Time Allowed: 3 hours

Class XII Session 2024-25
Subject - Mathematics
Sample Question Paper - 1

Maximum Marks: 80

General Instructions:

1. This Question paper contains - five sections A, B, C, D and E. Each section is compulsory. However, there are
internal choices in some questions.

2. Section A has 18 MCQ’s and 02 Assertion-Reason based questions of 1 mark each.

3. Section B has 5 Very Short Answer (VSA)-type questions of 2 marks each.

4. Section C has 6 Short Answer (SA)-type questions of 3 marks each.

5. Section D has 4 Long Answer (LA)-type questions of 5 marks each.

6. Section E has 3 source based/case based/passage based/integrated units of assessment (4 marks each) with sub

parts.
Section A
If A, B are square matrices of order 3, A is non-singular and AB = 0, then B is a [1]
a) non-singular matrix b) null matrix
¢) singular matrix d) unit matrix
If A is a 2-rowed square matrix and IAI = 6 then A-adj A =? [1]
a) [ + 0 ] b) [3 0]
1 3 0
0 %
c) [3 O} d) {6 0]
0 3 0 6
1 -1 1 [1]
3. IfA=|2 —1 0] thenwhatis the value of A"
1 0 0
a) A2 b) A3
o)A d)1
4, If f(z) = x?sin % where  # 0 then the value of the function f at x = 0, so that the function is continuous at x = [1]
0, is
a) -1 b) 1
o0 d) 2
5.  The shortest distance between the lines z—;?’ = g = 213 and % = 3/;—7 = is [1]

a) 5v/30
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c) 24/30 d) 34/30

-1
What is the degree of the differential equation y = x;lgc—y + <%) ?

a) -1 b) 1

¢) Does not exist d) 2

Minimize Z = 5x + 10 y subject to x + 2y < 120, x +y >60,x -2y >0,x,y >0

a) Minimum Z = 310 at (60, 0)
¢) Minimum Z = 330 at (60, 0)
Consider the vectors @ = i — 23’ +kandb=47 — 43' + k.

What is the vector perpendicular to both the vectors?

a) —107 + 3j + 4k b) 107 — 37 + 4k
) —107 — 3 + 4k d) 107 — 3 — 4k

[ sec?(7 - 4x) dx = ?

a)-4tan (7 -4x)+C b) _Tlta,n(7— 4z) + C

) 4tan (7 —4x) + C d) ttan(7 — 4z) + C
LetA = 11 , then

a) A2=1] b) A2=4

C)A2=A d)A2=0

A Linear Programming Problem is as follows:
Minimize Z = 2x +y
Subject to the constraints x > 3,x < 9,y > 0
x-y>0,x+y< 14

The feasible region has

a) 5 corner points including (0, 0) and (9, 5) b) 5 corner points including (7, 7) and (3, 3)

¢) 5 corner points including (3, 6) and (9, 5) d) 5 corner points including (14, 0) and (9, 0)

What is the projection of & = (27 — j + lAc) onb = (i —2j+ lAc)'?

a) % b) %
0) % d) %
If, A is square matrix of order 3 such that |A| = 3, then |adj A| is equal to
a)3 b) 9
c) 27 d) 10

You are given that A and B are two events such that P(B) = % P(A|B)=

W3 b)
o d) =

2
Which of the following is the general solution of % — 2Z—Z +y=07

b) Minimum Z = 320 at (60, 0)

d) Minimum Z = 300 at (60, 0)

and P(AUB)= %, then P(A) equals
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[1]
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a)y=Acosx+Bsinx b)yZ(AX+B)e‘X

Q) y = AeX + BeX d) y = (Ax + B)e*

If the position vectors of P and Q are i+ 33 — 7k and 57 — 23' + 4k respectively , then the cosine of the angle

—
between P(Q) and y-axis is

4 11
a) Wi b) Nio
_5_ _ 5
) ez ) -7
L — ,x#0
If f(z) = ¢ lte then f(x) is
0 ,e=10
a) none of these b) differentiable but not continuous at x = 0
¢) continuous but not differentiable at x = 0 d) continuous as well as differentiable at x = 0
Direction cosines of a line perpendicular to both x-axis and z-axis are:
a)0,1,0 b) 0,0, 1
0111 d)1,0,1

Assertion (A): f(x) = 2x3 - 9x? + 12x - 3 is increasing outside the interval (1, 2).

Reason (R): f'(x) <0 for x € (1, 2).

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the
explanation of A. correct explanation of A.
¢) A is true but R is false. d) A is false but R is true.
Assertion (A): The function f : R* — R* defined by f(z) = % is one-one and onto, where R* is the set of all

non-zero real numbers.

Reason (R): The function g : N — R* defined by f(z) = < is one-one and onto.

a) Both A and R are true and R is the correct b) Both A and R are true but R is not the
explanation of A. correct explanation of A.
¢) A is true but R is false. d) A is false but R is true.
Section B

Write the interval for the principal value of function and draw its graph: cot™ x.

OR

Find the value of tan—1 (tan %”) .

A man 1.6m tall walks at the rate of 0.3 m/s away from a street light is 4 m above the ground. At what rate is the
tip of his shadow moving? At what rate is his shadow lengthening?
Find the intervals in which the function f given by f(x) = x% — 4x + 6 is

a. increasing

b. decreasing

OR
42’41
xr

Find the intervals in which f(z) =
Evaluate [* (jz + 1| + |z| + |z — 1|)dz

is increasing or decreasing.

Show that the function f(x) = x3 - 3x2 + 6x - 100 is increasing on R.
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Section C

. €T
Evaluate: [ W dx [3]
Urn A contains 1 white, 2 black and 3 red balls; urn B contains 2 white, 1 black and 1 red ball; and urn C 3]

contains 4 white, 5 black and 3 red balls. One urn is chosen at random and two balls are drawn. These happen to

be one white and one red. What is the probability that they come from urn A?

2 1—sin 2z

Evaluate [e*® (m> dz. [3]

OR
. z2+1
Evaluate: [ Fro@e) dx
d

Find the general solution of the differential equation (1 + z°) % —z=2tan 'z [3]
OR

In the differential equation show that it is homogeneous and solve it: 2> jx—y =x2+xy + y

In Fig, the feasible region (shaded) for a LPP is shown. Determine the maximum and minimum value of Z =x + [3]

2y.

P o

OR
Solve the Linear Programming Problem graphically:
Maximize Z = 3x + 4y Subject to
2x +2y < 80
2x + 4y < 120
Ifx= a(cost + logtan %) , ¥ = asin t, then evaluate % att = % [3]
Section D

Prove that the curves y2 = 4x and x2 = 4y divide the area of the square bounded by sides x =0, x =4, y =4 and y [5]

= 0 into three equal parts.

Show that the function f: R — {# € R: —1 < & < 1} defined by f(z) = lfm , X € Ris one-one and onto  [5]
function.
OR

LetA={1,2,3}and R = {(a,b ):a,b € A and |a2 — b2| < 5. Write R as set of ordered pairs. Mention whether R is

i. reflexive
ii. symmetric
iii. transitive

Give reason in each case.

2 2 -4 1 -1 0 [5]
GivenA=|—-4 2 —-4|,B= |2 3 4/, findBA and use this to solve the system of equations y
2 -1 5 0o 1 2

+22=7,x-y=3,2x+3y +4z=17.
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37.

38.

Find the image of the point (0, 2, 3) in the line % = % = %4 [5]
OR
Show that the lines % = &21 = Z;—l and 9”2;2 = % = % intersect and find their point of intersection.
Section E
Read the following text carefully and answer the questions that follow: [4]

Shama is studying in class XII. She wants do graduate in chemical engineering. Her main subjects are
mathematics, physics, and chemistry. In the examination, her probabilities of getting grade A in these subjects

are 0.2, 0.3, and 0.5 respectively.

! .y

1. Find the probability that she gets grade A in all subjects. (1)
2. Find the probability that she gets grade A in no subjects. (1)
3. Find the probability that she gets grade A in two subjects. (2)
OR
Find the probability that she gets grade A in at least one subject. (2)
Read the following text carefully and answer the questions that follow: [4]
Team P, Q, R went for playing a tug of war game. Teams P, Q, R have attached a rope to a metal ring and is
trying to pull the ring into their own areas (team areas when in the given figure below). Team P pulls with force
Fy=4i +0j KN
Team Q pull with force F) = - 2i + 4j KN

Team R pulls with force F3 = - 3i — 33' KN

i. What is the magnitude of the teams combined force? (1)
ii. Find the magnitude of Team B. (1)
iii. Which team will win the game? (2)
OR
In what direction is the ring getting pulled? (2)
Read the following text carefully and answer the questions that follow: [4]
Mrs. Maya is the owner of a high-rise residential society having 50 apartments. When he set rent at

¥10000/month, all apartments are rented. If he increases rent by ¥250/ month, one fewer apartment is rented.



The maintenance cost for each occupied unit is ¥500/month.

i. If P is the rent price per apartment and N is the number of rented apartments, then find the profit. (1)
ii. If x represents the number of apartments which are not rented, then express profit as a function of x. (1)
iii. Find the number of apartments which are not rented so that profit is maximum. (2)
OR

Verify that profit is maximum at critical value of x by second derivative test. (2)



Solution

Section A
(b) null matrix
Explanation: Since AB =0
Given A is non-singular. Therefore
Al exist
Now, AB=0
= A x(AB)=0
= (AxXAB=0
=1B=0
=B=0
Thus, B must be null matrix.
6 0
(d) [0 6]
Explanation: A.(adj A) = |A|
:6(1 0)
0 1
(6 0
_(0 6)
(a) A2
1 -1 1
Explanation: A=|2 -1 0[,|A|]=0+1=1
1 0 0
1 -1 1}|l1 -1 1 0 0 1
A?=|2 -1 0||]2 -1 0|=[0 -1 2
1 0 O0jj1 0 O 1 -1 1
0 0 1
adj(A)=(0 -1 2
1 -1 1
0 0 1 0 0 1
AAT=SE o0 1 2] ={0 -1 2| =4
1 -1 1 1 -1 1
@0

Explanation: We have, f(z) = z? sin(i) , where x # 0
Since the function is continuous at x = 0, we have
£(0) = lim z?sin () .G
(0) = lim o?sin(3) ..()
Now, —1 < sin% <1
= —z2< xQSin% < z?
= lim(—z?) < lim(z*sint) < lim(z?)
z—0 z—0 z z—0
=0< lim(xzsin%) <0
z—0
Therefore by squeeze principle, we have
f(0) = lim (z?sin<) =0
z—0 z

Hence, value of the function f at x=0 so that it is continuous at x=0 is 0.



10.

(d) 3/30

Explanation: Use formula for shortest distance between two skew lines.

(d)2
Explanation: Given differential equation is
d dy\ ! d
yzxd—Z—i— (d—z) :>y=xﬁ+
2
+(2) ()"

.". Degree = Power of highest derivative = 2

1
(dy/dz)

(d) Minimum Z = 300 at (60, 0)

Explanation: Objective functionis Z=5x+ 10y .........cccecvuvennn.

The given constraints are : x + 2y < 120, x +y 260, x-2y>0,x,y >0.

The corner points are obtained by drawing the lines x+2y =120, x+y = 60 and x-2y = 0. The points so obtained are (60,30),

(120,0), (60,0) and (40,20)

Corner points Z =5x + 10y
D(60,30) 600
A(120,0) 600
B(60,0) 300, (Min.)
C(40,20) 400

Here , Z = 300 is minimum at ( 60, 0).

(0) —107 — 35 + 4k

Explanation: The vector perpendicular to both the vectors @ and b =a x b

~ ~

i J k
=1 -2 1
4 -4 7

—i(—14+4) — (7 — 4) + k(-4 + 8)
=107 — 3 + 4k

(b) S tan(7 — 4z) + C

Explanation: Given integral is f sec’(7-4 x) dx=?
Let,7—-4x=12

= -4dx =dz

So,

f sec2(7—4 x) dx=?

= [sec? zi—z
= — 1 [sec’ zdz

['sec?(7 — 4z)dz where c is the integrating constant.

 see? 5z
= [sec? 2=
_ 1 2

= 4fsec 2dz
:—itanz—i—c

—_1 _
= —,tan(7 —4x) + ¢

(©A2=A




A

1 1((1 1 11
Explanation: A?= ‘ ‘ ‘ ‘ = ‘ ‘

0 0[|0 0] |0 O

(b) 5 corner points including (7, 7) and (3, 3)

Y

A
©, 1}\

Explanation: °

9]
(0,-1)

3 x“;

x-y=0

v
Yy x=3 x=9

A 3 I LAY A P e

On plotting the constraints x =3,x=9,x=yand x +y = 14, We get the following graph. From the graph given below it, clear
that feasible region is ABCDEA, including corner points A(9, 0), B(3, 0), C(3, 3), D(7, 7) and E(9, 5).
Thus feasible region has 5 corner points including (7, 7) and (3, 3).

5
© %
Explanation: Given vectorsa =2¢ — j+ kandb=1 — 25 + k
o Tiem 724241 5
Now, projection a onbisa.b NS e

)9
Explanation: " [adj A| = |A]™!
Here,n =3
- ladj Al = A3
=|A=(@3)*=9
1
(@ 3
Explanation: We have,
P(B)=2, P(A|B)and P(AUB) =
Now, We know that
P(AB) x P(B)=P(ANB)
[Property of conditional Probability]
1,3 _
= P(ANB)= 4
Now,
P(AUB)=P(A) + P(B)-P(A n B)
[Additive Law of Probability]
3=PA)+3i-3

5 10
=PA)=2-34+2
=PA)=1+2
= P(4) =22
= P(A)=5=1

(d) y = (Ax + B)e*
Explanation: For y = (Ax + B)e*
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17.

18.

19.

20.

& = (Ax + B)e* + Ae* = (Ax + A + B)eX

2
= T4 = (Ax+ A+ B)e* + Ac¥ = (Ax + 2 + B)e*
“n
.y dy
S 2(E)
= (Ax + 2A + B)e* - 2(Ax + A + B)e* + (Ax + B)e*
=0
5

— ~ N ~ — R ~ ~
Explanation: Given position vectors OP =14 + 3j — 7Tk and OQ = 5i — 2j + 4k

— — — ~ ~ ~ ~
= drs of PQ =0Q — OP =4i — 55+ 11k and drs along with y-axis are (0,1,0) Or j
(4i-5j+11k).7_ _s
V161251121 /162

_>
direction cosines between PQ and y-axis is

(a) none of these

,t#0
Explanation: Given that f(z) = { 1+e7
0,z=
Checking continuity at x = 0,
LHL: lim ——=1
z—0" 1ter
But f(x=0)=0
Hence, function is neither continuous nor differentiable at x = 0
(@0,1,0

Explanation: 0, 1, 0

(b) Both A and R are true but R is not the correct explanation of A.
Explanation: Assertion: We have, f(x) = 2x3-9x% + 12x - 3

= fi(x) = 6x% - 18x + 12

For increasing function, f'(x) > 0

S 6(x%-3x+2)>0

=6(x-2)x-1)>0

=x<landx > 2

.. f(x) is increasing outside the interval (1, 2), therefore it is a true statement.
Reason: Now, f'(x) <0

= 6(x-2)(x-1)<0

= 1<x<2

.". Assertion and Reason are both true but Reason is not the correct explanation of Assertion.

(c) A is true but R is false.

Explanation: Assertion: It is given that f : R* — R* is defined by
1

fl@)=7

For one-one, f(x) = f(y)
11

Ty
= X=y

Therefore, f is one-one.

For onto, it is clear that for y € R*, there exists = i € R* (exists as y # 0 ) such that

1
Yy

Therefore, f is onto. Thus, the given function (f) is one-one and onto.

Reason: Now, consider function g : N — R* defined by g(z) = % .

T
We have, g (z1) = g (z2) = % =L

T2




= X1 =Xy
Therefore, g is one-one.
Further, it is clear that g is not onto as for 1 - 2 € R*, there does not exist any x in N such that g(x) = 1-2
= % =1-2
== 11—2 & N (domain)
Hence, function g is one-one but not onto.
Section B
21. Principal value branch of cot™ x is (0, 7r) and its graph is shown below.

y=cot 'z

OR
We have, tan ! (tan 2—;) = tan ! tan <7r — %)
=tan~! (— tan %) [ tan~!(—z) = —tan 'z]
~tan tan ()= % [rtan (an) =, 2 (,5)]
Note: Remember that, tan ™! (tan 2?”) #* 2?“

Since, tan"}(tan x) = x, if z € (—%, g) and 2—; Z (%, %)

22. Let AB represent the height of the street light from the ground. At any time t seconds, let the man represented as ED of height 1.6
m be at a distance of x m from AB and the length of his shadow EC by y m.
Using similarity of triangles, we have
4 _
1.6y
= 3y =2x
| G )

x v

Differentiating both sides w.r.t. t, we get

dy _ 5de

3ddt_2dt p

y_ 2 A

= = 3 ><0.3:>dt—0.2

At any time t seconds, the tip of his shadow is at a distance of (x + y) m from AB.

The rate at which the tip of his shadow moving = (‘2—: + %) m/s =0.5m/s

The rate at which his shadow is lengthening = % m/s=0.2m/s
23. We have

f(x)=x2-4x+6

orf'(x)=2x—-4

Therefore, f'(x) = 0 gives x = 2.

Now the point x = 2 divides the real line into two disjoint intervals namely, (— oo, 2) and (2, 00).

— 2 +a0
In the interval (— 00, 2), f '(x) = 2x -4 < 0.
And in interval (2, 00), f'(z) =22z —4>0

.. () f is increasing in (2, o0)

and (ii) f is decreasing in (- oo, 2)



24.

25.

26.

OR

Given: f(x) = 2241
xz 2 L
4 —
= f@)=dat+ 1= fe)=4- 5 =27
For f(x) to be increasing, we must have
f'(z)>0
4z2 -1
= >0

= 4z2-1>0

= (2z-1)2z+1)>0
(x—1/2)(x+1/2)>0

z<—1/2o0r,2>1/2

z € (—o00,—1/2)U(1/2,00)

So , f(x)is increasing on (—oo, —1/2) U (1/2, 00)
for f(x) is to be decreasing, we must have

4221
x2

= 4z2-1<0

2z —1)(2z+1)<0

—y<z<y

re(—1/2,1/2)

But domain f R - {0}. So, f(z) (—1/2,0) U (0,1/2)
Let1= [*(|z + 1| + || + |z — 1|)da, then

I= ffl |z + 1|dz + ffl |z|dz + ffl |z — 1|dz

= <0

- ffl(:z: + 1)dz — ffl zdz + f02 zdr — ffl(m —1)dz + ff(m —1)dz

a2 2 2 0 22 2 22 1 2
R U e 3 SR S CRE SRR
1 1 1 3 1

—{@- D -+ -{D- )} +{o- -}
1 1 1y _ 19

S ) -

Given, f(x) = x3 - 3x% + 6x -100

Therefore, on differentiating both sides w.r.t. x, we get,

f'(x)=3x2-6x+6

=3x%-6x+3+3

=3(x%-2x+1)+3

=3(x-1)>+3>0

S fP®>0

This shows that function f(x) is increasing on R.

Section C

Rationalize the given integrand we get

:>f M- X \/}Eﬁ X_bdx
\/x+a7\/x7b_ VXtat/x—b
z(vTta—+/z—b)

= f z+a—z—b dz

dzx

a—b
= ﬁ Jz(vz+a— z—Db)dz
Assumex=\/z

dt
=dx= 2—\/5

Substituting values of t, and dt,

(y/VE+a—y/vi-b) u

= [Vt 2/i(a—b)
= sy J(WVEta—VVE-bdt
= 2(a1—b) f(\/z-i- a)l/th — f(\/{ _ b)1/2dt

- 3 3
- (1 e @)




27.

28.

now replacing x = \/1?
= Z(x—l—a)%—z(.qc—b)
2(a—b) \ 3 3

Let Eq, Ey, E3 be the events that the balls are drawn from urn A, urn B and urn C respectively, and let E be the event that the balls

[

drawn are one white and one red. Therefore,we have,
1
P(E1) =P(Ep) =P(E3) = 3

Since E4, Ey, E3 are mutually exclusive and exhaustive, therefore,we have,

P (Eil) probability that the balls drawn are one white and one red, given that the balls are from urn A

_10x30 3 1

6c, 1575

P (E%) = probability that the balls drawn are one white and one red, given that the balls are from urn B

— ZCIXICI o 2 :l
3

10y )

(E%) = probability that the balls drawn are one white and one red, given that the balls are from urn C

!

_l0da 1 2
2c, 66 11

Therefore,we have,

Probability that the balls drawn are from urn A, it being given that the balls drawn are one white and one red

=P (%)

P\ = |-P(E
= (EE) (E1) |
RO O G

1 1
(5%3)
1 1 1 1 2 1
(525)+(525)+(55%35)
_ (1 495\ _ 33
- (15 x 118) T 118
Hence, the required probability is %

According to the question, I = [ e (L*Sin?z) dz

1—cos 2z
2 1-2sinz cos & ‘1 —cos2x = 2Sin2 T
= fe N dzx ) )
2sin” z and sin 2z = 2sinz cosz
_ 1 2z 2.,
=3 fe (cosec x 2cotm) dz

=1 [e**cosec’zdx — [ cotxdx
20

iy

Using integration by parts for first integral :

= % [62”” fcosec2a:da: — f {% (62”) fcosechdx}dm} — fezw cot zdzx

= % [—62” cotx + f262“” Cota;da:] +C - fe% cotzdz

2z
= —5-cot + J e** cotzdz — [ €** cotzdz + C

I=-£ c
= —5-cotz +

OR
Let x? = y. Then,

z2+1 — y+1
(x2+2)(222+1)  (y+2)(2y+1)

Using partial fractions,

y+1 _ A B .
W2t ure + Syl @)

=y+1=AQy+1)+B(y+2)

Putting y + 2 =0 i.e. y = - 2 in (ii), we get
1=3A=>A=1

Putting 2y + 1=01i.e.y = -% in (ii), we get

1 _ 3 1
E*BG)iB*E

Substituting the values of A and B in (i), we obtain
y+1 1 11

1
)@yt 3 vz ' 3 (21




Replacing y by X2, we get

a?+1 =1._1 L
(z2+2) (222+1) 3 2242 3(2z2+1)
_ 2?41 _1p_1

=/ (22+2) (222+1) *= f 2+2

_1 L ian- 12
=1== X —=tan (\/5)

V2

-1 _x
:>I—3\/2{tan 5

3v/2
+ tan~ ! \/_a:} +

s

\/2:13

+ 2_tan'(v/2z) + C

C

29. The given differential equation can be rewritten as

d_y _ 2tan 1z T

dw (1+m2) (1+z2

2tan !z
(1+2?)

= fdy f 2(t1ai1 2)z

=y=2[tdt+ 5 f

= dy—{

[put tan"! x = t and
=y=t+ %log|1 +

= y= (tan™! x)2 +

(1+12

)

+f

dm—i—C

)
2|+ C

%log‘l +2?+C

+ . _) } dz [separating the variables]

dw + C where C is an arbitrary constant

d:v = dt in 1st integral]

Therefore, y = (tan’1 a:) 2 + %log’l + m2’ + C is the required solution.

The given differential equation is,
29 _ 2, L2
T =XTHXxyty

dy 22 +ay+y?
> =

dz x
et e ()
=5 =)

=-the given differential equation is a

The solution of the given differential

Puty = vx
dy dv
= = —v—l—xdx

OR

homogenous equation.

equation is:

v+md—”:1+ﬂ+(ﬂ)2 =1+v+ ()

T

:>:L‘d— —1+V+(V)2-V 1+(v)2
_dv _ dz
1+(v)2 z
Integrating both the sides we get:
S R

1+(v

:>tan'V:ln|x|+c

Resubstituting the value of y = vx, we get,

= tan™ (£)=In x| +c

30. From the shaded bounded region, it is clear that the coordinates of corner points are ( 3

Also, we have to determine maximum and minimum value of Z = x + 2y.

Corner Points Corresponding value of Z
<%’%) %—0—%:%:3% (Minimum)
(33) fei-2os

(%,%) % —i—%: 34—6:9 (Maximum)

Hence, the maximum and minimum value of are 9 and 3% respectively.

OR




31.

We have to maximize z = 3x + 4y First, we will convert the given inequations into equations, we obtain the following equations:
2x + 2y = 80,2x + 4y = 120

Region represented by 2x + 2y < 80 :

The line 2x + 2y = 80 meets the coordinate axes at A(40,0) and B(0,40) respectively. By joining these points we obtain

the line 2x + 2y = 80 Clearly (0,0) satisfies the inequation 2x + 2y < 80 . So, the region containing the origin represents the
solution set of the inequation 2x + 2y < 80

Region represented by 2x + 4y < 120:

The line 2x + 4y = 120 meets the coordinate axes at

C(60,0) and D(0,30) respectively. By joining these points we obtain the line 2x + 4y < 120

Clearly (0,0) satisfies the inequation 2x + 4y < 120 . So, the region containing the origin represents the solution set of the
inequation 2x + 4y < 120

The feasible region determined by subject to the constraints are, 2x + 2y < 80,2x + 4y < 120 and the non-negative restrictions
xz,y > 0 are as follows:

B

40

D =0, 30)

E = (20, 20)
20

F=(0,0) A= (4050) C

o=

The corner points of the feasible region are O(0,0), A(40,0) E(20,20) and D(0,30)
The values of objective function at the corner points are as follows:

Corner point Z=3x+4y
0(0, 0) 3x0+4x0=0
A(40, 0) 3x40+4+4x0=120
F(20, 20) 3x20+4+4 x20=140
D(0, 30) 10 x 0+ 4 x30=120

We see that the maximum value of the objective function Z is 140 which is at E(20,20) that means at x = 20 and y = 20
Thus, the optimal value of objective function z is 140.

Given, x = a(cost + log tan %) ......... @)

and y = a sin t.......... (ii)

Therefore, on differentiating both sides w.r.t t, we get,

dz _q [i(cost) + %logtan ﬂ

dt dt
o . 1 d t . . . .
=a|—sint + o (tan 5) [by using chain rule of derivative]
L tan; t
. 1 2t dt
=a|—sint + -sec” 55
b (2)]
L 2
=a|—sint+ —— xsec?L x 1
an — 2
. 1 1 1
=a |—sint 4+ 72 ey X 5
cost/2 2
— ; 1
=a|—sint+ ———
L 2sin 5 °C0s o
=a|—sint+ L] ['."sin 20 = 2 sin § cos b
L sint

< 1—sin t )
=a -
sint
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XL 2 . ees
= ‘;—t =a (%) [o1- sin? 6 = cos? 7 — (iii)

Again,on differentiating both sides of (ii) w.r.t t, we get,

dy _ .
T A0St >iv)
dy
dy _ n o acost .
Therefore, RN [ from Eqs(iii) and (iv)]

d_z a coszt
dt sint
= 4Ot o sint =tant
acos?t

Therefore,on differentiating both sides of above equation w.r.t x, we get,
4 () _ L tant)
de \dz )]~ dz
d dat .. d d dt
= Ltant) % [ L 1) = L/(0)- Z]
d2

Y —gec?t x =L [ From Eq.(iii)]
da2c2 acos?t

d°y  sintsectt

dz2 a

T

Therefore, on putting t = 5 ,we get,

3
d2y B sin%xsec4§ B %x(?)4
E t= - a - a
I

a
Section D

The given curves are y2 = 4x and X2 = 4y

Let OABC be the square whose sides are represented by following equations
Equation of OA isy =0

Equation of ABisx =4

Equation of BCisy =4

Equation of COisx =0

4+

T

On solving equations y2 = 4x and x% = 4y, we get A(0, 0) and B(4, 4) as their points of intersection.
The Area bounded by these curves

4

= fO |:y(parab01a y2:4w) - y(parabola w2:4y)] dz
4 22

= fO (2\/5 - T) dz

_ 232_&4
_[2.3;3/ 12}0

4 2173 4
= 5(33/2 E:|O
3/2 64

3/2
(@) -5

64
(22 -5
16

|;wlgw|»m|» N |

3
= 5 sq units

Hence, area bounded by curves y? = 4x and x = 4y is 13—65q units ...... @)

Area bounded by curve X2 = 4y and the lines x = 0, x = 4 and X-axis

4
= fo y( parabola m2=4y) dz
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— 417
=Jo Tz

_ 2]

12,

— &

12

= % Sq units ........ (ii)

The area bounded by curve y2 = 4x, the liesy = 0, y = 4 and Y-axis
4

= fO :E(parabolay2:4m) dy

_ ey
0 T4dy

_ [

12,

— &

12

= 13—65q units ....... (iii)

From Equations. (i), (ii) and (iii), area bounded by the parabolas y2

parts.
f is one-one: For any x, y € R - {+1}, we have f(z) = f(y)
= z Y

1+|z| — |yl+1

= Xy tX=Xy+ty

=>X=y

Therefore, f is one-one function.

If f is one-one, let y =R - {1}, then f(x) =y

z —
w+1_y

_y
=T = -

It is cleat that x € Rforally=R-{1},alsox = # -1

Because x=-1

= —y =-1

=y=-l+y

which is not possible.

Thus for each R - {1} there exists £ = %y € R - {1} such that

Y

Therefore f is onto function.
OR
Given that
LetA={1,2,3}andR={(a,b):a,b € A and |a2 — b2‘ <5
Puta=1,b=1 |12 — 12| <5,(1,1) is an ordered pair.
Puta=1,b=2|1* — 2%| <5,
Puta=1,b=3[1* — 3%| > 5,
Puta=2,b=1[2° — 1%| <5,

(

( is not an ordered pair.

(
Puta=2,b=2 2% — 2| < 5,(

(

(

(

(

is an ordered pair.

Puta=2,b =32’ —32] <5,
Puta=3,b=1[3% - 1%| > 5,
Puta=3,b=2 ’32 - 22’ <5, is an ordered pair.
Puta=3,b=33% — 3%| <5,(3,3) is an ordered pair.
R={(11),(1,2),(2,1),(22),(23),3,2),3,3)}
i.For(a,a) €R
|a2 — a2’ = 0 < 5. Thus, it is reflexive.
ii. Let (a,b) € R
(a,b) € R, ’a2 — b2] <5
b2 —a®| <5
(b,a) e R
Hence, it is symmetric

is an ordered pair.

)

)

)

)

) is an ordered pair.
)

) is not an ordered pair.
)

= 4x and x?

= 4y divides the area of square into three equal



iii. Puta=1,b=2,c=3
‘12—22 <5
22 - 3| <5
But|12 —32‘ >5

Thus, it is not transitive

2 2 —4 1 -1 0
34.Wehave, A= | -4 2 —-4|,B=(2 3 4
2 -1 5 0 1 2
1 -1 0 2 2 —4 6 0 O
S.BA={[2 3 4:| -4 2 -4 =(0 6 0f =6l
0 1 2 2 -1 5 0 0 6
2 2 -4
SBl=4=2aA=11_4 2 4
L2 -1 5
Also,x-y=3,2x+3y+4z=17andy +2z=7
1 -1 0 x| 3
=12 3 4 y| =117
0 1 2 z | 7
z 1 —-1 0] °'[3
yl=12 3 4] 17
z 0 1 2 7
[ 2 2 —4 3
=2]-4 2 -4 [17 [using Eq. (i)]
L2 -1 5 7
6434 — 28 12 2
= 4| -12+434—-28| =4 | 6| =|-1
| 6—17+35 24 4
S.x=2,y=-landz=4
35. We have,
5”_‘*‘3:&:2_‘*‘4:/\
5 2 3

Therefore, the foot of the perpendicular is (5A — 3,2\ + 1,3\ — 4)
The direction ratios of the perpendicular is
BA—=3-0):2A+1-2):(BA—4-3)
=0BA=3)): 22 -1):3x=-17)

Direction ratio of the lineis 5:2: 3

(0,2 3
-3

—
By
}
e

e
;,.|
w

|

[
N ]

R
I 5
I
I

I

|

o By
From the direction ratio of the line and direction ratio of its perpendicular, we have
5A—=3)4+22A-1)+3BA-T7)=0
=25A—-1544A—-2+9X—-21=0
= 38\ =38
=A=1
Therefore, the foot of the perpendicular is (2, 3, -1)
The foot of the perpendicular is the mid-point of the line joining (0, 2, 3) and (a, 8, y)
Therefore, we have
a+0

TZ2Z>C¥:4



B2 _35p=4
'y+3
2
Thus, the imgae is (4, 4, -5)_

=—1=~vy=-5

OR

Given Cartesian equations of lines
L= Xxt_yt_z1

=73 =72 75
Line L1 is passing through point (1, -1, 1) and has direction ratios (3, 2, 5)
Thus, vector equation of line L1 is
r=(i—j+k +A@3i+2j+5k)
And

L2yl ozl

L5 =5=5
Line L, is passing through point (2, -1, 1) and has direction ratios (2, 3, -2)

Thus, vector equation of line L2 is
r=(2i+j—k)+p(2i+3j—2k)
Now, to calculate distance between the lines,
r=(i —J+k)+/\(31+23 +5k)
f=(2i4j — k) + p(2i +3j — 2k)
Here,we have

a=1—j+k

— “ n ~

b; =3i +2j + 5k

a5 =204k

— ~ ~ ~

by =2i 4+ 3j — 2k

Thus,

— —
b1><b2:

U

NN W
OJ[\.'J@)

—2
= 2(—4 - 15) §(—6 — 10) + k(9 — 4)
b, xb2=—191+165+511

R —
= [by x by| = 1/(~19)2 + 167 4 57

= /361 + 256 + 25
V642
ay—a; = (2—1)i + (1+1)5+(-1— 1)k

@y —a =142 — 2
Now,

e N . e A
(b1 X by)- (a2 —a1) = (—191 + 167 +5k) - (i + 2j — 2k)
=((-19) x 1)+ (16 x 2) + (5 x (—2))
=-19+32-10
=3
Thus, the shortest distance between the given lines is

L

= o
(b1 xbg)-(ag—a1)
[N
b1 x by

d=

- ‘ \/642~

.d= m units

Asd#0
Hence, given lines do not intersect each other.
Section E

36. i. P (Grade A in Maths) = P(M) = 0.2
P (Grade A in Physics) = P(P) = 0.3
P (Grade A in Chemistry) = P(C) = 0.5
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ii.

1il.

ii.

iii.

P(not A garde in Maths) = P(J\7[) =1-0.2=0.8

P(not A garde in Physics) = P(ﬁ) =1-0.3=0.7

P(not A garde in Chemistry) = P(C) = 1 - 0.5 = 0.5

P(getting grade A in all subjects) = P(M NPN C)

=P(M) x P(P) x P(C)

=0.2 x 0.3 x 0.5=0.03

P (Grade A in Maths) = P(M) = 0.2

P (Grade A in Physics) = P(P) = 0.3

P (Grade A in Chemistry) = P(C) = 0.5

P(not A garde in Maths) = P(J\7[) =1-0.2=0.8

P(not A garde in Physics) = P(ﬁ) =1-0.3=0.7

P(not A garde in Chemistry) = P(C) = 1 - 0.5 = 0.5

P(getting grade A in on subjects) = P(M NP N C)

= P(M) x P(P) x P(C)

=0.8 x 0.7 x 0.5=0.280

P (Grade A in Maths) = P(M) = 0.2

P (Grade A in Physics) = P(P) = 0.3

P (Grade A in Chemistry) = P(C) = 0.5

P(not A garde in Maths) = P(M)=1-0.2=0.8

P(not A garde in Physics) = P(P)=1-0.3=0.7

P(not A garde in Chemistry) = P(a) =1-0.5=0.5

P(getting grade A in 2 subjects)

= P(grade A in M and P not in C) + P(grade A in P & C not in M) + P(grade A in M & C not in P)
:>P<MOP05) +P(Pm0m\7.r) +P(MNCNP)

= 0.2 x0.3x0.5+0.3 x0.5x 0.8+0.2 x0.5x 0.7=0.03+0.12 + 0.07
P(getting grade A in 2 subjects ) = 0.22

OR

P (Grade A in Maths) = P(M) = 0.2

P (Grade A in Physics) = P(P) = 0.3

P (Grade A in Chemistry) = P(C) = 0.5

P(not A garde in Maths) = P(M) =1-0.2=0.8

P(not A garde in Physics) = P(Ig) =1-0.3=0.7

P(not A garde in Chemistry) = P(a) =1-0.5=0.5

P(getting grade A in 1 subjects)

= P(grade A in M not in P and C) + P(grade A in P not in M and C) + P(grade A in C not in P and M)
:>P(Mmﬁm5) +P(Pm5m\7[) +P(CNMNP)

= 0.2 x0.7x 0.5+0.3 x0.5% 0.8+0.5 x0.8%x 0.7=0.07 + 0.12 + 0.028
P(getting grade A in 1 subjects) = 0.47

i. Let F be the combined force,

.‘.ﬁ=ﬁ1+ﬁ2+ﬁ3

= (44 + 07) + (=23 +47) + (—3i — 35)
=(4-2-3)i+(0+4-3)j

=i+

S F| = ’\/ +12‘

=[v2| KN

Magnitude of force of Team B =

|| = ‘\/ )2 4 42| = /20 KN
=2,/5 KN
We have,

‘ﬁ1’ = ‘\/(4)2 +()2‘ =4KN



38.

ii

=

ii.

=

‘qu] = ‘m’ =4/20 KN

and ‘ﬁ3’ = V(=32 +(-3)?| = VIB KN

Here, the magnitude of force F, is greater, therefore team Q will win the game.
OR

We have,

Combined force, F=—i + 3

s 6tan! (%) = tan™! (%)

= tan'l(l)

= tan! (tan 3%)

= 37" radians

. If P is the rent price per apartment and N is the number of rented apartments, the profit is given by NP - 500 N = N(P - 500)

[*. ¥500/month is the maintenance charge for each occupied unit]

Let R be the rent price per apartment and N is the number of rented apartments.

Now, if x be the number of non-rented apartments, then N(x) = 50 - x and R(x) = 10000 + 250x
Thus, profit = P(x) = NR = (50 - x) (10000 + 250 x - 500)

= (50 - x) (9500 + 250 x) = 250(50 - x) (38 + x)

. We have, P(x) = 250(50 - x) (38 + x)

Now, P'(x) = 250[50 - x - (38 + x)] = 250[12 - 2x]
For maxima/minima, put P'(x) =0

= 12-2x=0=x=6

Number of apartments are 6.

OR
P'(x) = 250(12 - 2x)
P"(x) = - 500 < 0

= P(x) is maximum at x = 6
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