Class XII Session 2025-26
Subject - Mathematics
Sample Question Paper - 9

Time Allowed: 3 hours Maximum Marks: 80

General Instructions:

1. This Question paper contains 38 questions. All questions are compulsory.

2. This Question paper is divided into five Sections - A, B, C, D and E.

3. In Section A, Questions no. 1 to 18 are multiple choice questions (MCQs) and Questions no. 19 and 20 are
Assertion-Reason based questions of 1 mark each.

4. In Section B, Questions no. 21 to 25 are Very Short Answer (VSA)-type questions, carrying 2 marks each.

5. In Section C, Questions no. 26 to 31 are Short Answer (SA)-type questions, carrying 3 marks each.

6. In Section D, Questions no. 32 to 35 are Long Answer (L A)-type questions, carrying 5 marks each.

7. In Section E, Questions no. 36 to 38 are Case study-based questions, carrying 4 marks each.

8. There is no overall choice. However, an internal choice has been provided in 2 questions in Section B, 3 questions
in Section C, 2 questions in Section D and one subpart each in 2 questions of Section E.

9. Use of calculators is not allowed.

Section A
2 -1 10
1. = +vy = , then the value of x is 1]
3 1 5
a)0 b) 7
03 d) 10
a 00 [1]
2 IfA= |0 a 0],thendet(adjA) equals
0 0 a
a) 27 b) ;2
C) 6 d) 29
3. The system of equations, x + y +z =1, 3x + 6y + z = 8, ax + 2y + 3z = 1 has a unique solution for [1]
a) a not equal to 0 b) all rational o
c) all real d) all integral o
4.  If f(x) = x", then the value of f(1) - fl(!l) + ! 2(!1) _{ 351) — (_1)71{ @ is [l
a)l b) 0
C) 2n d) 2

[1]
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10.

11.

12.

13.

14.

15.

z—7 y+17 z—6

The direction ratios of the line perpendicular to the lines = =

proportional to

a)4,5,7

) -4,5,7
Solution of (332 — y2) dx + 2zxzydy = 0 is
Az’ +y=C
o) z? +y? = Cx
The feasible region for an LPP is always a
a) type of polygon

¢) concave polygon

If 8 is perpendicular to both « and ~y, where o = k and y=v= 2 + 33 + 4]%, then what is 8 equal to?

b) 4,-5,7

d) 4, -5, -7

b) convex polygon

d) Straight line

a) 3i + 2j b) —3i + 25
) —2i + 3j d) 2i — 35
01 % {sirf1 (%) } dz is equal to

a) 5 b) 0

om d) T
fA+B=|' O anda-2m=|? ,then A =7

1 1 -
3l1 2 313

C)[l 1}
2 1

The point which does not lie in the half plane 2x + 3y - 12 < 0 is

a) (2,1)

0 (1,2

A A ~
.

b) (2,3)
d) (-3,2)

For any vector o, what is (a- )i+ (a-j)j + (a- k)k equal to?

a) -«

o0

The sum of products of elements of any row with the cofactors of corresponding elements is equal to

a)ajp Ajptapp App tajzAgg

o) ajp Ajptap Az tag A

If P(4) = 2, P(B) = 2and P(AU B) = 2, then P(B/A) + P(A/B)equals

Ea
7
a)ﬁ

1
C)g

The general solution of a differential equation of the type Z—z +Pix=Q; is

b) 2

b) a

d) 3a

b) a;1 Aqp+app App +apg Az

d) ajp Apy +agp App tapg Aga

12
d)i

(1]

[1]

[1]

[1]

[1]

[1]

(1]

[1]

[1]

[1]



16.

17.

18.

19.

20.

21.

22.
23.

24,
25.

26.
27.

a) ze/ Py = [ (Qlefpldy) dy+ C b) ye/P1dy = [ (Qlefpldy) dy+ C

0) gel Plde — f(Qlefpldw) de+C d)y.elrdr = f(Qlefpld’”) de+C
Ifa-i=a-(i+j)=a-(i+j+k) =1 thenais

a) k b)

Qi+j+k d 3
For what value of k may the function f(x) = { k (3X2 a 5X) , x=0 become continuous?

COS X, x>0
a) 1 b) —5
o0 d) No value

If a line makes an angle of 30° with the positive direction of x-axis, 120° with the positive direction of y-axis,

then the angle which it makes with the positive direction of z-axis is:
a) oo b) 1200
<) 90° d) ggo

Assertion (A): The average rate of change of the function y = 15 - x2 between x = 2 and x = 3 is -5.

Reason (R): Average rate of change 6y = yarx = 3 - Yatx = 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): Let A ={1,5,8,9}, B={4,6} and f = {(1, 4), (5, 6), (8, 4), (9, 6)}, then f is a bijective function.

Reason (R): Let A ={1,5, 8,9}, B={4,6} and f = {(1, 4), (5, 6), (8, 4), (9, 6)}, then f is a surjective function.

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
: -1 L -1 (1 =1 [qin (="

Find the value of tan (— \/5) + cot ( \/§> + tan [sm( 5 )} .

Show that f(x) = x3 - 15x2 + 75x - 50 is increasing on R.
The volume of a sphere is increasing at the rate of 3 cubic centimeter per second. Find the rate of increase of its
surface area, when the radius is 2 cm.

OR

Is the function cos3z decreasing on (0,5 )?

Evaluate: f x2cos xdx.
Find the maximum and minimum value, f(x) = |x + 2| - 1
Section C
. 5rx—2
Find f 1+2z+3z2 L.

Probabilities of solving a specific problem independently by A and Bare % and % respectively. If both try to

[1]

[1]

[1]

[1]

[1]

[2]

[2]
[2]

[2]
[2]

[3]
3]



28.

29.

30.

31.

32.
33.

34.

35.

solve problem independently, then find the probability that
i. problem is solved.
ii. exactly one of them solves the problem.
If f(2a - x) = -f(x), prove that f02a f(x)de =0
OR

Evaluate: [eI™ sin 2x dx

1
1422

Find the particular solution of the differential equation a:% +y+

OR

=0, given that y(1) = 0.

Find the general solution of the differential equation: (1 - x2) Zm—y + zy = azx
Solve the Linear Programming Problem graphically:
Minimize Z = 3 x1 + 5xp
Subject to
X1+ 3xy > 3
X1 t+Xxp) > 2
X1, X9 >0

OR
Solve the Linear Programming Problem graphically:
Minimize Z = 18x + 10y
Subject to
4x +y>20
2x+3y>30
x,y>0

|z| + 3,2 < —3

Find all points of discontinuity of f where f is defined as follows,f(x) = —2z,—-3<x<3

6z + 2,z > 3
Section D

Find the area of the smaller region bounded by the ellipse 2—2 + % = 1 and the line §
If A=1{1, 2, 3, 4}, define relations on A which have properties of being:

a. reflexive, transitive but not symmetric

b. symmetric but neither reflexive nor transitive

c. reflexive, symmetric and transitive.

OR

Let A =[-1, 1]. Then, discuss whether the following functions defined on A are one-one, onto or bijective:

i flz) = £
ii. g(x) = [x|
iii. h(x) = x|x|
iv. k(x) = x2

Solve the system of the following equations: (Using matrices):

2 , 3,10 __ 4.4 _ 6_,5_4.6_,9_ 20 _ o
w+y+z_4’:c y+z_1’z+y z_z’

Find the vector equation of the line passing through (1, 2, 3) and parallel to each of the planes

T-(i—j+ 2127) =5and7-(3i 4 j+ I;:) = 6. Also find the point of intersection of the line thus obtained

Y
+5:1'

[3]

3]

[3]

[3]

[5]
[5]

[5]

[5]



with the plane 7 - (2i + j + k) = 4.
OR
Find the shortest distance between the given lines. 7 = (67 + 3k)+A(2i — j + 4k), 7 = (—9i + j — 10k)
(4 + j + 6k)
Section E
36.  Read the following text carefully and answer the questions that follow: [4]
There are different types of Yoga which involve the usage of different poses of Yoga Asanas, Meditation and

Pranayam as shown in the figure below:

Anusara Yoga

Kundalini Yoga

‘q *

Vinyasa Yoga

Bikram Yoga

Hatha Yoga 3

YA~

Types of Yoga

The Venn diagram below represents the probabilities of three different types of Yoga, A, B and C performed by
the people of a society. Further, it is given that probability of a member performing type C Yoga is 0.44.

S
B
| l |
0-11

i. Find the value of x. (1)

ii. Find the value of y. (1)
iii. Find P (%) .
OR
Find the probability that a randomly selected person of the society does Yoga of type A or B but not C. (2)

37.  Read the following text carefully and answer the questions that follow: [4]

If two vectors are represented by the two sides of a triangle taken in order, then their sum is represented by the



third side of the triangle taken in opposite order and this is known as triangle law of vector addition.

i. If p,q,7 are the vectors represented by the sides of a triangle taken in order, then find g + 7. (1)

— —
ii. If ABCD is a parallelogram and AC and BD are its diagonals, then find the value of AC + BD. (1)

— = — —
iii. If ABCD is a parallelogram, where AB = 2a and BC' = 2b, then find the value of AC' — BD. (2)

OR

- =
If T is the mid point of side YZ of AXYZ, then what is the value of XY + XZ. (2)

Read the following text carefully and answer the questions that follow: [4]
In a street two lamp posts are 600 feet apart. The light intensity at a distance d from the first (stronger) lamp post

is 1?%, the light intensity at distance d from the second (weaker) lamp post is %’ (in both cases the light

intensity is inversely proportional to the square of the distance to the light source). The combined light intensity

is the sum of the two light intensities coming from both lamp posts.

i. If 1(x) denotes the combined light intensity, then find the value of x so that I(x) is minimum. (1)
ii. Find the darkest spot between the two lights. (1)
iii. If you are in between the lamp posts, at distance x feet from the stronger light, then write the combined light
intensity coming from both lamp posts as function of x. (2)
OR

Find the minimum combined light intensity? (2)



Solution

Section A

(93
Explanation:
Given, [2] +vy [_1] = [10
3 1 5
1

I P PR v B
3x Y 5 3z +y 5
= 2x-y=10...(1)

and 3x +y =5 ...(>ii)
On solving Egs. (i) and (ii), we get x =3

(c) a®
Explanation:
a 0 0
A=10 a 0
0 0 a
A = a®

ladj Al = |AP! = |A]|
ladj A| = (a%)? = a°

(d) all integral

Explanation:

The given system of equations has unique solution, if:
1 11
3 6 1/#0
a 2 3

=1(18-2)-19-a )+ 1(6-6a)# 0

= 13-5a #0

=>a# % ( Since « is not integral value)

Thus, unique solution exists for all integral values of «.

(®)0
Explanation:
0

@4,5,7

Explanation:
We have,

The direction ratios of the given lines are proportional to 2, -3, 1 and 1, 2, -2.



The vectors parallel to the given lines are b_1> =27 — 33’ + k and b_; =i+ 23’ — 2k

Vector perpendicular to the vectors b; & by is,

e

b=1>b b
i

=12 -3
1 2 -2

—4i+5) + Tk

Hence, the direction ratios of the line perpendicular to the given two lines are proportional to 4, 5, 7.

<o X

k
1

@z +y*=Cx
Explanation:

3 3
2 _ .2 _ @_yfw
(z° — y°)dz + 2zydy = 0= —= = T
dy
Puty=vx,wehave,d—:v+x—
d 22 2.2 2 2
Sy éerw_:u;sxﬁ:_(v_H)
2x 2zvr dz 2v

= [ 2+1dv*—f dz = log|v* + 1| = —log|z| + log C
= log|v? + 1| + log|z| =logC = (v* + 1)|z| = C = (22 + y*) = Cz

(b) convex polygon
Explanation:
Feasible region for an LPP is always a convex polygon.

(b) —3i + 2
Explanation:

Given that, « = l::

and vy = 2% + 33+4i€

Since, [ is perpendicular to both « and .

i j ok
ie,B=x(axy)==x|0 0 1
2 3 4
= £3(0 —3) — j(0 — 2) + k(0 — 0)
= +(—3i + 2j)
@@ 3
Explanation:
We have,
I:fli{sin ( )}x
We know since [ f'(z) = f(z)

f(z)=sin~ 1( 2z ) d f'(z) = {sm 1(%)}

1
Therefore, I = [sm ( >]
1422

=sin"! (1) - sin”! (0)

wif; )]

Explanation:

INTE



11.

12.

13.

14.

15.

16.

11
A-2B= [_1 1] (i)

A+B= [1 0] ()

1 -1
adding 2 x (i) and (ii), we get

2A +2B = B g} ..(iii)
A-2B= [_1 _1] (iv)

adding (iii) and (iv), we get
[2 0} [—1 1 ]
= 3A= +

2 2 1 -1
1|11
= A= 3
3 1
(b) (2,3
Explanation:

Since (2, 3) does not satisfy 2x + 3y - 12 < 0as2 X 2+3 X 3-12=4+9-12=1+#0

(b)

Explanation:

Leta:m% +y3+zlAc

Then (- 1)i + (a - J)j + (- k)&

={(zi+yj+2k)-iti+{(@i+yj+2k)- j}j+ {(zi +yj+ 2k) - k}k

= (2)i + ()] + (k=

(@) ajp Ajptap Ap taz Az

Explanation:

By the definition of expansion of determinant, the required relation is

ajp Aqptap App a3 Az

@)

Explanation:

Here, P(A) = %,P(B) = % and P(AU B) = %
P(BNA) P(ANB)

P(B/A) + P(A/B) = W + W
 P(A)+P(B)-P(AUB)  P(A)+P(B)—P(AUB)
= Pl + PB)

3 3 3 3
_ Wj*; N WE*E

10 5

L L
= 1T_0 + % = % + % = 1—72

1 5
(@) ze/ Prév = [ (Qlef Pldy) dy + C
Explanation:

The integrating factor of the given differential equation

% +Pix=Q,is e/ P1dy

Thus, the general solution of the differential equation is given by,
x(ILF.)= [(Q1 x LF.)dy + C

=xe/P1l = [ (Qlefpldy) dy+C

@i



Explanation:

i

17.
(d) No value
Explanation:
No value

18.
(c) 90°
Explanation:

To find the angle with the z-axis, we use the relation:
cos? a + cos? B+ cos? y=1

where a = 30° and S = 120°. Calculating, we get:

cos? 30° = %,cos2 120° = %

Thus,

%-F % +cos?y=1= cos?y=0=v=90°.

So, the angle with the z-axis is 90°.

19. (a) Both A and R are true and R is the correct explanation of A.
Explanation:
Lety = f(x) = 15 - x2
If x changes from 2 to 3 then §, =3-2=1
Againf(3)=15-9=16and f(2)=15-4=11
Therefore 6, = f(3) - f(2) =6-11=-5

20.
(d) A is false but R is true.
Explanation:
We have, A =1{1,5,8,9},B=1{4,6} and f = {(1, 4), (5, 6), (8, 4), (9, 6)}
So, all elements of B has a domain element on A or we can say elements 1 and 8 & 5 and 9 have some range 4 & 6,
respectively.
Therefore, f : A — B is a surjective function not one to one function.
Also, for a bijective function, f must be both one to one onto.

Section B

21. Principal value branch of cot’t x is (0, 7) and its graph is shown below.

y=cot '

OR
We have, tan ™ * (—%) + cot ™! (%) + tan~! [sin(5)] .

=tan"! (tan %) + cot ! (cot %) +tan"1(—1).

—tan"! [tan(r — Z)| + cot * [cot (3 )| +tan"* [tan(n — %)]



22.

23.

1 ™ T
stan” (tanz) =z, € (—5, E)
=tan~! (7 tan %) + cot! (cot %) + tan~! (7 tan 1)

4 cot '(cotx) =z, € (0, )
and tan~1(—z) = —tan" 'z
—_r4m_m_ Zridrdn
=Te T3 i 12
_ —5mtdmr _ —mw
12 12

Consider the given function,

f(x) = x3 -15x2 + 75x - 50

Domain of the function is R.

f(x) = 3x? - 30x + 75

=3(x%- 10 + 25)

=3(x-5)(x-5)

=3(x - 5)°

f’x)=0forx=5

forx <5

f’(x)>5

and

forx >5

f’(x)>5

we can see throughout R the derivative is +ve but at x = 5 it is 0 so it is increasing.
Let r be the radius of sphere and V be its volume.
Then V = %7",3 ........ @)

Given, CZ—‘: =3 cm3/s

Differentiating (i) both sides w.r.t x,we get,
v _ 4 2\ dr
=37 (37° ) o

dt
_ 4(q _2\dr
= :j’i_ 3 (?;71-7' ) dt
o .e
= H T T (ii)
Now, let S be the surface area of sphere, then
S = 47r?

as __ dr
= = =dn(2r)

= % =8mr (4;7) [using Eq.(ii)]

s\ _ 6
- (&)=

when r = 2, then

as _ 6 _ 2
& 5 —3cms
Therefore,the rate of inrcrease of the surface area of sphere is 3 cm?/s when it's radius is 2 cm.

OR
Let f(x) = cos 3x
- f'(x) =-3sin 3x

Now, f'(z) =0
=sin3x=0
$3x=7r,asx€(0,%)
:>w:§

The point x = % divides the interval (0, %) into two distinct intervals.

e (0,5) and (5,5)

Now, in the interval, (0, %

f'(x) = —3sin3z < 0 as (O<m< 3 :>0<3ar:<7r>
Therefore, 'f ' is strictly decreasing in interval (0, %)

Now, in the interval (%, %)



24,

25.

26.

f'(z)=—3sin3z >0 asl<x<1:>7r<3x<ﬁ

Therefore, 'f ' is strictly increasing in the interval ( 35 )

Using the superiority list as ILATE (Inverse Logarithm Algebra Trigonometric Exponential). Taking the first function to the one

which comes first in the list.

Here x? is the first function, and cos x is the second function.
Using Integration by part

Jab-dx=a[bdx— [[%. [bdx| dx
:>fx2cosxdx=x2fcosxdx—f[%-fcosxdx} dz

=x? sin X—f[2 X X sin x] dx

=x? sin x-2[f xsinx dx]

Again applying by the part method in the second half, we get

x?2 sin x-2 f X sin x dx

=z2sinz — 2 [mfsinmdm—f(d—m'fsinacdac)da:]

=a?sinz — 2[z(—cosz) — [ 1. (— cosz)dz]
=2?sinz — 2[-zcosz +sinz] + ¢

= x2 sin x+2 X cos x-2 sin x+c

It is given that f(x) = [x + 2| -

Now, we can see that [x + 2| > 0 for every x € R

= f(x)=|z+2|—1>—1 foreveryx € R

Clearly, the minimum value of f is attained when [x + 2| =0
ie, [x+2/=0

= x=-2

Then, Minimum value of f = f(-2) = -2 +2|-1=-1

Therefore, function f does not have a maximum value.

Section C

: . _ 5x—2

According to the question, I = f Tronian?
(5& — 2) can be written as ,
5m—2:Ai(1+2m+3m2)+B

AL (14+22+32%)+B

5—2 o dz .

I= f 1+2w+3w - f 1+2z+3z2 dz (l)
:>5m—2_A(2+6a:)+B
Comparing the coefficients of x and constant terms,
5=6A=A=2
and —2=2A+B=B=-24A-2

:7372:7% [','A:%}

From Egq. (i), we get

3 =(2+6x)— 131

— f B
1+2m+3z2

11
3 (2+6z) (?)
= I=[ m el e
=1=1 — I ..(i)
_ 2+46x
WhEFE, Il 6 f 1+2z+3z

Put 1 + 2z + 32 —t$(2—|—6m)dm:dt

. Ilzgf%:%logm—i—Cl
—élog|1+2x+3x2|+ol [t=1+ 2z + 32?]
where, I, = Hf

_Hf
_Hf

3z2+29:+1
[2+ il



11 dz
242z 1 l_l}
[z+ s T9ts Ty

=W —%= [ (a+b)?=a’+b+ 2ad]

x+1

=5 frtan |+ G [ [ hpde = fran(5) ¢
3 3

_ 11 3z+1

_3\/_ta (\/—)+C2

Putting the values of I; and I, in Equation (ii),

=1= —log|1 +2m+3m2| + Cp — Wtan*(%?) — Oy

= I=Zlogl1 + 20+ 32| — Zhtan 1 (EH) 4 €[ C=C1 - G
. Let P(A) = Probability that A solves the problem
P(B) = Probability that B solves the problem
P(A)= Probability that A does not solve the problem
and P(B)= Probability that B does not solve the problem
According to the question, we have
P(A) = 3
then P(A)=1-P(A)=1-1=1
[ P(A)+ P(A)=1]
and P(B) = %

thenP(E)zl—P(B)zl_%zé

i. P (problem is solved)
— P(ANB)+ P(ANB)+ P(AN B)
— P(A)P(B) + P(A) - P(B) + P(A) - P(B)
['. A and Bare independent events]

(1)) (123)

2,1 ,1_4_2
_6+6+6_6 3

Hence, probability that the problem is solved, is %
ii. P (exactly one of them solve the problem)
=P (A solve but B do not solve) + P ( A do not solve but B solve)
— P(ANB)+ P(ANB)
= P(A) P(B)+ P(A)P(B)
=(3x3)+(Gx5)=3+i=1=1
. We have, to write the above integral as,
—f% z)dz = [ f(z)dz + [ f(z)da
I= fo z)dz + I
Forly Let 2a -t = x then dx = -dt
t=a,x=a
t=2a,x=0
L= [y f(@) = [, f(2a — t)(~d)
=~ [, f(2a - t)dt
L= [, f(2a— fo (2a — z)dz
I= [} f(z)dz + fo 2a — z)dx
I= [ f(x)dz— [} f(z) ..[ f(2a - x) = -f(x)]
I=0
Hence,

02a f(z)dz =0
OR

We can write Sin 2x = 2sinx.cosx

J ™ ¥sin 2x dx =2 [e5"* sin x cos xdx



29

LetSinx =t

Cos xdx = dt

2 [ eS"Xsin x cos xdx =2 [e'tdt
Using BY PARTS METHOD.

d
2fe'-tdt=2 [tfetdt—f(a-fetdt)dt}
=2[t-e' — [1.e'dt]
=2[t-e' —e']+c
=2l(t—1)+c
Replacing t with sin x

= 265 (sinx - 1) + ¢

.mj—z +y+ 1+1Z2 =0

xj_z ty=- 1+la:2

Z—i +(3)y= _z(lJlrm2)

So it a linear differential equation
Pt and- -y

1
IF:efpdz :ef;dm :elogz =

General solution
y. IF = f Q.1 Fdw +C

yx——f :cdm—i—C
Y. = x4+ C
yx=—tan lz +C ..()
Atx=1,y=0

0=—tan (1) +C

s

4
Putting in eqn (i)

y.x=—tan 'z + §

The given differential equation is,
(1— 2)ﬂ+wy:az’
ar
+ Y=1 2

This is of the forIn — + Py =Q
where P = 1“” andQ_

)

1- x2
This the given differential equation is linear
Now, IF' = el Pdz

[z

—= e 1-a2

—1 —2z _
P / 2 dz _ efélog(lfﬁ) _ (1 . xQ)T 1

Solution is
(IF y f(IF Qdx+C

\/— y f\/l 2‘10”; d{E+C
\/_ f(17 )3/2da;—|—C

Y a .
= _Efmdm—i-C (i)

=
1—z2

Now, I = f de

Lett=1-x?
= dt =-2x dx

- = 1= [t dt

OR



30.

-1

==t s 7—_9. L __=2
,% \/f 1—22
. Y __ —a —2
m_—z x\/_z—l—C

i
y=a+C m
First, we will convert the given inequations into equations, we obtain the following equations:
X1+3%Xy =3,X1+Xp=2,%x;=0andx, =0
Region represented by x; + 3x, > 3:
The line x; + 3 X, = 3 meets the coordinate axes at A(3,0) and B(0,1) respectively. By joining these points we obtain the line x; +
3xp=3
Clearly (0,0) does not satisfies the inequation x; + 3 X, > 3. So, the region in the plane which does not contain the origin
represents the solution set of the inequation x; + 3 x, > 3 Region represented by x; + xp > 2 The line x; + Xy = 2 meets the

coordinate axes at C(2,0) and D(0,2) respectively. By joining these points we obtain the
line x4 + x, = 2 Clearly (0,0) does not satisfies the inequation x; + xy > 2. So, the region containing the origin represents the

solution set of the inequation x; + Xy > 2 Region represented by x; > 0 and x, > 0 since, every point in the first quadrant
satisfies these inequations. So, the first quadrant is the region represented by the inequations x; > 0 and xy > 0 The feasible

region determined by subject to the constraints are, x1 + 3 xp > 3, X1 + X > 2,and the non-negative restrictions x; > 0, and xp >

0, are as follows
I 1H=7(2;3:52)

The corner points of the feasible region are 0(0,0), B(0,1), E (%, %) and C(2,0)

The values of objective function at the corner points are as follows:
Corner point : z= 3x1 + 52
00,0):3x04+5x0=0
B(0,1):3x0+5x1=5
E(3,4):345xt=7
C2,00:3x2+5x0=6
Therefore, the minimum value of objective function Z is 0 at the point O(0,0). Hence, x; = 0 and x, = 0 is the optimal solution of
the given LPP.
Thus, the optimal value of objective function Z is 0.
OR
First, we will convert the given inequations into equations, we obtain the following equations:
4x+y=20,2x+3y=30,x=0andy=0
Region represented by 4x +y > 20 :
The line 4x + y = 20 meets the coordinate axes at A(5,0) and B(0,20) respectively. By joining these points we obtain the line 4x +
y =20
Clearly (0,0) does not satisfies the inequation 4x +y > 20 .
So, the region in xy plane which does not contain the origin represents the solution set of the inequation 4x + y > 20
Region represented by 2x + 3y > 30:
The line 2x + 3y=30 meets the coordinate axes at C(15,0) and D(0,10) respectively. By joining these points we obtain the line 2x
+ 3y=30.
Clearly (0,0) does not satisfies the inequation 2x + 3y > 30 . So, the origin does not contain represents the solution set of the
inequation 2x + 3y > 30.
Region represented by x > 0 and y > 0 : graph will be in first quadrant
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since every point in the first quadrant satisfies these inequations. So, the first quadrant is the region represented by the in
equations x > 0, and y > 0 The feasible region determined by the system of constraints, 4x +y > 20,2x + 3y > 30,x > 0, and y

> 0, are as follows.

The corner points of the feasible region are B(0,20), C(15,0), E(3,8) and C(15,0)

The values of Z at these corner points are as follows.

The value of objective function at the corner point : Z = 18z + 10y

B(0,20):18 x 0+ 10 x 20 = 200

E(3,8):18 x3+10x 8=134

C(15,0):18 x 15410 x 0 =270

Therefore, the minimum value of Z is 134 at the point E(3,8) . Hence, x = 3 and y = 8 is the optimal solution of the given LPP.
Thus, the optimal value of objective function Z is 134.

Given function is
lz|+3, z<-3 —z+3,z<-3
fx)=¢ -2z, -3<zx<3=4 -2z,-3<z<3
6x + 2, >3 6x + 2,z >3

First, we verify continuity at x = - 3 and then at x = 3
Continuity at x = -3

LHL= lim f(z)= lim (—z+3)
z—(=3)" z—(=3)"
= LHL =lim[— (-3 — h) + 3]
h—0
=lim(3 + h +3)
h—0
=3+3=6
andRHL = lim f(z)= lim (—2z)
z—(—3)" z—(—3)"
=  RHL=lim[-2(~3 + h)]
h—0
= }lgr{l)((i —2h)
= RHL =6
Also, f(-3) = value of f(x) at x =-3
=-(-3)+3
=3+3=6

-+ LHL = RHL = f(-3)
."f(x) is continuous at x = - 3 So, x = - 3 is the point of continuity.
Continuity at x = 3
LHL = lim f(z)= lim [—(2z)]
T3~ z—3~

= LHL=lim[—2(3 — h)]
h—0

= lim(—6 + 2h)
h—0
= LHL =-6

and RHL = lim f(z)= lim (6z + 2)

z—3" z—3T



= RHL = lim[6(3 + k) + 2]
h—0

= RHL =20
LHL # RHL
.. fis discontinuous at x = 3 Now, as f (x) is a polynomial function for x < -3, -3< x < 3 and x > 3 so it is continuous in these
intervals.
Hence, only x = 3 is the point of discontinuity of f(x).
Section D

S ke
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N 2
g N D
.,
2 8
- +y4 =1, 1)
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2
= % + (Z7 =1 is the equation of ellipse and % + % =1 is the equation of intercept form of line.
On solving (1) and (2), we get points of intersection as (0,2) and (3,0).

Area = %fog v/ 9 — z2dx — f03 (6;2m)dx
€ 2 - —12 W2
=223 — 22+ Lsin TLP — L6x — 23
{tex}=\frac{2}{3}[\frac{97}{4}]-\frac{1}{3}[9]{/tex}
{tex}=\frac{3m}{2}-3{/tex}
_ 3 :
= £(m — 2) squnit.
33. Given that A = {1, 2, 3, 4},
a.Let Ry = {(1,1), (1,2), (2,3), (2,2), (1,3), (3,3)}
R; is reflexive, since, (1,1) (2,2) (3,3) lie is Ry

Now, (1,2) € R; (2,3) € Ry = (1,3) € Ry

Hence, Ry is also transitive but (1,2), € R; = (2,1) € Ry

So, it is not symmetric.
b. Let Ry = {(1,2),(2,1)}. Here,1,2,3 € {1,2,3} but (1,1),(2,2),(3,3) are not in R.
Therefore, R is not reflexive.Now, (1,2) € Ry, (2,1) € Ry
So, it is symmetric.
Now (1,2) € R (2,1) € R, but (1,1) £ R,
therefore, R is not transitive.
c. Let R3 = {(1,2), (2,1),(1,1)(2,2),(3,3),(1,3),(3,1),(2,3)}
Clearly, Ry is reflexive, symmetric and transitive.

OR
Given that A = [-1, 1]
i fl@)=2
Let f(xq1) = f(xp)

Tl

=3

= %2 = X1 =Xy

So, f(x) is one-one.

Now, let y = %

=S>x=2y¢ A VycA
Asfory=1€ A, z=2¢ A

So, f(x) is not onto.

Also, f(x) is not bijective as it is not onto.



ii. g(x) = |x|
Let g(x1) = g(xp)
= |z1| = |22 = 1 = L2
So, g(x) is not one-one.
Now, x=t+y & A forally € R
So, g(x) is not onto, also, g(x) is not bijective.
iii. h(x) = x|x]|
= z1|T1| = T2 |T2| = T1 = T2
So, h(x) is one-one
Now, let y = x|x|
=y=x’cAVrcA
So, h(x) is onto also, h(x) is a bijective.
iv. k(x) = x2
Let k(x1) = k(xp)
=z =z} => 21 =+,
Thus, k(x) is not one-one.
Now, lety = x?
=z /ygAvVycAz= yZzAvVycA
Asfory=-l,z=+/-1¢ A
Hence, k(x) is neither one-one nor onto.

1 1 1 . . .
.Put 7 =wu, > =v and 7 = w in the given equations,

Ty
2u+3v+ 10w=4; du —6v+5w=1; 6u+ 9v — 20w =2
2 3 10 T 4
.". The matrix form of given equationsis [4 —6 5 v| =11|[AX=B]
6 9 -20 z 2
2 3 10 T 4
Here, A=|4 —6 5 ,X|v|landB= |1
6 9 —-20 z 2
2 3 10
SJAl=14 -6 5
6 9 -20

= 2(120 — 45) — 3 (—80 — 30) + 10 (36 + 36)

=150+ 330 + 750 = 1200 # 0

.. A Lexists and unique solution is X = A"1B....(i)

Now A11 = 75,A12 = 110,A13 =72 and A21 = 150,A22 = —100,A23 =0 and A31 = 75, A32 = 30,A33 =-24

75 110 72 7' 75 150 75
sadj. A= | 150 —100 0 =110 —-100 30
75 30 —24 72 0 —24
75 150 75
~1__ adjA 1
And A~ = A 1300 110 —100 30
72 0 —24
.". From eq. (i),
T 75 150 75
1
yl| = 1200 110 —-100 30
z 72 0 —24 2
x| 300 + 150 4 150
= |y | =57 | 440 — 100 + 60
z | 288+ 0 —48
(600
_ 1
= T200 | 400
| 240
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l

Sr=-=2y=2=3,2z=2=5
. Here the equation of two planes are: T - (i — j +2k) =5 andr - (37 + j + k) = 6.
Since the line is parallel to the two planes.
4>

_1r . _ 1
*3“’*5

. Direction of line b = (z — j + 2k) x (3i 4 j + k)
= —3i+5j + 4k
.". Equation of required line is
7= (i +2j + 3k) + \(—=3% + 55 + 4k) ........ (i)
Any point on line (i) is (1 — 3, 2 + 5\, 3+ 4)\)
For this line to intersect the plane T (2@ +it k) we have
(1—-3XN2+(2+5A)1+(3+4X)1=4
=A=1
.. Point of intersection is (4, -3, -1)
OR

Here,it is given that
7= (67 + 3k) +)\(2z —j+ 4k:)

= (94 - 10k) +u(4z +it 6k)
Here,we have
a1 =67 + 3k
— o R ~
b; =2i —j+4k
% ~
ay = —9i+ j — 10k
— . R ~
by =41 4 5 4 6k

Thus,

- = )k

by xby=|9 _1 4
4 1 6

= i(—6 — 4) — j(12 — 16)+k(2 + 4)
— — R R N
L bl X b2 = —102 =+ 4] —+ 6k
- =
wi[br X b= 3/ (~10)2 4 42 + 67
— /100 + 16 + 36
Y
_>

— ay

§L I

=(-9- 6)1+(1—0)J+(6—3)k
coag — a_> —152+]—|—3k

Now,

(by x bs) - (a5 — a1) = (=107 + 4746K) - (=157 + ) + 3)
— ((~10) x (~15))+(4 x 1) + (6 x 3)

=150+4+18

=172

Thus, the shortest distance the given lines is

- 2 = =

(b1 xbp)-(ag—a71)
- —
b1 x by

_ |
V152
172

2,/38
_ 86
\/38

d= % units

d:
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38.

L.

ii.

P (E) _ P(CNB)
B P(B)

iii

ii.

1il.

Section E

X +0.21=0.44= x =023
041+y+0.44+0.11=1=y=004

P(B) = 0.09 + 0.04 + 0.23 = 0.36
OR

P(A or B but not C)

=0.32 +0.09 + 0.04

=0.45

. Let OAB be a triangle such that

Frorn triangle law of vector addition,
— = = —
AC+BD AB+ BC + BC +CD

< c
v A
A > B
— = —
=AB+2BC + CD
el e e S J—
=AB+2BC — AB=2BC [ AB=—-CD]
JEEEEN N
In AABC, AC =2a +2b ...(i)
2a
~» C
2b A A2
A > B
23
e
and in AABD, 2b = 2a + BD ...(ii) [By triangle law of addition]

— L, ==

Adding (i) and (ii), we have AC + 2b =4a + BD + 2b
—

= AC — BD = 4a

OR

Since T is the mid point of YZ
— —

So, YT =TZ

T e
Now, XY + XZ = (XT +TY )+ (XT + TZ) [By triangle law]
_ = = = = =
=2XT +TY +TZ =2XT [.TY =-YT]

i. We have, I(x) = 120 125 __
9= =l (600—z)?
2000 250
= I'(x) = —250__
)= (600—2z)3
— I"(x) = 6000 4750
®) 4 (600—z)*

For maxima/minima, I'(x) - 0

2000 250 3_.3
= = 8(600 - =
3 (600—z)? ( )7 =x

T



ii.

1il.

Taking cube root on both sides, we get

2(600 - x) = x = 1200 = 3x = x = 400

Thus, I(x) is minimum when you are at 400 feet from the strong intensity lamp post.

At a distance of 200 feet from the weaker lamp post.

Since I(x) is minimum when x = 400 feet, therefore the darkest spot between the two light is at a distance of 400 feet from a
stronger lamp post, i.e., at a distance of 600 - 400 = 200 feet from the weaker lamp post.

1000 125
a? (600—z)>
Since, the distance is x feet from the stronger light, therefore the distance from the weaker light will be 600 - x.
So, the combined light intensity from both lamp posts is given by % + (60225 5
—T

OR
We know that I(x) = 120 4 125

a? (600—z)2
When x =400
l(X) _ _1000 125

160000~ (600—400)?
125 1

-t , 1 1 1 _ 3 ;
=60 T 20000 — T60 T 320 — 320 UNILS
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