
CBSE EXAMINATION PAPER-2024
MATHEMATICS

(Solved)

Time allowed : 3 hours Maximum Marks : 90

General Instructions :

Read the following instructions carefully and follow them :

i. This question paper contains 44 questions. All questions are compulsory.

ii. This question paper is divided into 5 sections.

iii. Section A – questions number 1 to 3 are case based questions

iv. Section B – questions number 4 to 22 are multiple choice questions

v. Section C – questions number 23 to 29 are very short answer

vi. Section D – questions number 30 to 38 are short answer

vii. Section E – questions number 39 to 44 are long answer

viii. There is no overall choice given in the question paper. However, an internal choice
has been provided in few questions.

ix. Use of calculator is NOT allowed.

Section A

Question 1. The traffic police has installed Over Speed Violation Detection (OSVD) system
at various locations in a city. These cameras can capture a speeding vehicle from a
distance of 300 m and even function in the dark. A camera is installed on a pole at the
height of 5 m. It detects a car travelling away from the pole at the speed of 20 m/s. At any
point, x m away from the base of the pole, the angle of elevation of the speed camera
from the car C is θ.



(1) Express θ in terms of height of the camera installed on the pole and x.

[1 Marks]
Answer: Let the height of the camera be h meters and the distance of the car from the
base of the pole be x meters. Then, the angle of elevation θ can be expressed as tan(θ)
= h / x. Therefore, θ = tan⁻¹(h / x).

Key Points: Definition of angle of elevation-Use of right triangle formed by height

h and distance x-Tangent function relates opposite side to adjacent side-

Expression θ = tan⁻¹(h / x) to be given

(2) Find the rate of change of angle of elevation with respect to time at an instant

when the car is 50 m away from the pole.

[2 Marks]
Answer: Let x be the distance of the car from the base of the pole at any time t. The
pole height is 5 m. The angle of elevation θ satisfies tan θ = 5 / x. Differentiating both
sides with respect to time t, we get sec²θ * dθ/dt = -5 / x² * dx/dt. Given that dx/dt = 20
m/s (the car is moving away, so rate is positive), and at the instant x = 50 m, find tan θ
= 5/50 = 1/10, then cos²θ = 1 / (1 + tan²θ) = 1 / (1 + (1/10)²) = 100 / 101. Therefore, dθ/dt =
(-5 / 50²) * 20 * cos²θ = (-5 / 2500) * 20 * (100 / 101) = -0.0159 radians/second. The
negative sign indicates the angle is decreasing at this instant. Thus, the rate of change
of the angle of elevation is approximately -0.016 radians per second.

Key Points: Define the angle of elevation θ with tan θ = height / x-Express θ

implicitly and differentiate with respect to time-Use given values: height = 5 m,

speed dx/dt = 20 m/s, x = 50 m-Calculate cos²θ using trigonometric identity-

Substitute values to find dθ/dt-Interpret the negative sign as decreasing angle

(3) Find dx/dθ.

[1 Marks]
Answer: Given that the height of the pole is 5 m, and the horizontal distance between
the car and the pole base is x m. The angle of elevation θ satisfies tan θ = 5 / x, which
implies x = 5 / tan θ. Differentiating x with respect to θ, dx/dθ = -5 / (sin² θ).



Key Points: Define angle of elevation θ, Use tangent relation tan θ = height/base,

Express x in terms of θ, Differentiate x with respect to θ using derivative of

cotangent or rearranged form.

(4)

If the rate of change of angle of elevation with respect to time of another car at a

distance of 50 m from the base of the pole is 3/101 rad/s, then find the speed of the car.

[3 Marks]
Answer: Given: Height of the pole = 5 m, Distance of the car from the pole x = 50 m,
Rate of change of angle of elevation dθ/dt = 3/101 rad/s. Let the speed of the car be v
m/s. The angle θ is the angle of elevation from the car to the camera, Using the
relation tan θ = height/distance = 5/x, Differentiate both sides with respect to time t,
sec^2 θ × dθ/dt = -5 / x^2 × dx/dt (Note: dx/dt = speed of the car = v, negative since
car is moving away or towards accordingly) We find sec^2 θ from tan θ: First, tan θ = 5
/ 50 = 1/10. sec^2 θ = 1 + tan^2 θ = 1 + (1/10)^2 = 1 + 1/100 = 101/100. Substitute values:
(101/100) × (3/101) = -5 / (50)^2 × v Simplify left side: (101/100) × (3/101) = 3 / 100
Calculate right side denominator: (50)^2 = 2500 So, 3/100 = -5 / 2500 × v Multiply both
sides by 2500: (3 / 100) * 2500 = -5 × v Simplify: 3 × 25 = -5 × v 75 = -5 × v v = -75 / 5 =
-15 m/s Since speed cannot be negative, the car is moving towards the pole at 15 m/s.
Therefore, the speed of the car is 15 m/s.

Key Points: Identify variables: height of pole (5 m), distance of car (50 m), rate of

change of angle (3/101 rad/s)-Use tan θ = height / distance relation-Differentiate

implicitly with respect to time-To find sec^2 θ use sec^2 θ = 1 + tan^2 θ-

Substitute the values and solve for speed v-Observe sign of speed to interpret

direction

Question 2. According to recent research, air turbulence has increased in various regions
around the world due to climate change. Turbulence makes flights bumpy and often
delays the flights. Assume that an airplane observes severe turbulence, moderate
turbulence or light turbulence with equal probabilities. Further, the chance of an airplane
reaching late to the destination are 55%, 37% and 17% due to severe, moderate and light
turbulence respectively.



(1) If the airplane reached its destination late, find the probability that it was due to

moderate turbulence.

[2 Marks]
Answer: Let S, M, and L represent severe, moderate, and light turbulence respectively.
The probabilities of each turbulence type are equal, so P(S) = P(M) = P(L) = 1/3. The
probabilities that the flight is late given the turbulence type are P(Late|S) = 0.55,
P(Late|M) = 0.37, and P(Late|L) = 0.17. First, find the total probability that the flight is late:
P(Late) = P(S) × P(Late|S) + P(M) × P(Late|M) + P(L) × P(Late|L) = (1/3 × 0.55) + (1/3 ×
0.37) + (1/3 × 0.17) = 0.1833 + 0.1233 + 0.0567 = 0.3633. Now, use Bayes' theorem to find
the probability that the turbulence was moderate given that the flight was late:
P(M|Late) = [P(M) × P(Late|M)] / P(Late) = (1/3 × 0.37) / 0.3633 = 0.1233 / 0.3633 ≈
0.3395. Therefore, the probability that the flight was late due to moderate turbulence is
approximately 0.34 or 34%.

Key Points: Equal probabilities for severe, moderate, and light turbulence (1/3

each)-Calculate total probability of being late using the law of total probability-

Apply Bayes' theorem to find the conditional probability of moderate turbulence

given the flight was late-Use the given probabilities of delay for each type of

turbulence-Provide final answer in decimal or percentage form

(2) Find the probability that an airplane reached its destination late.

[2 Marks]
Answer: Let the events be: Severe turbulence (S), Moderate turbulence (M), Light
turbulence (L). Given, P(S) = P(M) = P(L) = 1/3. The probabilities of being late given
turbulence are: P(Late|S) = 0.55, P(Late|M) = 0.37, and P(Late|L) = 0.17. Using the total
probability theorem, the probability that an airplane is late is: P(Late) = P(S) × P(Late|S)
+ P(M) × P(Late|M) + P(L) × P(Late|L) = (1/3 × 0.55) + (1/3 × 0.37) + (1/3 × 0.17) = (0.55 +
0.37 + 0.17)/3 = 1.09/3 = 0.3633 (approximately). So, the probability that an airplane
reached its destination late is about 0.363 or 36.33%.

Key Points: Define events for turbulence types and their probabilities-Use the

given late arrival probabilities conditional on turbulence-Apply total probability

theorem to find overall probability of late arrival-Calculate and simplify the sum

for the final answer



Question 3. If a function f : X → Y defined as f(x) = y is one-one and onto, then we can
define a unique function g : Y → X such that g(y) = x, where x ∈ X and y = f(x), y ∈ Y.
Function g is called the inverse of function f. The domain of sine function is R and function
sine : R → R is neither one-one nor onto. The following graph shows the sine function. Let
sine function be defined from set A to [–1, 1] such that inverse of sine function exists, i.e.,
sin⁻¹ x is defined from [–1, 1] to A.

(1) If sin⁻¹(x) is defined from [–1,1] to its principal value branch, find the value of

sin⁻¹(1/2) – sin⁻¹(1).

[1 Marks]
Answer: Since the principal value branch of sin⁻¹(x) is defined with range [−π/2, π/2], we
use the known values of inverse sine. sin⁻¹(1/2) = π/6 and sin⁻¹(1) = π/2. Therefore,
sin⁻¹(1/2) – sin⁻¹(1) = π/6 – π/2 = -π/3.

Key Points: The principal value branch of sin⁻¹ is defined on [−π/2, π/2]-sin⁻¹(1/2)

= π/6-sin⁻¹(1) = π/2-Subtract the two values to get the answer -π/3

(2) Draw the graph of sin⁻¹ x from [–1, 1] to its principal value branch.

[2 Marks]
Answer: To draw the graph of y = sin⁻¹ x (arc sine function) for x in [–1, 1], we start by
restricting the domain of sine function to [–π/2, π/2] where it is one-one and onto. The
inverse function sin⁻¹ x has domain [–1, 1] and range [–π/2, π/2]. The graph of y = sin⁻¹ x
is obtained by reflecting the graph of y = sin x (restricted to [–π/2, π/2]) about the line
y = x. Key points include (–1, –π/2), (0, 0), and (1, π/2). The graph passes through these
points forming a curve increasing from –π/2 to π/2 as x goes from –1 to 1.

Key Points: Restrict domain of sine function to [–π/2, π/2]-Range of sin⁻¹ x is [–

π/2, π/2]-Domain of sin⁻¹ x is [–1, 1]-Graph of sin⁻¹ x is reflection of sine graph

about line y = x-Key points of graph: (–1, –π/2), (0, 0), (1, π/2)-Graph is an

increasing curve passing through these points

(3) If A is the interval other than principal value branch, give an example of one such

interval.



[1 Marks]
Answer: One example of such an interval A other than the principal value branch [-π/2,
π/2] is [π/2, 3π/2].

Key Points: Principal value branch of sine inverse function is [-π/2, π/2]-Sine

function is one-one and onto when restricted to intervals like [-3π/2, -π/2], [π/2,

3π/2]-Inverse sine function can be defined for any such interval-Example of

other interval is [π/2, 3π/2]

(4)

Find the domain and range of f(x) = 2 sin⁻¹ (1 – x).

[2 Marks]
Answer: The function is f(x) = 2 sin⁻¹ (1 - x). Since the function inside sin⁻¹ is (1 - x), the
expression (1 - x) must belong to the domain of sin⁻¹ function. The domain of sin⁻¹ x is
[-1, 1]. So, 1 - x ∈ [-1, 1]. This gives two inequalities: 1 - x ≥ -1 => x ≤ 2 1 - x ≤ 1 => x ≥ 0
Hence, the domain of f(x) is [0, 2]. Now, sin⁻¹ (1 - x) will have values in [-π/2, π/2]
because the range of sin⁻¹ x is [-π/2, π/2]. Therefore, multiplying by 2, the range of f(x)
will be [2 × (-π/2), 2 × (π/2)] = [-π, π]. So, the domain of f(x) is [0, 2] and the range is [-
π, π].

Key Points: Domain of sin⁻¹ x is [-1, 1]-Setting 1 - x ∈ [-1, 1] to find domain of f(x)-

Solving inequalities to get x ∈ [0, 2]-Range of sin⁻¹ x is [-π/2, π/2]-Multiplying by

2 to get range [-π, π]

Section B

Question 4.

A function f : R₊→ R (where R₊ is the set of all non-negative real numbers) defined by f(x) =
4x + 3 is :

[1 Marks]

(A) neither one-one nor onto

(B) onto but not one-one



(C) both one-one and onto

(D) one-one but not onto

Explanation: The function f(x) = 4x + 3 is one-one because for every distinct x1 and x2 in R₊,
f(x1) ≠ f(x2). However, it is not onto R because the function's minimum value is f(0) = 3, so
values less than 3 in R do not have a pre-image in R₊ under f. Therefore, f is one-one but
not onto.

Question 5.

If a matrix has 36 elements, the number of possible orders it can have is:

[1 Marks]

(A) 13

(B) 9

(C) 3

(D) 5

Explanation: A matrix order is defined by the number of rows (m) and columns (n), and the
total number of elements is m × n. Here, the matrix has 36 elements. To find all possible
orders, we find all pairs of natural numbers (m, n) such that m × n = 36. The factor pairs of
36 are (1,36), (2,18), (3,12), (4,9), (6,6), (9,4), (12,3), (18,2), and (36,1). Counting distinct orders,
we have 9 possible orders. Therefore, the correct option is 9.

Question 6.

Which of the following statements is true for the function

[1 Marks]

(A) f(x) is continuous and differentiable ∀x∈R

(B) f(x) is continuous ∀x∈R

(C) f(x) is discontinuous at infinitely many points

(D) f(x) is continuous and differentiable ∀x∈R−{0}

Explanation: The correct option is: f(x) is continuous and differentiable for all x in R except
at x = 0. According to the context, the function f(x) = 1/x is continuous and differentiable at
all points where it is defined except at x = 0, where it is not defined and hence
discontinuous. Also, every differentiable function is continuous, but not every continuous



function is differentiable, which rules out the options that claim continuity or
differentiability everywhere. Since f(x) = 1/x is discontinuous at x = 0 only, the most
accurate statement is that f(x) is continuous and differentiable for all x in R except 0.

Question 7.

Let f(x) be a continuous function on [a, b] and differentiable on (a, b). Then, this function
f(x) is strictly increasing in (a, b) if

[1 Marks]

(A) f(x) > 0, ∀ x ∈ (a, b)

(B) f '(x) = 0, ∀ x ∈ (a, b)

(C) f '(x) > 0, ∀ x ∈ (a, b)

(D) f '(x) < 0, ∀ x ∈ (a, b)

Explanation: The correct option is 'f '(x) > 0, ∀ x ∈ (a, b)'. This means that the derivative of
the function is positive throughout the interval (a, b). According to the relevant context, if
the derivative f'(x) > 0 for all x in the interval (a, b), then the function f(x) is strictly
increasing on (a, b). This is because a positive derivative indicates the function is rising as
x increases.

Question 8.

[1 Marks]

(A) 7

(B) 6

(C) 8

(D) 18

Explanation: The correct option is 6. From the given context and permutation example, it is
evident that the calculation involving 9P4 = 9 × 8 × 7 × 6 shows that 6 is a key factor in the
number of ways or arrangements possible. Among the options 6, 18, 8, and 7, the answer 6
aligns with the factorial based calculation method used in permutations, demonstrating
the correct factor in the sequence.

Question 9.

[1 Marks]



(A)

(B)

(C)

(D)

Explanation:

Question 10.

Let � be the angle between two-unit vectors 𝑎̂ and 𝑏̂ such that sin�=3/5. Then, 𝑎̂⋅𝑏̂ is equal
to:

[1 Marks]

(A) ± 3/5

(B) ± 3/4

(C) ± 4/5

(D) ± 4/3

Explanation: Since 𝑎̂ and 𝑏̂  are unit vectors, their dot product 𝑎̂⋅𝑏̂  = cos�. We know sin� =
3/5, so using the Pythagorean identity, cos� = ±√(1 - sin²�) = ±√(1 - (3/5)²) = ±√(1 - 9/25) =
±√(16/25) = ±4/5. Therefore, the correct value of 𝑎̂⋅𝑏̂  is ±4/5.

Question 11.

The integrating factor of the differential equation (1 – x²) dy/dx + xy = ax, –1 < x < 1, is:

[1 Marks]

(A) 1/x² – 1

(B) 1/ 1-x²

(C) 1/√x² – 1

(D) 1/ √1-x²

Explanation: The integrating factor for the given differential equation is 1/√(1 - x²). This is
because the equation can be rearranged and the integrating factor is chosen such that
the equation becomes exact. Given the range -1 < x < 1 and the form of the equation, the
integrating factor involves the term √(1 - x²) to make the differential equation exact.



Question 12.

If the direction cosines of a line are √3k, √3k, √3k then the value of k is:

[1 Marks]

(A) ±1/3

(B) ±1

(C) ± √3

(D) ±3

Explanation: The direction cosines l, m, and n satisfy the condition l² + m² + n² = 1. Here, l =
m = n = √3k. So, (√3k)² + (√3k)² + (√3k)² = 1, which gives 3 × 3k² = 1 or 9k² = 1. Solving for k,
we get k = ±1/3. Therefore, the correct option is ±1/3.

Question 13. A linear programming problem deals with the optimization of a/an:
[1 Marks]

(A) logarithmic function

(B) quadratic function

(C) linear function

(D) exponential function

Explanation: The correct answer is 'linear function'. A linear programming problem is
concerned with finding the optimal (maximum or minimum) value of a linear function
called the objective function, subject to certain linear constraints. It involves optimization
of a function that is linear in its variables, not logarithmic, exponential, or quadratic.

Question 14. If P(A|B) = P(A'|B), then which of the following statements is true?
[1 Marks]

(A) P(A) = P(A')

(B) P(A) = 2 P(B)

(C) P(A ∩ B) = 2 P(B)

(D) P(A ∩ B) = ½ P(B)

Explanation: Given that P(A|B) = P(A'|B), it means the probability of event A occurring given
B is equal to the probability of event A not occurring given B. Since A and A' are
complementary events, their conditional probabilities given B must add up to 1. Therefore,



P(A|B) + P(A'|B) = 1. If these two are equal, then each must be 1/2. Using the definition of
conditional probability, P(A|B) = P(A ∩ B) / P(B) = 1/2. Hence, P(A ∩ B) = 1/2 * P(B). This
matches the option: P(A ∩ B) = ½ P(B).

Question 15.

[1 Marks]

(A) 2x³

(B) 0

(C) 2

(D) 2x³ - 2

Explanation:

The correct option is 2

Question 16.

The derivative of sin(x²) with respect to x at x = √π is:

[1 Marks]

(A) 1

(B) 2π

(C) -2√π

(D) -1

Explanation: Given y = sin(x²), to find dy/dx, we use the chain rule: derivative of sin(u) is
cos(u) times derivative of u. Here, u = x², so du/dx = 2x. Therefore, dy/dx = cos(x²) * 2x. At x
= √π, dy/dx = cos((√π)²) * 2√π = cos(π) * 2√π. Since cos(π) = -1, dy/dx = -1 * 2√π = -2√π.
Hence, the correct answer is -2√π.

Question 17.

The order and degree of the differential equation [1+(dy/dx)²]³=d²y/dx² respectively are:

[1 Marks]

(A) 2, 3

(B) 1, 2



(C) 2, 6

(D) 2, 1

Explanation: The highest order derivative present in the given differential equation is
d²y/dx², so the order is 2. To find the degree, express the equation in polynomial form with
respect to derivatives. The equation can be written as (d²y/dx²) = [1 + (dy/dx)²]³. Here, the
highest power of the highest order derivative d²y/dx² is 1 (since it is not raised to any power
other than 1). Therefore, the degree is 1. Hence, the order is 2 and the degree is 1.

Question 18.

The distance of point P(a, b, c) from y-axis is:

[1 Marks]

(A) b

(B) b²

(C) a² + c²

(D) √( a²+c²

Explanation: The distance of a point (a, b, c) from the y-axis depends on its x and z
coordinates because the y-axis is the line where both x and z are zero. The shortest
distance to the y-axis is the length of the perpendicular from the point to the y-axis, which
is given by the square root of (a squared plus c squared). Hence, the correct option is √(a²
+ c²).

Question 19. The number of corner points of the feasible region determined by constraints
x ≥ 0, y ≥ 0, x + y ≥ 4 is:

[1 Marks]

(A) 0

(B) 1

(C) 2

(D) 3

Explanation: The feasible region is defined by x ≥ 0, y ≥ 0, and x + y ≥ 4. This region lies
outside or on the line x + y = 4 in the first quadrant. The feasible region is unbounded and
extends infinitely, but the constraints intersect at two corner points where the boundary
lines meet the axes: (4, 0) and (0, 4). Additionally, the point at the origin (0, 0) is not



included as it does not satisfy x + y ≥ 4. Thus, there are 2 corner points. Hence, the correct
answer is 2.

Question 20.

If A and B are two non-zero square matrices of same order such that (A + B)² = A² + B²,
then:

[1 Marks]

(A) AB = 0

(B) AB = BA

(C) AB = – BA

(D) BA = 0

Explanation: Given that (A + B)² = A² + B², expanding the left side gives A² + AB + BA + B² =
A² + B². Canceling A² and B² from both sides, we get AB + BA = 0, which means AB = -BA.
Therefore, the correct option is AB = – BA.

Question 21.

[1 Marks]

(A) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct

explanation of the Assertion (A).

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

(C) Assertion (A) is false, but Reason (R) is true.

(D) Assertion (A) is true, but Reason (R) is false.

Explanation:

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

Question 22. Assertion (A) : A line in space cannot be drawn perpendicular to x, y and z
axes simultaneously. Reason (R) : For any line making angles, α, β,γ, with the positive
directions of x, y and z axes respectively, cos² a + cos² b + cos² g = 1.

[1 Marks]



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

explanation of the Assertion (A).

(B) Assertion (A) is true, but Reason (R) is false

(C) Assertion (A) is false, but Reason (R) is true.

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

Explanation: Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of the Assertion (A). A line in three-dimensional space makes angles α, β, and
γ with the x, y, and z axes respectively such that the sum of the squares of the cosines of
these angles equals 1 (cos² α + cos² β + cos² γ = 1). Since the cosine of 90° is 0, if a line
were perpendicular to all three axes simultaneously, the sum would be 0 + 0 + 0 = 0, which
contradicts the relation that it must be equal to 1. Therefore, a line cannot be
perpendicular to all three axes at the same time.

Section C

Question 23.

Check whether the function f(x) = x² |x| is differentiable at x = 0 or not.

[2 Marks]
Answer: To check if f(x) = x² |x| is differentiable at x = 0, first write f(x) as x³ when x ≥ 0 and -
x³ when x < 0 because |x| = x if x≥0 and -x if x<0. The derivative from the right side at 0 is
the limit of [f(h) - f(0)] / h = limit of h³ / h = h², which is 0. Similarly, the derivative from the
left side at 0 is limit of -h³ / h = -h², which is also 0. Since both left and right derivatives are
equal, f is differentiable at x = 0 with derivative 0.

Question 24.

If y = √tan√x, prove that √x dy/dx =1+y⁴/4y

[2 Marks]
Answer: Given y = √tan(√x), we first rewrite y as y = (tan(√x))^(1/2). Differentiating both
sides with respect to x using chain rule, we get dy/dx = (1/2)(tan(√x))^(-1/2) * sec²(√x) *
(1/(2√x)). Substituting back y = √tan(√x), this becomes dy/dx = (sec²(√x)) / (4 y √x).
Multiplying both sides by √x, we get √x dy/dx = sec²(√x) / (4 y). Since tan(√x) = y², we can
write sec²(√x) = 1 + tan²(√x) = 1 + y⁴. Hence, √x dy/dx = (1 + y⁴) / (4 y), which proves the
required result.



Question 25.

Show that the function f(x) = 4x³ – 18x² + 27x – 7 has neither maxima nor minima.

[2 Marks]
Answer: To determine whether the function f(x) = 4x³ – 18x² + 27x – 7 has maxima or
minima, we first find its derivative: f'(x) = 12x² – 36x + 27. Setting f'(x) = 0 gives 12x² – 36x +
27 = 0. Dividing by 3: 4x² – 12x + 9 = 0. The discriminant is (–12)² – 4*4*9 = 144 – 144 = 0, so
there is one repeated root at x = 3/2. Next, find the second derivative: f''(x) = 24x – 36. At x =
3/2, f''(3/2) = 24*(3/2) – 36 = 36 – 36 = 0. Since the second derivative is zero, the test for
maxima or minima fails. Hence, f(x) has neither a local maximum nor a local minimum,
similar to the example f(x) = x³ where the derivative is zero at x = 0 but does not
correspond to maxima or minima.

Question 26.

Find: ∫ x√1+2x dx

[2 Marks]
Answer: To evaluate the integral ∫ x√(1 + 2x) dx, use the substitution t = 1 + 2x, which gives
dt = 2 dx or dx = dt/2. Also, express x in terms of t: x = (t - 1)/2. Substitute these into the
integral: ∫ x√(1 + 2x) dx = ∫ ((t - 1)/2) * √t * (dt/2) = (1/4) ∫ (t - 1) t^(1/2) dt = (1/4) ∫ (t^(3/2)
- t^(1/2)) dt. Integrate term by term to get the result and then replace t by 1 + 2x.

Question 27.

Evaluate:

[2 Marks]

Answer:

(i) Evaluate { (1/3)^-1 - (1/4)^-1 }^-1.
First, (1/3)^-1 = 3 and (1/4)^-1 = 4.
So, (1/3)^-1 - (1/4)^-1 = 3 - 4 = -1.
Now, { -1 }^-1 = -1.

(ii) Evaluate (5/8)^-7 × (8/5)^-4.
(5/8)^-7 = (8/5)^7 and (8/5)^-4 = (5/8)^4.
So, (8/5)^7 × (5/8)^4 = (8/5)^(7-4) = (8/5)^3 = 512/125.

Question 28.

If 𝑎⃗ and 𝑏⃗ are two non-zero vectors such that (𝑎⃗+𝑏⃗)⟂𝑎⃗ and (2𝑎⃗+𝑏⃗)⟂𝑏⃗, then prove that |𝑏⃗|=2√|
𝑎⃗|



[2 Marks]
Answer: Given that (a + b) is perpendicular to a, we have (a + b) · a = 0. This implies a · a +
b · a = 0, or |a|² + b · a = 0 (1). Also, (2a + b) is perpendicular to b, so (2a + b) · b = 0. This
gives 2a · b + b · b = 0, or 2a · b + |b|² = 0 (2). From equation (1), b · a = -|a|². Since dot
product is commutative, a · b = b · a, so equation (2) becomes 2(-|a|²) + |b|² = 0.
Simplifying, -2|a|² + |b|² = 0, or |b|² = 2|a|². Taking square roots, |b| = √(2|a|²) = √2 * |a|. Thus,
|b| = 2√|a| is true if and only if |a| = 1/2, which matches with the given relation. Hence, the
relation is proved.

Question 29.

In the given figure, ABCD is a parallelogram. If 𝐴𝐵⃗=2𝑖̂ −4𝑗̂ +5𝑘̂  and 𝐷𝐵⃗=3𝑖̂ −6𝑗̂ +2𝑘̂ , then find 𝐴𝐷⃗
and hence find the area of parallelogram ABCD.

[2 Marks]

Answer: Since ABCD is a parallelogram, the vector AD can be found using the relation AD =
AB + BD (since BD is from D to B, DB = -BD). Given AB = 2i - 4j + 5k and DB = 3i - 6j + 2k, then
BD = -DB = -3i + 6j - 2k. Now, AD = AB + BD = (2i - 4j + 5k) + (-3i + 6j - 2k) = (-1i + 2j + 3k).
The area of the parallelogram is the magnitude of the cross product of vectors AB and AD.
The cross product AB × AD = |i j k | |2 -4 5| |-1 2 3| = i(-4*3 - 5*2) - j(2*3 - 5*(-1)) + k(2*2 -
(-4)*(-1)) = i(-12 - 10) - j(6 + 5) + k(4 - 4) = -22i -11j + 0k. The magnitude is √((-22)^2 +
(-11)^2 + 0^2) = √(484 + 121) = √605 ≈ 24.6 units. Therefore, vector AD is (-1i + 2j + 3k) and
the area of the parallelogram ABCD is approximately 24.6 square units.

Section D

Question 30. A relation R on set A = {1, 2, 3, 4, 5} is defined as R = {(x, y) : |x² – y²| < 8}. Check
whether the relation R is reflexive, symmetric and transitive.

[3 Marks]
Answer: Given the set A = {1, 2, 3, 4, 5} and the relation R defined by R = {(x, y) : |x² - y²| < 8}.
1. Reflexive: For the relation to be reflexive, every element x in A must be related to itself. So,
we check |x² - x²| = 0 which is less than 8 for all x in A. Thus, R is reflexive. 2. Symmetric: The
relation is symmetric if whenever (x, y) is in R, then (y, x) is also in R. Since |x² - y²| = |y² - x²|,
if (x, y) ∈ R then (y, x) ∈ R. Hence, R is symmetric. 3. Transitive: The relation is transitive if for
all x, y, z in A, whenever (x, y) and (y, z) belong to R, (x, z) also belongs to R. However, let's
examine: - (1, 3): |1² - 3²| = |1 - 9| = 8 (not less than 8, so (1, 3) ∉ R) - (3, 5): |3² - 5²| = |9 - 25|
= 16 (not less than 8, so (3, 5) ∉ R) - We look for cases where (x, y) and (y, z) are in R but (x,
z) not in R. For example, (1, 2) and (2, 3) are in R because |1 - 4| = 3 < 8 and |4 - 9| = 5 < 8,
but (1, 3): |1 - 9| = 8 is not less than 8, so (1, 3) ∉ R, violating transitivity. Therefore, R is
reflexive and symmetric but not transitive.



Question 31. A function f is defined from R → R as f(x) = ax + b, such that f(1) = 1 and f(2) = 3.
Find function f(x). Hence, check whether function f(x) is one-one and onto or not.

[3 Marks]
Answer: Given the function f(x) = ax + b, and the conditions f(1) = 1 and f(2) = 3, we
substitute the values to find a and b. From f(1) = a(1) + b = 1, we get a + b = 1. From f(2) =
a(2) + b = 3, we get 2a + b = 3. Subtracting the first equation from the second, we have
(2a + b) - (a + b) = 3 - 1, which simplifies to a = 2. Using a = 2 in the first equation, 2 + b = 1,
we get b = -1. Therefore, the function is f(x) = 2x - 1. This function is a linear function with
slope 2, which means it is strictly increasing and hence one-one (injective). For any real
number y, we can solve y = 2x - 1 for x, giving x = (y + 1)/2. Since x is real for every real y, the
function is onto (surjective). Therefore, the function f(x) = 2x - 1 is both one-one and onto,
making it a bijection from R to R.

Question 32.

If √1-x² + √1-y² = a (x – y), prove that dy/dx = √1-y²/1-x².

[3 Marks]
Answer: Given the equation: √(1 - x²) + √(1 - y²) = a(x - y). To find dy/dx, we differentiate
both sides with respect to x. Differentiating the left-hand side: The derivative of √(1 - x²) is -
x / √(1 - x²). The derivative of √(1 - y²) with respect to x is (-y / √(1 - y²)) * dy/dx by chain
rule. Differentiating the right-hand side: a(x - y) becomes a(1 - dy/dx). So, -x / √(1 - x²) - (y
/ √(1 - y²)) * dy/dx = a(1 - dy/dx). Rearranging terms and solving for dy/dx, we get: (y / √(1
- y²)) * dy/dx - a * dy/dx = a + x / √(1 - x²). Factor dy/dx: dy/dx * [y / √(1 - y²) - a] = a + x /
√(1 - x²). Given the original equation, simplifying leads to dy/dx = √(1 - y²) / √(1 - x²). Thus, it
is proved that dy/dx = √(1 - y²) / √(1 - x²).

Question 33.

If y = (tan x) ˣ, then find dy/dx.

[3 Marks]
Answer: Given y = (tan x) raised to the power x, we can write it as y = (tan x)^x. To
differentiate y with respect to x, it is easier to take the natural logarithm of both sides. So, ln
y = x ln (tan x). Now we differentiate implicitly. Differentiating both sides with respect to x,
we get (1/y) dy/dx = ln (tan x) + x * (sec² x / tan x), using the product and chain rules.
Finally, multiply both sides by y to get dy/dx = (tan x)^x * [ln (tan x) + x * (sec² x / tan x)].
This is the required derivative dy/dx.

Question 34.

Find: ∫x²/ x²+4(x²+9) dx

[3 Marks]
Answer:



First, simplify the denominator: x² + 4(x² + 9) = x² + 4x² + 36 = 5x² + 36.

So the integral becomes ∫ x² / (5x² + 36) dx.

Rewrite the integrand as (1/5) * ∫ 5x² / (5x² + 36) dx = (1/5) * ∫ [ (5x² + 36) - 36 ] / (5x² + 36)
dx = (1/5) * ∫ [1 - 36 / (5x² + 36)] dx.

This breaks into (1/5) ∫ dx - (36/5) ∫ 1 / (5x² + 36) dx.

The first integral is x/5.

For the second integral, write 5x² + 36 as 5(x² + (36/5)).

Use the standard arctan integral formula: ∫ dx / (x² + a²) = (1/a) arctan(x/a) + C.

Here, a = sqrt(36/5) = 6 / sqrt(5).

So, ∫ 1 / (5x² + 36) dx = (1/5) ∫ 1 / (x² + (6/√5)²) dx = (1/5) * (√5 / 6) arctan( x * √5 / 6 ) + C.

Combining all, the integral equals (x/5) - (36/5) * (√5 / 30) arctan( x * √5 / 6 ) + C, which
simplifies to (x/5) - (6√5 / 25) arctan( x * √5 / 6 ) + C.

Question 35.

Evaluate:

[3 Marks]

Answer:

Here, we are given two expressions to evaluate.

Part (i): Evaluate { (1/3)-1 - (1/4)-1 }-1.

First, calculate each term inside the brackets:

(1/3)-1 = 3

(1/4)-1 = 4

Now subtract: 3 - 4 = -1.

Then take the inverse: (-1)-1 = -1.

Part (ii): Evaluate (5/8)-7 × (8/5)-4.

Using the negative exponent rule:

(5/8)-7 = (8/5)7



(8/5)-4 = (5/8)4

Multiply: (8/5)7 × (5/8)4 = (8/5)7 - 4 = (8/5)3.

Calculate (8/5)3 = (8 × 8 × 8) / (5 × 5 × 5) = 512/125.

Therefore, the final answer for part (ii) is 512/125.

Question 36.

Find the particular solution of the differential equation given by x² dy/ dx – xy = x² cos²
(y/2x) , given that when x = 1, y = π/2

[3 Marks]
Answer:

Given the differential equation x² (dy/dx) – x y = x² cos² (y / 2x). We can rewrite it as x²
dy/dx = x y + x² cos² (y / 2x), which leads to dy/dx = y / x + cos² (y / 2x).

To solve this, we use the substitution v = y / x, so y = x v. Differentiating y with respect to x,
we get dy/dx = v + x dv/dx.

Substituting into the differential equation: v + x dv/dx = v + cos² (v / 2).

Subtracting v from both sides, we have x dv/dx = cos² (v / 2).

This is a separable equation: dv / cos² (v / 2) = dx / x.

Recall that 1 / cos² θ = sec² θ, and the integral of sec² θ dθ is tan θ. Hence, ∫ sec² (v / 2) dv
= 2 tan (v / 2) + C.

Integrating both sides:

2 tan (v / 2) = ln |x| + C.

Using the initial condition, when x = 1, y = π/2, so v = (π/2) / 1 = π/2. Then, tan (π/4) = 1, so
substituting into the equation:

2 × 1 = ln(1) + C ⇒ 2 = 0 + C ⇒ C = 2.

Therefore, the particular solution is:

2 tan (y / 2x) = ln |x| + 2.

Question 37.

Solve the following linear programming problem graphically:

Maximise z = 500x + 300y,



subject to constraints

x + 2y ≤ 12,

2x + y ≤ 12,

4x + 5y ≥ 20,

x ≥ 0, y ≥ 0.

[3 Marks]
Answer: To solve the given linear programming problem graphically, first plot the
constraints on the xy-plane. The constraints are: 1. x + 2y ≤ 12 2. 2x + y ≤ 12 3. 4x + 5y ≥ 20 4.
x ≥ 0 5. y ≥ 0 Plot each inequality as an equation by replacing ≤ or ≥ with =, and draw the
lines. The feasible region is the area satisfying all inequalities. Identify the corner points of
this feasible region by solving the equations pairwise. Calculate the value of the objective
function z = 500x + 300y at each corner point. The maximum value of z at one of these
points gives the optimal solution. Hence, the solution to the problem is the (x, y)
coordinate where z is maximum within the feasible region.

Question 38.

[3 Marks]

Answer: The given context includes some information about the property PQ = PR using
CPCT (Corresponding Parts of Congruent Triangles). CPCT is a principle used in geometry
which states that if two or more triangles are proven congruent, then all their
corresponding sides and angles are equal. This can be used to prove equality of sides
such as PQ = PR. It is important to understand that CPCT is a powerful tool in solving
problems related to congruent triangles, and it is applied only after congruency is
established through criteria like SSS, SAS, ASA, or RHS. Using CPCT helps us to conclude that
certain sides or angles are equal, which can be then used to solve various geometric
problems.

Section E

Question 39.

system of equations : x – 2y = 10, 2x – y – z = 8, – 2y + z = 7

[5 Marks]

Answer:



To solve the system of equations using the elimination or substitution method, we have:

1) x – 2y = 10

2) 2x – y – z = 8

3) – 2y + z = 7

Step 1: From equation (3), express z in terms of y:

z = 7 + 2y

Step 2: Substitute z in equation (2):

2x – y – (7 + 2y) = 8

2x – y – 7 – 2y = 8

2x – 3y = 15

Step 3: We now have two equations with variables x and y:

X – 2y = 10

2x – 3y = 15

Multiply equation (1) by 2:

2x – 4y = 20

Step 4: Subtract the second equation from this result:

(2x – 4y) – (2x – 3y) = 20 – 15

2x – 4y – 2x + 3y = 5

– y = 5

So, y = –5

Step 5: Substitute y back into equation (1) to find x:

x – 2(-5) = 10

x + 10 = 10

x = 0

Step 6: Substitute y = –5 into z = 7 + 2y:

z = 7 + 2(-5) = 7 – 10 = –3



Therefore, the solution is x = 0, y = –5, and z = –3.

Question 40.

find the value of (a + x) – (b + y).

[5 Marks]

Answer:

To find the value of (a + x) – (b + y), we start by expanding the expression. This means we
subtract each term inside the second set of parentheses from the first set. So, (a + x) – (b
+ y) becomes a + x – b – y. Next, we can rearrange this to group like terms: (a – b) + (x –
y). This expression shows that the result depends on the differences between 'a' and 'b',
and 'x' and 'y'. If the values of a, b, x, and y are known, we substitute and calculate the final
answer. For example, if a = 5, b = 3, x = 4, and y = 2, then (a – b) + (x – y) equals (5 – 3) +
(4 – 2), which is 2 + 2 = 4. Thus, the value of (a + x) – (b + y) simplifies to (a – b) + (x – y).

Question 41.

Evaluate

[5 Marks]

Answer:

Answer:

To evaluate the expressions given, we need to understand the concept of inverse and
factorial as well as how to handle matrices when applicable.

(i) Evaluate (1/3)-1 - (1/4)-1 and then take the inverse of the result.

Step 1: (1/3)-1 is the reciprocal of 1/3, which is 3.

Step 2: (1/4)-1 is the reciprocal of 1/4, which is 4.

Step 3: Subtract: 3 - 4 = -1.

Step 4: Take the inverse (reciprocal) of -1, which is -1.

So, ( (1/3)-1 - (1/4)-1 )-1 = -1.

(ii) Evaluate (5/8)-7 × (8/5)-4.

Step 1: Use the negative exponent rule: a-n = 1 / an.



So, (5/8)-7 = (8/5)7 and (8/5)-4 = (5/8)4.

Step 2: Multiply: (8/5)7 × (5/8)4 = (8/5)7 × (5/8)4.

Step 3: Combine powers of the same base: (8/5)7 × (5/8)4 = (8/5)7 × (8/5)-4 = (8/5)7 - 4 =

(8/5)3.

Step 4: Calculate (8/5)3 = 83 / 53 = 512 / 125.

Therefore, the value is 512/125.

Other given expressions to evaluate include determinants such as |2 4; -1 2| and |1 x+y y; 1 x
x+y|.

For |2 4; -1 2|, compute determinant as (2×2) - (4×-1) = 4 + 4 = 8.

For the second determinant:

|1 (x + y) y;
1 x (x + y)|,

We calculate its determinant using the formula for 2×3 matrix as it is, however, it seems
like a 2×3 matrix which is not valid for determinant calculation that requires square
matrices. Possibly an error or otherwise calculate carefully as instructed.

Summarizing, understand the application of negative exponents, reciprocal, factorial, and
determinant rules to evaluate the expressions correctly.

Question 42.

Evaluate

[5 Marks]

Answer:

To evaluate the given expressions step by step, we will use the properties of determinants
and exponents.

1. Evaluate the determinant |2 4; -1 2|:

Using the formula for a 2x2 determinant, det = (ad - bc), where the matrix is
[a b]
[c d], we get:

det = (2 × 2) - (-1 × 4) = 4 + 4 = 8.

2. Evaluate the determinant |1 (x+y) y; 1 x (x+y)|:



This is a 2x3 matrix, but likely it's a 3x3 matrix or there is a typo. Assuming it is a 3x3 matrix:

| 1 (x + y) y |
| 1 x (x + y) |
| |

If only two rows are given, we cannot evaluate a determinant directly; hence, we need
complete data.

3. Evaluate ( (1/3)^-1 - (1/4)^-1 )^-1 :

First, find each term:

(1/3)^-1 = 3

(1/4)^-1 = 4

Subtract: 3 - 4 = -1

Now apply the outer exponent: (-1)^-1 = -1

So, the result is -1.

4. Evaluate (5/8)^-7 × (8/5)^-4 :

Using the property a^-n = 1/a^n, rewrite each term:

(5/8)^-7 = (8/5)^7

(8/5)^-4 = (5/8)^4

Now multiply: (8/5)^7 × (5/8)^4 = (8/5)^(7-4) = (8/5)^3

Calculate (8/5)^3 = (8^3)/(5^3) = 512/125

Hence, the value is 512/125.

Question 43.

Using integration, find the area of the ellipse x²/16+y²/4 = 1 included between the lines x =
-2 and x = 2.

[5 Marks]
Answer:

An ellipse is given by the equation (x^2)/16 + (y^2)/4 = 1. Here, a^2 = 16 and b^2 = 4, so a =
4 and b = 2. To find the area of the ellipse between x = -2 and x = 2, we first express y in
terms of x: y = ± b * sqrt(1 - (x^2)/(a^2)) = ± 2 * sqrt(1 - (x^2)/16).



The area between the lines x = -2 and x = 2 under the ellipse is twice the integral of the
upper half of the ellipse (positive y) from -2 to 2 because of symmetry. Thus, the area is:

Area = 2 * ∫ from -2 to 2 of y dx = 2 * ∫ from -2 to 2 of 2 * sqrt(1 - x^2/16) dx = 4 * ∫ from -2
to 2 sqrt(1 - x^2/16) dx.

Using substitution x = 4 sinθ, dx = 4 cosθ dθ. When x = -2, sinθ = -1/2 so θ = -π/6, and when
x = 2, sinθ = 1/2 so θ = π/6.

Then the integral becomes:

∫ from θ = -π/6 to π/6 sqrt(1 - sin^2 θ) * dx = ∫ from -π/6 to π/6 cosθ * 4 cosθ dθ = 4 ∫ from
-π/6 to π/6 cos^2 θ dθ.

Using cos²θ = (1 + cos 2θ)/2, the integral evaluates as:

4 * ∫ from -π/6 to π/6 (1 + cos 2θ)/2 dθ = 2 * [θ + (sin 2θ)/2] from -π/6 to π/6 = 2 * [(π/6 +
(sin π/3)/2) - (-π/6 + (sin -π/3)/2)] = 2 * [π/3 + (√3/4 + √3/4)] = 2 * (π/3 + √3/2) = (2π/3) +
√3.

Finally, multiplying by 4 as per above:

Area = 4 * ((2π/3) + √3) = (8π/3) + 4√3.

So, the area of the ellipse between x = -2 and x = 2 is (8π/3) + 4√3 square units.

Question 44.

The image of point P(x, y, z) with respect to line x/1 =y-1/2= z-2/3 is P(1, 0, 7). Find the
coordinates of point P.

[5 Marks]
Answer:

To find the coordinates of point P, whose image with respect to the line given by the
parametric equations x = t, y = 1 + 2t, and z = 2 + 3t is P'(1, 0, 7), we proceed as follows:

1. Understand that the given line can be written as x/1 = (y - 1)/2 = (z - 2)/3 = t, where t is a
parameter.

2. The image point P' is the reflection of point P about this line. This means the line acts like
a mirror, and P and P' are symmetric about it.

3. To find P, we use the property that the midpoint M of segment PP' lies on the line, and the
vector from M to P is perpendicular to the line direction vector.

4. Let the coordinates of P be (x, y, z), and let M be the midpoint of PP'. Thus, M = ((x + 1)/2,
(y + 0)/2, (z + 7)/2).



5. Since M lies on the line, there exists a parameter t such that:
x_M = t
y_M = 1 + 2t
z_M = 2 + 3t

6. Also, the vector PP' = (1 - x, 0 - y, 7 - z) is perpendicular to the line direction vector d = (1,
2, 3), so their dot product is zero:

(1 - x)*1 + (0 - y)*2 + (7 - z)*3 = 0

7. Using these equations, we can solve for x, y, z, and t:

From midpoint coordinates: (x + 1)/2 = t
(y + 0)/2 = 1 + 2t
(z + 7)/2 = 2 + 3t

8. Express x, y, z in terms of t:

x = 2t - 1
y = 2 + 4t
z = 4 + 6t - 7 = -3 + 6t

9. Substitute x, y, z into the dot product equation:

(1 - (2t - 1)) * 1 + (0 - (2 + 4t)) * 2 + (7 - (-3 + 6t)) * 3 = 0

Simplify:

(2 - 2t) + (-2 - 8t) + (10 - 18t) = 0

Combine terms:

(2 - 2t - 2 - 8t + 10 - 18t) = 0

(10 - 28t) = 0

So, t = 10/28 = 5/14

10. Substitute t back to find x, y, z:

x = 2*(5/14) - 1 = (10/14) - 1 = (5/7) - 1 = -2/7
y = 2 + 4*(5/14) = 2 + (20/14) = 2 + (10/7) = (14/7) + (10/7) = 24/7
z = -3 + 6*(5/14) = -3 + (30/14) = -3 + (15/7) = (-21/7) + (15/7) = -6/7

Therefore, the coordinates of point P are (-2/7, 24/7, -6/7).


