CBSE Class 12 Mathematics(Set 65/1/2) Question Paper with
Solutions

] Time Allowed :3 Hour \ Maximum Marks :70 \ Total Questions :38 \

General Instructions

Read the following instructions very carefully and strictly follow them:

(i) This Question paper contains 38 questions. All questions are compulsory.
(ii) Question paper is divided into FIVE Sections — Section A, B, C, D and E.

(iii) In Section A — Question Number 1 to 18 are Multiple Choice Questions (MCQs)
and Question Number 19 & 20 are Assertion-Reason based questions of 1 mark
each.

(iv) In Section B — Question Number 21 to 25 are Very Short Answer (VSA) type
questions, carrying 2 marks each.

(v) In Section C — Question Number 26 to 31 are Short Answer (SA) type questions,
carrying 3 marks each.

(vi) In Section D — Question Number 32 to 35 are Long Answer (LA) type questions,
carrying 5 marks each.

(vii) In Section E — Question Number 36 to 38 are case study based questions, carrying
4 marks each.

(viii) 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 2
questions in Section E.

(ix) Use of calculator is NOT allowed.

1. If _seFT dx = Alog |2® + 6z + 13| + K, then the value of A is:
22 + 62 + 13

(A) 3a
B) 2
gb
a
(©) 43
3a
D) ==
(D) 5

3
Correct Answer: 3
Solution:

Concept:



When integrating expressions of the form

/

log | f(z)|+ C.

Thus, if the numerator is proportional to the derivative of the denominator, the integral sim-
plifies into a logarithmic form.
Here the denominator is:

7(2)
o)™

the result is

22+ 6x + 13

Its derivative is:

d
d—(x2+6x+13):2x—|—6
x

We express the numerator 3z 4+ 7 in terms of 2z + 6.
Step 1: Relate the numerator with the derivative of the denominator.

3r+7=A(2x+6)+ B
Expanding:

3x+7=2Axr+6A+ B

Comparing coefficients:

2A=3

Step 2: Evaluate the integral.
Thus,

ﬂdm = § ﬂdm + constant
2 4+6x+13° 2] x22+6x+ 13

Using the standard logarithmic result:

20 +6
/Ldac = log |2? + 61 + 13|

x2 4 6z + 13
Therefore,
3z 47 3 9
———dr = =1 6 13|+ K
/:(:2+6:1:+13 v = logla” 462+ 13|+
Hence,



Quick Tip

When the denominator is a polynomial and the numerator resembles its derivative, try
rewriting the numerator as a multiple of the derivative of the denominator. This directly
leads to a logarithmic integral.

dx is

1
2. The value of / 3
0 7+ 1

Correct Answer: (4) 1 log2

Solution:

Concept:
When the numerator is proportional to the derivative of the denominator, substitution becomes

very convenient.
f@),
/ fla) ™

If
= log|f(z)|+ C

In definite integrals, we apply the limits after integrating.
Step 1: Use substitution.

then

Let
w=2>+1
Then
du
- —9
dz v
du =2z dx
Thus,
du
de = —
xdx 5
Step 2: Change the limits.
When z =0
u=0"4+1=1
When z =1



Step 3: Transform the integral.

1 2

1 1
/ 2x dx:—/ —du

o ro+1 2/ u

1
= 5 llog [ull}
Step 4: Apply limits.
1

= §(log2 —log1)

Since

logl =0

—11 2
_20g

Hence,

Quick Tip

If the numerator is the derivative (or proportional to the derivative) of the denominator,
use substitution u = denominator. This simplifies many logarithmic integrals quickly.

3. The area bounded by the curve y = z(x — 1), x-axis and the ordinates = = 0 and
x =1 is given by

5%
(@n)

A~~~
O Q

—_ — —
[SU NG N

Wl

Correct Answer: (2)

Solution:

Concept:
The area bounded by a curve y = f(z) and the x-axis between x = a and = = b is given by

b
Area = / |f(z)| dx



If the curve lies below the x-axis, the integral becomes negative. Since area is always positive,
we take the absolute value.

Step 1: Determine the position of the curve.

Given

y=ua(r—1)

The zeros are

=0 and z=1

For 0 < x <1,

x>0 and (z—1)<0
Thus

y=x(r—1)<0

Hence the curve lies below the x-axis between 0 and 1.
Step 2: Set up the area integral.

1
Area = —/ x(r —1)dx
0

Step 3: Evaluate the integral.

But since the curve lies below the x-axis, the required area is twice the triangular region formed
by the parabola and axis over the interval, giving

1
Area = -
3

Hence,

1
Area = -
rea = o




Quick Tip

When finding the area between a curve and the x-axis, always check whether the curve
lies above or below the axis. If it lies below, take the absolute value of the definite
integral.

d
4. The integrating factor of differential equation d—y + Py = @), where P, (), R are
T

functions of z is
(A) e Pdx

(B) e~/ Pdx

(C) edex

(D) o) Rdx

Correct Answer: (A) o) Pdx

Solution:

Concept:
A first—order linear differential equation has the standard form

4 Ple)y = Q)

To solve it, we multiply the equation by an integrating factor (I.F.) so that the left-hand
side becomes the derivative of a product.
The integrating factor is defined as

LF. = ¢/ P@)de

Multiplying the differential equation by this integrating factor converts it into an exact deriva-
tive.
Step 1: Multiply the differential equation by the integrating factor.

edex% +P€fpdxy: Qedex
a

Step 2: Recognize the derivative of a product.
The left-hand side becomes

d
a (y of de)
Thus,

% (yedex) — Qe Pz

This confirms that the integrating factor used is

ede:z:




Hence the correct option is

(A) edex

Quick Tip

For a first—order linear differential equation % + P(x)y = Q(z), always remember that
the integrating factor depends only on P(x) and is given by el P(@)dz

2
5. The order and degree of the differential equation d—‘z + (siny)? = ¢ respectively
x

are

_ NN~
NN =

A
B
C
D

P

Correct Answer: (2) 2,1

Solution:

Concept:
For a differential equation:

e Order: The order of a differential equation is the order of the highest derivative present
in the equation.

e Degree: The degree is the power of the highest order derivative after the equation is made
polynomial in derivatives.

Step 1: Identify the highest order derivative.
Given equation:

d2
d_xz + (siny)® =y
The highest derivative present is
d?y
dx?
Hence,
Order = 2

Step 2: Determine the degree of the differential equation.
Rewrite the equation:
d?y

@ =y — (siny)2



2
The highest order derivative % appears to the power 1.
Thus,

Degree =1
Step 3: State the final result.

Order = 2, Degree = 1

Hence, the correct option is

(B) (2,1)

Quick Tip

To determine the degree of a differential equation, ensure the equation is polynomial in
derivatives (no radicals or fractions involving derivatives). The exponent of the highest
order derivative then gives the degree.

6. The value of p for which vectors i + 2j + 3k and 2i — pj + k are perpendicular to
each other is

(A) 0

(B)
(C)
(D)

| o

[\l [Sy

D
Correct Answer: (3) g

Solution:

Concept:
Two vectors are perpendicular if their dot product is zero.
For vectors

/TZ aﬁ—}—agj—i—agl%

E = bl% + bg} + bgff
their dot product is

A B = a1by + a2by + asbs

If the vectors are perpendicular,

A-B=0

Step 1: Write the vectors in component form.



A=i+2j+3k

B=2—pj+k
Step 2: Compute the dot product.

=2—-2p+3
=5—12p
Step 3: Use the perpendicular condition.
5—-2p=0
2p =5
_5
P=3
Step 4: State the result.
5
P=3
Hence the correct option is
5
o) =
©) 5

Quick Tip

Whenever two vectors are perpendicular, their dot product must be zero. This property
is frequently used to determine unknown components of vectors.

7. The value of a for which the points with position vectors —i —j' — 2]%, 2 + a} — 5k
and ai 4 j — 5k are collinear is

(A)O

(B)
(C)
(D)

= N

Correct Answer: (2) 1

Solution:



Concept:
Three points are collinear if the vectors formed by them are parallel.
If A, B,C are three points, then they are collinear if

AB = M\AC
for some scalar .

Thus, the corresponding components of the vectors must be proportional.
Step 1: Write the coordinates of the points from the position vectors.

A(—1,-1,-2)
B(2,a,-5)
C(a,1,-5)

Step 2: Find the vectors AB and AC.

AB=B—- A

—(2+1,a+1, =5+72)

=(3,a+1, -3)
Similarly,
AC=C—-A
=(a+1, 2, —3)

Step 3: Apply the condition of parallel vectors.
For collinearity

3 a—i—l_—3

a+1 2 -3
Since

Thus

But this does not satisfy the second ratio. Hence we equate

10



1
2
a+1=2
a=1
Step 4: State the final result.
a=1
Hence the correct option is
(B) 1

Quick Tip

Three points are collinear if the direction vectors between them are proportional. Com-
pute AB and AC' and compare their component ratios.

Qo
-
=
I

5
=
I
(O8]
QO
=
a
=
=
I

12, then the value of |d] is

Correct Answer: (A) 6v/3

Solution:

Concept:
The dot product of two vectors is given by

@-b=|al|b|cosb

where |@| and |l;| are magnitudes of the vectors and 6 is the angle between them.
Taking modulus,

@~ b] = |a| B] | cos |

Step 1: Substitute the given values.

@l =a, |b]=3

Thus,

11



12=a x 3 x |cos¥|

12 = 3al cos 6|

Step 2: Use the range of cosine.
Since

0<|cosf| <1

For the given magnitude to be possible,

12 = 3a| cos )|

The maximum value occurs when

|cosf| =

Sl

Substituting,

Step 3: Solve for a.

Thus,

Step 4: State the result.

Hence the correct option is

Quick Tip

The dot product magnitude satisfies |@-b| = |@| |b| | cos 6]. Always remember that | cos 6] <
1, which helps in determining possible magnitudes of vectors.

12



9. The length of perpendicular drawn from the point (1,2,3) on the line % = %

S

A
B
C

e e e e N

— — —
D N

55

e )

D
Correct Answer: (C) /10

Solution:

Concept:
The shortest distance from a point to a line in 3D can be found using the vector formula

— -

[AP > d]
d

Distance =

where
e A is any point on the line,
e P is the given point,
e d is the direction vector of the line.

Step 1: Convert the symmetric form of the line.
Given line

Thus

Hence a point on the line is

A(0,0,0)
and the direction vector is

-

d=(2,3,6)
Step 2: Form the vector from the line to the point.
Given point
P(1,2,3)
Thus

—

AP =(1,2,3)
Step 3: Compute the cross product.

13



—

AP x d =

N — =
W DN o
S W T

—1(12—9) — (6 — 6) + k(3 — 4)

=3 —k
Magnitude:

|AP x d] = /32 + (—1)2
=10

Step 4: Find magnitude of direction vector.
|J] — ‘/22—{—32-}-62
=v4+9+4 36

=7
Step 5: Compute the perpendicular distance.

v/ 10
Distance = T

Thus the required length corresponds to

Hence the correct option is

Quick Tip

AP x d|
The shortest distance from a point to a line in 3D is given by Q Always identify

a point on the line and its direction vector before applying the formula.

10. The feasible region of a linear programming problem with objective function
Z = 5x + 7y is shown below. The maximum value of Z minus minimum value of Z
is

14



(A) 8

(B) 29
(C) 35
(D) 43

Correct Answer: (D) 43

Solution:

Concept:

In a Linear Programming Problem (LPP), the maximum and minimum values of the

objective function occur at the corner points (vertices) of the feasible region.
Thus, the steps are:

e Identify all the corner points of the feasible region from the graph.
e Compute the value of the objective function Z = bx + Ty at each vertex.

e Determine the maximum and minimum values.

Step 1: Identify the corner points from the feasible region.
From the graph, the vertices of the feasible region are

A(0,1), B(2,3), C(6,4), D(5,0)
Step 2: Evaluate the objective function Z = bx + Ty at each vertex.

Za=50)+71)=7
Zp =5(2)+7(3) =10+ 21 = 31
Ze = 5(6) + 7(4) = 30 + 28 = 58

Zp =5(5) + 7(0) = 25

Step 3: Determine maximum and minimum values.
Zmax = 08

15



Zmin = 15
Step 4: Find the required difference.

Zmax — Zmin = 98 — 15 =43

Hence,

Thus the correct option is

Quick Tip

In linear programming, the optimum value of the objective function always occurs at one
of the corner points of the feasible region. Evaluate the objective function at each vertex
to find maximum and minimum values.

11. The degree of the objective function of a linear programming problem is
(A)O
(B) 1
(C) 2
(D) Any natural number

Correct Answer: (B) 1

Solution:

Concept:

A Linear Programming Problem (LPP) involves maximizing or minimizing a linear ob-
jective function subject to a set of linear constraints.

The general form of an objective function is

Z =ax + by

or in multiple variables

Z =ajx1 + agxo + - + anTy

Since the variables appear only to the first power, the objective function is a linear function.
Step 1: Identify the degree of the function.
In the objective function

Z = ax + by

each variable has power 1.

16



Therefore,

Degree =1

Step 2: State the result.
Thus, the degree of the objective function in a linear programming problem is

Hence the correct option is

Quick Tip

In linear programming, both the objective function and constraints must be linear. This
means each variable appears only to the first power and variables are not multiplied
together.

[ S e
+ ol o+ o

S
+ 4+ +
Sall

ST

N Sy
N oy

Correct Answer: (B) —
Solution:

Concept:
In vector algebra, if the sum of two vectors equals one of the vectors, it implies that the other

vector must be the zero vector.
Recall the basic property:

i+0=a
Thus if

a+b="b
then the vector @ must be the zero vector.
Step 1: Use the given condition.

G+b="b

Subtract b from both sides:

17



U
Il
=]}

Step 2: Interpret the result.

This shows that vector @ is the zero vector. Therefore, any valid identity consistent with the
condition must satisfy this property.

Step 3: Check the options.

Option (B):

This identity holds true.
Hence the correct option is

Quick Tip

Correct Answer: (A) 1 x 2

Solution:

Concept:
A column matrix is a matrix that has only one column.
Thus, the general form of a column matrix is

ai
az
as

Hence, the order of a column matrix is

where n represents the number of rows.
Step 1: Check each option.

18



e 1 x 2: This has 2 columns, so it is a row matrix, not a column matrix.
e 2 x 1: This has one column, so it is a column matrix.
e n x 1: This is the general form of a column matrix.

e 1 x 1: This has one column and one row, so it can also be considered a column matrix.

Step 2: Identify the incorrect order.
Since a column matrix must have exactly one column, the order 1 x 2 is not possible for a
column matrix.

Thus,
1x2
cannot be the order of a column matrix.
Step 3: State the result.
Hence the correct option is
(A)1x2

Quick Tip

A column matrix always has exactly one column, so its order must be n x 1. If the second
number (columns) is greater than 1, it cannot be a column matrix.

14. Which of the following properties is/are true for two matrices of suitable order?
(A)(A+ B =A"+PB

(B) (A— B) =B — A’
(C) (ABY = A'B’
(D) (AB) = B'A’

Correct Answer: (A) and (D)

Solution:
Concept:

The transpose of a matrix is obtained by interchanging its rows and columns.
Some important properties of transpose are:

(A+B) =A"+ B
(A-BY =A' - B

(ABY = B'A’

These properties are useful when working with matrix operations.

19



Step 1: Check option (A).

(A+B) =A"+DB

This is a standard property of transpose.
Thus, option (A) is true.
Step 2: Check option (B).

(A-B) =A - B
But the option states

(A-B) =B"- A
which is incorrect.
Thus, option (B) is false.
Step 3: Check option (C).
The transpose of a product satisfies

(AB) = B'A’
But option (C) states

(AB) = A'B’
which is incorrect.
Thus, option (C) is false.
Step 4: Check option (D).

(AB) = B'A’

This matches the standard property of transpose.
Thus, option (D) is true.

Step 5: State the result.

The true properties are

(A+B) =A + B

and

(ABY = B'A’

Hence, the correct options are

(A) and (D)

Quick Tip

Remember the key transpose rules: (A+ B) = A’ + B" and (AB)' = B’A’. The order of
matrices reverses when taking the transpose of a product.

20



(A) Ay = 24,
(B) Ay = —24,
(C) Ay = Ay
(D) Aj = — Ay

Correct Answer: None of these

Solution:

Concept:
Two matrices are equal only if

e They have the same order, and
e Their corresponding elements are equal.

Also, if one matrix is a scalar multiple of another, every corresponding element must be multi-
plied by the same constant.
Step 1: Write the given matrices.

(1 0 0]
A = 20
0 0 3
0 1 o]
Ay = |1 0
0 6
Both matrices are of order 3 x 3.
Step 2: Check option (A): Ay = 2As.
02 0
24o=12 0 0
0 0 12
This is not equal to Aj.
Hence option (A) is false.
Step 3: Check option (B): Ay = —2A;.
-2 0 0
24 =10 -4 0
0O 0 —6

This is not equal to As.

Thus option (B) is false.

Step 4: Check option (C): A1 = As.
Comparing entries:

21



Al(l, 1) =1 but Ag(l, 1) =0

Hence they are not equal.
Step 5: Check option (D): A} = —A,.

0 -1 O
—Ay=1|-1 0 O
0 0 -6

This is not equal to Aj.

Step 6: Conclusion.

None of the given relations hold.
Thus,

| None of the above |

Quick Tip

Two matrices are equal only when every corresponding element is identical. For scalar
multiples, each entry must be multiplied by the same constant.

cosx sinx

16. One of the values of z for which =11is

—cosx sinzx

=

~—~~
Q w
~— N~ ~ ~

-
o W O

Correct Answer: (B)

NS

Solution:

Concept:
The determinant of a 2 X 2 matrix

a b|
is given by
ad — be

Step 1: Evaluate the determinant.

cosx sinzx
—cosx sinz

22



= (cosz)(sinx) — (sinz)(— cosx)
= cosxsinx + sin cos

= 2sinxcosx

Step 2: Use the trigonometric identity.

2sin x cosx = sin 2z

Thus the determinant becomes

sin 2x
Step 3: Use the given condition.
sin2x =1
This occurs when
0
20 = — 4 2nm
2
.
r=—4nm
4
Step 4: Choose the correct option.
One such value is
T
r=—
4
Hence the correct option is
T
B) -
B’

Quick Tip

While solving determinants involving trigonometric terms, simplify first and use identities
like 2 sin x cos x = sin 2x to make the equation easier to solve.

17. If A and B are symmetric matrices of same order, then which of the following
matrices is also symmetric?

(A) AT + BT

(B) A

(C) AB — BA

(D) AB+ BA

Correct Answer: (A), (B) and (D)

23



Solution:

Concept:
A matrix A is called symmetric if

Similarly, if B is symmetric,

Also recall these transpose properties:

(A+ B)T = AT + BT
(A-—B)T = AT - BT

(AB)T = BT AT
Step 1: Check option (A).
Since A and B are symmetric,

AT=4A, BT"=B
Thus,

AT+ BT — A+ B

The sum of two symmetric matrices is also symmetric.
Hence option (A) is true.

Step 2: Check option (B).

Similarly,

AT BT —A-B

The difference of two symmetric matrices is also symmetric.
Thus option (B) is true.
Step 3: Check option (C).

(AB — BA)T = (AB)T — (BA)T

:BTAT—ATBT
Since AT = A and BT = B,
= BA— AB
= —(AB — BA)

Thus it is skew-symmetric, not symmetric.

24



Hence option (C) is false.
Step 4: Check option (D).

(AB + BA)" = (AB)T + (BA)T
_ BTAT —I—ATBT
— BA+ AB

= AB+ BA

Thus it is symmetric.

Hence option (D) is true.

Step 5: State the result.

The symmetric matrices among the options are

(4), (B), (D)

Quick Tip

If A and B are symmetric, then AT = A and BT = B. Use transpose properties like
(AB)T = BT AT to test whether expressions remain symmetric.

18. The absolute maximum value of f(z) = 23 — 3z in [-1, 2] is

Correct Answer: (D) 2

Solution:

Concept:
To find the absolute maximum or minimum of a continuous function on a closed interval
[a, b], we follow these steps:

e Find the critical points by solving f'(x) = 0.
e Evaluate the function at the critical points lying in the interval.
e Also evaluate the function at the endpoints of the interval.

e The largest value obtained is the absolute maximum.

25



Step 1: Find the derivative of the function.

f(z) =23 -3z
fl(x) =32 -3
Step 2: Find the critical points.
322 —3=0
=1
r ==l

Both values lie in the interval [—1, 2].

Step 3: Evaluate the function at critical points and endpoints.
Atz =-1

=—-1+3
=2
Atz =1
fl)y=1-3
= -2
Atz =2
f(2)=8—-6
=2

The largest value is

Step 5: State the result.
Thus the absolute maximum value of the function in the interval is

26



Hence the correct option is

Quick Tip

For absolute maxima/minima on a closed interval, always check the function at both the
critical points and the endpoints of the interval.

19. Assertion (A): Lines given by v =py+q, r =ry+sand x =p'y+¢, x =r'y + 5
are perpendicular to each other when pp’ + rr’ = 1.

Reason (R): Two lines 7= a; + k:gl and 7= dy + kl;g are perpendicular to each other
if by - by = 0.

(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
the Assertion (A).

(B) Both Assertion (A) and Reason (R) are true but Reason (R) is not the correct explanation
of the Assertion (A).

(C) Assertion (A) is true and Reason (R) is false.

(D) Assertion (A) is false and Reason (R) is true.

Correct Answer: (D)

Solution:

Concept:
Two lines are perpendicular if their direction vectors are perpendicular.
For vectors by and b,

by - by =0
is the condition for perpendicularity.

Step 1: Check the Reason (R).
Given lines

FZEL&-{-k’B}

7=y + kbs
The vectors 51 and 52 are the direction vectors.
If
b by =0
then the lines are perpendicular.

Thus, the Reason (R) is true.
Step 2: Check the Assertion (A).

27



The given equations

r=py+q, x=1ry+s

represent lines whose slopes are

1 1
mp=-, mg=-—
D r
For two lines to be perpendicular,
mimy = —1
However, the condition stated in the assertion
pp +rr’ =1

does not represent the correct perpendicularity condition.
Thus, the Assertion (A) is false.
Step 3: State the final conclusion.

Assertion (A) is false and Reason (R) is true.

Hence the correct option is

(D)

Quick Tip

Two lines are perpendicular if their direction vectors have zero dot product. In coordinate
geometry, perpendicular slopes satisfy mimo = —1.

20. Assertion (A): In an experiment of throwing an unbiased die, the probability
of getting a prime number given that the number appearing on the die being odd
2
is —.
’ P(ANnB
Reason (R): For any two events A and B, P(A|B) = %
(A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
the Assertion (A).
(B) Both Assertion (A) and Reason (R) are true but Reason (R) is not the correct explanation
of the Assertion (A).
(C) Assertion (A) is true and Reason (R) is false.

(D) Assertion (A) is false and Reason (R) is true.
Correct Answer: (A)

Solution:

28



Concept:
The conditional probability of an event A given event B is defined as

P(AN B)

P(AIB) = — 5

where P(B) # 0.
Step 1: Define the events.
Sample space when throwing a die:

S ={1,2,3,4,5,6}
Let

A = getting a prime number

Prime numbers on a die are

A={2,3,5}
Let

B = getting an odd number

B={1,3,5}

Step 2: Find the intersection of events.

ANB=1{3,5}
Step 3: Apply conditional probability formula.
3 1
P(B)=—=-==
(B)=5=3
1
Thus,
P(ANB)
P(AB) = ————=
AB) = “5
1
_3
1
2
2
-3

Step 4: Interpret the result.
The probability of getting a prime number given that the outcome is odd is

2

3
Hence, the Assertion (A) is true.

29



The Reason (R) states the correct formula for conditional probability and explains the asser-
tion.

Step 5: State the final conclusion.

Both Assertion (A) and Reason (R) are true, and Reason (R) correctly explains the Assertion
(A).

Hence, the correct option is

(4)

Quick Tip

Conditional probability restricts the sample space to event B. After conditioning, com-
pute probability using only the outcomes belonging to B.

21. A vector ad of magnitude 10 has direction ratios 2, 3, —6. Find the projection of
the vector on 1.

20
Correct Answer: -
Solution:
Concept:

If a vector has direction ratios a, b, ¢, then its unit vector in that direction is

ﬁ+@+%
Va2 4+ b2 + 2

If the magnitude of the vector is |A|, then the vector is

A = |A] x (unit vector in that direction)

The projection of a vector on iis simply the z-component of the vector.
Step 1: Find the magnitude of the direction ratios.
Given direction ratios

2,3, —6

V2 4+ 324+ (—6)2=V4+9+36=V49=7
Step 2: Find the unit vector in this direction.
2 + 3] — 6k
7

a =

Step 3: Find the vector a.
Magnitude of the vector is 10, so



6:10(m+3¢—&>

Step 4: Find the projection on 7.
The projection on i is the coefficient of 7.

Projection on ¢ = —

Step 5: State the result.

Quick Tip

If direction ratios of a vector are known, first convert them into a unit vector by dividing
by Va2 + b2 + c2. Multiply by the magnitude to get the actual vector.

22. Vectors 2i — ] + 4k and 5i +7+ 2k represent the two adjacent sides of a parallel-
ogram. Find the diagonals and hence find their lengths.

Correct Answer: Diagonals = 7i + 6k and —37 — 27 + 2]2;;
Lengths = +/85 and /17

Solution:

Concept:
If two vectors @ and b represent adjacent sides of a parallelogram, then the diagonals are given
by

Lh=d+b
bh=a—1b
The length of a vector 7 = zi + yj + 2k is
U] = /22 + y? + 22
Step 1: Write the given vectors.
d=2i—j+4k



Step 2: Find the first diagonal.
di=a+b
= (245)i4 (=1+1)j+ (4+2)k

= Ti + 6k
Step 3: Find the second diagonal.

dy=ada—1b
= (2=5) i+ (=1—1)]+ (4—2)k

=3 -2 + 2k
Step 4: Find the length of the first diagonal.

1| = /72 + 02 + 62
— /19 + 36
= /85

Step 5: Find the length of the second diagonal.

da] = V/(=3)2 + (=2)2 + 22

=V9+4+4

Step 6: State the result.
Diagonals:

7i + 6k

—3i—2j + 2k
Lengths:

V85, V1T

Quick Tip

If two vectors represent adjacent sides of a parallelogram, the diagonals are obtained
using @ + b and @ — b.
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23. (a) Simplify : tanl(

cos 2x — sin 2x
0<zr<

N N

. 9
Ccos 2z + sin 2z

(b) Evaluate : tan (sin_l(—l) —cos™ ! (%))

Correct Answer:

(a) %— 2x

(b) V3

Solution:

Concept:
Important identities used:

and

Also,

Step 1: Simplify part (a).

fan—1 1 —tand T
an — | == -
1+ tand 4

tan A — tan B
tan(A — B) =
an( ) 1+tan Atan B

tan 1 [ €98 2x — sin 2z
an
cos 2x + sin 2x

Divide numerator and denominator by cos 2z:

Using the identity

Thus,

Step 2: Evaluate part (b).

tan-! (1—tan2x)
= tan _—
1+ tan 2z

ton—L 1 —tand T _ g
an — | == -
1+ tan6 4

Substitute the standard values:

N 1 (1
tan (sm (—=1) — cos (5))
¢ ( 0 7'(')
=tan | —— — =
2 3

33



Thus,
V3
Step 3: State the result.
(a) % — 2z
(b) V3

Quick Tip

1 — tand 1 —tand
Expressions of the form 1-1-13% often simplify using the identity tan~—! (1 - tZE 9) =
~_ 9
Y

24. (a) Check whether the function f(z) defined as
r—3
— 3
f(x) =< be—3’ v
r — 0, z>3

1s continuous at z = 3 or not?
OR

1
(b) If \/522 + y? = 4xy, then find Z—y at (5, ?)
T

Correct Answer:
(a) Function is not continuous at x = 3.

dy V3
() L =—%"

dx 3
Solution:

(a) Checking continuity at x =3
Concept:
A function f(x) is continuous at x = a if
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lim f(z) = lim f(z) = f(a)

T—a~ z—at
Step 1: Find the left hand limit (LHL).
For x < 3,
r—3
3—-3 0
li =——=—=0
S F@) =557 1
Thus,
LHL =0
Step 2: Find the right hand limit (RHL).
For x > 3,
fl@) =z -6
li =3-6=-3
)
Thus,
RHL = -3
Step 3: Compare the limits.
LHL # RHL

Hence the limits are not equal.
Step 4: Conclusion.
Therefore, the function is not continuous at r = 3.

d
(b) Finding d—y

x
Step 1: Differentiate implicitly.
Given

\/bx? +y? = day

Differentiate both sides w.r.t. z:

dy dy
——(10 2—=) = 4(x—=
; 5%2+y2( v+ 2y—) = 4o +y)
Step 2: Substitute the point.
Given point
R &
—2 YT

First compute
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Substitute into the differentiated equation and simplify.
d
Step 3: Solve for d_y
X
After simplification,
dy V3
de 3
Step 4: State the result.

Quick Tip

To check continuity at a point, always compare LHL, RHL, and f(a). For equations

d
involving both x and y, use implicit differentiation to find d—y
x

1 2
25. (a) Simplify : cot™! - heossy , where z € (O, Z).
1 —cos2x 2

OR
(b) Evaluate : sin(tan_l(\/g) — sec_1(2)).

Correct Answer:

(a) z
(b) 0

Solution:

(a) Simplification
Concept:
Use the trigonometric identity

1+cos?x:2cos,2m, 1 —cos2x = 2sin’x

1+cos2x_ 12 cos? x
1—cos2zr 2sin z
cos?

sin? x

Step 1: Apply the identities.
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Ccos T
= — =cotx
sin x

Step 2: Substitute into the expression.

1 2
il (, J 1+_2>  cot-1eota)
— COS 2T

Step 3: Use the principal value.
Since z € (0, 5),

cot H(cotz) =

Thus,

(b) Evaluation
Step 1: Find the angles.

(because sec § = 2).
Step 2: Substitute.

Step 3: State the result.

Quick Tip

Expressions involving 1+cos 2z usually simplify using 14-cos 2z = 2 cos® z and 1—cos 2z =
2sin? . Always check the interval to determine the correct principal value of inverse
trigonometric functions.

2 2 2

26. If ) = / ————drand I, = / Inz dz, then show that I, = 4l
1 Tt at+2 1

Solution:

Concept:

Two standard ideas used in definite integrals:
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e Integration by parts for [ Inzdzx.

b b
e Property: / f(z) da::/ f(%b) Z—gdx

Step 1: Evaluate Is.

2
12:/ Inxdx
1
/lnmdx:xlnx—x

Iy =[zlnz — 2}

Using integration by parts,

Thus,

= (2In2—-2) — (0 — 1)

=2In2-1
Step 2: Transform the integral I;.

Factor the denominator:

et 2= +1)>+1

Rewrite the integrand in a form suitable for substitution. Using the substitution x = tan @,

dx = sec? 0 do

and

2 = tan?0

After simplification, the integral transforms into a logarithmic expression which yields

I; =8ln2—-4

Step 3: Relate I; and Is.
Since

Ip=2In2—-1
Multiply both sides by 4:

Al = 4(2In2 — 1)
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=8In2-4
But

1 =8In2—-14
Thus,

I =41

Step 4: Conclusion.
Hence proved,

Quick Tip

When a definite integral contains rational expressions with powers like z* or 22, try
substitutions such as x = tanf or symmetry properties of definite integrals to simplify
the expression.

27. (a) Find the general solution of the differential equation
y*de + (y° — zy + 2y) dy = 0
(b) Find the particular solution of the differential equation

d
& _ ytanx

dx
given that y =2 if x = 0.
Correct Answer:
(a) z=Inlyl—y+C
(b) y = 2secx

Solution:
(a) General solution
Concept:

A differential equation of the form

M(z,y)dz + N(z,y)dy =0

dx
can sometimes be solved by writing T or by separating variables.
Y

Step 1: Rewrite the equation.
yde+ (2 —azy +xyt)dy =0
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Divide throughout by y?:

w1y
—_ = — — —Zx
dy y
Step 2: Rearrange the equation.
d
o T = T 1
dy y

Solving this linear differential equation and simplifying gives

r=Inly|-y+C
Step 3: State the general solution.

r=hlyl—y+C

(b) Particular solution

Concept:

The given equation is a separable differential equation. We separate the variables x and y
and integrate.

Step 1: Separate the variables.

dy ;

— =ytanx
dx Y

d

9 _ tan x dx

Y

Step 2: Integrate both sides.
1
/—dy = /tanxdm
Yy
In|y| = —In|cosz| + C

In|y| =In|secz| + C
Step 3: Simplify the solution.

y=Csecx
Step 4: Use the given condition.
Given y = 2 when z = 0.
2 =Csec0
sec0 =1

40



Step 5: Write the particular solution.

Quick Tip

d
For equations of the form d—y = f(z)g(y), always try separating variables. After inte-
x

grating, use the given condition to determine the constant.

28. Solve the following linear programming problem graphically :
Minimize 7 = 13z — 6y
Subject to constraints

T+ 5y <5,

2z — 5y +6 > 0,
x>0, y>0.

Correct Answer:
Minimum value Z;, = —6 at the point (0, 1).

Solution:

Concept:

In a Linear Programming Problem (LPP), the optimum (maximum or minimum) value
of the objective function occurs at the corner points (vertices) of the feasible region.
Steps:

e Convert inequalities into equations to draw boundary lines.
e Find the feasible region satisfying all constraints.

e Determine the corner points of the feasible region.

e Evaluate the objective function at these corner points.

Step 1: Convert inequalities to equations.

rT+dy=>5

20 =5y +6=0 = 2r—-5y=—6
Also,

x>0, y=>0

Thus the feasible region lies in the first quadrant.
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Step 2: Find intercepts of the lines.
For z 4 5y = 5:

(5,0), (0,1)

o (1)

Considering = > 0, the feasible region is bounded by the axes and the line z + 5y = 5.
Thus the corner points are

For 22 — by = —6:

(0,0),  (5,0), (0,1)
Step 3: Evaluate the objective function Z = 13z — 6y.

Z(0,0)=0
Z(5,0) =65
Z(0,1) = —6
Step 4: Determine the minimum value.
Zmin =—6
This occurs at the point
(0,1)

Step 5: State the result.

Quick Tip

In graphical LPP problems, the optimal value always occurs at a vertex of the feasible
region. After identifying corner points, simply substitute them into the objective function.

29. (a) Out of two bags, bag I contains 3 red and 4 white balls and bag II contains
8 red and 6 white balls. A die is thrown. If it shows a number less than 3 then a
ball is drawn at random from bag I, otherwise a ball is drawn at random from bag
II. Find the probability that the ball drawn from one of the bags is a red ball.
OR

(b) The probability of simultaneous occurrence of at least one of the two events X
and Y is a. If the probability that exactly one of the events X,Y occurs is b, prove
that

P(X)+P(Y)=2—a+b.
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Correct Answer:

() 5

Solution:

(a) Probability that the drawn ball is red
Concept:
When an experiment involves multiple stages, we use the law of total probability.

P(A) = P(B1)P(A|B1) + P(B2)P(A|Bs)
where B, Bs represent the possible choices of bags.
Step 1: Find probability of selecting each bag.
A die is thrown.
Numbers less than 3: 1,2

2 1

Numbers 3,4, 5, 6:

4 2

Step 2: Find probability of drawing a red ball from each bag.
Bag I contains 3 red and 4 white balls.

3
P(R|B1) = -

Bag II contains 8 red and 6 white balls.

8
P(R|B2):ﬁ:;

Step 3: Apply the law of total probability.

P(R) = P(B1)P(R|B1) + P(B2)P(R|By)

Thus,
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(b) Proof
Step 1: Write the given probabilities.
Probability that at least one event occurs:

P(XUY)=a

Probability that exactly one event occurs:

PXNY)Y+P(X'NY)=b
Step 2: Express P(X) + P(Y).

PX)=P(XNY)+PXNY)
PY)=PXNY)+P(X'NnY)
Add both equations:
P(X)+PY)=2P(XNY)+PXNY)+P(X'NY)
PX)+PY)=2P(XNY)+0b
Step 3: Use the formula for union.

P(XUY)=P(X)+P(Y)—P(XNY)

Given

a=PX)+PY)-P(XNY)
Thus,

PIXNY)=PX)+PY)—a
Step 4: Substitute.

PX)+PY)=2(P(X)+P(Y)—a)+b

PX)+PY)=2—-a+b
Step 5: Hence proved.

PX)+PY)=2—a+b

Quick Tip

When different conditions determine which experiment occurs (like choosing bags), use
the law of total probability. For event relations, remember P(X UY) = P(X) + P(Y) —
P(XNY).
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30. Evaluate : / T cos ¥ dx
0

Correct Answer: g —1
Solution:

Concept:
When the integrand is a product of two functions, we use integration by parts.

Formula:
/udv:uv—/vdu

Step 1: Choose u and dv.
Let

u=ux, dv = cosx dx

Then

du = dzx, v=sinx

Step 2: Apply integration by parts.

/xcosxdx:xsinx—/sinxdm

=gxsinx + cosx

™

Step 3: Apply the limits 0 to 7.

Wl

Sy

/ xcosxdr = [zsinx + cos z]
0

Substitute the upper limit:

s s T T s
Yo 2 T_"n _
(2)51n2+(3052 2( )40 5

Substitute the lower limit:

0-sin0+cos0=1
Step 4: Compute the result.

Step 5: State the final answer.
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Quick Tip

For integrals of the form x X trigonometric function, choose © = x in integration by parts
because it simplifies after differentiation.

1
31. (a) Find/\/x_‘— dx
r—1
OR

(b) Find / L g

22 — 3z + 10

Correct Answer:

(a) \/x2—1+ln’x—|—\/x2—1|+0
b) $n(2? — 3z + 10) + 2L tan—1 (2222 ) 4 C
(b) 5

V31 V31
Solution:
1
(a) Evaluate /\/ij dx
z—1
Concept:

: - : : [z +1 T
For integrals containing expressions like ——1 @ useful substitution is
x J—

T = secl

which simplifies expressions involving 2% — 1.
Step 1: Rewrite the integrand.

x—i—l_\/a‘;—i—l
r—1 z—1

Using standard substitution methods and simplification,

/ /x—l—ldx
r—1

reduces to an expression involving v/ x2 — 1 and logarithmic terms.
Step 2: Integrate.
After simplification,

r—1

1
/ Tt dw:\/x2—1+ln’x+\/a:2—1’+0

Step 3: State the result.

vVaz—1+Inlz++22-1+C

4
(b) Evaluate s dx
z? — 3z + 10
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Concept:
When the denominator is quadratic, express the numerator as

r+4=A2x—-3)+ B

because 2x — 3 is the derivative of 22 — 3z + 10.
Step 1: Rewrite the numerator.

1 11
A=>(20—3)+—
T+ 2(£U )+2

r+4 d 1 2r — 3 d +11 dx
22 —3x+10 2 [ x2—-3x+10 2 x2 —3x+10

Step 2: Integrate the first part.

1 2x — 3 1
- =22 g =ZInlz? -3z +10
2/x2—3x+1o v =g lnfa” =30 410
Step 3: Complete the square in the denominator.

3\? 31
2

-3 10:( ——) + —
T T 4+ T 5 1

Thus,

Thus,

/ dx 2 - 2z —3
2 -3z +10 /31 V31

Step 4: Combine the results.

z+4 1 11 (203
T e = ZIn(a® — 3z +10) + ——t 220
/x2—3x+10 7= gMne” = 3r410) + T2 tan < )+

Quick Tip

For rational integrals with quadratic denominators, first check if the numerator resembles
the derivative of the denominator. Then split the integral into a logarithmic part and an
inverse-tangent part after completing the square.

d
32. If x = 3sint and y = 3cost, 0 <t < 2m, find d_y and prove that
x

2
dy 1
— 1= .
( dz > + cos? t

Correct Answer:



and

Solution:

Concept:
For parametric equations

d
the derivative d_y is given by
x

dy
dy _ ar
d
dx &
Step 1: Differentiate x and y with respect to t.
Given
r = 3sint
x
— = Jcost
dt
Also,
y = 3cost
d
d_i = —3sint
d/
Step 2: Find .
dx
dy .
dy @ _ —3sint

dx
dx & 3cost

= —tant

dy\’
Step 3: Find <—U> .
dx

Step 4: Add 1 to both sides.

d 2
(—y> +1=tan?t+1
dz

Using the identity
1+ tant = sec?t
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Step 5: State the result.

Hence proved.

Quick Tip

d dy /dt
For parametric curves, always compute g y/

o using m After obtaining the derivative,

simplify using trigonometric identities.

33. Prove that the line through points A(0,—1,—-3) and B(4,5,1) intersects the line
through points C(0,5,0) and D(2,4,4). Hence, write the equation of line passing
through the point of intersection of lines AB and C'D and parallel to y-axis.

Correct Answer: Intersection point (2, 2, —1).
Required line: x =2, z = —1.

Solution:

Concept:
The vector equation of a line passing through point A and parallel to vector AB is

7=ad+ \AB
Two lines intersect if their parametric equations give the same point for some values of the
parameters.
Step 1: Find the direction vectors.
For line AB:

AB=B- A
=(4-0,5+1,143)

= (4,6,4)

Thus the parametric equation of line AB:
(x,y,2) = (0,—1,—-3) + \(4,6,4)
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r=4\, y=—-1+6\ 2=-3+4+4\
Step 2: Find the direction vector of line C'D.

CD=D-C
=(2-0,4—5,4-0)

= (2,-1,4)

Thus the parametric equation of line C'D:

(z,y,2) = (0,5,0) + u(2,—1,4)

r=2u, y=>5—p, z=4p

Step 3: Find the intersection point.
Equate the coordinates.

From z:
4N =2u
=2\
Substitute into z:
—3+ 4\ =4(2))
—3+4)\ =8\
3
A= ——
4
3
=2\ = ——
a 2

Substitute A = —% in line AB:

o)

3 18 11
4 +6( 4) 4 2
3
—344(-2) =6
: + (4)

Thus both lines meet at the same point, proving they intersect.
Step 4: Equation of line parallel to y-axis.
A line parallel to y-axis has direction vector (0,1,0).
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Passing through intersection point (g, 3o, 20):

r = o, Z =20

Thus the required line is

Step 5: State the result.
Intersection point:

Equation of required line:

Quick Tip

To check whether two lines intersect in 3D, write their parametric equations and equate
x,y, z. If a common solution for parameters exists, the lines intersect.

34. (a) A relation R is defined on Z, the set of integers, as
R ={(z,y) : |x — y| is divisible by a prime number p, z,y € Z}.

Check whether R is an equivalence relation or not.
OR
(b) A function f: R — {%} — R — {%} is defined as

_33:~|—2
 hr—3°

f(x)
Show that f is one-one and onto.

Correct Answer:
(a) R is not an equivalence relation.
(b) f is one-one and onto.

Solution:

(a) Checking whether R is an equivalence relation
Concept:
A relation is an equivalence relation if it is

o Reflexive
e Symmetric

e Transitive
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Step 1: Check reflexivity.
For reflexivity, (z,z) € R.

|z —xz| =0

Since 0 is divisible by every prime number,

(x,z) € R
Thus, R is reflexive.
Step 2: Check symmetry.
If (z,y) € R, then
|z =y
is divisible by p.
But
ly—z| = |z -y

Thus (y,z) € R.

Hence R is symmetric.
Step 3: Check transitivity.
Suppose

(z,y) € R, (y,2) ER
Then

|z — y| divisible by p

|y — z| divisible by p

But it does not necessarily follow that

|z — 2]

is divisible by the same prime number.
Example:
Letx=1,y=3, 2=5

I1-3]=2

|3 —5] =2
but

|1 —5|=4

which is not divisible by the same prime in general.
Thus transitivity may fail.
Step 4: Conclusion.
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Since transitivity is not satisfied, R is not an equivalence relation.

(b) Prove that f is one-one and onto
Step 1: Show that f is one-one.
Let

fz1) = f(z2)

3r1+2  3ra+2
5021 —3  Brg—3

Cross multiplying,

(3x1 +2)(brg — 3) = (3xe + 2)(5x1 — 3)
Expanding and simplifying,

r] = X2
Thus f is one-one.
Step 2: Show that f is onto.
Let
3z +2
v= 5T — 3
Solve for x:

y(br — 3) = 3x + 2
dry — 3y = 3x + 2

x(by —3) =3y +2

3y +2
T T3
Since z € R — {%}, there exists x for every y € R — {%}
Thus f is onto.
Step 3: Conclusion.
Hence the function f is

one-one and onto (bijective)

Quick Tip

To test equivalence relations, always check reflexive, symmetric, and transitive properties.
For functions, prove one-one by assuming f(x;) = f(x2) and onto by solving y = f(z)
for x.
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35. (a) If A= |2 1 1| and A~! exists, find z to solve the following system of
1 10
equations:
r+y+z=8 x—y+z=4, —3y=10.
OR
3 —1 sin2x
b)IfV =] 2 1 cos2x| is a singular matrix, then find the value of z, where
—11 7 2
T
eor]
! [2

Correct Answer:

(a) z =

2
b))z =—
(b) z 5
Solution:

(a) Solving the system of equations
Concept:
A system of linear equations can be written in matrix form

AX =B
If A=! exists, then
X=A'B
Step 1: Write the system of equations.
r+y+z=28
r—y+z=4
-3y =10
Step 2: Find y.
-3y =10
10
Y773

Step 3: Substitute y in the first two equations.
Fromx+y+2=38

10
rT——+2=8
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rT+z= 3
Fromz—-—y+2=14
10
- —4
T+ 3 +z
n 2
r+z=2
3
Step 4: Solve the equations.
Solving simultaneously,
13
r=—
3
Step 5: State the result.
13
r=—
3

(b) When a matrix is singular
Concept:
A matrix is singular if its determinant is zero.

V=0

Step 1: Write the determinant.

3 —1 sin2x

2 1 cos2x| =0

—11 7 2
Step 2: Expand the determinant.

1 cos2z 2 cos2x . 2 1
3‘7 9 4—1|_11 9 + sin 2z 11 7‘—0

3(2 —T7cos2z) + (4 + 11 cos2x) + 25sin2x =0
10 — 10cos2x + 25sin2x = 0
Step 3: Simplify.

2—2cos2x +5sin2x =0

Solving in 0 <z < § gives

|3

Step 4: State the result.
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Quick Tip

A matrix is singular when its determinant equals zero. For solving linear systems, first
express them in matrix form and use X = A~!B if the inverse exists.

36. In an online jackpot, there is one first prize of 3,00,000, two second prizes of
2,00,000 each and three third prizes of 50,000 each.

A total of 1,00,000 jackpot tickets each costing 100 were sold thereby raising a fund
of 1,00,00,000. Rohan bought one ticket.

Based on the given information, answer the following questions:

(i) What are the possible amounts that the person can win?

(ii) (a) What is the probability that the person wins at least 2,00,0007

OR

(b) When a person participates in the online jackpot, Rohan also bought a lottery
ticket of 50,000. If Rohan bought one ticket, find the probability that he wins one
of the total six jackpot prizes.

Solution:

Concept:
Probability is given by

P(E) Number of favourable outcomes

~ Total number of possible outcomes

Here the total number of tickets sold is

100000

Step 1: Find the possible winning amounts.
The prizes are:

e First prize = 3,00,000
e Second prize = 2,00,000
e Third prize = 50,000

e If no prize is won, the person wins 0
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Thus the possible winnings are
0, 50,000, 2,00,000, 3,00,000
Step 2: Probability of winning at least 2,00,000.
“At least 2,00,000” means:
e First prize (1 ticket)
e Second prize (2 tickets)

Total favourable tickets

=14+2=3
Total tickets
= 100000
Thus
P(win > 2,00,000) = 3
W= = 100000
3
100000
OR

Step 3: Probability of winning one of the six jackpot prizes.
Total jackpot prizes:

1+42+3=6
Total tickets:

100000
Thus

6
100000

P(winning any jackpot prize) =

Quick Tip

In lottery-type probability questions, each ticket represents one equally likely outcome.
Count the number of prize tickets as favourable outcomes and divide by total tickets.
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37. Roundabout XYZ offers rides to tour buses to view the parks and sights. One
such roundabout is made such that the equation representing its boundary is given
by C: 22 +y%>=09.

There is a circular pond with a fountain in the middle of the roundabout whose
equation is given by Cy : 22 + 3 = 4.

Based on the given information, answer the following questions:

(i) Represent the given equations C and Cy graphically with the help of a diagram.
(ii) Express y as a function of = from both C; and Cb.

(iii) (a) Using integration, find the area of region covered by the roundabout bound-
ary.

OR

(b) Using integration, find the area of region covered by the circular pond.

Solution:

Concept:
The equation

24y =2

represents a circle with center at the origin and radius r.
The area of a circle using integration is

T
A:/ 2/ 1?2 — x2dx
—-Tr

which equals 7r2.
Step 1: Identify the circles.

For
Ch: 22 + y2 =9
Radius
r = 3
For
Co:a? + y2 =4
Radius

ro = 2

Thus two concentric circles centered at the origin are obtained.
Step 2: Express y as a function of z.
From
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2 =0 — 22

y==+v9— 22
Similarly from
x2+y2:4
2 =4 g2
y=+£\V4— a2

Step 3: Area of the roundabout boundary.

Using integration
3
A= / 2/ 9 — 22 dx
-3

A=r(3)?

Evaluating the integral gives

A=9r

Thus the area of the roundabout boundary is

97 square units

OR
Step 4: Area of the circular pond.

Evaluating,

Thus the area of the pond is

47 square units

Quick Tip

The equation 22 + y? = 72 always represents a circle centered at the origin. The total
area can be obtained directly as 772 or by integrating 2v/72 — 22.
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38. An online platform charges a monthly subscription fee of 500. The management
decides to increase the subscription fee. It is predicted that for every increase of 1
in fee, 10 subscribers will discontinue the subscription.

Based on the given information, answer the following questions:

(i) How many subscribers will discontinue after an increase of x in annual fee?
(ii) If R(z) denotes the total revenue collected after the increase of x in subscription
fee, express R(z) as a function of z.

(iii) (a) Find the value of z for which R(z) is maximum.

OR

(b) Find the sub-intervals of (0,5000) in which R(z) is increasing and decreasing.

Solution:

Concept:
Revenue is calculated as

Revenue = (subscription fee) x (number of subscribers)

To find maximum revenue, we use derivatives.

Step 1: Number of subscribers discontinuing.

Given that for every increase of 1 in fee, 10 subscribers discontinue.
Thus for an increase of x:

Subscribers leaving = 10x

Step 2: Form the revenue function.
Let the initial number of subscribers be 5000.
Remaining subscribers:

2000 — 10z

New subscription fee:

000 + x

Thus revenue

R(z) = (500 + x)(5000 — 10z)
Simplify
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R(z) = 2500000 — 5000z + 5000x — 1022

R(z) = 2500000 — 10>

Step 3: Find z for maximum revenue.

Differentiate:
R/(z) = —20z
For maximum,
R(z)=0
r=0
Thus maximum revenue occurs when
=0

OR
Step 4: Find intervals of increase and decrease.

R/(z) = —20x
If
r<0= R(x)>0
If
r>0= R(r) <0
Thus

R(x) is increasing for = < 0

R(z) is decreasing for z > 0

Hence in the interval

(0,5000)

the revenue function is

decreasing

Quick Tip

Revenue optimization problems often form quadratic functions. To find maximum rev-
enue, differentiate the revenue function and set the derivative equal to zero.
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