n/f;
-1/6

= (cos0 + sin0) — <COS (_ g) +sin (_ %))

=(1+0)—<£—3>= V3 3-43

2 2 2 2

* Second Integral:




66.

67.

‘I(G P 12" CBSE MATHS PAPERS 2026

—— adu

é 12™ CBSE PAPERS PYQs

s
J- (sinx + cosx)dx = [—cosx + sinx]§
0

= (—cosm + sinrt) — (—cos0 + sin0)
=(-(-D+0)—-(-1+0)=1+1=2
Step 3: Combine results
3-+3 3-V3+4 7-43
I = +2= =
2 2 2
Step 1: Integrate to find F(x)

1
F(x)=| ——d
) f e*+1 x
Multiply the numerator and denominator by e ™ :

F(x)=f 7 i

1+e™*
Step 2: Use substitution
Letu=14+e™* =du=—e*dx = e ¥dx=—-du:

—du
F(x) = f = —log|u|+C =—log(1+e™) +C
Step 3: Use the initial condition to find C
Given F(0) = log> = —log2 :
—log(1+ €% + C = —log2
—log(1+1)+C =—log2 = —log2+C =—-log2 = C =0
Step 4: Write the final function
1 e*
= — —X) = =
F(x) = —log(1+e™™) log(1 m e‘x) log(ex m 1)

(A) Step 1: Substitute y = vx

day

This is a homogeneous differential equation. Lety = vx = —==v 4+ x &

dx dx
Substitute these into the equation:
dv

x (v + xa) = vx — xsin?(v)

Divide the entire equation by x :

dv . 5
v+ x—=1v —sin®(v)

dx
av.
X i sin“(v)
Step 2: Separate variables and integrate
dv.  dx s esc? (D dy = 2
sin2(v)  «x cse*(Vdv = x

f csc?(v)dv = —f %

—cot(v) = —log|x| + C = cot (%) = log|x| + C’
Step 3: Apply initial condition

. s
Giveny = gwhenx =1:

/6
COt(%) =log(1) +C' = V3=0+C' = C' =3
Step 4: Final particular solution
Y
t(=) =1 V3
co (x) og|x| +

OR
(B) Step 1: Put it in standard linear form
Divide the entire equation by ylogy:
dx 1 2

—+ x
dy ylogy yZ?logy
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This is a linear differential equation of the form Z—; + Px = Q, where:
1 2

= Q==
ylogy y*logy
Step 2: Find the Integrating Factor (I.F.)

1
LF. = of Pay — oJ Togy®
Letu =logy = du = idy.

1 1
f Jlogy dy = f adu = log|u| = log(logy)

I.F. = elOg(IOgY) = logy
Step 3: Solve the equation

x-(LF.) =f Q-(LF)dy+C

2
1 = (—) -logyd C
xlogy f y2logy ogyay +

2
xlogy=f 37aly+C=2f y2dy+C

2
xlogy = —;+C

Maximize Z = 10500x + 9000y

Subjectto: x +y < 50,2x +y < 80,x,y =0

Step 1: Find boundary line intersection points

(D) Linel: x+y =50

s Ifx=0=y=50- (0,50)

eIfy=0= x=50- (50,0)

(2) Line 2: 2x +y = 80

Ifx=0=y =280- (0,80)

+Ify=0=x=40- (40,0)

* Intersection point of both lines:

Subtract Line 1 from Line 2: (2x +y) — (x +y) =80 —-50 = x = 30

Substitute x = 30 into Line 1: 30 + y = 50 = y = 20 = (30,20)

Step 2: Identify the Feasible Region

Since the inequalities are <, the shading goes towards the origin ( 0,0 ). The corner points of the bounded feasible
region are:
+0(0,0)

* A(40,0)

* B(30,20)
*(C(0,50)

— XA y=50
00 { 2x+y= 00
Faooltie Reghon

6 ® ®» »n 0 w &

Step 3: Evaluate objective function Z = 10500x + 9000y at corner points

Corner Value of Z =
Point 10500x + 9000y
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0(0,0) Z=0
Z

A(40,0) = 10500(40)
+ 0 =420,000
Z
= 10500(30)
+9000(20)

B(30.20) = 315,000
+ 180,000
= 495,000
Z

a(0,50) = 0+49000(50)
= 450,000

69. (A) (i) Let P(H) be the probability of hitting the target.
P(M) be the probability of missing the target.
P(H)+P(M) =1
P(H) = 3P(M)

P(H) = 3(1 - P(H))
P(H) =3 —3P(H)
4P(H) =3

3

(ii) If both shot hit = P(H) - P(H)
3

4

| ol w

16
P( at least one shot missing out ) = 1 — %
7
16
OR
(B) Let m, f and s denote respectively the mother, father and the son, then sample space S is S =
{mfs, msf, fms, fsm, smf, sfm}.
E: son on one end
F: father in the middle
i.e., E = {mfs, fms, sfm, smf ) and F = {sfm, mfs)
= E N F = {mfs, sfm)

4 2
P(E):g=§
2 1
2 1
PENF)=z=3
P(ENF)
P(E|F)= P(F)
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70. (A)QP=[2 3 4”—4 2 —1]
0 1 2tz -1 5
6 0 0
=10 6 0]
0 0 6
1 0 0
=6[0 1 0]
0 0 1
=61
By the system of equations:
1 -1 0 X 3
A=12 3 1;X=[y];B=17]
0 1 2 z 7
AX=B
X=A1B
QA =6l

Post multipication of A~1 both sides,
QAA™Y =6IA71 [+ AAT1 =1]

Q=641
A-l—lQ
"6
X=A"1B
1
=€QB
1[2 2 -1[3
A‘1=€—4 2 1|17
2 -1 s5ll7
1[ 6+34—28
X=2|-12+34-28
| 6—-3+35
1'12]
X==|-6
6124
x7 [ 2
o- |
zl |4

Hence,x =2,y =—-1,z=4

OR
1+x 1 1
B)A=]| 1 1+y 1
1 1 142z
By multiply and divide in Ry by x, R, by y and R by z, we get
1 1 1
x x x
1 1 1
Axyz =| — —-+1 —
y y y
1 1 1_}_1
2 2 2
R{ 2> R;{+ Ry +R;
1 1 1 1 1 1 1 1 1
T+=+—+= 1+—+—+= 1+—+—+—
xX y z X y X X y z
1 1 1
A =xyz - —+1 -
y y y
1 1 1_|_1
2 z z

From R; take (1 + % + % + %),
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1 1 1
1 1 1
1 1 1I\|- —+1 —
A=xyz(1+—+—+—)y y y
A T B |
- - —+1
z z z
C;»C—CC3»C3—C
1 0 O
1
1 1 1| 1 0
A:xyz(1+—+—+—)y
x y z/|y
- 0 1
z

A = Expanding along Rq
1 1 1
A= xyz(1+—+—+—)
X y z
Now,A=0
1 1 1
ﬁxyz<1+—+—+—) =0
Xy z
1 1 1
S-—+-—4+-=-1
Xy z
=>x14+yt+z7l=-1
(A) Given,
f(x) = cot™(sinx + cosx)
Differential both sides w.r.t ' x ', we get

"(x) = - (cosx — sinx
F') 1 + (sinx + cosx)? ( )
£ sinx — cosx

x =
1 + (sinx + cosx)?

00 sinx — cosx

xX)=———
f 2 + sin2x

If f(x) is increasing, f(x) => 0
sinx — cosx > 0

= sinx > cosx

If f(x) is decreasing, f(x) < 0
sinx —cosx < 0

= sinx < cosx

If f'(x) = 0,sinx = cosx; x = g
In interval (0, %) ; COSx > sinx;
Hence, f(x) is decreasing in (0, %)
In interval G,n) ; sinx > cosx;

Hence, f(x) is increasing in G,n).
OR
(B) Let 1, w and p be the length and width and perimeter of the rectangle, respectively. and V be the volume of the
cylinder.
Now, P =2(1+w) = 36
>1+w=18
Volume of the cylinder =V = r2h ___ {h =w;r = 1}
V = nr?w
= V=mnr?(18 —1)
=V = 18nr? — nrr3
For maximum volume differential volume w.r.t' 1 ' both sides,

dv _ d (18772 3
FTRRT re — nr
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W _ snl — 32
E— VA VA
= 3n1(12 - 1)

For maximum volume; % =0
= 3nl(12-1)=0

=012

again differential both sides w.r.t'1'
d*v

qZ - 36w — 6ml

Atl =12,

d*v

Az =36m —72n
=-36m<0

Hence, volume of cylinder is max. at 1 = 12 cm and widthw = 18 — 12 = 6 cm
Given,

g(x) = cos™1(x? —1)
cos™1:[-11] - [0, 7]
-1<x?-1<1

adding ' 1 ' both sides,
0<x?<2

Hence, x? > 2Vx € R

The domain —v/2 < x <+/2
{(x ER| —V2 < x <2}
Now, g(x) = g

V2 = 1.414; V6 "

2 2
>~ 1.225
Range of cos™!x other than principal value branch
{[nm,(n+ Dr];n € 2}
Equation of a line passing through two points A and B .
F=d+t®d-a)
T+ 2]+ 3k + t[(50+ 8] + 11k) — (I + 2j + 3k)]
=1+ 2] + 3k + t(41 + 6] + 8k)
=414+ A5 + 2j + k) ... (Given)
At a point of intersection co-ordinates of both the lines are equal.
1+4t=4+5A1
=>4t—-51=3 (1)
2+6t=1+21
= 6t—21=-1 ...(ii)

u

R |
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3+8t=141 ....(111)
Put (iii) in equation (ii)
>6t—2(3+8t)=-1
=>6t—6—16t=—1
= —-10t=5

-1
>t=—
Put t = — in equation (i)

3+3 (_1) A
= ) =

2
>i1=-1
Coordinates of the point of intersection:

~ 1 .

7 = i+2j+3k—z(4i+6j+8k)
=1+42j+3k — 21— 3] — 4k
h=—t—j—k
Coordinates are (—1,—1,—1)
Direction of given lines are;

d; = 41 + 6] + 8k

5 2 1 A
=(6—-16)I—(4—40)j+ (8 —30)k

= —10i + 36] — 22k

Hence, equation of line passing through point of intersect
7= (=t—f—k)+u(=10i + 36f — 22k)

F=d+ub

U in any scalar.

(i) Given, Total no. of people be 50

no. of males = 30

no. of females = 20

No. of favourable outcome
P(F) =

20

50

=04

(ii) Let C be the event that person suffers from lung complications.
C? be the event that person not suffers from lung complications.

170
P(C/m) = m =0.17

<Cl> C

P{—|=1-P (—)

m m

=1-0.17

=0.83

(ifi) (A) P(F) = 0.4;P(m) = =2 = 0.6
C 120

P (F) = Tooo 2120

Cl
P(=)=1-012
<F> 0.120

= 0.88
By using total probability,

No. of toal outcome
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C c
P(C) = P(M ~P<—)+PF -P(—)
(© = PO -P(52) + P(P) - P (5
= 0.6 X 0.17 + 0.4 X 0.120

= 0.102 + 0.048

=0.15
F P (F)

P(E):P(F)'P(g)

_0.4%0.120

- 0.15
0,048

0.15
=0.32

OR
(B)P(CY) = P(M) - P (33) + P(F) - P () . { By using total probability }
= 0.6 X 0.83 + 0.4

=0.83
(M) _ 0.6 X 0.83
ct) 085
498
"~ 850
=0.585

(i) Given, 9x2 + 16y?2 = 144

Divide both sides by ' 144 '
2 2

X y
4+ =1
i€ 9
X y
PR

3
=>y=izvl6—x2
(i) [ ydx=%f V16 — x%dx

f\/az—xzdx
x a®sin"1x

S +C
2 2 a

= ZE\/M —x2 4+ 85in‘1§] +C

3x X
fydx=?\/1_6—x2+6sin‘1z+(]
43
(iii) (A) A = 4f04 y-dx = 4f°—\/16 — x2%dx
X x14
_2lz _ .2 -1
—3[2 16 — x4 + 8sin 4]

-3[(s-9)- 0]

=3X4n
= 12 sq.units
OR
(B) Coordinates of P and Q are (7,0) and (0,6) respectively.
x

0




76.

77.

‘I(G P 12" CBSE MATHS PAPERS 2026

— edu

é 12™ CBSE PAPERS PYQs

7 6x
Area = [ (6 — —) dx
0 7

6x2]
A=|6x——
[x 14|,

x2]
=[6x—-37—0
[(42 —21) — (0)]

= 21 sq.units

Given,
((x*—4x%+4), 0<x<3
f(x)_{x2+4o, x>3
() fx)=x*—4x2+4for0<x<3
Differential both sides w.r.t. ' x '
f(x) = 4x3 — 8x
(i) f(x) =x% +40,x = 3
Differential both sides w.r.t. ' x '

f(x) =2x
f(x)=2x4
f(x)=8

(iii) (A) LHL =RHL = f(3)
f(3) =32+40=49
LHL = limf(x)
x>
=limf(3—-h)
=lim (3 - h*—4B-h)?+4
= }lin%(3 —h)?*@B-h)?-4(B-h)?*+4
=81-36+4
=49
RHL = lim f(x)
x-3%
= ;lin%f(3 + h)
= ;Lirré(B + h)? + 40
=9+40
=49
Hence, LHL = RHL = {(3) = 49
So, f(x) is continuous at x = 3

OR
(x*—4x*+4), 0<x<3
B =
(B) /(%) {x2+40, x>3
reon _ ((4x3—8x), 0<x<3
fre) = {Zx, x>3
For probability,
x < 3;limf'(x) =1im4(3) — 8(3)
x—3 x—3
=108 — 24
= 84
¥>3 Jin S = i,
=2X3
=6

So, Lf(X) = Rf(x)
Hence, f(x) is not diff. at x = 3

(d) » Domain of f(x) = cos™1(2x — 5)

+ Condition: The domain of cos™1(8) is —1 < 8 < 1.
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* Inequality: -1 <2x—-5<1

Step 1: Add Sto all parts: 4 < 2x < 6

Step 2: Divide by 2: 2 < x < 3

Result: Domain is [2,3].

(a) * Value of (x +y) if A> = 4A + 3land A™1 = xA +yl
* Equation: A? = 4A + 31

Step 1: Multiply both sides by A™1.

A=41+3A71

Step 2: Rearrange to isolate A™1 :

3A7l=A-41= A1 —lA—ﬁI

B -3 3 .
Step 3: Compare coefficients: x = 3 andy = — 3
* Calculation: x +y = %— % =-1

(a) Nature of AB’ + BA' if A and B are skew-symmetric
*Given: A' = —Aand B’ = —B

Let: C = AB' + BA’

Transpose: Take the transpose of C :

C' = (AB’' + BA")' = (AB") + (BA)’

Property: Use (XY' = Y'X":

C’' = (B')'A’ + (A")'B' = B(—A) + A(—B) = —BA — AB
Substitute B’ = —B and A’ = —A directly:

C = A(-B) + B(—A) = —AB — BA

C' = (AB’+BA') = (B')'A’ + (A))’'B’ = BA' + AB’ = AB' + BA' = C
* Result: Since C" = C, it is a symmetric matrix.

(b) ¢ Order of Matrix A
4 -4 8 4
* Given Equation: |[1[A=|—-1 2 1]
3 -3 6 3

* Dimensions:

Left matrix dimension: 3 X 1

Result matrix dimension: 3 X 3

Multiplication Rule: (3 X 1) X (1 X 3) = (3 X 3)
* Result: Order of A must be 1 X 3.

(d) » Value of xif A2 = Aand (I — A)3 = xA + 1
» Expansion: (I — A)3 = 13 — 312A + 31A% — A3
Simplify powers: Since A2 = A, then A3 = A2-A=A-A=A.
Substitute:

(I1-A®=1-3A+3A—-A=1-A
*Compare: [ —A=xA+1=>x=-1

(¢) * Value of det(B™1)

* Property: B(adjB) = |B|I

* Given:

1/3 0 0 1
B(adjB) = [ 0 1/3 0 ] =1

0 0 1/3
* Determinant: |B| = %
« Inverse Determinant: det(B™1) = I%ﬂ = é =
(d) Find the value of k for which f(x) is continuous at x = 0.
(1) For continuity, limy_,¢f(x) = f(0).
(2) Calculate the limit:
1

limx?sin (—) =0

Xx—0 X
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(Since sin(I/x) oscillates between —I and I, and x? — 0 )
(3) Find f(0) :

f(0)=k(0+1)=k

(4) Equating both: k = 0.

(¢) If sin™1x =y, then find %.

(1) Differentiate y = sin™x directly with respect to x :

dy 1
dx  V1—x2
(¢) Rate of change of volume ( V) of a sphere with respect to its diameter ( D ), when radius r = 5 cm.

(1) Express volume in terms of diameter D (where r = 2 ):
2

4 4 M\ T
V=—Trr3=—1'[<—) =—-D3

3 3 \2 6
(2) Differentiate with respectto D :
dv. 3p? — i D?
dD 6 S 2

(3) Substituter=5cm =D =10cm :

v_r 10)%2 =50 3
dD_Z( )* =501 cm®/cm
(c) Evaluate [

2X427%
(1) Rewrite the integrand:

f dx j 2% d
= X
1 2X)2 1
(2) Use substitution u = 2* = du = 2*log2dx :

f 1 du 1 A
uz+1 log2 log2 )
(3) Substitute back u = 2% :
tan™1(2%)
log?2
(b) Evaluate J _, (1 — [x[)dx.
(1) The function f(x) = 1 — |x]| is an even function ( f(—x) = f(x) ).
(2) By property of even functions:

1 0
f f(x)dx = 2f f(x)dx

-1 -1
(3) In the interval [-1,0], |x| = —x,s01 — |x| = 1 +x:

0
2 f (1 +x)dx
-1
(b) Find the area of the shaded region.

(1) The region is bounded vertically from y = 1 to the top of the circle y = 3.
(2) Express the circle x? + y2 = 9 in terms of y.

X = 1.9 —y?
(3) Due to symmetry about the y-axis, integrate from y = 1 to y = 3 and multiply by 2 :

3
Area = 2f V9 —y2dy
1

(d) A differential equation % = F(x,y) is homogeneous if F(Ax,Ay) = F(x,y) for any non-zero constant A. This

means the total degree of every term must be identical, or the variables must only appear in the form of a ratio like

X
XOI‘—.
X Yy

(D F(xy) =3x+ 2y = F(Ax, Ay) = A(3x + 2y) # F(x,y) (Homogeneous of degree 1, but % = F(x,y) requires
F to be degree O to make the ODE homogeneous).
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D F(x,y) = sin§ + logy — logx = sin% + log (i) Replacing x, y with Ax, Ay leaves the ratios unchanged.
(Homogeneous)
(1) F(x,y) = e¥/X + 1. The variable appears as a ratio E, which remains unchanged. (Homogeneous)
(IV) F(x,y) = yx2 +y? —y = FAx,Ay) = A{J/x%2 + y? — Ay = AF(x,y) # F(X, y ). (Not degree 0 ).
Therefore, only functions (II) and (III) satisfy the condition.
90. (a) According to the Cauchy-Schwarz Inequality, for any two vectors:
3-b = |3||b|cos®
Since cosB < 1, it is always true that 3 - b < |3||b
91. (b) Expand the given dot product:
@+Db)-@—Db) =198
|32 — |b|? = 198
Substitute the given relation [3| = 10|b] :
(10/b]? — [b]? = 198
100|b|? — |b|? = 198
99[b|? = 198
[b]2 =2 = [b| =2
92. (d) The angle 8 between two lines with direction cosines ( I;, m4,n; ) and ( I, m,, n, ) is given by the formula:
cos® = 141, + mym, + nyn,
Since 0 is explicitly stated to be an acute angle, cos 6 must be positive. Therefore, the absolute value is used:
cosB = |l;1, + mym, + nyn,|
93. (c¢) Two lines are parallel if their direction ratios are proportional:
12 -3 9
4 q -p
Simplify the first ratio:

3=—=q=-1
q

9
3=_—p=—3p=9=>p=—3
Thus, the values of p and q are -3 and -1 respectively.
94. (c) * Probability of independent events

Given: P(E) = 13—0, P(EUF) = %, and E, F are independent.
* For independent events, P(E U F) = P(E) + P(F) — P(E)P(F).

1—3+PF 3PF
21_10 () 10 ()
E‘E=P(F)<1_E)
5-3

7 2 7 2
T =PE () =5 =P () =P® =2
Since they are independent, P(E | F) = P(E) = = and P(F | E) = P(F) ==.
_ 3 2 _21-20 _ 1
P(ElF)_P(FlE)_m 77 70 70

95. (a) * Assertion (A): The equation % = XY = X . eY. Separating variables: [ e Vdy = [ e*dx = —eV = ¥ +

C = e*+ e = —C. This is a valid family of solutions.
Assertion is True.

* Reason(R) : The general solution derived above is e* 4+ e™Y = constant. Reason is True and explains the
Assertion.

96. (c) * Assertion (A): Two vectors a and b are collinear if a = kb. Here a = — % (—2a), so they are collinear.

Assertion is True.

* Reason (R): For collinear vectors, the dot product a - b = |a||b|cos 6. For collinear vectors, 6 = 0° or 180°. The
dot product is zero only if they are orthogonal 6 = 90° ). Reason is False.
97. Given:
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Step 1: Differentiate x with respect to t
dx—d(t+t_1)—1 !
dt  dt 2

Step 2: Differentiate y with respect to t

dy d 1

— =—(t— t—l =1 -

dt dt( . ) +t2
CFind &Y

Step 3: Find ™

d 1 t?+1

dx dx 1 £2-1 2-1
dt t2 t2

Step 4: Substitute t = 2

dy 2241 441 5

dxli—, 22-1 4-1 3

Given:

* f(x) = tanx —4x forx € (O, g)
Step 1: Find the first derivative f'(x)

f'(x) = sec’x — 4

Step 2: Set condition for an increasing function (f'(x) > 0)
sec’x — 4 > 0 = sec’x > 4

Step 3: Solve for X in the given interval
Since x € (O, g) , Secx is strictly positive:

1 1
secx>2=>——>2=cosx<—
COSX 2

. T 1 T . . . . .
In the interval (O, 5) ,COSX = —atx = = Since cosine decreases as x increases in this quadrant:

T T
<€ (33)

(A) Expression:

sin [cot‘1 (\/Ecos(tan‘ll))]

Step 1: Simplify the innermost term

T
tan"1(1) = "
Step 2: Evaluate the cosine term

1
cos G) = ﬁ

Step 3: Substitute back into the expression

sin [cot_1 (\/E . \/—15)] = sin[cot™1(1)]

Step 4: Evaluate the remaining terms
T
t71(1) =—
cot™ (1) 2

T 1

sin(F) ==
OR

(B) Given:
«A={1,23}
*R={(1,1),(3,3),(1,2)}
Part 1: Is R symmetric?
* Answer: No
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* Justification: For a relation to be symmetric, if (a,b) € R, then ( b, a ) must also belong to R. Here, (1,2) € R but
(21) ¢ R

Part 2: Find the smallest relation set R; to make R U R; an equivalence relation To be an equivalence relation, the
combined set must be:

(1) Reflexive: Needs (1, 1), (2,2), (3,3). It lacks (2,2).

(2) Symmetric: Needs (2,1) to counter (1,2).

(3) Transitive: Adding {(2,2), (2,1)} keeps the relation transitive automatically.

Therefore:

Ry ={(2,2),(21)}

100. Given:
« Unit vectors3and b = |3 = 1,|b| = 1
|3+ 2b| = |23 - D]
Step 1: Square both sides
|3+ 2b|% = |23 — b|?
Step 2: Expand using dot products
312+ 4@ b) + 4|b|? = 4[3|> — 4@ - b) + |b|?
Step 3: Substitute magnitude values (1)
1+4@-b)+4=4—-4@G -b)+1
5+4@-b)=5—-4@E:b)
Step 4: Solve for the angle ( 0 )
8@-b)=0=3-b=0
|3||b|cosd = 0 = cosd = 0
0= g or 90°

101.  (A) (1) Convert the equations into standard form: X_a =

* First line:
x—3 —-(y-1) z+2 x-3 y—1 z+2
= = —1 = =
1 1 p 1 -1 p

Direction ratios 81 =(1,-1,p)
* Second line:
—(x—2)_y+1_z+56=>x—2_y+1_z+56

3 5  2p -3 5  2p
Direction ratios 82 = (-3,5,2p)
(2) Apply the condition for perpendicular lines: a;a, + b;b, + c;c, = 0
D3+ DG+ (p)(2p) =0

—3-5+42p2=0

2p? =8

p’=4=p=42
OR

(B) (1) Identify the direction vectors of the given lines:

b, =31+ 4j + 2k

‘b, =1—-j+k

(2) Find the direction vector ( b ) of the required line:

Since the line is perpendicular to both, its direction is given by the cross product Bl X l_); :

A

f 7k
b=(3 4 2
1 -1 1

- A

b=14—-(-2))-j3—-2)+ k(-3 —-4)

b=6i—j—7k

(3) Write the equation of the line:

The line passes through the origin (0,0,0), so its position vector is @ = 0f + 0j + 0k
P=3+tb=>r=t6i—]—7k)
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102.  (A) (1) Substitute to clear the fractional exponents:

Let x = t° (since the LCM of 2 and 3 is 6). Then dx = 6t°dt.
(2) Rewrite the integral:

t3

Y Ny
t3+t2 t2(t+1) t+1
(3) Perform algebraic division or add/subtract terms:

S=C+D)-1=>0Ct+DE*-t+1) -1

v =t —t+1 !
t+1 t+1
(4) Integrate term by term:

1 t3 2
6[(ﬁ—t+1———)ﬁ=6-5—?+t—MH+1|+C

t+1
=2t3-3t2+6t—6lnjt+1|+C
(5) Substitute back t = x/¢;
= 2x'/2 - 3x'/3 + 6x'/6 — 6In|x'/6 + 1| + C

OR

(B) (1) Simplify the integrand using trigonometry:
Letx = tan@ = 0 = tan"x.
tan™! (14—%22) =tan™! (tan (g — 9)) = g -0= g— tan™1x
(2) Rewrite the integral:

-t = -1
f(4 tan x)dx—4x ftan xdx

(3) Evaluate [ tan™?! xdx using Integration by Parts ([ udv =uv — [ vdu) :

- 1
*Letu = tan"!'x = du = — dx
1+x

eletdv=dx=v=x
f tan~'xdx = xtan~x — j
(4) Combine the results:

dx = xtan™'x — 1lr1(1 + x?)
1+ x2 2

T 1 i1 1
yide <xtan‘1x — Eln(l + x2)> +C= 5 xtan™1x + Eln(l +x2)+C
103. (1) Let the integral be I :

T sin2026x b

I= fo sin20126x 4052026 dx (1)

(2) Apply the definite integral property foa fx)dx = [ Oa f(a—x)dx :

= j“ sin?%26 (1t — x) .

— Jy sin20126(1r — x) + c0s20026(Tr — x) X

Since sin(m — x) = sinx and cos(m — x) = —cosx(and (—cosx)?%%¢ = c0s2°26x due to the even power):
b sin2026x ..

I = fO mdx ...(11)

Note: This yields the same equation, so we apply the property [ 02a fx)dx =2 [ Oat f(x)dx if f(2a — x) = f(x).
(3) Reduce the upper limit:

Since the integrand remains unchanged when replacing x with m — x :
2026X

1=2 "% 2% dx .. (iii)

sin2026x+cos2026x

(4) Apply King's Property ( [ Oa f(x)dx = foa f(a — x)dx ) on Equation 3:

/2 sin2026 (E _ X)
I= 2_[ I 2 T dx
in2026 [~ 2026 (It
0 sin 2({226 X) + cos (2 x)
— (W2 __cosTTx :
I=2 fO c052026%4+5in2026% dx .o .(IV)
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(5) Add Equation 3 and Equation 4:
/2 jn2026y 4+ 052026y
2= 2[ sin2026x + cos2026x

/2
21=2f dx
0

1.
T T
2

1= [x])/? =
104, (A) Let]

(1) Substitution:
Lett = sinx = dt = cosxdx.

—0=—
2

cosx
f (2+sinx)(4+sinx) dx.

= dt
) 2+H@E+D
(2) Partial Fraction Decomposition:
1 A B

= +
C+)@d+t) 24+t 4+t
[=AM4+t)+B2+1t)

e Settingt=—-2=1=2A= A=

N |-

°Settingt=—4$1=—2B:>B=_%

(3) Integration:

B (REP

“2) 2+t 4+t

1—11 24+t|—Inj4+t +C—1l 2+t+c
=z (nlz+d=Inja ) _2n|4+t|
(4) Substitute back t = sinx :

I_1l 2 + sinx

2 n 4 + sinx
OR

(B) Let = [ =22

X2 +4x+5
(1) Express the numerator in terms of the derivative of the denominator:

The derivative of (x? + 4x + 5) is (2x + 4).
1

x+3 =§(2x+4)+1

(2) Split into two integrals:

1 f 2x+ 4 dx + J‘ 1 q
~2) 2+ax+5 X2 +4x+5
(3) Evaluate both parts:

» First integral: Use substitution u = x? + 4x + 5.
1
Elnlx2 + 4x + 5|
» Second integral: Complete the square in the denominator: X% + 4x + 5 = (x + 2)? + 1.
1
——————dx =tan"' (x + 2
f K+ 22T 12 X =tan " (x + 2)
(4) Combine results:
1
[= Elnlx2 +4x+5|+tan"1(x+2) +C
105. (A) Rearranging gives a homogeneous differential equation:
dy y*+2xy
dx  2x2
(1) Substitution:
- dy _ dv
Lety—vxﬁdx—v+xdx.
dv  (vx)? +2x(vx) vZ+2v

+ —_
VX dx 2x2 2
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dv_v2+2v _V2
*x o 2 V=9

(2) Separation of Variables:

2 1 1
—dv==-dx = 2v3dv = —dx
X X

v2
(3) Integration:
- E =In|x| +C

v
(4) Substitute back v = § :

2x l —2x

v = n|X|-i-C=>y—1n|X|_|_C

OR

(B) (1) Separation of Variables:

dy dx eYdy dx

= —1 =
2eYy -1 x+1 2—¢e¥Y x+1
(2) Integration:
Letu =2 —eY = du = —e¥dy.

J‘—du_J‘ dx
u x+1

—In|2 —eY| =In|x+ 1| +InC=In

- ey| = In|C(x + 1)|

oy Cx+1)
(3) Apply Initial Condition (x = 0,y = 0) :

1
2—e0 O+ 1
(4) Find Particular Solution:
1

= — oy =

oy x+1=>2-—e o 1
1 2x+1 2x+1

ey =2- =

x+1 x+1 x+1

106. (1) Take the natural logarithm on both sides:

yln(sinx) = cosxlny

(2) Differentiate implicitly with respect to X using the product rule:

Y sing) +y - — = (=sinx)Iny + 1dy
T n(sinx) +y pr— cosx = (—sinx)lny + cosx y dx

= y=In

dyl %) + veotx = —sinxd +cosxdy
T n(sinx) + ycotx = —sinxlny i

(3) Rearrange to isolate % :

dy[l ] cosx]_ il .
ix n(sinx) e sinxlny — ycotx

dy ryln(sinx) — cosx
d_i’ yin( ; ] = —(sinxlny + ycotx)

dy y(ycotx + sinxlny)

dx  cosx — yln(sinx)
107. Given:
* Success probability (p) = 90% = 0.9
* Failure probability (q) =1 —-0.9 =0.1
* Number of trials (n) = 3
Using Binomial distribution formula: P(X = k) = (E)pkqn_k
(i) Exactly one surgery is successful (X = 1) :
PX=1) = (i) (0.9)1(0.1)2 =3 x 0.9 x 0.01 = 0.027

(ii) At most two surgeries are successful (X < 2) :
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PX<2)=1-PX=3)
3
P(X=13) = (3) (0.9)3(0.1)° =1x0.729 x 1 = 0.729

P(x<2)=1-0.729 = 0.271
108. (1) Prove f(x) is One-One (Injective)
Let X4, X, € R such that f(x,) = f(x;) :

X X
J1+x2  J1+x2
Squaring both sides:

X7 X3

1+ x% B 14 x5

2 2y — 2 2
x{(1+x5) =x5(1+x1)
x% +x%x§ = x% +x%x%

X2 =x2=x = +x,
X

From the original definition, f(x) = the denominator V1 + x? is always positive. Therefore, the sign of f(x)

Vi+x?’
depends entirely on the sign of x.
« If x; and x, have opposite signs ( X; = —X, ), then f(x,) and f(x,) would have opposite signs, which contradicts
f(xq) = f(xz).
Thus, x; = —x, is impossible (unless x; = X, = 0). Hence, x; = x,.

* Conclusion: f(x) is one-one.
(2) Prove f(x) is Not Onto (Surjective)

Lety = \/% Since I + x? > x? for all x € R, taking square roots gives:

V14+x2> x|

Therefore:
|x|
|y|—m<1=>—1<y<1

The Range of f(x) is (—1,1). Since the Co-domain is given as R, and Range # Co-domain, there are elements in
the co-domain (like y = 2 ) that have no preimage in the domain.
* Conclusion: f(x) is not onto.
109. To maximize Z = 600x + 400y, we plot the boundary lines for the given linear constraints:
(1) x + 2y = 12 = passes through (12,0) and (0,6)
(2) 4x + 5y = 20 = passes through (5,0) and (0,4)
(3) 2x+y = 12 = passes through (6,0) and (0,12)

— X4y =17

—_— At Sy 20

Evaluating Corner Points:

Corner
Point (x,y
)

Value of Z = 600x +
400y
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600(4) + 400(4)

= 2400

A(4) +1600

= 4000
600(6) + 400(0

B(6,0) © (=) 3600
600(5) + 400(0

G0 ® (=) 3000
600(0) + 400(4

b(0.4) © (=) 1600
600(0) + 400(6

E(0,6) © (=) 2400

The maximum value of Z is 4000 , which occurs at the point (4,4).
110.  (A) Let x be the number of ¥1,000 vouchers and y be the number of I500 vouchers.
(1) System of Equations:
x+y=60
x+ 3y =100
(2) Matrix Method Formulation (AX = B) :
[ 3151= o0l
1 31y 100
Find A™!:
|Al = (11)(3) -(MHA) =2
1_+[3 -1
AT=3 [_1 1 ]
Solve for X = A™1B :
[X] =1[ 3 —1][60 _ 17180 - 100 =1[80] - [40
yl21-1 1111001 21-60+ 100! 2140 20
* Final Answer: There are 40 vouchers of 31,000 and 20 vouchers of 500.
OR
(B) Given PQ — RS = 0 = RS = PQ.
Step 1: Compute PQ
PQ = [2 —1] [5 2] _ [2(5) +(=D@) 22+ (D@ _ [ 3 0 ]
3 4117 4 3(5)+4(7) 3(2)+44) 43 22
Step 2: Solve for S
Let matrix S = [a b .
2 5 ade 2a+5c 2b+5d
RS = [3 8] [c d] ~ 132+ 8¢ 3b+8d]
Equating elements with PQ :

(1)2a+5c=3
(2)3a+8c =143
3)2b+5d=0

(4)3b+8d =22

* Solving (1) and (2):

3(2a+5c)—2Ba+8c)=33)—243)=> —<c=-77T=c=77
2a+5(77) =3 =2a=-382=a=-191

* Solving (3) and (4):
3(2b+5d)—-2(3b+8d)=3(0)—222)=-d=—-44=d =44
2b+5(44)=0= 2b=-220= b =—-110

g — —-191 -110
S L77 44
111.  (A) (1) Vector Form of the Lines

A line given in Cartesian form X_axl = y—bY1 = Z_Czl has the vector form ¥ = (x;1+ y1j+zlf<) + Aaf + bj + ck).
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*Linel; :
x+3 y—-1 z-5
-3 1 5

« Passing point: (—3,1,5) = 3, = =31+ + 5k

* Direction vector: Bl = —3i+j+ 5k

« Vector Form: & = (=31 +j + 5k) + A(=31+] + 5k)
*Linel, :

. . 2- -2
First, rewrite the y-term to standard form: _—zy ==

x+1 y—2 z-5
-1 2 5 .
* Passing point: (—1,2,5) = d, = -1+ 2j + 5k
* Direction vector: Bz =—i+2)+5k
« Vector Form: = (=1 + 2§ + 5k) + p(—1 + 2§ + 5k)
(2) Check for Intersection
Any point on I is:
x==-3-3\Ly=1+Az=5+5A
Any point on 1, is:
x=—-1—-pwy=2+2wz=5+5u
Equating the z -coordinates:
5+5A=5+5p=>A=p
Equating the y-coordinates and substituting p = A :
1+A=24+2A=>A=-1=p=-1
Now, substitute A = —1 and p = —1 into the x-coordinates to check compatibility:
*Forl;:x=-3-3(-1)=0
*Forl:x=-1—-(-1)=0
Since the values are consistent (0 = 0), the lines intersect at the point (0,0,0).
OR
(B) (1) The given lines for the opposite sides are parallel because they share the same direction vector direction
ratios (2,3,6).
Since it is a square, the adjacent sides must be perpendicular to these lines.

* Direction ratios of given lines: Bl =(2,3,6)

* Direction ratios of other sides: Bz = (—3,6,p)

Since they are perpendicular, their dot product is zero:
(2)(=3)+(3)(6) + (6)(p) =0
—-6+18+6p=0=12+6p=0=p=-2

(2) Area of the Square

The distance between the parallel lines is equal to the side length (s) of the square.
« Point on line 1:3; = 1+ 2j — 4k

« Point on line 2: @, = 31 + 3j — 5k

« Vector between points: 3, — 3, = 21 +] — k

« Direction vector of lines: b = 21 + 3j + 6k

The perpendicular distance formula is:

s = |(32 —a;) X B)l

b]
Calculate the cross product:
Lotk . .
@,—3d;)xb=[2 1 —1|=1(6+3)—-7(12+2) + k(6 —2) =91 — 14j + 4k
2 3 6

Magnitude of cross product:
J92 + (—14)2 + 42 = /81 + 196 + 16 = V293
Magnitude of b:

bl =v22+324+62=vV4+9+36=49=7
Side length (' s):
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V293
S = T
Area = s? = % ~ 5.98 sq. units
112.  From the diagram:

113.

* Smaller pole height CD = 16 m
* Taller pole height AB = 22 m
e Distance RD = x, so BR = 20 — x
Using the Pythagorean theorem in right triangles A RDC and A RBA :
*I; = VABZ + BRZ = /222 + (20 — x)% = /484 + (20 — x)?2
+ 1, =VCD2 + RD? = V162 + x% = V256 + x2
(i) Express p(x) = 1; + I, in terms of x
p(x) = /484 + (20 — x)% 4+ /256 + x2
(ii) Find p’ (x)
Differentiating with respect to x :
1 1

'x) = 220 - x)(-1) + —=" 2x

P 2,/484 + (20 — x)2 ( ) )+2\/256+x2
—(20 —x) X
p'(x¥) = +
V484 + (20 —x)2 V256 + x?
(iii) (A) Find the value of x for which 12 + 13 is minimum Let S(x) = 12 + 13.
S(x) = [484 + (20 — x)?] + [256 + x?]
S(x) = 484 + 400 — 40x + x% + 256 + x? = 2x? — 40x + 1140
To minimize, find S’ (x) = 0.
Sx)=4x—-40=0=4x=40=x=10m
(Since S"(x) = 4 > 0, it is a minimum value).
OR

(B) If both poles are 16 m long:
*AB=16m,CD =16 m
*S(x) = [16% + (20 — x)?] + [162 + x?]
*S(x) = 256 + 400 — 40x + x? + 256 + x? = 2x? — 40x + 912
Differentiating to find the minimum:
S'(x) =4x—40=0= x = 10m
Thus, the ladders should be placed exactly in the middle, at a distance of 10 m from either pole.
Given Data Summary

Let the relevant events be defined as:

* D: Student is a dropout

* R: Student is a regular student

* Q : Student qualifies the examination

* Q' : Student does not qualify the examination

From the question statement:

* Percentage of dropouts: P(D) = 40% = 0.4

* Percentage of regular students: P(R) = 100% — 40% = 60% = 0.6
* Probability a dropout qualifies: P(Q | D) = 5% = 0.05

* Probability a regular student qualifies: P(Q | R) = 10% = 0.10

(i) The probability is simply the proportion of regular students in the total population:

3
P(R) = 60% = 0.6 or =

(ii) Since the student is chosen specifically from the dropout group, we need the conditional probability that a
dropout student does not qualify (Q") :
P(Q'ID)=1-P(QID)
19
P(Q'ID)=1-0.05=0.95o0r >0
(iii) (A) "Not a dropout" means the student is a regular student (R). We use Bayes' Theorem to find P(R | Q) :
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_ P(R)-P(Q I R)

PRIQ =5 pQ IR + P(D) - P(QID)
Substitute the values:
b(R B 0.6 X 0.10

RIQ) = (0.6 x 0.10) + (0.4 X 0.05)
P(R| Q) = 0.06

R1Q) = 0.06 + 0.02
PR | —%—9—075 3

RIQ=ggg=5=07>0r 7

OR

(B) We need to find P(R | Q") using Bayes' Theorem.

First, calculate the conditional non-qualification probabilities:
*P(Q'IR)=1-0.10=0.90
*P(Q'ID)=1-0.05=0.95

Now, apply Bayes' Theorem:

N P(R) - P(Q' I R)
P(RIQ') = P(R)-P(Q'IR)+P(D)-P(Q | D)
bR 1 Q) = 0.6 x 0.90

R1Q) = (0.6 x 0.90) + (0.4 x 0.95)
PRIQ) = — 2t

(R1Q) =5557 038

, 0.54 27

PRIQ) = o = =~ 0.587

114. (i) Equation of the boundary line AB
The line passes through the points A(0,4) and B(—2,0).
(1) Find the slope ( m ):
y2—y1 _ 0—4 _—_4_
X, —%X; —2—0 =2
(2) Write the equation using the slope-intercept form (y = mx + ¢, where the y intercept ¢ = 4 ):
y=2x+4
=>2x—y+4=0
(ii) Equation of the boundary line AC
The line passes through the points A(0,4) and C(3,0).
(1) Find the slope ( m ):
Yo —V1 _0—4__f
X,—%; 3—-0 3
(2) Write the equation using the slope-intercept form (¢ = 4 ):

2

m=

m=

= —xta

=3y =—4x+ 12

=>4x+3y—-12=0

(iii) (A) Area of region OAC using integration

The region OAC lies in the first quadrant and is bounded by x = 0,x = 3, the x-axis (y = 0), and the line

AC(y= —gx+4).

3
Area = f yacdx
0

3, 4
Area =f (——X+4)dX
0 3
4 (x? 3 2 3
Area = [-g(;) + 4X]O = [—§X2 + 4X]0

2
Area = (—5(3)2 + 4(3)) — ()
Area = —6 + 12 = 6 sq. units
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OR
(B) Area of region AOB using integration
The region AOB lies in the second quadrant and is bounded by x = —2,x = 0, the x axis (y = 0), and the line
AB(y = 2x + 4).
0

Area :f yapdx
-2

0
Area :f (2x + 4)dx
-2

Area = [x? + 4x]°,

Area = (0) — ((—2)%2 + 4(-2))
Area = —(4 — 8) = 4 sq. units
Triangular Park Reglons:

—_— My xea
— Ny e Alxed

5o

MO, 4) =
4 Fagan 408 (Ares = 4)

Fogron OAC (o = 6)

3

115.  (d) The following graph represents:
The graph has:
* Domain: (—o, —1] U [1, )
* Range: [—m/2,m/2] \ {0}
* Passes through (1,1/2) and (=1, —m/2)

This is the graph of y = cosec™x.

i-3j|

116. (b)-Ifaijo, then

_|1—3|_1 _|1—6|_5

a1 = =1L,a4; = ) =3
[2—-3] 1 |2 — 6]

ay; = > ZE'aZZZ > =2
L 5

_ 2

A= 1 ,
2

117.  (b) * Principal value of
sec™1(v/2) + 2cosec™1(—V/2)
T
sec”1(V2) = 1

T
cosec™1(—V2) = ~2

Therefore,
TC TC T
7+2(-3)=-3

118.  (c¢) * If points (2,3), (0,4) and (p, 2) are collinear
Slope between (2,3) and (0,4) :
4 -3 1

m=

0—2 2
For collinearity:

2-3 1

p—2 2
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120.  (b) * Surface area of a sphere when its volume changes at the same rate as its radius

— edu
_1 _
p—2 2
p—2=2
p=4
d X
119. (o) &(ee )
(note’).
Using the chain rule:
Let
y=e
Then
dy eX X
dx dx (€
_ eeex ) eex
d ,
&(ee ) = eXe®
V=—mrd
dv - dr
a . d
Given:
dv _ dr
dt  dt
4mr? =1
Hence surface area
S = 4mr? =

sinx
121. myHﬂ@={7‘+w“'X¢°
k

, x=0
is continuous at X = 0, then
. /sinx
k = lim (— + cosx)
x—0 X
=14+1=2

122.  (b) * Greatest Integer Function f(x) = [x],0 < x < 3

The GIF is not differentiable at integers.

In (0,3), integers are:

1,2

So it is not differentiable at 2 points.
123.  (c¢) * Evaluate

dx
f V25 — 16x?
Using

dx 1, (bx c
fm—gsm (3)+

witha = 5,b = 4.
1 _1<4X c
—ZSID ?)-{-
24, @Iff)

dt
Lett = eX,dx = —.

t
I—je dt
, B2+1

= |tan~1t|$

=tan le+k
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T
=tan"le ——

4
Comparing with

tan"le + k

(a) Area bounded by y = x,x-axis,x = 0and x = 2
2

A= f xdx
%

|3

21,
— — 2
(b) Given the differential equation:

3 3.\ 2

14+ (%) =a (H>
dx dx3

Step 1: Find the Order
The highest order derivative present is
d3y
dx3
So,
Order = 3
Step 2: Find the Degree

N

b

The equation is already polynomial in derivatives, and the highest order derivative d
Therefore,
Degree = 2
Step 3: Product of Order and Degree
3x2=6

() (a) (1 + XZ)% + 2xy = cotx
Linear iny.
b)y+ % (xy) = x(sinx + logx)

d
y+ Xd—z +y = x(sinx + logx)

dy + 2y = x(sinx + 1
X Ix y = x(sinx + logx)
Linear.

©)x(1+yHdx—y(1+x*)dy =0
dy _x(1+y*)
dx  y(1+x2)
Contains y?, hence not linear.
(d) ydx — (x + 3y*)dy = 0
dy vy
dx  x + 3y?2
(a) Region represented by
3x+y=3,2x—y=>-5xy=0
Rewrite:
y=>3—-3x
y<2x+5
Since x,y = 0, the region lies in the 1st quadrant.
The region extends indefinitely to the right, so it is unbounded.

is raised to the power 2.

(c) * If all points on segment AB give maximum value of Z = px + qy Line AB passes through:
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A(0,5),B(3,4)

Slope of AB:
4-5 1
M=307 73

For infinitely many optimal solutions, the objective line
px+qy =k

must be parallel to AB .

Slope of objective line:

130.  (b) If (3 — 2§ + 5k) x (4i + pj + qk) = 0
then the vectors are parallel.
So, (4,p,q) = A(3,—-2,5)
Using first component:
4 =3\

3 = 4
-3
Therefore,
_ 4 8
P=-23="3
_c 4 20
1=°'3773
131.  (a) Area of Triangle ABC

Given:
A(0,1,1),B(2,0,—1),C(1,0,3)
AB = (2,-1,-2)

AC = (1,-1,2)

— — ’1\ j l’\( ~

ABxAC=|2 —1 —2|=(4)1-6j—1k
1 -1 2

Magnitude:

|AB x AC| =V16 + 36 + 1 = /53
Area of triangle:

1, —, 53
Area = ElAB X ACl = T

132.  (d) Probability that at least one marble is red
Total marbles:

44+5+1=10

Probability of not red in one draw:
6 3

10 5

Since replacement is made, draws are independent.
Probability of no red in 3 draws:

<3)3 27
5/ 125
Therefore,
27 98

P( at least one red ) = 1—m:ﬁ
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133.  (b) * Assertion (A): For two square matrices A and B, AB is not necessarily equal to BA. This is True. Matrix

multiplication is generally non-commutative.

* Reason (R): Product of two diagonal matrices of the same order is
are diagonal, D;D, = D,D; ).

commutative. This is also True. (If D; and D,

* Verdict: While both statements are true, the fact that diagonal matrices commute does not explain why matrix

multiplication is not generally commutative.
134.  (a) » Assertion (A): f(x) = x3 + 2 is one-one because x5 + 2 =

X3 + 2 = X4 = X,. It is not onto because for

y = 3 (in codomain N), x3 + 2 = 3 = x3 = 1 = x = 1 (which is in N ). However, fory = 1,x3 = -1 = x =
—1 & N. Since not all y € N have a pre-image in N, it is not onto. Assertion is True.
» Reason (R): The stated reason correctly explains that there is no natural number x for certain y values, making

the function not onto. Reason is True.
135. Evaluate

1 1 s 2T
tan™! (— ﬁ) + cot™? (ﬁ) +tan~! (sin (— E)> +tan~! (tan?

Term-wise:

()

tan~! <sin (— g)) =tan }(-1) = _g

Principal value of tan™1lies in (—m/2,1/2).
1 21 T
tan (tan —) =—=

3 3
Adding
i N T M M M T 5t
6 3 4 3 6 4 12
136.  (A) Show continuity at X = >
cosx " i
, XF o
f(x) = 2
1 X = n
’ )
Check limit:
lim cosx
B
)
Using L'Hospital's Rule,
—sinx T
= lim =sin=-=1
x—% - 2
Since
) T
limf() = 1= f(E)

2
. . T
f is continuous at X = >

OR
(B) Differentiability at x = 2
x—1, x<2
fGo _{2x—3, X =2
Continuity:

LHL=2-1=1
RHL=2(2)-3=1
f2)=1
Continuous.

LHD:

)
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d D=1

wx~ b=

RHD:

d 2x—3)=2

dx( x )=

Since

LHD # RHD

Not differentiable at x = 2
137.  Find values of x for which f(x) = x* is increasing Let

y=x*

Iny = xInx

Differentiating.

1dy
——=1+4Inx
y dx

dy = x*(1 + Inx)
dx

Since x% > 0,

dy
—>0=1+4Inx>0
dx

Inx > -1

x>el

1
X>—
e

138.  Show that triangle is isosceles
Points:
A =(3,1,0),B=(5,6,—-3),C=(0,4,0)
AB2=(5-3)2+(6—-1)24+(-3)2=4+25+9=38
AC2=(0-3)2+(4-1)2=9+9=18
BC2=(0-5)2?+(4—-6)22+(0+3)2=25+4+9=238

AB = BC =+/38
Hence,
A ABC is isosceles

139.  (A) Vectors representing rods:
a=41—7+3k
b=-21+]- 2k
Required vector is perpendicular to both:
i 7k
4 -1 3
-2 1 =2
Magnitude:
Vi+4+4=3
Unit vector:
14 2]+ 2k

ixb= = (-1)i+ 2]+ 2k

3
For height 5 m
5 .
V= 5(—i+ 2j + 2k)
OR

Direction co

—

nes:

sl -
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_ 1
m—cosB—2
Using
2+m?+n?=1
1+1+ .
2" e
2 _Z
Ty
Since angle with z-axis is acute,

1
n=3
cosf = —
e_n

K
Components of a :
L 1A+1A+11A(
a—\/zl S1t5

(A)A=R-{3}, B=R-{1}
¢ _X—=2
®) ==
One-One
Let

f(x1) = f(x2)
X1 —2 Xy;—2

X, —3 X,—3
Cross-multiplying:
(x1 —2)(xz —3) = (xz — 2)(x; — 3)
X1 = Xy
Hence f is one-one.
Onto
Let

X—2
y= Xx—3
yx—3y=x—2
x(y—1)=3y—-2

3y—2

y—1
Since y # 1 (codomain B = R — {1} ), x exists and x # 3.
Hence f is onto.
f is one-one and onto (bijective)

OR

(B) R = {(x,y): (x — y) is divisible by n}
Reflexive
x—x=0
and 0 is divisible by n.
Reflexive
Symmetric
Ifn| (x—y).
nl—-x-y)=©y-x
Symmetric
Transitive
If
n|(x —y),n|(y —z)
Then

nl[x—-y)+({y—-2]

X =
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nlx-—1z)
Transitive
Therefore,
R is an equivalence relation
3 20
141. A=|1 4 0]
0 0 5

First compute A? :
11 14 0 ]

A>=[7 18 0

0 0 25

Now

A2 —7A=

Adding 101,

A2 —7A+ 101 =

A2—7A+101=0
142.  (A) Given

Xy = eX7Y

Taking logarithm:
Inx+Ilny=x-—y
Differentiate:

1 1dy dy
4212
x ydx dx

Collecting terms:
dy 1 1
— (1 + —) =1—--
dx y X
dy _yx-1)

dx x(y+1)

OR
Tt xE T
— -1
(B) Let y = tan (mwm)
Let x = sin@. Then:

J1—x2=cos6,\/1+x2=+/1+sin?6

So the expression simplifies to a standard identity form:

6 1
y=5=gsinx
Now we need:

dy
d(cos1x2)
Step 1:

1 N dy 1
R T RPN
Step 2:

1o —2x
d )
Step 3:
B
dy  _2V1—«2
d(cos™1x2) —2x
V1 —x*

Since V1 — x* = \/(1 —x2)(1 + x?), it simplifies to a constant:
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Ee-

2
143. Maximize Z =

*x+y <300
*3x+y <600

200x + 120y subject to:

ex—y>-100 =y—x< 100

ex,y=>0

Corner Points of Feasible Region
By finding the intersection points of the boundary lines, we get the following corner vertices:

(1) (0,0)

(2) (200,0)-Intersection of 3x +y = 600 andy = 0

(3) (150, 150) - Intersection of 3x + y = 600 and x + y = 300
(4) (100,200) - Intersection of x + y = 300 and y — x = 100
(5) (0,100) - Intersection of y —x = 100 and x = 0

50

g

a.m
VR, v '
o %0 o

—_— xS0
— X # y =000

—X=y=-100
Feeali Hugon

020=0

50 200 250 200 350
x

Objective Function Values

Corner
Point Z = 200x + 120y
xy)
(0.0) Z=0
Z =200(200)+0
(200,0) = 40,000
Z =200(150) +
(150, 150) 120(150) = 48,000 «
Maximum
Z
(100,200) = 200(100) + 120(200)
= 44,000
Z =200(0) + 120(100)
(0,100) = 12,000

The maximum value of Z is 48,000 at the point (150,150).

144. (A) Given line:
x=2 1-y z

_3_

3 2
So,

2

x=2+3ty=1-2tz=3+2t

Point on line:
P(2+3t1—2t,3

+ 2t)
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Distance from (1,2,3) is V2
(1+30)2+(-1-202+ (D2 =2
14+6t+9t2+1+4t+4t24+4t2=2
17t2 + 10t =0
t(17t+10) =0

10

t=0ort=——
or 17

Hence the required points are
(2,1,3)
and
4 37 31
(17' 17’ 17)
OR
(B) Lines:
I=(4+ 0+ @2r—1)j— 32k
P =144+ (2 - 5wk + 2pi —J
ie.
P=1+2Wi+ @p—1j+ 2 -5pk
Direction vectors:
b, = (1,2,-3)
b, = (2,4,—5)
Points on lines:
A(4,-1,0),B(1,—-1,2)

AB = (-3,0,2)
by Xby =11 2 -3|=(2-10)
2 4 -5
Shortest distance:
_ |A—B)' (B)l X Bz)l
|El X Ez|
_ |(_31012) ' (21 _1)0)| _ 6
Va+1 V5
145.  Probability of debate competition:
1
Probability of quiz competition:
2
P =
Q=3

Case 1: Debate
Students selected from Team A.
Team A: 4 girls, 6 boys.

(DE) _2¢_8

(% 45 ~15

P(GB|D) =

Contribution:
1 8 8

X —=—
3 15 45
Case 2: Quiz
Students selected from Team B.
Team B: 7 girls, 3 boys.
(DE) 21 7
P(GB B S
GB1Q ¢ 45 15
Contribution:
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2 7 14

3715 45
Total probability:
8 14 22
— t—=—
45 45 45

146. A)I=]

X
(x—1)(x%2+4) dx
Partial fractions:
X _ 1 x—4
x—1D(x2+4) 5@x—-1) 5x2+4)
Hence
l_lf dx 1f xdx +4f dx
" 5) x—1 5) x2+44 5) x2+4
=1 1 = = In(x? + 4) + 2t —1(X)+c
=z n|x | 10 n(x z an >
I = 2Infx— 1= —In(x? + 4) + Ztan-" (5)+c
5 10 5
OR
1 xtan~lx
B 1= ) Trayr &
Integrate by parts:

xdx

(1+x2)3/2

du = dx v = 1
T 14x2’ 7 T Vi+x2

Therefore

u=tan 'x, dv =

I—[ tan‘lx]l_l_f1 dx
Vi+x2], Jo (1 +x2)3/2

n+[ X ]1
W2 W1+x2l,
T 1
_+_
42 2
1=

4

V2
147. (1) Define the limits and functions:
The given curve is y = |x — 6/|. The critical point where the definition changes is x = 6
sFor4<x<6:y=—(x—6)=6—X
*For6 <x<8y=x—-6
(2) Set up the definite integrals:

8 6 8
Area =f |x—6|dx=f (6—X)dX+f (x— 6)dx
4 4 6

(3) Evaluate the integrals:
* First Part:

6 216
f (6 —x)dx 6X—7 =(36—-18)—(24—-8)=18—-16=2
4 L 14

e Second Part:
8 2 18
J (x—6)dx = ?—6)( =(32—-48)—-(18—-36) =-16—(—18) =2
6 L le

(4) Total Area:
Area = 2 4+ 2 = 4 square units
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i Area erclosed by y = [x — 6| betweenx =4 andx =8

(A) (1) Rearrange into standard linear form:

dx y®+2xe¥ y? 2x
dy_ yeY ey y
dx 2 2.y
———X=y“e

dy vy

(2) Find the Integrating Factor (L.F.):
2 ) —Zdy _a1 1
Py)=—-=1-F=e ¥V =e“VW==
y y
(3) Solve the differential equation:

(7)=] (e g)aree

X-|=)= y‘e™V - —|dy

y? y?

X B X _

}ﬁ:f e ydy+C=>}7=—e Y+C

x = —y?e™Y + Cy?

(4) Apply the initial condition y(0) = 1 :
1

0=-1%e1+Cc(1)?=C= S

(5) Final Particular Solution:

1
x=y*(;-e)

OR
(B) (1) Express as a homogeneous differential equation:
dy x3— 3xy?
3 2Vdy = (v3 2 -
(x®> —3xy“)dx = (y° — 3x y)dyﬁa—m
- - dy _ av
(2) Substitute y = vx and o VXL
dv  x3 —3x(vx)? 1—3v?
V+x—= =
dx (vx)3 —3x%(vx) v3-3v
dv 1-3v2 1—v*

*dx vE-3v | vE-3v
(3) Separate variables and integrate:
J‘ v3 — 3Vd dx

T—vt V7 X
Split the integral:

v3 3v
f 1_V4dv—f 1_V4dv=ln|x|+C1
3

1 . 1+ v?
—Zlnll—v |—Zln T = In|x| + C4

Multiplying by -4 and simplifying using 1 — v* = (1 — v2)(1 + v?) simplifies to:

1+ v?)?
In [%] = In|x 72| + In|K]|
(1+v?)? K

1 —v2 x2
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(4) Substitute back v = %

<

%\
<1+X—2) _E (X2+y2)2 _E
yz _Xz XZ(XZ_YZ)_XZ
1__2

X
(x* +y?)? = K(x? —y?)
149. (1) Find the point of intersection:
Let the first line be: = =12 = =2 = A = (20 + 1,30 + 2,41 + 3)

Let the second line be: =2 = ¥=2 = 7 = p= Gu+42p+1,p

5 2
Equating the z-coordinates: p = 4A + 3

Equating the y-coordinates: 2(4A+3) 4+ 1=3A4+2=8A+7=3A+2 =51 =
-5=>A=-1
Substitute A = —1:
* Point coordinates: x = -1,y = -1,z = —1
* Intersection point: P(—1,—1,—1)
(2) Equation of the required line:
The line passes through P(—1,—1, —1) and is parallel to b =3i+ 2j — 8k.
* Vector Form:
t=(—1—j—k)+«(3i+2j—8k)
* Cartesian Form:
x+1 y+1 z+1
3 2 -8
150. (i) Relation between Height ( h ) and Radius (1)
From the geometry of the right circular cone:

I w

. _ Radius

ana = Height

For the entire cup:

. R 5 1

MTHT1573

For the juice level inside the cup:
r

tana = —

ana =

Equating the two expressions:

r 1

H=§=>r=§ or h=3r

(ii) Rate at which the Juice Level is Rising (%)
The volume V of a cone is:

V—1 2h
=g

Substitute r = g into the volume formula:

Ve 1 (h)zh 3 mth3
—3™\3) "T 27

Differentiate both sides with respect to time t :

v _m _  dh_wh?dh
dt 27 L At © 9 dt
Given that d—‘; = 0.1 cm3/s, substitute h = 6 cm :

1_11(6)2dh
9 dt
0.1=4 dh
A= T[E
dh 1
—=——cm/s
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(iii) (A) Rate of Increase of Upper Surface Area (i—i\)

The upper surface area A is a circle:
A = mr?

|15

Substitute r = =:
2

r=s(l -

Differentiate with respect to time t :

w
[N)

dA  2mhdh
dt 9 dt "
Substitute h = 6 cm and S = — cm/s:
dt 40T
dA 2m(6) 1 12m 1 5
at -9 Fom 360m 30 /S
OR
ds
(B) Rate of Increase of Wetted Surface Area (E)

The curved (wetted) surface area S is:
S =mrl

2
Where the slant height | = Vr2 4+ h? = ’(g) +h2 = vio,

3
Substitute r and I into the area formula:

S n(h) <\/Eh> _ V101h?

3 3 9
Differentiate with respect to time t :
dS  2v10mhdh

dt~ 9 dt )
Substitute h = 6 cm and S = — cm/s:
df 40T
ds 2vi0m(6) 1 _ 12y10m 10
&t 9 4om_ 360m 30 m/S

151. (i) Formulating the System of Equations and Matrix Form
Let the length, breadth, and height of the cuboid box be %, y and z respectively (in cm).
(1) Equation 1: Sum of length and breadth is 3 cm more than height.
X+y=z+3=>x+y—z=3
(2) Equation 2: Twice the length, thrice the breadth, and height add up to 10 cm .
2x+3y+z=10
(3) Equation 3: Breadth added to 7 times height is 1 cm less than 3 times length.
y+72=3x—1= -3x+y+7z=-1
Expressing these linear equations as a matrix equation AX = B :

1 1 —-11x 3
2 3 1 [y] =110
-3 1 71tz -1

(ii) Existence of A™1

A matrix inverse A~ exists if and only if its determinant is non-zero (det(A) # 0).
413 11_412 1 _ 2 3

det(A) =1 |1 7| 1 |—3 7| (=D |—3 1|

det(A) =121-1)—-1(14-(-3)) - 12 - (—9))

det(A)=20—-17—-11=-8

Justification: Since det(A) = —8 = 0, the matrix A is non-singular. Therefore, A™1 exists.
(i) (A) Finding A™1

The formula for the inverse is A™1 = detl(A) adj(A). Let's find the cofactors Cjj of matrix

A .

«Cyy = +(21—1) =20
«Cpp = —(14+3) = —17
’C13:+(2+9):11
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*Ch=—(7+1)=-8

*Cp=+(7-3)=4

*Chp3=—(1+3)=-4

*Cy31=4+(1+3)=4

*Cyp=—(1+2)=-3

*Cy;3=+(3-2)=1

The adjugate matrix adj(A) is the transpose of the cofactor matrix:

20 -8 4
adj(A) = |-17 4 -3
11 -4 1

Thus, the inverse matrix is:
1[20 -8 4 1[-20 8 -4
-1 _ _
A __5[_17 4 —3]—5117 —4 3]
11 —4 1 -11 4 -1
OR
(B) Finding A? + 71
First, calculate A? :
1 1 -1111 1 -1
A’=12 3 1|2 3 1

-3 1 711-3 1 7

1D +1@)+ (D(=3) 1M +13) + (-DA) 1(-1) +1(1) + (-1)(7)
A2 =| 2(1)+3(2)+1(-3) 2(1) +3@3) +1(1) 2(-1) +3() +1(7)
=3(1)+12)+7(-3) =3 +13)+7(1) =3-D+1(D)+7(7)
[ 6 3 -7
A>=|5 12 8
|—22 7 53

Now, add 71 (where [ is the 3 X 3 identity matrix):

6 3 =7 7 0 O 13 3 -7
A’+7l=| 5 12 8|+|0 7 o|=|5 19 8
—-22 7 53 0O 0 7 —-22 7 60
We have three boxes:
Red Green Total
Box
caps caps caps
1 30 0 30
I 20 10 30
111 0 30 30

The probability of selecting Box i is P(B;) = é :
3 1

1 2 1
P(B) =, P(B) =¢-=3,P(By) ==+

(i) Probability of selecting a red cap
Use law of total probability:
3

P(Red) = z P(B,) - P(Red | B))
i=1

*Box I: P(Red | B) = % =1

* Box ||:P(Red | B) = =0 ==

* Box III: P(Red | B3) =0

bRed)—tiqal2, 1 12 3 4 7
(Red) =2 337267918718 18

(ii) Probability that cap came from Box II given it is green
Use Bayes' theorem:
P(B,) - P( Green | B,)

P(B, | Green) =
e . 21 P(By) - P(Green | B;)
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*P (Green|B;) =0

10 1
'P(Greenle)—%—g
'P(Green|B3)=%=1
Numerator:
P(B,) -P(G IB)_1 1_1

5 reen 2=3'37%
Denominator:
O+1 1+1 1_1_|_1_1_|_9 _ 2+9 _11

3 3 2 _19 2 9 18 18 18 18
P(B, G —6—2
(B, reen)—z—ﬁ

18

153.  (b) Compute A2 :
[P qP q_[PER) +ar (p)(@+ap) _[pP+qr 0
= Ll p‘[ 2 ]_[ 2 ]
r(=p) +pr rq+p 0 p°+qr
Given A2 =1 :
[pz + qr 0 ] _ [1 0
0 p?+qrl 10 1
Comparing the corresponding elements:
pP+qr=1=1-p>—qr=0
154.  (b) * Since A and identity matrix I commute (Al = IA = A), expand (A — I)3 binomially:
(A—1)3 =A% —3A%1+ 3A1> — 13 = A3 — 3A%2 + 3A — |
Since A2 = A, then A3 = A- A2 = A- A = A? = A. Substitute these values back into the expression:
(A—D3=A—-3A+3A-1=A-1
Now, calculate the complete expression:
A-D3-A=A-D)—-A=-1I
155.  (d) The standard principal value branch (range) for cosec™'x is [— % , g] — {0}. Option (d) states the branch as

[— %,%] without excluding 0 (where cosecant is undefined). Therefore, it is incorrect.
156.  (c) * Rearranging the equation gives: C = —(A + B) First, calculate A + B :
_M0+(-=3) -3+0 4+11_[-3 -3 5
A+B_[ 1+2  0+4 2+40 _[3 4 2]
Now, find C :
_ _[-3 =3 5]1_[3 3 -5
c=-13 % =15 5 2
157.  (a) For a non-singular matrix, determinant |A| # 0.

The determinant of the adjoint matrix is given by |adj4| = |A|™ 1.
Since |A| # 0, it follows that |adjA| # 0, meaning adjA must also be nonsingular. Therefore, statement (a) is
false.
158.  (d) * For continuity at x = —1, the limit must equal the value of the function:
Jim f(x) = f(=1)
Calculate the limit by factoring the numerator:
x*—4x—5 i (x=5)(x+1)

lim = = lim (x—-5)=-1-5=-6
--1  x+1 x--1 x+1 x—>-1
Since f(—1) = k, we get:
k=-6
159. (b) Area of A ABC = 5 sq. units
Vertices:

A@3,1),B(—2,1),C(0,k)
Using area formula:

1
§|x1(}’2 —y3) +x(y3 —y1) tx3(y1 —¥2)[ =5
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%|3(1 R+ (2D k-D[=5

15 5kl =5
515 — 5k =

[1—k| =2
k=3o0ork=-1

160. (a) Differentiate

sinx + cosx)

V2

= sin (x + %)

y =cos™?! (

Since
sinx + cosx

V2

Given

s <x< I
457y
SO
I I
X+ Z S (0, E)
Hence
1 . ™ _
cos <sm (x + 4)> =
Differentiating.
dy
dx
161. (c) Absolute minimum value of
f(x)=(x—2)>+5x€[-3,2]
Since (x —2)%2 > 0,
minimum occurs at x = 2.
f2)=5
162.  (b) Evaluate

1
—dx
f V1 4+ cos2x
Using
1 4 cos2x = 2cos®x

dx 1 j d
=—| secxdx
\1/§cosx V2
= —log|secx + tanx| + C
7 gl |
163. (a) Evaluate
f —dx
5 X
Since 1/x is continuous on [—5, —1].
= [In|x|]Z3
=In1l —In5 = —In5
164. (b) * Area bounded by

y=2x—4,x=0x=1,y=0
Between x = 0 and x = 1, the line lies below the x-axis.
Area

1 1

=J (0—(2x—4))dx=J (4 —2x)dx
0 0

=[4x—x%*§=4—-1=3

3.3
165. (a) The order and degree of the differential equation 1 + (%)

Py

. o . ... d
* Order: The highest order derivative present in the equation is ot

d%y .
=A—1is:
dx?

which is of order 3.
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* Degree: The power of the highest order derivative when the differential equation is a polynomial in its
derivatives is 3.

166. (a) The general solution for the differential equation % = e3* 7V is:
Using the method of separation of variables:
dy
dx
Rearranging the terms:
eVdy = e3*dx
Integrating both sides:

eVdy = f e3*dx

=e3* .7V

3x

y=2_4¢
=73

Multiplying by 3:
3e¥ = e3* +3C’
3eY = e3* + C (where C = 3C")
167.  (b) The corner points of the feasible region are (0,0), (0,40), (20,40), (60,20) and (60,0). If the objective
function is Z = 4x + 3y, find the maximum value.
Evaluate Z at each corner point:
*+ At (0,0):Z =4(0)+3(0)=0
* At (0,40):Z = 4(0) + 3(40) = 120
* At (20,40): Z = 4(20) + 3(40) =80 + 120 = 200
*At (60,20):Z = 4(60) + 3(20) = 240 + 60 = 300
* At (60,0):Z = 4(60) + 3(0) = 240
The maximum value is 300 at point (60,20).
168.  (d) If the position vector p of a point ( 24,n ) is such that |p| = 25, find the value of n.
The vector is given by p = 24 + nj.

5] = \/24% + n? = 25

Squaring both sides:
576 + n? = 625
n? = 625 —576 = 49
n==47
169.  (c) If vectors d = 3 + 2f + Ak and b=2i— 4f + 5k represent the two strips of the Red Cross sign, find the
value of 4.

Since the strips of a Red Cross sign are perpendicular to each other, the dot product of their vectors must equal
zero(d-b=0):

3@+ @A+ DGB)=0

6—8+51=0
—-2+51=0

2

=2 = —

51 =1 z

170.  (d) If3P(A) = P(B) = and P(4 | B) =, find P(A U B).
From the given values:
P(B) =7
“3P(4) =2= P(A) =

5
Using the conditional probability formula:

y _P(AnB)
P( IB)_W
2 _P(ANnB) 2.3 2
3= 35 TUNBI=3x5=g

Now use the addition theorem of probability:
P(AUB)=P(A)+P(B)—P(ANB)
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171.  (a) * Assertion (A): The relation R = {(1,1), (1,2),(2,1), (2,2),(3,3)} on the set {1,2,3 }.
Reflexive: Since (1,1), (2,2),(3,3) € R, it is reflexive.
Symmetric: Since (1,2) € R = (2,1) € R, it is symmetric.
Transitive: Since (1,2) € R and (2,1) € R = (1,1) € R, it is transitive.
Therefore, R is an equivalence relation. Assertion (A) is True.
» Reason (R): A relation that is reflexive, symmetric, and transitive is an equivalence relation. This is the correct
definition. Reason (R) is True.
* Conclusion: So, Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of the
Assertion (A).
172.  (a) * Assertion (A): For minimizing Z = x + 2y subjectto 2x +y > 3,x + 2y =2 6,x,y = 0 :
Testing the corner points (0,3) and (6,0) :
At(0,3):Z2=04+2(3)=6
At (6,0):Z=6+2(0)=6
Since both points give the same minimum value, any point on the line segment joining them also minimizes Z,
resulting in infinitely many solutions. Assertion (A) is True.
* Reason (R): If two corner points produce the same minimum value, every point on the line segment joining them
gives the same minimum value. Reason (R) is True and explains Assertion (A).
* Conclusion: So, Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of the
Assertion (A).

173.  Evaluate sin [tan‘1 (tan (i—x))]
(1) Simplify the inner tangent:

tan (%Tn) = tan (n = %) = —tan (%) =-—1

(2) Evaluate the principal value of tan™1(—1) :
gy =t T
tan™"(—1) 7 Since 2< 4<2

(3) Substitute back into the sine function:
. T T 1
Sin (— Z) = —SIin (Z) = — ﬁ
174.  (A) Differentiate x* with respect to xlogx
Let u = x* and v = xlogx. We need to find Z—:.

(1) Take the natural logarithm of u :
logu = log(x*) = xlogx = v
(2) Rewrite u in terms of v :

u=e?

(3) Differentiate u with respect to v :
du

% =eV =xX

OR
2
(B) If y = Pcos(ux) + Qsin(ux), show that % +uly=0
(1) Differentiate once with respect to x :

d
% = —Pusin(ux) + Qucos(ux)
(2) Differentiate a second time:
d2
d_szl = —Pu?cos(ux) — Qu?sin(ux)
(3) Factor out —u? :
d?y
o, . _ .2
—z="U (Pcos(ux) + Q@sin(ux)) = —u“y

2

9 w2y =0 (Proved
=>E+uy— (Proved)
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175.  Determine the values of x for which f(x) = i—:, x # —1 is increasing
(1) Find the derivative f'(x) using the quotient rule:
oy (x+)-D-x-3)-(1) x+1-x+3 4
feo = (x+1)? T @+D? (x+1)?
(2) For an increasing function, f'(x) > 0 :
4
—>0
(x+1)2
(3) Since the numerator is positive and the denominator (x + 1)? is always positive for any real value except x =
—1, the function is strictly increasing everywhere except at x = —1.
176.  (A) Find 2 such that @ + Ab is perpendicular to ¢

177.

Given: d = 21 — 3] + k,b = 4f — 2k, and & = 31 + 2k.
(1) Compute @ + Ab :
G+Ab= (20— 3]+ k) + A(4] — 2k) = 2i + (41— 3)j + (1 — 2Dk
(2) Set the dot product with € equal to 0 for perpendicularity:
(G+2b)-¢=0
23)+(@A-3)0O)+ 1A -21)(2)=0
6+2—41=0=41=8=>1=2

OR
(B) Find the area of A ABC if AB = i + 2j — k and AC = 2i — 3]
(1) Compute the cross product AB x AC :

A

N L
ABXAC=11 2 -1
2 -3 0

=§(0-3)—j(0—(-2) + k(-3 —4)=-31—2] -7k
(2) Find the magnitude of the cross product:
|AB x AC| = /(=3)2 + (=2)2 + (-7)2 =9 + 4 + 49 =62

(3) Calculate the area:

1 — V62
Area = > |AB X AC| = —, square units
Find the angle between the pair of lines
(1) Rewrite the given equations in standard symmetrical form:

sLine 1: =2 =22 =22 = ) =31+ 2] + 6k
Line2: L =2=22 =} =042/ +2k
|b1=b.| .

(2) Use the angle formula cos 8 = == :
|b1||P2|

by b, =3+ (2)(2)+ (6)(2) =3+4+12=19
by|=V3Z+22+62=49 =7
by|=V12+27+22=+/9=3

(3) Compute 6.
p 19 19 0 1 (19)

= — e _

O TTx3T 21 s 21
178.  Spherical Balloon

Given that the rate of decrease of volume is proportional to surface area:
dv
— = —kS
dt

where k is a positive constant.
For a sphere,

V=—mur
37'[7"

and
S = 4nr?
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Differentiating volume w.r.t. time:

av Ar? dr

de - dr
Substituting into the given relation:
Arr? dr

r —

ST
= —k(4nr?)
dr -k
dat
which is a constant.
Hence,
dr _ cant
i constan

Therefore, the radius decreases at a constant rate.
179.  (A) Evaluate

X — sinx
1= —dx

1 — cosx

X sinx

I = —dx — —dx

1 — cosx 1 — cosx
Using

. 2 x

1 — cosx = 2sin E

and

sinx
—— =cot
1 — cosx
Therefore,

I —j xcoseczfd—x—f cotfdx
B 2 2 2

x
2

Using integration by parts:
xcosec? = dx = —2xcot= + 4In |sin f|
2 B 2 2
Hence,

fx_smxd = —xcot= + In(1 +C
T~ cosy 0% = —Xcot7 n(1l — cosx)

(B) Evaluate

2 dx
1=f e

0 Vx2+2x+3
x24+2x+3=(x+1)>2+2
Let
u=x+1
Then

3 du

1 Vu? +2

Using

du
f\/u2:+aZ=ln|u+\3/u2+a2|
I=[ln(u+ uz+2)]1
=In(3 4+ V11) — In(1 + V3)
. 1<3+\/ﬁ>
=In

1++v3
180.  Solve (x + 2y3)dy = ydx

dx x+2y?
dy y

I =
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dx x 2

—_—— —— y

dy 'y

Linear differential equation in x.

Integrating factor:

IF = el (-1/y)dy — 1

y
Multiplying by 1/y :

5()=2
—_— =] = y
dy \y
Integrating:
Zoyr4c
— y

y

x=y3+Cy
181.  Step I: Plot the boundary lines
(I) Line 1: 2x +y = 1000
(1)Ifx =0,y =1000 = (0,1000)
(2)Ify =0,2x = 1000 = x = 500 = (500,0)
(IT) Line 2: x +y = 800
(I)Ifx =0,y =800 = (0,800)
2)Ify =0,x =800 = (800,0)
Step 2: Find the Intersection Point
Subtract Line 2 from Line 1 :
(2x+y)—(x+y)=1000—-800 = x = 200
Substitute x = 200 into Line 2:
200+ y =800 = y = 600
Intersection point is B(200,600).
Step 3: Identify the Feasible Region
Since both inequalities are < and include x, y = 0, the feasible region is bounded in the first quadrant with the
corner points:
+0(0,0)
* A(500,0)
* B(200,600)
+ (C(0,800)

000 4 XYy =800
Fardle tngon

2001

0 N0 $o &0 Boo 00O

Step 4: Evaluate Z at the corner points

_4x+3y
10
*At0(0,0):Z=0
« At A(500,0): Z = %0*3@) — 200
« At B(200,600): Z = 4(200)14(-)3(600) _ 800-!1-;800 — 260
« At €(0,800): z = 29360 _ 549

10
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Conclusion:
The maximum value of Z is 260 at the point (200,600).
182.  (A) Given position vectors:
A = (55,-2),B=(58),C = (a,—52)
Since A, B and C are collinear,
Y2—N _ V3 — Y2
Xy — X1 X3— Xy
8—(—2)_—52—8
5—55 a-5
10  —60
—50 a-—5
1 _ —60
5 a-5
a—5=300
a = 305

OR
(B) Given @, b, ¢ are unit vectors.
|é ~b|* = (@~b)-(@~Db)
=|d|>+|b|2—2d-b
=2-2d-b
Similarly,
b—¢2=2-2b-¢
|c—d?=2-2¢-a
Adding.
S=6-2(G-b+b-¢+2-d)
Since for unit vectors,

w

d-b+b-¢+é-d=—~

\S]

Therefore,
3

§<6 2( 2) =3
Hence,
ld—b2+b—é2+|¢—d2<9
Proved.

183. (A)S={1,234,5,6}
A ={1,23}
n(A) =3
B ={3,5}
n(B) =2
C={2,34,5}
n(C) =4
i)AnC={25}
n(AnC) =2

n(Anc)
PAIO ==

n(AncC)
n(4)

s~
~

|A) =

WIN O NRAIDN

(i) P(ANB | C)
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ANnB = {5}
(AnB)ncC = {5}
n=((An B)nC) =1

P(AnBIC):W
1

"2

P(AUB | ()

AUB = {1,2,3,5}

(AUB)NC ={2,3,5}
n((AUB)NC) =3

n((AUB) N C)

P(AU B|C) = (0)
3
4
OR
(B) Since two cards are picked with replacement from 6 cards, the total number of outcomes is:
n(§) =6x6
=36

The possible outcomes for a sum of 10 are:
A= {(4"6) : (5'5)' (6'4)}

n(4) =3
3
p(4) =3¢
_ 1
12

First card canbe 1,2, 3, 5, 0r 6
n(B) =5x6 =30

(B 30
5
6
P(ANB)

A N B refers to the outcomes in A where the first card is not 4 .
Looking at event A:

(4, 6) - First card is 4 (Exclude)

(5, 5) - First card is not 4 (Include)

(6, 4) - First card is not 4 (Include)

S0,

AnB={(5)5),(64)}

n(AnB)=2
2

P(ANB) = —

1

18

Two events are independent if P(A N B) = P(A) - P(B)
1 5
P(A)-P(B) =——=X—

1276
5

72

P(ANB) = !

4

72

. 4 5 .
Since, —F o the events A and B are not independent.
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Let the cost of one apple be x , one orange be x , and one banana be z .

erte the following system of hnear equations:

4x + 3y + 2z =60
2x+4y+6z=90
6x+2y+3z=70
This can be written in the matrix form AX = B :

4 3 2]rx 60
i
Z 70

2 4 6
6 2 3
Find the determinant of matrix A :
|[A] =4(12 - 12) —3(6 —36) + 2(4 — 24)
=4(0) — 3(—30) + 2(—20)
=0+90-40
=50
Since |A| # 0, the system has a unique solution given by X = A71B.
The cofactors Cj; are:
Ci1=+(12-12)=0,C,, =—(6—36),Ci3=+(4—24) = —
C;1=—(09—-4)=-50,,=4+(12-12)=0,C,3 =—(8—18) =10

C31 = +(18 —8) = 10, C3y = —(24 — 4) = —20,C33 = +(16 — 6) = 10

0 -5 10
adjA=130 0 -20
—201 10 10
Using X = — (adjA)B:
4]
[ ] [ -5 10] 60]
0 —20]|](90
>0 20 10 10 1|L70

[ (0 % 60) + (—5 x 90) + (10 x 70)
=—1 (30 x 60) + (0 X 90) + (—20 X 70)
(=20 x 60) + (10 x 90) + (10 x 70)
L[ —450+700
=—| 1800 — 1400

1200 + 900 + 700
1 [250
= —|400

1400
5
8

The cost per fruit is T 5 per apple, X 8 per orange and X 8 per banana.
(A) Given:

yWxi+1= log(\/x2 +1 —x)

Differentiate the Left-Hand Side:

Using the product rule (uv)’ = u'v+uv’:

Letu=yandv = x2 +1

o () AN s S )

2+1dy+ ( ! )
x —
d Y oVt
Xy
=Vx? + y + == ()

leferentlate the Right-Hand Side:
Using the chain rule for log(u) :

:—x[log(\/x2+1—x) \/xz_l " ;x(\/x2+1—x)
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1 ( X
- . _ 1)
Vx2+1—x Wx2+1
Take the LCM in the bracket:

B 1 <x—\/x2 + 1>
Vx?+1-—x VxZ +1
B 1 <—\/x2+1—x)
Vx?+1—x Vx? +1
1 ..
= _ﬁ ....(11)
Equate LHS and RHS
d X 1
X2+ 1 Y

dx  VxZ+1  VaZ+1
Multiply the entire equation by Vx? + 1 to clear the denominators:

dy
(\/x2+1-\/x2+1)a+xy=—1

d
(x2+1)£+xy=—1

d
(x2+1)d—3:+xy+1=0

Hence proved
OR
cotx 2x%-3
(B) x + 2x2—x+2
Split the expression into two parts: u and v.
Lety=u+v,
u= Xcotx
2x% -3

2x%2 —x+2
Then,

dy du du

dx dx + dx
Differentiate u = x
We use logarithmic differentiation:

logu = log(x©°t%)

logu = cotx - logx

Differentiating both sides with respect to x :

VvV =

cotx

ldu d d
dx - dx (cotx) - logx + cotx - Ix (logx)
ldu 1
——= (—csc?x)logx + cotx (;)
du cotx 5
= =u —~ csc xlogx]
du cotx
—= xcotx [T - cscleogx]
2_
Differentiate v = Zf &
2x4—x+2
: A (f - flo-fg’
We use quotient rule: —— (g) i

Letf =2x?2 -3 = f' = 4x
Letg=2x*—x+2=> g =4x—-1
dv  (4x)(2x* —x+2) — (2x* = 3)(4x — 1)

dx (2x? —x + 2)?
dv  (8x® —4x? +8x) — (8x® — 2x* — 12x + 3)
dx (2x? —x + 2)2

dv_8x3—4x2+8x—8x3+2x2+12x—3
dx (2x? —x + 2)?
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dv —2x%420x-3

dx (2x%2 —x + 2)2
Combining the two results:

dy o [cotx 5 —2x%+4+20x—3
e x° [— — cscexlogx | + X2 —x 1 2)2
186.

1001

-10.0

1007 4 25y% = 2500 e & # o =1
[

: /
5%
<04

] 4 2 0 2 4

Curve Sketching and Area

(1) Standard Form and Sketching

Divide the equation 100x2 + 25y? = 2500 by 2500:
x2  y?

—+—=1

25 100

This represents an ellipse centered at (0,0) with:

* Semi-minor axis ( @ ) = 5 (along the x-axis)

+ Semi-major axis (b) = 10 (along the y-axis)

(2) Area Using Integration

The total area A is 4 times the area enclosed in the first quadrant:

’ X2
y=10 1—£=2\/25—x2

5 5
A=4f 2 25—x2dx=8f 25 — x?dx

0 0

2

Using the standard integral formula [ Va? — x2dx = gVaz —x2d a?sin_1 (g) :

X 25 x\1°

— - —yv2 4 gin—1(=
A—8[2 25— x% +~-sin ()]
25 m

5/1o
A—8[(0+25"11) 0]—8( )—50 it
= > sin™*(1) = > 5) = T 5q. units

187. (A) (1) Standardize the Equation of the Line

Rewrite %;3 = 1__—23/ = ¥ in symmetric form:
x+3 y—-1 z+4
5 2 3

Any general point P on this line is given by:
P=(05BA-321+131-4)

(2) Find the Foot of the Perpendicular

Let Q(0,2,3) be the given external point. The direction ratios of QP are:
DRs=(54-3-0244+1-231-4-3)=(54—-3,24-131-7)
Since QP is perpendicular to the line (which has direction ratios 5,2,3 ):
5510-3)+22A-1)+33BA=-7)=0
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——— O
250 —-154+41-24914-21=0
381-38=0=1=1
Substitute 1 = 1 into P.
Foot of the perpendicular P = (5(1) — 3,2(1) + 1,3(1) — 4) = (2,3,-1)
(3) Length of the Perpendicular
Use the distance formula between Q(0,2,3) and P(2,3,—1) :
Length=/(2—-0)2+ (3—-2)2+ (-1 —3)2 =V4 + 1 + 16 = V21 units

OR

(B) (1) Identify Line Vector Components
The lines are:
F=0+2+b+AG-j+hk)=>d =1+2]+kb,
e =@i-f-k)+uQi+j+2k)=>d,=pi—j—k
(2) Compute Cross Product and Difference Vector
d, —d; = (p—1)i —3j— 2k

=t=J
,bz = 2’1\

~

O U A . .
byxby=|1 21 1|=1(-2-1)—j2-2)+k(1+2)=-3i+3k
2 1 2

Magnitude |by X b,| = \/(=3)2 + 0% + 32 = V18 = 32
(3) Set Up Shortest Distance Formula

i~y (B x B
Shortest Distance (SD) = |(@; —dy) - (by X by)|

|by x by
(dz —d1) - (by X by) = (p — 1)(—3) + (=3)(0) + (-2)(3) = —3p+3—6=—3p —3
Given SD =%:
|-3p—3] 3
V2 V2

|-3p-3|=9=|p+1|=3
(4) Solve for p
p+1=3=p=2
‘p+1=-3=>p=-4
Values of p: 2 or -4
188. (i) A relation from Set A to B is any subset of the Cartesian product A X B.

Number of elements in Set A, n(A) = 4
Number of elements in Set B, n(B) = 3
Number of elements in AX B =4 X3 =12

The total number of possible relations is given by 2™(A)xn(E)
Total relations = 212 = 4096

(ii) LetR = {(Gll Bl)! (GZl BZ)ﬁ (G3l BZ)ﬁ (G44 B3)ﬁ (Gl' BZ)}
To be considered a function, each element in the domain (Set A ) must map to exactly one element in the
codomain (Set B ).

* Not a function: Notice that G is related to both B; and B,. R is not a function because it has two different
outputs for a single input.

* Not injective: Even if we ignore the first point, G, and G; map to B,. An injective (one-to-one) function requires
unique inputs and outputs.

Conclusion: No R is not an injective function (it is not a function at all).

(iii) (A)

R ={(x,¥),x,y € A x and y are from same colony } to be an equivalence relation, it must satisfy three conditions:
* Reflexive: Every student x lives in the same colony as themselves. So, (x,x) € R for all € A.

» Symmetric: If student x lives in the same colony as student y, then student y necessarily lives in the same colony
as student x. So, if (x,y) € R, then (y,x) € R.

* Transitive: If students x and y are in the same colony, and y and z are in the same colony, then x and z must be
as well. so, if (x,y) € R and (y, z) € R, then (x,2) € R.
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Conclusion: Since it is reflexive, symmetric, and transitive, R is an equivalence relation.

OR

(B) A function is bijective if it is both injective (one-to-one) and surjective (onto).

n(B) = 3 (Domain)
n(A) = 4 (Codomain)

For a function to be surjective, the number of elements in the domain must be greater than or equal to the number
of elements in the codomain (n(B) = n(A)). Here, 3 < 4. This means that at least one element in Set A will
always be missing a corresponding element from Set B. Therefore, the function cannot be onto.

Conclusion: No, no function from B — A can be bijective because the sets have different cardinalities.

Define the events:

A4, A,, Az : Person was given vaccine A1, 4,, A3 respectively.
P(A;) = 0.25,P(A,) = 0.35,P(43) = 0.40

E: Person is protected

P(E|1A;) =0.60,P(E | A,) = 0.55P(E | A;) = 0.50
E' : Person is infected (Not protected).

P(E' | A;) = 0.40,P(E' | A,) = 0.45,P(E’ | A;) = 0.50
(i) This is the conditional probability P(E' | A,).

Since 55% are protected, the remaining are infected:
P(E'| A,) =1—-0.55

= 0.45

(ii) We use the Law of Total Probability:

P(E) = P(A,)P(E | Ay) + P(A;)P(E | A,) + P(A3)P(E | Ag)
= (0.25 x 0.60) + (0.35 x 0.55) + (0.40 x 0.50)

= 0.1540.1925 4+ 0.20

= (0.5425

(iii) (A) Total probability of being infected:

P(E") =1—-P(E)

=1-0.5425

= 0.4575

Now apply Bayes' Theorem:

b(a1 |y = TADPE 14D

P(E")
0.25x0.40
~ 0.4575
0.10

~ 04575
= 0.2186

OR

(B) Apply Bayes' Theorem using the total probability of protection from (ii):

P(A3)P(E | A3)
P(E)

P(A;3 | E) =

040 X 0.50

©0.5425
20

~ 05425
= 0.3687

Let the fixed surface area be S .
Surface area (S): S = mr? + 2mrh (Area of base + curved surface)
Volume (V): V= nr? h

From the surface area equation, we can express height h in terms of r and S :

2nrh =S —nr?
S —nr?

2nr
Now, substitute h into the Volume formula:
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— S —nr?
- 2mr

_r(§—mr?)
B 2

_ Sr—mr?
2

(i) Now we differentiate V with respect to r(S constant):

dv _d (Sr m‘3>

dr  dr\2 2

dv S 3mr?

dr 2 2

(ii) To find the maximum volume, we set the first derivative to zero:
dv

=0

dr

S 3mr?

2 2

S =3nr?

Now, substitute the value of S back into the original surface area equation to find the relation between h and .
3nr? = nr? + 2nrh
3nr? —nr? = 2nrh
2nr? = 2nrh
h=r
For maximum volume, the height of the tumbler must be equal to the radius of its base.
191. (a) Let f: R — R be defined as f(x) = x3, then fis:
* One-one (Injective):
Let f(x;) = f(x,) = x3 = x3 = x; = x,. Since every real number has a unique cube, the function is one-one.
* Onto (Surjective):
For every y € R (codomain), there exists a pre-image x = i/; € R such that f(x) = (i/;)3 =y. Thus, the range
equals the codomain, making it onto.
192.  (c)* A matrix of order 2 X 3 contains 2 X 3 = 6 element positions.
* Each position can be filled in 2 ways (either with 1 or 2 ).
» Total number of possible matrices = 2% = 64.
193.  (b) Find the transpose A’ :
r _ [ cos2a sinZa]

—sin2a cosZ2a
e Add Aand A’ :

+ _ [2cos2a 0 1 0
AtA _[ 0 2c052a]_[0 1
* Equate corresponding elements:

2cos2a =1 = cos2a = >
5 i i
= — = = —
*T3TY7%
194.  (d) * Using the determinant formula for the area of a triangle:

1
+15 = > [x1(V2 = y3) + X2(y3 = y1) + X3(y1 — y2)]
+30=[33—-3)+6(3—(-7)) + k(-7 —-13)]
+30 =[0 + 60 — 10K]
*Case 1:30=60—-10k=10k=30=k =3
*Case2: —-30=60—-10k= 10k =90 =k =9
195.  (d) * Differentiate with respect to X :

— =3x%.e7 3 +x3.(=3e7%)

— =3x%e™3¥(1 —x)
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. . . d
* For an increasing function, d—z =>0:

Since 3x% = 0 and e™3X > 0 for all x, the sign depends completely on (1 — x).

1-x20=x<1=Xx€(~»,1]

» Among the given options, (0,1) is a proper subset of (—oo, 1] where the function strictly increases.

196. (b) * For continuity at x = 0, lin(l)f(x) =f(0):
X—

7 I (sin7x) —

5 x50 7x )

* Since lim sind _ 1:
00 6

! 1 k k 7
= =k=>k==
= (1) :
_ —1 (1—cosx
197. (¢)y =tan (_Sinx )
Use:
1 — cosx X
——— =tan—
sinx 2
So,
X X
_ -1 Xy _X
y = tan (tan 2) =3
dy 1
dx 2 ;
CO0SZ2X
198. (@) prme I
Use
€0s2x = cos?x — sin’x
cos2x 1 1 ,
sin?xcos?x _ sinZBl cosi» CoC %
Therefore

f (csc?x — sec?x)dx = —cotx — tanx + C

199. (b) [ —=

X2+6x+10
x2+6x+10=(x+3)2+1
f dx _ 1 B
—(x+3)2+1 =tan" " (x+3) +
dy -
200. (¢) "o ey %
e Vdy = e *dx
Integrating,
—eV=—-e*+C
eY—eX=C
201.  (c¢) (1 +y?)dx = (tan"ly — x)dy
Write as
(1 +y?)dx + (x—tan"ty)dy = 0

Here
M=1+y?N=x—tan"ly
oM _ ON _
oy Yox
oN_om
ox dy 1-2y

M 1+y2
Function of y only, so

1-2y

IF = 7Y

— etan_ly—ln(1+y2)
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etan_ly

T 1+y?

Ignoring the removable factor !

1+y?2

present in all terms, the matching option is

-1
etan

202.  (d) 3, b are unit vectors.
|3+ 2b] =1
Squaring,
1= |32 +4|bj*+43-b
1=1+4+ 4cosb
4cosf = —4
cosf = —1
=7

203.  (b) Area of parallelogram
Diagonals:
d, =i+j-2k=(11,-2)
d, =1-3j+4k=(1,-34)
Area of parallelogram:

1- <
A:§|d1><d2|

y

A
~

T 3 k

1 1 =2

.1 -3 14

|d; x d,| = V4 +36+ 16 = V56 = 2V14
1

A:E(Z\/ﬁ):\/ﬁ

204. (a) Maximum Z - Minimum Z

— —

dl X dz = — (_2, _6, _4)

Z = 4x+ 6y

At corner points:
Point | Z
0,2) | 12
(6,0) | 24
(68) | 72
(0,5 | 30

Zmax = 72, Zpnin = 12
Zmax — Zmin = 72 =12 = 60
205. (c) Same minimum value at two corner points
If an objective function has the same optimum value at two corner points, then every point on the line segment
joining them gives the same value.
Hence infinitely many solutions.
206. (d)IfP(A|B)=P(B|A)
P(ANB) P(ANnB)
P(B) P
Assuming P(A N B) # 0.
P(A) = P(B)
207.  (b) Odd prime number on each die
Odd prime numbers on a die:
3,5
Probability on one die:
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For two dice:

1\ 1
(3) 9
. (d)* A: "Eldest child is a boy"

* B: "Family has at least one boy"

For 3 children, the equally likely outcomes are:

BBB, BBG, BGB, BGG, GBB, GBG, GGB, GGG

Since the family has at least one boy, exclude GGG.

So the sample space becomes:

{BBB, BBG, BGB, BGG, GBB, GBG, GGB}

Total outcomes = 7.

Outcomes where the eldest child is a boy:

BBB, BBG, BGB, BGG

Number of favorable outcomes = 4.

Therefore,

P(A | B) :;
(a) Analysis of Assertion (A):

* Given function: f(x) = e™* forx € R

* Differentiating with respect to x :

f'(x) = —e7*

« Since the exponential function e™ is always positive for any real value of x, —e ™ will always be negative (

f'(x) <0).

* Since the derivative is negative, f(x) = e™* is a decreasing function.

* Thus, Assertion (A) is True.

Analysis of Reason (R):

* By the derivative test for monotonicity, if f'(x) < 0 on an interval, then the function f(x) is decreasing on that

interval.

* Thus, Reason (R) is True.

Conclusion:

Since we used the condition f'(x) < 0 from Reason (R) to prove that Assertion (A) is a decreasing function,

Reason (R) is the correct explanation for Assertion (A).

So, Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of the Assertion (A).
(a) Analysis of Assertion (A):

* By definition, conditional probability is given by:

P(A|B) = P(ANB)

(AIB) = P(B)

* For independent events, the occurrence of event B does not affect the probability of event A, meaning P(A |
B) = P(A).

¢ Thus, Assertion (A) is True.

Analysis of Reason (R):

* The fundamental multiplication rule for two independent events states that:

P(ANnB) =P(A) - P(B)

¢ Thus, Reason (R) is True.

Conclusion:

To verify the assertion, we substitute the reason's formula into the conditional probability formula:
P(A) - P(B)

P(A|B) =——————=P(A4)

P(B)
This shows that Reason (R) is the direct mathematical explanation for why Assertion (A) holds true.
So, Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of the Assertion (A).

(A) ForA = B ﬂ, find a, b such that
AZ+aA+bl=0
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First find A? :
2_[3 1113 11_711 4
A _[2 1] 2 1]_[8 3]
Using Cayley-Hamilton theorem,
3—-A 1
A=Al = | 2 1—A|
=@-MDA-1)-2=22%—-41+1
Hence,
A2—4A+1=0
Comparing with A% + aA + bl = 0,
a=-4b=1
OR

(B) Equation of line through (—1,—1) and (1,3)

Using determinant form,
X y 1
-1 -1 1
1 3 1
Expanding.
4x—-2y+2=0
2x—-y+1=0
(A) Given,

=0

av 20 em?
T cm®/s
Volume of sphere:
4
V=
3™
Differentiate:

3

dt 16w
Surface area:
S = 4mr?
ds dr

a = 81’[1‘&

Atr =4,
ds 8 5
a = T[(4) (ﬁ) =10
dS 10 em?
i cm*/s

OR
B) f(x) =x3+2x%2—1
f'(x) = 3x% + 4x = x(3x + 4)
For increasing function,
f'(x) >0
x(3x+4)>0
Critical points:

x=0,x= 3

Sign analysis gives
(~em=3) 9. (=5.0) 2 .o ()

Therefore,

= oo
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213 1=[ 50

Observe that
d( e* )_ X[ 1 2 ]_(x—4)eX
ax\x—22) " " lx-22 ®x=2731" x-2)?°
Hence,
(x—4)e* e*
X = +
(x—2)° (x—2)?
214. Given
A(3,—-1,2),B(1,—1,-3),C(4,—3,1)
AB=B—-A=(-20,-5)
BC=C—-B=(3,-24)
A vector perpendicular to both is

C

ABxXxBC=|—2 0 =5

3 =2 4
= (—10)1— 7]+ 4k
Magnitude:

V100 + 49 + 16 = V165
Therefore unit vectors are
N —101 — 7§ + 4k
V165
215. Line:
r=(11,-2,-8) + A(10,—4,—11)
Point:
P=(2,-15)
Take point on line
A=(11,-2,-8),d = (10,—4,-11)
Image of P in the line:
First find foot F of perpendicular.
3 = (P—-A)-d
~ d-d
P—A=(-9113)
(P—A)-d=-90—-4—143 = —237
d-d=100+ 16 + 121 = 237
A=-1
F=A-d=(123)
Reflection point
P'=2F—-P
=(24,6)—(2,—15)
= (0,5,1)
V3

. 2T v3
216. (A) sin—- =~

Since principal value of sin™!x lies in [—1/2,7/2].
. _1<. 211)_ (V3w
sin™" | sin—-) = sin > =3

Also.

5T 1
tan— = ——

6 3

Since principal value of tan™! x lies in (—m/2,1/2).

tan™? (tan S—H) = tan™! (— i) ==
6 NE 6

Further,
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1311_ (2 +T[)_ T[_\/§
cos A = cos|( 21 c —cos6— >

Since principal value of cos™1x lies in [0, 1t].

_1< 1311)_ 1 V3 o
cos™ | cos G = cos 5 =3

OR
(B) Let
f(a) = f(b)
Then
a?+a+1=b%2+b+1
a’?—b%?4+a—-b=0
(@a=b)(a+b+1)=0
Sincea+b+4+1>0,
a—b=0
a=b
Therefore f is one-one (injective).
Not Onto
Forn € N.
fn)=n?+n+1
Values are
3,7,13,21, ...
Clearly 2,4,5,6, ... are not images of any natural number.
Hence every element of N is not attained.
Therefore f is not onto (surjective).
f is one-one but not onto

X
W1=] Fesd
Solution
7 —6x—x%=16 — (x + 3)?
Put
t=x+3
Then
x=t—3,dx=dt
[ = 73 4
V16 — t2
_J‘ t gt 3.[ dt
V16 — t2 V16 —t2
Now
t
———dt=—+/16 — t2
J V16 —t2
and

J‘ dt ) _1<t)
———=sin" (-
V16 — t2 4
Therefore
t
[=— 16—t2—35in‘1<1)+c
Substituting t = x + 3.
x+3
[=— 7—6x—x2—3sin—1( 2 )+c
OR
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2

B) 1= f (1-x)(1+x2) dx
Partial Fractions
Let
2 A Bx+ C

(1-x)(1+x2) 1—x+ 1+x2
Multiplying by (1 — x)(1 + x2).
2=A1+x%)+ Bx+C)(1—x)
Comparing coefficients,
A=1B=1C=1

Thus

2 _ 1 +x+1
1-x)(1+x2) 1-x 1+x2
Hence

l—f 1c1+f Xd+f L
- 1—x X 1+ x2 X 1+ x2 X

1
= —In|1 —x| + Eln(l +x2)+tan"'x+C

1
I[=—-In|1-x|+ Eln(l +x2)+tan"x+C

& _ y
(A)xdX =y —xtan?

tanv X

f cotvdv = —
X

In|sinv| = —In|x| + C
In|xsinv| = C
xsinv = Cq

Since v = g,

AN

Xsin (;) =C
OR

(B) L = eX*V + &Y
=eX(ev +e™Y)
Separate variables:

dy
ey +eV
Multiply numerator and denominator by e :

e¥dy

ey +1
Let

dx

= eXdx

= e2dx
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t=¢¥
Then

dt = e¥dy
So

dt
fthuzzfewx

tan"'t=eX+C

Substituting t = €Y.

tan"1(e¥) = eX +C

or

eY = tan(e? + C)

which is the required solution.
219. Let

Toox
Y
o 1+ sinx
Using the property
a a
f f(x)dx =f f(a — x)dx
0 0
we get
I—jn T g
B o 1+sin(m—x) X
Since sin(m — X) = sinXx,
T m—x
= [
o 1+ sinx
Adding the two expressions,
T
T
2l = f —dx
o 1+ sinx

I_nj‘“ dx
~ 2)y 1+ sinx

Now,
1 1 — sinx _1—sinx

1+sinx 1 — sin?x C0s2x

= sec?x — sec xtanx

Hence

f _— =f (sec?x — secxtanx)dx
o l+sinx J,

= [tanx — secx{

O-(C1)-(0-1)

=2

Therefore

1=2x2
2

[=m
220. Let
r=3d4+b+¢
Since 3, b, ¢ are mutually perpendicular and have equal magnitudes,
3l = Ib] = [¢] = m

Now,
r-3a=@+b+0) -3
=3-3+b-3+¢-3
Similarly,
t-b=m2% ¢=m?
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Let a, B,y be the angles made by  with 3, b, & respectively.
Then

-
SN
8

E

cosa = = ==

=T
=

Similarly,
8 m m
cosf} = —=-,cosy = —-
|7’ Il

—

Hence
cosa = cosf3 = cosy
Therefore
a=B=y B}
Thus @ + b + ¢ is equally inclined to g, b, C.
LPP
Corner points:
(0,10), (5,5), (15,15),(0,20)
Objective function:
Z=px+qy,p,q>0
For maximum Z to occur at both (15,15) and (0,20).
their objective values must be equal.
At (15, 15).
Z; = 15p + 15¢q
At (0, 20).
Z, = 20q
Equating.
15p + 15q = 20q
15p = 5q
q=3p
or
p:q=1:3
Checking:
7(0,10) = 10qg = 30p
Z(5,5) =5p+5q=20p
Z(15,15) = 60p
7(0,20) = 60p
Thus the maximum value occurs at both (15,15) and (0,20).
p:q=1:3
(A) Given

1 -1 1
A=12 1 —3]
1 1 1
Step 1: Find |A|

1 -1 1

2 1 =3

1 ! 31 12 3 2 1
=ty Ty Tl
=1+3)+@2+3)+(2-1)
=10
Step 2: Adjoint

[ 4

|A] =

2 2]
adj(A)=|-5 0 5
1 -2 3l

Hence
[ 4 2 2]
A"l = % -5 0 5
|1 -2 3l
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r2 1 17
5 5 5
1|1 1
A 2 0 2
1 1 3
110 5 10
Solve the system
x—y+tz=4
2x+y—32=0
Xx+y+z=2
Matrix form:
4
AX =B,B = [0]
2
X=A"1B
4 2 2] [4]
=—|-5 0 5]]0
10 1 -2 3112
]
=—|-10|=|-1
10 10 1
Therefore
x=2,y=—-1z=1
OR
(B) Given
3 2 6 7
A_[7 5]'B_[8 9
To prove:
(AB)"1 =B71A71
We know

(AB)(B™1A™1) = A(BB™H)A™ 1 = AIA™ =1
Similarly,
(B"1A™1)(AB) =B 1(A'A)B=BlIB =1

Since B™1A™1 is both left and right inverse of AB.

(AB)"! =B71A71
Hence proved.

(A) A closed cylindrical can has volume
V = mr2h = 200
_ 200
©omr?

Surface area
S = 2mrh + 2mr?
Substitute h :

400 ,
S(I') = T + 21r

Differentiate:

ds 400

E = — I'_2 + 4mtr

For minimum area:
400

—— +t4mr=0

r
4mr3 = 400

100
r3=—

TC
(100)
r=|\—
TC

Now

1/3
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Thus the cylinder of minimum surface area satisfies
h =2r
OR
(B) For a cone of height h inscribed in a sphere of radius r,
Volume:

1
V= §T[R2h
Using sphere geometry,
R? =r?2 — (r—h)? = 2rh — h?
Therefore
1 1
V= gnh(Zrh —h?) = §1T(2rh2 —h?)

Differentiate:

v _1 (4rh — 3h?)
dnh 3™

For maximum volume:
4rh—3h?=0
h(4r—3h) =0

224, y=3x+2,y=0x=—-1,x=1
Area

1
A= f (3x + 2)dx
-1

225. Lines:

=
@
&

3=(123),b = (45,6)

Direction vectors

d, = (1,-3,2),d, = (2,3,1)

Shortest distance between skew lines:
_ |(b—3) - (dy x dy)|

|d; x dy
First,
b—-3=(3323)
- o I
d; xd; =11 -3 2‘
2 3 1
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= (—9)1 + 3§+ 9k

=(-3,13)x3

Magnitude:

|dy x d,| = V8T +9+81 =171 = 3V19
Numerator:

[(3,33) - (=939)|=|—-27+9+27|=9
Thus

9
D=——
319

3
V19
3v19

19
226. (i) The relation is defined as R = {(x,y) : y is divisible by x}.

By testing each element x € B to see which y € B it divides:

*x = 1:divides 1,2,3,4,5,6 = (1,1),(1,2),(1,3),(1,4), (1,5),(1,6)

e x = 2 : divides 2,4,6 = (2,2),(2,4),(2,6)

*x = 3 : divides 3,6 = (3,3),(3,6)

*x =4 : divides 4 - (4,4)

*x = 5:divides 5 = (5,5)

*x = 6: divides 6 = (6,6)

R ={(11),(12),(13),(14),(1,5),(1,6), (2,2), (2,4), (2,6)

,(3,3), (3,6), (4.4), (5,5), (6,6)}

(ii) Definition: A relation R on set B is reflexive if (x,x) € R for all x € B.

* Check: Every number divides itself, so (1,1), (2,2), (3,3), (4,4), (5,5), (6,6) are all present in R.

Yes, R is reflexive.

(iii) (A) Check whether R in B is symmetric or transitive

* Symmetric:

* A relation is symmetric if (X,y) € R = (y,x) € R.

* Here, (1,2) € R (since 2 is divisible by 1), but (2,1) € R (since 1 is not divisible by 2).

* Therefore, R is not symmetric.

* Transitive:

* A relation is transitive if (x,y) € Rand (y,z) € R = (x,z) € R.

« If y is divisible by x(y = k;x) and z is divisible by y(z = Kk,y), then z = k, (k;x) = (k;k,)x. Since k;k, is an

integer, z is divisible by x.

¢ Therefore, R is transitive.

OR

(B) Let R{: B = B be defined as R; = {(x,y):x = 2y,X,y € B}

First, let's list the elements of R; :

clfy=1=x=2(1)=2-(2,1)

clfy=2=x=22)=4- (42)

cIfy=3=x=2(3)=6-(63)

R, = {(2.1), (4,2), (6,3)}

* Reflexive: (1,1) € Ry since 1 # 2(1). Thus, it is not reflexive.

* Symmetric: (2,1) € Ry but (1,2) € R;. Thus, it is not symmetric.

* Transitive: We have (4,2) € R; and (2,1) € Ry, but (4,1) € R, since 4 # 2(1). Thus, it is not transitive.
227. (i) Given parametric equations:

e x = at?

Yy = at®

Step 1: Differentiate x and y with respect to t
dx _ 2

® E = 3at

e 5att

dt
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 Find ¥
Step 2: Find ™

d
dy_d_}t]_Sat‘*_S

=8 — _ —_¢2
dx dx 3at? 3
dt
(ii) Given parametric equations:
eX=t4-
i
. y =t—- ;
Step 1: Differentiate x and y with respect to t
dt 2 2
. ﬂ _ i _ 41
dt 1+ tzd_ t2
i 4y
Step 2: Find ™
dy t*+1

dy . a . tZ . tz + 1
dx  dx t2-1 t2—1
dt t2
(iii) (A)
Given parametric equations:
* X = 2sint + sin2t
*y = 2cost + cosZt
Step 1: Differentiate x and y with respect to t

d
. d—t = 2cost + 2cos2t
dy
dt

= —2sint — 2sin2t

Step 2: Find the derivative expression %
dy —2(sint+sin2t)  sint+ sin2t
dx  2(cost+ cos2t)  cost + cos2t

Step 3: Evaluate at t = g
sn(3) =

* sin (2 : g) =
()2

T T 1
-cos(2 -—) = cos(—) ==
6 3 2
Substitute these values into the expression:

1 3
dy_ 2t _
dx V3 o1

VR

OR

(B) Given parametric equations:
*Xx=a (cost + logtan %)

*y = asint
Step 1: Differentiate y with respect to t
Ay
4 = acost
Step 2: Differentiate x with respect to t
dx it + 1 ,t 1
— =a| —sin -sect ==
dt tan% 2 2

Simplify the trigonometric inner part:
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_ 1 1
"~ 2sin(t/2)cos(t/2)  sint

1
sin(t/2) cos2(t/2) 2
cos(t/2)

Substitute it back into % :

dx _ 1 1 —sin?t cos?t
—:a(—smt+_—)=a - = a—
dt sint sint sint

 Find Y
Step 3: Find o

dy :
dy gt  acost _ sint

— =i =—— =" =tant
dx dx a cos?t  cost
dt sint
228.  Initial Data

* Bag I: 5 Red (R) + 6 Black (B) = 11 total balls
* Bag II: 3 Red (R) + 4 Black (B) = 7 total balls
(i) Probability of getting both red balls

One ball is drawn from each bag independently.

* P(Red from Bag 1) = %

* P(Red from BagIl) = ;

. 5 3 15
Probability = 11 X = = =

(ii) Probability of getting one red and one black ball
There are two possible cases:
(1) Case 1: Red from Bag I and Black from Bag II

P(C ! 5 4 20
= — X =— = —
(Casel)=17%5=77
(2) Case 2: Black from Bag I and Red from Bag II
P(C 2)= 6 X3—18
(Case2) =7%7=77
Total Probabilit 0 S _&
ota roa11y—77 =7 Sl

(iii) (A) Probability of getting a red ball after transfer
Two mutually exclusive cases depending on what is transferred:
* Case 1: Red ball is transferred from Bag I to Bag 11

* Probability of transferring Red: %
* New composition of Bag II: 4 Red +4 Black = 8 total balls

* Probability of drawing Red from Bag II: g
4 20

* P( Case 1)=%x§=§

* Case 2: Black ball is transferred from Bag I to Bag II
* Probability of transferring Black: %
* New composition of Bag II: 3 Red +5 Black = 8 total balls

* Probability of drawing Red from Bag II: %
'P(Case2)=£><§=E
1178 88
Total Probabilit —20+18—38—19
O TN T 88 88 88 44
OR

(B) Probability of getting a black ball after transfer
Two mutually exclusive cases depending on what is transferred:
* Case 1: Red ball is transferred from Bag I to Bag 11

* Probability of transferring Red: %
* New composition of Bag II: 4 Red +4 Black = 8 total balls
* Probability of drawing Black from Bag II: g
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«P(Case ) =>x2=2
1178 88
* Case 2: Black ball is transferred from Bag 1 to Bag II
* Probability of transferring Black: %
» New composition of Bag II: 3 Red +5 Black = 8 total balls

* Probability of drawing Black from Bag II: g

-P(CaseZ)zixizg

11 8 88
ol Propabilicy — 20, 30 _ 50 _ 25
Ol TTObabTIY =58 " 88 T 88 44




