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Q1. In subparts (i) to (x) choose the correct options and in subparts (xi) to (xv),
answer’s the question’s as instructed.

1.1. Let L be a set of all straight lines in a plane. The relation R on L defined as
'perpendicular to' is

1. Symmetric and Transitive
2. Transitive
3. Symmetric
4. Equivalence
Solution

Let L be a set of all straight lines in a plane. The relation R on L defined as
'perpendicular to' is symmetric.

Explanation:

The relation is symmetric, meaning that if a line (1) is perpendicular to line (m), then
line (m) is also perpendicular to line I.

However, if line (1) is perpendicular to line (m) and line (m) is perpendicular to line (n).
Then, lines'l'and 'n' are parallel rather than perpendicular, but is parallel.
As a result, the provided relation is only symmetric.

1.2. The order and degree of the differential equation

dy 2 d*y
\‘14— (E) ‘ = @are
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Solution
The order and degree of the differential equation

dy 2 d?y
1 -+ (%) = @ are 2,_1

Explanation:
The given differential equation is
e L
dx dz?
Here, the highest derivative is 2
=~ Order = 2 and the power of the highest derivative is 1.
=~ Degree=1.
1.3. Let A be a non-empty set.
Statement 1: Identity relation on A is Reflexive.

Statement 2: Every Reflexive relation on A is an Identity relation.

—

. Both the statements are true.

No

. Both the statements are false.

. Statement 1 is true and Statement 2 is false.

w

4. Statement 1 is false and Statement 2 is true.
Solution

Statement 1 is true and Statement 2 is false.



Explanation:
Consider A=1{a, b, ¢} and define a relation R as R ={(a, a), (b, b), (¢, ¢), (a, b).

Then R is a reflexive relation on A, but not an identity relation, because R contains the
elements (a, b).

1.4. The graph of the function f is shown below.

\i
2
1
-2 1 5%
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Of the following options, at what values of x is the function f NOT differentiable?
1. Atx=0andx=2
2. Atx=1andx=3
3. Atx=-1Tandx=1
4, Atx=-15andx=15
Solution
Atx=0andx=2

Explanation:

\i ,
2 ‘Not differentiable

Hence, x =0 and x = 2, the function f is not differentiable.

1.5.

—1 —1
The value of cosec [sim1 (7)] — sec [cos1 (T)} is equal to
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|
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Solution

The value of cosec [sin_1 (_Tl)] — sec [(:()s_1 (_Tl

Explanation:

i ()] o (3]
onfoan )] o ()

T ] [ T
= CcoseCc|—— | — seC|mT — —
6 I 3
_ T [ 2
= —Ccosec 6| — sec 3

= - cosec 30° - sec 120°

= - cosec 30° - sec [(90° + 30°)]
=-2 - [-cosec 30°]

= -2+ cosec 30°

==2+2

=0

—
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Explanation:

V3 dx
LetI:/
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= [tan_l m]

= tan ! \/§ —tan'1

_TE T

"3 4

~ An — 3n

12
T



1.7. Assertion: Let the matrices

—3 2 4 -2
A= and B =

—5 4 5 —3
be such that A'®°B = BA™®

Reason: AB = BA implies AB = BA for all positive integers n.

1. Both Assertion and Reason are true and Reason is the correct explanation for
Assertion.

2. Both Assertion and Reason are true but Reason is not the correct explanation
for Assertion.

3. Assertion is true and Reason is false.
4. Assertion is false and Reason is true.
Solution

Both Assertion and Reason are true and Reason is the correct explanation for
Assertion.

Explanation:

-3 2 4 —2
We have, A = ,B =
—5 4 5 -3

-3 2][4 -2 -2 0
Now, AB = =
[—5 4} {5 —3] {D —2]
4 -2||1-3 2 -2 0
And BA = =
1 s
Hence, AB = BA
-3 2/|1-3 2 -1 2
Now, A2 = —
-5 4||-5 4 -5 6
-1 2|14 -2 6 —4
So, A%B = =
-5 6|5 —3 10 —8

angaaz o |4 2] 2 6 —4
n = —
5 —=3|[-5 6 10 -8




Hence, A’B = BA?

If, AB = BA and A’B = BA“...............
Therefore, A"B = BA"

Also, A'%°B = BA™®

Hence, Assertion and Reason both are true.

1.8. If [(cot x — cosec?x)e*dx = e* f(x) + ¢ then f(x) will be

—

. COt X + Cosec X
2. cot’x
3. cotx
4. cosecx
Solution
If [(cot x - cosec®x)e*dx = e f(x) + ¢ then f(x) will be cot x.
Explanation:
J(cot x - cosec®x)e* dx = e* f(x) + c
Then, [(cot x - cosec®x)e* dx
= [e* cot x dx - [e* cosec?x dx

On integrating by parts

= cotm/emdm’ — /dicota:/ewdx— /ewcoseczdm+c
T

= e* cot x + [e* cosec?x dx - [e* cosec?dx + ¢

=e*cotx+c

Hence, f(x) = cot x.

1.9. In which one of the following intervals is the function f(x) = x> - 12x increasing?
1. (-2,2)
2. (-%,-2)U (2, =)
3. (-2,)



4, (-,2)
Solution
(-, -2)U (2, =)
Explanation:
Here, f(x) = x> - 12x
f'(x)=3x*-12
For increasing f'(x) > 0
2 3x2-12>0
3(x2-4)>0
3(x-2)(x+2)>0
aX>2,-2
~Forx=-3
f'(-3)=3(-3)*-12
=15>0
Forx=3
f'(3)=3(3)*-12
=15>0

~ f(x) is increasing in interval (- 0, - 2) U (2, )

1.10. If A and B are symmetric matrices of the same order, then AB - BA is

1. Skew - symmetric matrix

2. Symmetric matrix

w

Diagonal matrix

~

. Identity matrix
Solution

If A and B are symmetric matrices of the same order, then AB - BA is skew -
symmetric matrix.




Explanation:

Given that A and B are symmetric matrices,
A=AandB=PB

Then (AB - BA)' = (AB)’ - (BA)'

=BA'-AB .[-A=A, B=BT]

=BA-AB

= - (AB - BA)

Thus, it is skew - symmetric.

1.11.

1
Find the derivative of y = log x + — with respect to x.
x

Solution

1
y=logz + —
T

On differentiating both sides, w.r.t. x

dy _ d(logz)  d (1)

dr dz dr \ =
=l+(_1)

T x2

1 1
" 2

1.12. Teena is practising for an upcoming Rifle Shooting tournament. The probability
of her shooting the target in the 1%, 2"9, 3" and 4" shots are 0.4, 0.3, 0.2 and 0.1
respectively. Find the probability of at least one shot of Teena hitting the target.

Solution

Required probability

=1 - Probability that neither of the target hits
=1-[(1-0.4)(1-0.3)(1-0.2) (1 -0.1)]



=1-[0.6x0.7x0.8x0.9]
=1-0.3024
=0.6976

1.13. Which one of the following graphs is a function of x?

® AY AY
\\\ L
< \ > < >
x| O 1/ 1 x| X N X
/ y,
NV -—F
Yy YYy
Graph A Graph B
Solution

Graph A represents the function of x.
In graph B, we see that for a value of x, there are 2 values of y.

1.14. Evaluate:

6
/ |z + 3|dx
0

Solution

6
Let | :/ |z + 3|dz
0

As,0 <x <6
= -3<x+3<9
Xx+3>0

=[x+ 3] = |x + 3]

6 6
/ |z + 3|dx = / (x + 3)dx
0 0



6
[5+]
= (672 + 3 X 6) -0
=18 + 18
= 36
1.15. Given that

1+1 1 4
— — = — an
y oz 12a Y

decreases at a rate of 1 cms™, find the rate of change of xwhen x=5cmandy =1
cm.

Solution

Given dy =1cm/s
“dt

1 1 1
And — + — = —
Yy T 12
On differentiating w.r.t 't' on both sides, we get
Ady 1de
2 dt  x2 dt
dy
Putx=5vy=1and — =1
g dt
—1 y 1 y dx —0
12 52 dt
L 1 de
25 dt
—1 dx
—— =0
~ 95 dt
dx
= — = —25
dt

Hence, the rate of change of 'x' is — 25 cm/sec.



Q2.
2.1.

Let f : R{%l} — R — {0} be defined as f(x) =

invertible. Find f1(x).

Solution

Given, f(z) = T

So, we must check for invertibility.

5
Now, let f(x) =y =
oW, lettlx) =y 3z +1
=y(Bx+1)=5
= 3Xxy +y =5
= 3Xy =5-y
5—y
=>Tr=——
T 3
5—y
S A
Now puty = X
5—=zx
-1
— —
f @) =2
OR
2.2.
20 — 7
Iff:R — Ris defined by f(z) = “34

and onto.

Solution

and is invertible.

5
3z +1

, show that f(x) is one-one



20 — 7
4

Given, f(z) =
For one-one

Letx, xo €R

f(xq) = f(x2)
2331 -7 o 293‘2 -7

1 4

= 2X1 =1 =2x—-7

= 2X1 = 2Xp

= X1 =X

So, f(x) is a one-to-one function.

For onto

2¢ — 7
4

= 4y = 2x~ 1

Puty =

= 4y + 7 = 2x

4 7
T = y;_ Yy €RIauniquexeR

Therefore, f(x) is onto.

Q3. Find the value of the determinant given below, without expanding it at any stage.

By 1 ap+v)
vo 1 B(y+a)
ap 1 y(a+p)

Solution



By 1 a(B+7)
Given: [ya 1 B(y+ )

ap 1 y(a+p)
By 1 of +ay
=|vo 1 Py+Po
ap 1 vyo+yp

Applying C3 = C4 + C3

By 1 of+Py+ay
=|ya 1 By +Po+ya
af 1 af +9B +ya
py 1 1
= (ap + By + ya)|[ya 1
afp 1 1

—

= (af + By + yo) x 0 ...(~ C5 and C3 are similar)

=0
Q4.

4.1. Determine the value of 'k' for which the following function is continuous at x = 3

z+3)’—36
flo)={ e o
k r =3

Solution

LHL = lim f(z)

3"

2
. (m+3)36)
r—3~ r—3

i (3—h+3)°—36
" hoo 3—h—3




Putx=3-h

2
i ((6h) 36)
h—0 —h

, (36+h2—12h—36)
= lim
h—0 —h
Ly h? — 12h
B —h
=flzlgll)(12_h)
=12
RHL = lim f(z)
z—3T

. (m+3)236]
= lim

z—3T r—3

. | B3+h+3)"—36
= lim

h—0 3+h—3
Putx=3 +h
[ (6+h)?— 36

= lim (6+h) ]
h—0 h

, '36+h2+12h—36}
= lim

h—0 i h
= lim (h + 12)

h—0
=12

For continuity,
LHL = RHL = 1(3)
=12=12=k

Hence, k = 12



OR

4.2. Find a point on the curve y = (x - 2)? at which the tangent is parallel to the chord
joining the points (2, 0) and (4, 4).

Solution

If a tangent is parallel to the chord joining the points (2, 0) and (4, 4), then the slope
of the tangent = the slope of the chord.

4 — 4
The slope of the chord is Y = —
4—2 2

= 2.

Now, the slope of the tangents to the given curve at a point (x, y) is given by,

dy
—Z =9z — 2
I (z—2)

Since the slope of the tangent = slope of the chord, we have:
2(x-2)=2

=>xX-2=1

=>x=3

Whenx=3,y=(3-2)*=1.

Hence, the required pointis (3, 1).

Q5. Evaluate:

/271: 1
——dx
0 ]_ + esSinx

Solution

21 1
Let | :/ —dx ..(I)
0 1 _I_ 85111;]3

Applying property,

/Da flz)dx = /: f(a — x)dz, we get



2m

0 1+ esm (2m—z)

2T
/(; 1 +e —sinz
/2?1’
0 smz

/ sm:.cdq: ()
= gl
0 esinz +1

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

~ 27 dx 27 esin:cdm
A7)y Txeme T Jy Tiems
2 sinz
1+e
= — dx
/0 ( 1 L esinz )
2
:/ 1l.dz
0

= 2| = [m]gﬂ

= 2| = [21]
=S| =T

Q6.

2
Evaluate P(A U B), if 2P(A) = P(B) = 153 and P(A| B) = 5

Solution

It is given that,

" 13

5
= P(A) = 2% and P(B) = 3



2

= P(A|B) = E
P(ANnB) 2
— = —
P(B) 5

It is known that,

P(A U B) = P(A) + P(B) - P(A n B)

= P(AUB) = > + > 2

26 13 13
~ paup =204

- 26
= P(AUB) = 11

26
Q7.
2
If y = 3 cos(log x) + 4 sin(log x), show that wzﬂ + w@ +y=0
dx? dx

Solution

y = 3 cos (log x) + 4 sin (log x)
On differentiating both sides w.r.t. x, we get

d 1 1
d_f; = —3sin(logz) X —+ 4 cos(log x) x .

dy

T = —3sin(log ) + 4 cos(log x)



Again differentiating both sides w.r.t x, we get

d? d 1 1
md_a:z - (d_z) = —3cos(log ) x . — 4sin(logz) x .

Hence proved

Qs.
8.1.

x
Solve for x: sin™* (5) +cos txz = %

Solution
. 1[I ) 1 T
sin — ) +cos = —
( 2 6

. .1 -1, _ T
Since, sin ~ & -+ CcOs :B—E

' sin_l(f) + X sinlz=2
h 2 2 6

1 T T

— —sin 'z +sin i

2 6 2
T 21 — bm
5= 1

12

— _sin 'z +sin !

T

1

= —sin 'z +sin™

T
2 3

T . 1
= ——+sln

1 2
2 3

= sin_



= T sin _r +sin lz
2 3
= g — sin(;) cos (sin_1 :B) + cos(;) sin(sin_1 :r:)
= T _ _sin Zcoscos ! 1— 22+ cos| = |z
2 3 3
3
2z B, 2
2 2 2
3
:>0:—§\/1—:B2
=1-%x2=0
= x% =1

~ X =11is the only answer because x = - 1 will not satisfy above question.
OR

8.2. If sin""x + sin~'y + sin~'z = 1t, show that X2 - y? - 22 + 2yzv1 —x%2 = 0

Solution
Given, sin"'x + sin"ly + sinT'z =T
= sin"x + sin"ly = m—sin~z

— sin ! [m\/l — 2+ yV1 —mz} = (m—sin"" 2)
= zv1l—y¥+yvl—a= sin(::r—sin_lz)
=zy/1—y¥2+yV1l—a2==z2

Now squaring on both sides, we get,

(m\/l —y2)2: (z—y 1 —$2)2



= 3;2(1 — yg) = (z2 + y2(1 — ZL‘Q) — 2zyﬂ)
N — m2y2 =2+ y2 — m2y2 — 2yzm
=2y — 2+ 22V1—22=0

Hence proved

Q9.

9.1. Evaluate:

/m2 cosx dx

Solution

Let] = /$2008$ dx

On applying integration by parts

d
9 B 2
| =z /coswda: f{_d:z: (a: )fcoszc.d:n}da:

| = 22sinx — f2msina: dr

Again on applying integration by parts

2

= X< sin X — 2[- x cos X — [ — cos x dx]

2

=X sin Xx—2[- X cos X + sin X + ¢

2

=X°sSiNX + 2XCcosX—2sinNX + ¢

=(x2=2)sinX + 2XCOS X + C
OR

9.2. Evaluate:

/ x+7
dx
x4+ 4r+7




Solution

7
LetI:/ il dx

x2+4r+7

On applying partial integration method
d
T=A—(z* +4z +7) +B
z + — (" +4z+7) +
x+7=A2x+4) +B

1
Then,A:EandB:S

1
2z +4)+5
Then,lz/z( ) dx

x2 4z 4+ 7
1 (2z + 4) 1
= — dr +5 d
2 2 +4x +7 o /(332—|—433—I—7) v
1 1
= —log|x2+4m+7|+5 dr +c
2 5 2
(z +2) +(\/§)

1 5 [ T+2
= —loglz® + 4z + 7 +—tan1( )+c
" | V3 V3

Q10. A jewellery seller has precious gems in white and red colour which he has putin
three boxes.

The distribution of these gems is shown in the table given below:

Box | Number of Gems

White Red
I 1 2
I 2 3

1l 3 1




He wants to gift two gems to his mother. So, he asks her to select one box at random
and pick out any two gems one after the other without replacement from the selected
box. The mother selects one white and one red gem.

Calculate the probability that the gems drawn are from Box II.
Solution

The probability of selecting each box is:

P(E1) = P(E2) = P(Es) = 5

Two gems are chosen from the selected box.

Let A be the event where one white and one red gem are chosen.

P(A | E1) = Probability of drawing 1 white and 1 red gem when box | is chosen

101 X 201
302

2

3

P(A | E2) = Probability of drawing 1 white and 1 red gem when box Il is chosen

e
502
2x3
~ 10

P(A | E3) = Probability of drawing 1 white and 1 red gem when box Il is chosen

301 X 101




According to Bayes theorem, we have

P(Ey)P(A | Ey)

P(E>| A) =
(B2 | A) = BB P By« P(B)P(A| By) ~ P(B,)P(A| B)
1 3
_ 3 X5
| 2 1 3 1 1
3 X3 t3Xgt3 X3
1
_ 5
T2 1 1
9 T5T%
1
. 5
"~ 20+18+15
90
~ 90
5 x 53
18
53

Q11. Afurniture factory uses three types of wood namely, teakwood, rosewood and
satinwood for manufacturing three types of furniture, that are, table, chair and cot.

The wood requirements (in tonnes) for each type of furniture are given below:

Table | Chair | Cot

Teakwood | 2 3 4

Rosewood | 1 1 2

Satinwood | 3 2 1

It is found that 29 tonnes of teakwood, 13 tonnes of rosewood and 16 tonnes of
satinwood are available to make all three types of furniture.

Using the above information, answer the following questions:



i.  Express the data given in the table above in the form of a set of simultaneous
equations.

ii.  Solve the set of simultaneous equations formed in subpart (i) by matrix
method.

iii.  Hence, find the number of table(s), chair(s) and cot(s) produced.
Solution
Let the number of tables, chairs and cots produced be x, y and z.
i. Then, the system of simultaneous equations produced is:
2x+3y+4z=29
X+y+2z=13
3x+2y+z=16

ii. Part (i) equations are in matrix form as follows:

2 3 4] [z 29
1 1 2{ |yl =113
3 2 1| |z 16
i.e., AX=B
=X=A"B

IA1=2(1-4)-3(1-6)+4(2-3)
=-6+15-4

=15-10

=5%0

As a result, the inverse exists.
Then, an =(-1)""'(1-4)=-3
an=(-1)"¥(1-6)=5
ain=(-1)""32-3)=-1
an=(-1"(3-8)=5
an=(-1%"?2-12)=-10



-3 5 -1t 3 5 2
adjA=|5 —-10 5| =5 —10 0
2 0 -1 1 5 -1
3 5 2
T L R T
A
1 5 -1
X=AB
T 1—3 5 27729
vl =+ 5 —10 0 (|13
2 1 5 —1||16
1'—87+65+32
== 145 — 130 + 0
| —29 4 65 — 16
1‘10 p)
- —1|15| = |3
5
20 4

Hence,x=2,y=3,z=4

iii. .~ Number of table(s) produced = 2
Number of chair(s) produced = 3

Number of cot(s) produced = 4

Q12.

12.1. Mrs. Roy designs a window in her son’s study room so that the room gets
maximum sunlight. She designs the window in the shape of a rectangle surmounted
by an equilateral triangle. If the perimeter of the window is 12 m, find the dimensions
of the window that will admit maximum sunlight into the room.



Solution
Let x and y be the window dimensions and x be the side of the equilateral portion.

Let A be the complete area of the window (through which light enters):

X X

3
A=2xy+ %3}2

Also, x + 2y + 2x = 12 ..(Given)

= 3x+2y =12
N _12—3:13
9=
12 -3
Then, A=x X LT or +£m2
2 4
32 V3
=6r — — 1+ L g2
T 2 + 4$
dA 3
Then,—:6—3$+£m
dx 2

For maximum light to enter, the area of the window should be the maximum

dA
Put — =
u Jx 0
6—3$+£

5 r=20



12

Ir = —
6 —+/3
d’A 3
Again, — = —3 + £ < 0 ..(For any value of x)
dz? 2
12
e, Ais maximum if z = and
6 — 3
m—g(lh)
o 6—+3
v= 2
18 — 64/3
6—+/3

12
Hence dimensions are ( )m

6— /3
and m m
6—v3 |

OR

12.2. Sumit has bought a closed cylindrical dustbin. The radius of the dustbin is ‘r' cm
and height is 'h’ cm. It has a volume of 20T cm?.

C

.“aI""""--____.r-'-""I

S~—

a. Express 'h’ in terms of r’, using the given volume.

40
b. Prove that the total surface area of the dustbin is 27 4 =T
,

¢. Sumit wants to paint the dustbin. The cost of painting the base and top of the

dustbin is ¥ 2 per cm? and the cost of painting the curved side is T 25 per cm?.
Find the total cost in terms of 'r’, for painting the outer surface of the dustbin
including the base and top.

d. Calculate the minimum cost for painting the dustbin.



Solution

Given, radius of dustbin is r and height is h.
a. Volume of dustbin,

V=20mcm?

Then, Tir’h = 20m

= rth =20
20
—h==
2

b. T.S.A. of dustbin = C.S.A + 2 base area

= 2mirh + 2mr?

oty X —— + 22
T2

40 '
il + 2nr?
r

or? 1+ ﬁ
T

Hence proved

c. CSA. of dustbin = —em

T
40
Then, cost of painting (SA) = il X 25
r
1000x
=X
r

Base and top area of dustbin = 2mr?

Then, cost of painting (top and bottom)
=2mré x 2

= T 4mr?

L 1000x 9
Total cost of painting = X . + 4nr



d. Cost of painting,

1000x
C =

T
~dC 1000z

dr = 2 + 8nr

For minimum cost,

PtE—O\
y dr

1000x
2

+ 4ur?

+8rr =0
T

1000z

= 81r = 5
T

=r3=125
=>r=5cm

L C 20007
dr2 3
d*C

Then, 5 is minimum forr = 5 cm.
dr

An

+ 8t >0

1000z
5

Then, minimum cost of painting =

+ 87[(5)
= 2001t + 401t

=X 240m

Q13.
13.1. Find the particular solution of the differential equation:
2y eV dx + (y - 2x ) dy = 0 given that x = 0 wheny = 1.

Solution
2ye§d$ + (y — 2$e§)dy =0

dz 2rev Y

dy Zye%



Given differential equation is a homogeneous differential equation.

s~ Putx=vy
dx dv
ay T Vay
U+ydv _ 2ve’ — 1
dy 2ev
#y@ _ 2ve’ — 1 Y
dy 2e?
NN
dy 2ev?

Integrating on both the sides

1
:>2fe”dvz—/—dy
Yy

= 2e" = —log|y| + logC

= 2e” = log

C ‘

]
Y

Giventhatatx=0,y=1

= 2ev = log

c
2¢" = log| +
e 0g| 7
>C=¢e?
2
263:10ge—

OR



13.2. For the following differential equation, find a particular solution satisfying the
given condition:

w(w2—1)j—i:1,y:0whenw:2

Solution
We have,
dy
2
—1)— =1

z (z ) I

d 1
== ¥ _

Integrating both sides, we get

fo- [{rts o
[ty

éy—/{w($+1§($_l)}dm+0 ........ (1)

Let . _éJr B + ¢
z(z+)(z—-1) =z z+1 =z-1

> 1=A(z+1)(zx—1)+Bzx(x—1)+Czx(x+1)
:51:A($2—1)+B($2—JJ)+C($2+$)
=1=2*(A+B+C)+z(-B+C)- A

Comparing both sides, we get

Solving (2), (3) and (4), we get
A=-1



1 —1 1 1

Cr@t)(@-1)  z 2@+1)  2@-1)

Now, (1) becomes

y:/{_l * 2(3;1+1) + 2(3:1_1) }d“c

x
1 1 1 1 1

=— [ —d — d — d

—Y .'J:QH_Qfa:—l$+2/33—1m

1 1

=y = —log|z| + Elog\m—l|+§log\m+l\ +C

1 1
=y= §log|$—1\ +§log|:ﬂ+1\ —log|z| +C
Given:- y(2) =0

1 1
c0= Elog|2 — 1|+ Elog|2 +1| —log|2|+C
= C =log|2| — %log 3|
Substituting the value of C, we get

1 1 1

Y= Elog |z — 1| + §1og|a: + 1| — log |z| + log |2| — §log\3\

= 2y =log|z — 1| + log |x + 1| — 2log |z| + 2log|2| — log |3|

= 2y =log|z — 1| + log |z + 1| — log|m2| +log|4| — log |3|

~1 1
=2y =1og ETDETD 10013 10g1a)
€
1. (#*-1) 1 3
=y = —log 5 —§log(z)

Q14. A primary school teacher wants to teach the concept of 'larger number' to the
students of Class II.

To teach this concept, he conducts an activity in his class. He asks the children to
select two numbers from a set of numbers given as 2, 3, 4, 5 one after the other
without replacement.



All the outcomes of this activity are tabulated in the form of ordered pairs given
below:

2 3 4 5

(2,2) | (2,3)](2,4)

(3,2) | (3,3) (3,5)

H OWN

(4, 2) (4,4) | (4,5)

5 (5.3)1(5,4)[(5,5)

i.  Complete the table given above.
ii.  Find the total number of ordered pairs having one larger number.

iii. Letthe random variable X denote the larger of two numbers in the ordered
pair.
Now, complete the probability distribution table for X given below.

X 3145

P(X = )

i.  Find the value of P(X < 5)
ii. Calculate the expected value of the probability distribution.

Solution

2 3 4 5

(2,2)1(2,3)[(2,4) | (2,5)

(3.2)1(3,3) (3,435

) O WN

4,2)(4,3)|(4,4)|(4,5)

5((52)|(,3)[(5,4]|(5,5)

ii. Total number of ordered pairings with one greater number =12



P(X=x) | 212 | 412

iv. P(X < 5)=P(3) + P(4)

2 4 6

12 i 12 12

1
P(X<5):§

v. E(x) = DXP(X)

2 4 6
=3 % — 14 x — -
><12+ ><12+5><12

) 6+16+30
12 12 12

52

12
13

3

SECTION B - 15 MARKS

Q15. In subparts (i) and (ii) choose the correct options and in subparts (iii) to (v),
answer the questions as instructed.

15.1.

fG =3i —2j + kand b = 2i — 4] — 3k then the value of |Ei — 25‘

will be
1.4/85
2./86
3.4/87

4.4/88



Solution

fd =3i —2j + kand b= 2i — 47 — 3k then the value of ‘Ei — 23‘

will be v 86.

Explanation:

Given, @ = 371 — 2j +k

b=2i —4j— 3k

Then, (d—25) = | (33— 2j + k) — 2(2i - 4j - 3k)
- [3%—2%+E—4%+8%+6%}

= (—%+6}‘+ 775)

i 28| = \/(-1)* + (6 + (1)
= v/1+ 36+ 49
= /86

15.2. If a line makes an angle a, B and y with positive direction of the coordinate axes,
then the value of sin%a + sin?B + sin?y will be

4, 2
Solution

If a line makes an angle a, B and y with positive direction of the coordinate axes, then
the value of sin’a + sin?f + sin%y will be 2.

Explanation:
cos’a + cos?B + cos?y =1

= 1-sin?a+1-sin’f+1-sin?y=1



= 3 - (sina + sin?B + sin%y) = 1
= sin’a + sin’P + sin?y = 2

15.3. In the figure given below, if the coordinates of the point P are (a, b, ¢), then what
are the perpendicular distances of P from XY, YZ and ZX planes respectively?

ZA
C

g

‘A D
X

Solution

Coordinates of point P(a, b, c)

Then, x - coordinate of P is the perpendicular distance of P from the YZ plane
y - Coordinate of P is the perpendicular distance between P and the XZ plane
z - Coordinate of P is the perpendicular distance of P from the XZ plane.
Perpendicular distance from XY - plane = ¢

Perpendicular distance from YZ - plane = 0

Perpendicular distance from XZ - plane = b

15.4.

Ifg =21+ j+ 2k and b = 5i — 37+ k, find the projection of b on @.
Solution

Given, @ = 2% + j + 2%k

Andb=5i —3j+k

|

Projection of bon G = — (" B)

w

(5-B)=(2x5)+(1><(—3))+(2><1)

=10-3+2



=9

Magnitude of |a| = /22 4 1 + 22
-Vii1+4

9
. Required projection = 3 =3

15.5.
Find a vector of magnitude 20 units parallel to the vector 2 + 53’ + 4F.
Solution

Given vector, @ = 2i + 5 + 4k

|d| = V22 + 52 + 42
=4+ 25+ 16

= V45

=35

La =

=

2455+ 4k
3v5

Thus, the vector of magnitude 20 units and parallel to the a is:

- 490.d
20 (2% 455+ 4’15)
3V5

=T



_ 40P 1005 80k
3v6  3v6 35

85 20
L8V, 20V5

=t—i 2 3 j+ 16?:/_?%

Q16.

16.1.

fd@ x b=a x ¢ where Ei,q and ¢ are non-zero vectors, then prove that
either b = ¢ or G and (5 — E) are parallel.

Solution

Then, b — ¢ = 0, because a is a non-zero vector and the cross-product of two vectors is

zero when their angle is 0° i.e,, they are parallel to each other.

ora and (b — E) are parallel.

Hence proved

OR
16.2.

If @ and b are two non-zero vectors such that ‘Zi X b‘ = a. b, find the

angle between a and b.

Solution

—

Given: ‘Ei X b‘ =a.b

= |a| ‘E‘ sin 0 = |q ‘B‘ cos 0



= sinB =cos B
= tan 6 = 1
0 = 45°

Hence, angle is 45°.

Q17. A mobile tower is situated at the top of a hill. Consider the surface on which the
tower stands as a plane having points A(1, 0, 2), B(3, -1, 1) and C(1, 2, 1) on it. The
mobile tower is tied with three cables from the points A, B and C such that it stands
vertically on the ground. The top of the tower is at point P(2, 3, 1) as shown in the
figure below. The foot of the perpendicular from the point P on the plane is at the
point

43 77 9
Q(%’E’z_g)'

P(2, 3, 1)

e

A1,0,2) c(1.2,1)

43 77 9
Q35" 25 29

Answer the following questions.
i.  Find the equation of the plane containing the points A, B and C.
ii.  Find the equation of the line PQ.
iii.  Calculate the height of the tower.
Solution
i.A(1,0,2),B@3,-1,1),C1,2,1)

Equation of plane

L—T Y- =z2—2
To—xy Yo—Y1 22—2 [ =0
I3 —T1 Y3 — Y1 23— 21



z—1 y—0 2z-2
=13—1 —-1-0 1-2|=0
1-1 2—-0 1-2
z—1 y—0 z—2

= | 2 —1 —1(=0
0 2 —1

=>X-1)1+2)-y(-2-0)+(z-2)4-0)=0
=3(x-1)+2y+4(z-2)=0
=>3Xx-3+2y+4z7-8=0

= 3x+2y+4z=11

ii. Let a and b be the position vectors of the points P(2, 3, 1) and

507 29° 29 respectively.

43 - 77A 9»~
Th — db=—1
en, a = 2@+33+kan b 291+29 k

Let 7 represent the position vector of any point A(x, y, z) on the line

connecting points P and Q. The vector equation for the line is

F:?H—k(g—fi)
N AN 43 2 7 ~ 9 N
:(22+33+k)+7&[(%—2)z+(E—B)J+(2—9—1)k]
15 “10\- [ —20\~
(2z+3y+k)+x[( - ) +(2—9)3+(—29 )k]

Where A is a parameter.

iii. The coordinates of the point P(2, 3, 1) and the equation of the plane in which the
tower's bottom is located are 3x + 2y + 4z =11.

3(2) +2(3) +4(1) — 11 ‘

Height of tower = ‘
\/32 192 1 42



6+6+4—11

vV9+4+16

Q18.

18.1. Using integration, find the area bounded by the curve y? = 4ax and the line x = a.
Solution

Given: y? = 4ax

a
Required area (A) = 2/ y. dx
0

Y|
¥’ = dax

=]
w

¥
= 2/ Vdazx. dz
0
=4\/E/ Vv dz
0

232"
s

2 o

]
b=
i

(XIS

a’ sq.units.

I
w|oo w|loo wloe
e



OR

18.2. Using integration, find the area of the region bounded by the curve y? = 4x and
X2 = dy.

Solution
Given that the curves are y? = 4x and x? = 4y.

Now, the graph of the provided curves is as follows:

Y|
X = 4}?K Y= dx
X

The given equations are:

y2=4x ..(i)
And x? = 4y

= — —4x
16

= x*=4 x 16X

=>x*-64x=0

= X(x*-64)=0

=>x=0o0rx=4

The curve is rewritten as follows:

y? = 4x



= y=+Vdr =2z

:>x2:4y
= _a:2
YT

Now, the area of the bounded region is given as:

A=A4(2\/_3;2)d$

] 3 12
= (é ><43/2) _4_] 0
12
(4 x 8 64
N 12]
128 — 64
T2
64
T 12
16 _
= K} sg.units

SECTION C-15 MARKS

Q19. In subparts (i) and (ii) choose the correct options and in subparts (iii) to (v),
answer the questions as instructed.

19.1. A company sells hand towels at ¥ 100 per unit. The fixed cost for the company to
manufacture hand towels is % 35,000 and variable cost is estimated to be 30% of total
revenue. What will be the total cost function for manufacturing hand towels?

1. 35000 + 3x
2. 35000 + 30x



3. 35000 + 100x
4, 35000 + 10x
Solution
35000 + 30x
Explanation:
Here, fixed cost =% 35,000

Total revenue = Z 100, if x units are sold

Variable cost = x Revenue

30
m x 100z

= 30x

. Total cost function = F.C. + V.C.
= 35,000 + 30x
19.2.

If the correlation coefficient of two sets of variables (X, Y) is —,

which one of the following statements is true for the same set of

variables?

—

. Only one of the two regression lines has a negative coefficient.
2. Both regression coefficients are positive.
3. Both regression coefficients are negative.
4. One of the lines of regression is parallel to the x-axis.

Solution

Both regression coefficients are negative.

Explanation:



A negative correlation occurs when the correlation coefficient is smaller than O. Thus,
if both regressions are negative, the correlation coefficient will likewise be negative.
As a result, if the correlation coefficient is negative, both regression coefficients will
be negative.

19.3.

7
If the total cost function is given by C = x + 22° — 5332, find the

Marginal Average Cost function (MACQ).

Solution

7
Given, O(z) = = + 2z° — §m2

d
MAC = — (AC
7 (AC)
C(z)
Average cost (AC) =
T
r + 223 — %mz
- T
7
=1 + 2$2 — 53.3
MAC = i(AC')
"~ dx
d , T
7
=4y — —
T

19.4. The equations of two lines of regression are 4x + 3y + 7=0and 3x + 4y + 8 = 0.
Find the mean value of x and y.

Solution

The two regression lines are:
Ax+3y+7=0 ..()
3x+4y+8=0...(ii)



We solve these equations simultaneously because the point (x ,y ) is on both
regression lines.

Multiplying equation (i) by 4 and equation (ii) by 3 and subtracting both equations, we
get

16x+12y +28=0
Ox+12y+24=0

/x+4=0

rT=——

7

Putting the value of x into equation (i), we get
4

16

16
_ 16 —49
ST
33
T
11
:>y——7
Hence,f:—E andy = —E
7 7

19.5. The manufacturer of a pen fixes its selling price at ¥ 45 and the cost function is
C(x) = 30x + 240. The manufacturer will begin to earn profit if he sells more than 16
pens. Why? Give one reason.

Solution
Revenue function, R(x) = 45x, if x piece of pens are sold.
Cost function, C(x) = 30x + 240

We will determine the breakeven points,



i.e., R(x) = C(x)
= 45x = 30x + 240
= 45x - 30x = 240

= 15x =240
= 240 16
X = —— =
15

As aresult, if more than 16 pens are sold, profits will be made.

Q20.

20.1.

The Average Cost function associated with producing and marketing
36

x units of an itemis givenby AC=2 + 5 + —.
T

a. Find the Total cost function.

b. Find the range of values of x for which Average Cost is

increasing.
Solution
. 36
Give, ACX) = + 5+ —
T
a. I.C(x) = x x AC
(75 %)
=z|xz+5+ —
T
= x + 5x + 36
, 36
b. Given, AC=x + 5 + —
T
d 36
—(AC) =1—- —
dx (4C) x2



d
AC increases, when d—(AC’) >0
T

36
:>1——2>0

xr

36
=1>—

I
— x% > 36
—x2-36>0

= (xX-6)x+6)>0
= X>borx<-6

As x is positive, AC increases when x > 6

OR

20.2. A monopolist's demand function is x = 60 - g. At what level of output will
marginal revenue be zero?

Solution

Demand function, £ = 60 — P (D)

5

Total revenue function, R(x) = px
= 560 - x)x ..[From ()]

= 5x(60 - x)

= 300x — 5x?
Then, MR = i(R(:xz))
' ~ dx
d 2
= @(300:13 — bx )

=300 - 10x



PutMR=0

=300-10x=0

= 10x =300

=>x=30

Hence, the value of output is 30.

Q21.
21.1.

A monopolist's demand function is £ = 60 — % At what level of

output will marginal revenue be zero?

Solution

Demand function, £ = 60 — p ()

5

Total revenue function, R(x) = px
=560 = x)x ...[From (i)]

= 5x(60 - x)

= 300x — 5x°
Then, MR = i(R(:}:))
' Cdx
d
= ——(300z — 52°)

=300 - 10x
PutMR=0

= 300-10x=0
= 10x =300
=x=30

Hence, the value of output is 30.



21.2.

For 50 students of a class, the regression equation of marks in
statistics (X) on the marks in accountancy (Y) is 3y — 5x + 180 = 0.

The mean marks in accountancy is 44 and the variance of marks in
th
statistics is (—) of the variance of marks in accountancy. Find

the mean marks in statistics and the correlation coefficient between

marks in the two subjects.

Solution
Given n = 50

Regression line of x on y is

3y —5x + 180 = 0

3y + 180
=2 5= ———
5
iy 3, 180
AT YT

7. bgy = coefficient of y = 5

Variance of marks in statistics = 1_6

Variance of marks in accountancy.

9
Le. V(x) = EV(y)

Va 9

= = —
Vy 16
Taking square roots,

oy 3

oy 4



Ox
We have, by = r. —

Oy
3,43
5 4
4
= —=0.8
=7 =
Giveny = 44

. Substitutingy =44 is 3y -5x + 180 = 0
= 3(44)-5x+18 =0
= 132-5x+180 =0

= 5x =132 + 180 = 312

312
= X=— =624
5]

T =624

. Mean marks in statistics £ = 62.4

Q22. Aman has % 1500 to purchase rice and wheat for his grocery shop. Each sack of
rice and wheat costs % 180 and Rupee X 120 respectively. He can store a maximum
number of 10 bags in his shop. He will earn a profit of 2 11 per bag of rice and X 9 per
bag of wheat.

i.  Formulate a Linear Programming Problem to maximise Aman’s profit.
ii.  Calculate the maximum profit.

Solution

. Let x be the number of rice sacks purchased and y be the number of wheat sacks
purchased.

Cost of each sack of rice =% 180



Cost of each sach of wheat =3 120

Profit earned on each sack of rice =% 11

Profit earned on each sack of wheat =3 9

As a result, the problem can be expressed as LPP as follows:
Maximum P = 11x + 9y,

Subject to the constraints

180x + 120y < 1500

or 3x + 2y <25 ...(i)

X+y<10...(ii)

X,y>0

ii. Draw the lines 3x + 2y = 25 and x + y = 10 and shade the area bounded by the given
inequations. The shaded region represents a bounded feasible region. Lines 3x + 2y =
25and x +y =10 intersect at (5, 5).

For equation (i)

3x+2y=25
0 25
x _—
2
25 0

Y 3

Points: { 0 25 25 0
. ? 2 2 3 2

For equation (ii)
X+y=10
x 0 10

y 10 0

Points: (0, 10), (10, 0)
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The four corner points of the feasible region OABC are O(0, 0),
25
A(?, 0), B(5, 5), C(0, 10)

At each corner point, we calculate Z = 11x + 9y.

Corner points Value of objective function

Z=11x + 9y
0(0, 0) Z=11x0+9%x0=0
25 25 275
Al —,0 = — -
(3,) le><3+9><0 3
B(5, 5) Z=11x5+9x5=100
C(0, 10) Z=11x0+9x10=90

P is found to be greatest at B(5, 5), with a maximum value of P = 100.

Hence, Aman earns the greatest profit of 2 100 when purchasing 5 sacks of rice and 5
sacks of wheat.



