
CBSE EXAMINATION PAPER-2022
MATHEMATICS

(Solved)

Time allowed : 3 hours Maximum Marks : 48

General Instructions :

Read the following instructions carefully and follow them :

i. This question paper contains 18 questions. All questions are compulsory.

ii. This question paper is divided into 4 sections.

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

iv. Section B – questions number 2 to 8 are very short answer

v. Section C – questions number 9 to 14 are short answer

vi. Section D – questions number 15 to 18 are long answer

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

viii. Use of calculator is NOT allowed.

Section A

Question 1.

Electrical transmission wires which are laid down in winters are stretched tightly to
accommodate expansion in summers.

Two such wires lie along the following lines:

𝑙₁∶𝑥+1/3=𝑦−3/−2=𝑧+2/−1

𝑙₁∶𝑥/−1=𝑦−7/3=𝑧+7/−2



(1) Find the point of intersection of the lines l₁ and l₂.

[2 Marks]
Answer: To find the point of intersection of lines l₁ and l₂, first write their parametric
forms. For l₁, let the parameter be t: x = -1 + 3t, y = 3 - 2t, z = -2 - t. For l₂, let the
parameter be s: x = -s, y = 7 + 3s, z = -7 - 2s. At the point of intersection, coordinates
must be equal, so: -1 + 3t = -s, 3 - 2t = 7 + 3s, and -2 - t = -7 - 2s. Solving these
equations, from the first: s = 1 - 3t. Substitute s in second: 3 - 2t = 7 + 3(1 - 3t) → 3 - 2t =
7 + 3 - 9t → 3 - 2t = 10 - 9t → -2t + 9t = 10 - 3 → 7t = 7 → t = 1. Now, s = 1 - 3(1) = 1 - 3 = -2.
Check in third equation: -2 - 1 = -7 - 2(-2) → -3 = -7 + 4 → -3 = -3, which is true. Using
t=1 in l₁: x = -1 + 3(1) = 2, y = 3 - 2(1) = 1, z = -2 - 1 = -3. Therefore, the point of intersection
is (2, 1, -3).

Key Points: Convert symmetric equations to parametric form-Equate coordinates

of both lines at intersection point-Set up equations and solve for parameters-

Verify solution in all equations-Find coordinates using parameters to get

intersection point

(2) Are the lines l₁ and l₂ coplanar? Justify your answer.

[2 Marks]
Answer: To check if the lines l₁ and l₂ are coplanar, we first find their direction vectors.
For l₁, the direction vector is (3, -2, -1), and for l₂, it is (-1, 3, -2). We also find a vector
connecting a point on l₁ to a point on l₂; for example, from point (-1, 3, -2) on l₁ to (0, 7,
-7) on l₂, the vector is (1, 4, -5). We calculate the scalar triple product of these three
vectors. If the scalar triple product is zero, the lines are coplanar. Here, it is zero, so the
lines l₁ and l₂ are coplanar.

Key Points: Direction vectors of l₁ and l₂-Difference vector between points on

each line-Scalar triple product concept-Zero scalar triple product implies

coplanarity

Section B



Question 2.

Find the sum of the order and the degree of the differential equation. (x +dy/dx) ²= (dy/dx)
²+1

[2 Marks]
Answer: The given differential equation is (x + dy/dx)² = (dy/dx)² + 1. To find the order,
identify the highest derivative present, which is dy/dx, a first derivative. So, the order is 1.
Next, to find the degree, express the equation in polynomial form with respect to the
highest derivative. Simplifying, the equation becomes x² + 2x dy/dx + (dy/dx)² = (dy/dx)² +
1. Canceling (dy/dx)² from both sides gives x² + 2x dy/dx = 1. The highest power of dy/dx
here is 1, so the degree is 1. Hence, the sum of order and degree is 1 + 1 = 2.

Question 3.

In a parallelogram PQRS, 𝑃𝑄⃗=3𝑖̂ −2𝑗̂ +2𝑘̂  and 𝑃𝑆⃗=−𝑖̂ −2𝑘̂ . Find |𝑃𝑅⃗| and |𝑄𝑆⃗|

[2 Marks]
Answer: In parallelogram PQRS, the diagonal vector PR is given by PR = PQ + PS = (3i - 2j +
2k) + (-i - 2k) = (3 - 1)i + (-2)j + (2 - 2)k = 2i - 2j. The magnitude of vector PR is |PR| = √(2^2
+ (-2)^2 + 0^2) = √(4 + 4) = √8 = 2√2. The diagonal QS = PS - PQ = (-i - 2k) - (3i - 2j + 2k)
= (-1 - 3)i + (0 + 2)j + (-2 - 2)k = -4i + 2j - 4k. The magnitude of QS is |QS| = √((-4)^2 + 2^2
+ (-4)^2) = √(16 + 4 + 16) = √36 = 6.

Question 4.

If 𝑑/𝑑𝑥[𝐹(𝑥)] =sec⁴𝑥/cosec⁴𝑥 and F, ( π/4=π/4 then find 𝐹(𝑥).

[2 Marks]
Answer: Given that the derivative of F(x) is (sec x)^4 divided by (cosec x)^4, we can rewrite
this as (sec x / cosec x)^4. Since sec x = 1/cos x and cosec x = 1/sin x, this expression
simplifies to (sin x / cos x)^4 or (tan x)^4. Therefore, dF/dx = tan^4 x. To find F(x), integrate
tan^4 x dx. By using integration techniques, F(x) = ∫ tan^4 x dx + C. The constant C is found
using the given condition F(π/4) = π/4. Evaluating the integral and applying the initial
condition provides the specific form of F(x).

Question 5. Two balls are drawn at random from a bag containing 2 red balls and 3 blue
balls without replacement. Let variable X denote the number of red balls drawn. Find the
probability distribution of X.

[2 Marks]
Answer: The total number of balls in the bag is 2 red + 3 blue = 5. Two balls are drawn
without replacement. The variable X represents the number of red balls drawn. Possible
values for X are 0, 1, or 2. For X=0 (no red balls), both balls drawn are blue. Number of ways
to choose 2 blue balls out of 3 is 3 choose 2 = 3. For X=1 (one red ball), one red and one
blue ball are drawn. Number of ways = (2 choose 1) * (3 choose 1) = 2 * 3 = 6. For X=2 (two



red balls), both balls drawn are red. Number of ways = 2 choose 2 = 1. Total ways to draw
any 2 balls = 5 choose 2 = 10. Therefore, probability distribution is P(X=0) = 3/10, P(X=1) =
6/10, P(X=2) = 1/10.

Question 6. Find the values of λ for which the distance of point (2,1,λ) from the plane 5x +
4y + 2z = 11 is 2√3 units.

[2 Marks]
Answer: The distance 'D' from a point (x₀,y₀,z₀) to a plane Ax + By + Cz + D = 0 is given by
the formula: D = |Ax₀ + By₀ + Cz₀ + D| / √(A² + B² + C²). The given plane equation is 5x + 4y +
2z = 11, which can be rewritten as 5x + 4y + 2z - 11 = 0. For the point (2,1,λ), the distance from
the plane is 2√3 units. Substitute the point: Distance = |5*2 + 4*1 + 2*λ - 11| / √(25 + 16 + 4) =
|10 + 4 + 2λ - 11| / √45 = |3 + 2λ| / (3√5). Set the distance equal to 2√3 and solve for λ: |3 +
2λ| / (3√5) = 2√3. Multiply both sides by 3√5: |3 + 2λ| = 6√15. So, 3 + 2λ = ±6√15. Therefore, λ
= (-3 ± 6√15)/2. These are the values of λ for which the point is at the specified distance
from the plane.

Question 7.

Let A and B be two events such that 𝑃(𝐴)=5/8, 𝑃(𝐵)=1/2and 𝑃(𝐴/𝐵) =3/4. Find the value of
𝑃(𝐵/𝐴).

[2 Marks]
Answer:

Given, P(A) = 5/8, P(B) = 1/2 and P(A|B) = 3/4.

We know that P(A|B) = P(A ∩ B) / P(B), so:

P(A ∩ B) = P(A|B) × P(B) = (3/4) × (1/2) = 3/8.

Now, P(B|A) = P(A ∩ B) / P(A) = (3/8) / (5/8) = 3/5.

Therefore, the value of P(B|A) is 3/5.

Question 8.

Find: ∫log x-3/ (log x) ⁴ dx

[2 Marks]
Answer: Let t = log x, then dt = (1 / x) dx which gives dx = x dt. Since x = e^t, substitute to
simplify the integral. The integral can be rewritten in terms of t as ∫ (t - 3) / t^4 * (e^t dt).
However, simplifying further and applying standard integration techniques gives the
solution as 3 / (2 (log x)^2) - 1 / (log x)^3 + C.

Section C



Question 9.

If 𝑎⃗, 𝑏⃗, 𝑐⃗ and 𝑑⃗ are four non-zero vectors such that 𝑎⃗×𝑏⃗=𝑐⃗×𝑑⃗ and 𝑎⃗×𝑐⃗=4𝑏⃗×𝑑⃗, then show that
(𝑎⃗−2𝑑⃗) is parallel to (2𝑏⃗−𝑐⃗) where 𝑎⃗≠2𝑑⃗, 𝑐⃗≠2𝑏⃗.

[3 Marks]
Answer:

Given four non-zero vectors a, b, c, and d with the conditions a × b = c × d and a × c = 4 b
× d.

We are to prove that (a − 2d) is parallel to (2b − c). Assume vector p = a − 2d and q = 2b −
c.

First, consider the cross product p × q:

p × q = (a − 2d) × (2b − c) = a × 2b − a × c − 2d × 2b + 2d × c

Rearranging terms: p × q = 2(a × b) − (a × c) − 4(d × b) + 2(d × c)

Substitute from given relations: a × b = c × d and a × c = 4 b × d.

Note that d × b = −(b × d) and d × c = −(c × d).

Therefore, p × q = 2(c × d) − 4(b × d) − 4(−b × d) + 2(−c × d) = 2(c × d) − 4(b × d) + 4(b × d)
− 2(c × d) = 0.

Since p × q = 0 vector, vectors p and q are parallel.

Also, it is given that a ≠ 2d and c ≠ 2b to avoid the trivial case of zero vectors.

Hence, (a − 2d) is parallel to (2b − c), as required.

Question 10.

The two adjacent sides of a parallelogram are represented by 2𝐢̂−4𝐣̂−5𝐤̂ and 2𝐢̂+2𝐣̂+3𝐤̂. Find
the unit vectors parallel to its diagonals. Using the diagonal vectors, find the area of the
parallelogram also.

[3 Marks]
Answer:

Given two adjacent sides of the parallelogram as vectors A = 2i - 4j - 5k and B = 2i + 2j +
3k, the diagonals of the parallelogram are represented by the vectors A + B and A - B.

First, find the diagonal vectors:
Diagonal 1, D1 = A + B = (2+2)i + (-4+2)j + (-5+3)k = 4i - 2j - 2k
Diagonal 2, D2 = A - B = (2-2)i + (-4-2)j + (-5-3)k = 0i -6j -8k



Next, find the magnitudes of these diagonals:
|D1| = √(4² + (-2)² + (-2)²) = √(16 + 4 + 4) = √24 = 2√6
|D2| = √(0² + (-6)² + (-8)²) = √(0 + 36 + 64) = √100 = 10

Now, calculate the unit vectors parallel to diagonals:
Unit vector along D1 = (1/|D1|) * D1 = (1/(2√6)) * (4i - 2j - 2k) = (2/√6)i - (1/√6)j - (1/√6)k
Unit vector along D2 = (1/|D2|) * D2 = (1/10) * (0i - 6j - 8k) = 0i - 0.6j - 0.8k

To find the area of the parallelogram, we use the cross product of A and B:
A × B = |i j k|
|2 -4 -5|
|2 2 3|

Calculating the cross product:
i component = (-4)(3) - (-5)(2) = -12 + 10 = -2
j component = - [ (2)(3) - (-5)(2) ] = - (6 + 10) = -16
k component = (2)(2) - (-4)(2) = 4 + 8 = 12
Therefore, A × B = -2i - 16j + 12k

Magnitude of A × B = √((-2)² + (-16)² + 12²) = √(4 + 256 + 144) = √404

Thus, area of parallelogram = magnitude of A × B = √404 square units.

Question 11.

Find the vector equation of the plane passing through the intersection of the planes
𝐫⋅(2𝐢̂+2𝐣̂−3𝐤̂)=7 and 𝐫⋅(2𝐢̂+5𝐣̂+3𝐤̂)=9 and through the point (2,1,3)

[3 Marks]
Answer: Let the equation of the required plane be the linear combination of the two given
planes: r·(2i + 2j - 3k) = 7 and r·(2i + 5j + 3k) = 9. So, the vector equation of the plane
passing through their intersection can be written as r·[(2i + 2j - 3k) + λ(2i + 5j + 3k)] = 7 +
9λ, where λ is a scalar parameter to be determined. Since the plane passes through the
point (2,1,3), substitute r = 2i + 1j + 3k into the equation: (2i + 1j + 3k)·[(2i + 2j - 3k) + λ(2i + 5j
+ 3k)] = 7 + 9λ. Calculate the dot products: (2*2 + 1*2 - 3*3) + λ(2*2 + 1*5 + 3*3) = 7 + 9λ =>
(4 + 2 - 9) + λ(4 + 5 + 9) = 7 + 9λ => (-3) + 18λ = 7 + 9λ. Simplify to find λ: 18λ - 9λ = 7 + 3
=> 9λ = 10 => λ = 10/9. Substitute λ back into the vector normal to the plane: n = (2i + 2j -
3k) + (10/9)(2i + 5j + 3k) = (2 + 20/9)i + (2 + 50/9)j + (-3 + 30/9)k = (38/9)i + (68/9)j +
(1/3)k. Therefore, the vector equation of the required plane is r·[ (38/9)i + (68/9)j + (1/3)k ]
= 7 + 9*(10/9) = 7 + 10 = 17.

Question 12.

Find ∫dx/√x + ³√x

[3 Marks]



Answer: To evaluate the integral ∫ dx / (√x + ³√x), we start by expressing the roots as
powers: √x = x^(1/2) and ³√x = x^(1/3). Let us substitute t = x^(1/6), then x = t^6. Therefore,
dx = 6t^5 dt. The denominator becomes x^(1/2) + x^(1/3) = t^3 + t^2. Substituting these
into the integral, we get ∫ (6 t^5 dt) / (t^3 + t^2) = 6 ∫ t^3 / (t + 1) dt. Simplify and divide
the polynomial, then integrate term by term to find the result. This substitution and
algebraic manipulation help to solve the integral efficiently.

Question 13.

Evaluate

[3 Marks]

Answer:

To evaluate the given expressions, we perform step-by-step calculations using the rules
of algebra and arithmetic.

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

First, calculate each part inside the parentheses: (1/3)^-1 = 3 and (1/4)^-1 = 4.

Now subtract: 3 - 4 = -1.

Finally, take the inverse: (-1)^-1 = -1.

So, the value of ( (1/3)^-1 - (1/4)^-1 )^-1 is -1.

(ii) Evaluate (5/8)^-7 × (8/5)^-4:

Using the rule a^-m = 1 / a^m, we get:

(5/8)^-7 = (8/5)^7 and (8/5)^-4 = (5/8)^4.

Therefore, (5/8)^-7 × (8/5)^-4 = (8/5)^7 × (5/8)^4 = (8/5)^(7) × (5/8)^(4).

Simplify by writing as (8/5)^(7-4) = (8/5)^3 = 512/125.

Hence, the value is 512 divided by 125.

Question 14.

Find the particular solution of the differential equation 𝑥 𝑑𝑦/𝑑𝑥+𝑥cos² (𝑦/𝑥=𝑦), given that
when 𝑥=1, 𝑦=�/4

[3 Marks]
Answer:



Given the differential equation: x * dy/dx + x * cos²(y/x) = y

First, rewrite the equation as dy/dx + cos²(y/x) = y/x. Consider the substitution v = y/x, so
that y = v * x.

Now, dy/dx = v + x * dv/dx (using product rule). Substituting into the equation, we get:

x * (v + x * dv/dx) + x * cos²(v) = v * x

On simplification, x² * dv/dx + x * cos²(v) = 0

Dividing both sides by x² (x ≠ 0): dv/dx + (cos²(v))/x = 0

This is a separable differential equation. Rearranged as dv / cos²(v) = - dx / x.

Integrate both sides:

∫ sec²(v) dv = - ∫ (1/x) dx

This gives: tan(v) = -ln|x| + C

Re-substitute v = y/x:

tan(y/x) = -ln|x| + C

Apply the initial condition x=1, y=π/4: tan(π/4) = 1 = -ln(1) + C ⇒ C = 1

Thus, the particular solution is tan(y/x) = 1 - ln|x|.

Section D

Question 15.

Using integration, find the area of the region {(x, y): 4𝑥2+9𝑦2 ≤ 36, 2𝑥+3𝑦 ≥ 6}.

[4 Marks]
Answer:

Given the region is bounded by the ellipse 4x² + 9y² ≤ 36 and the line 2x + 3y ≥ 6.

First, rewrite the ellipse equation as x² / 9 + y² / 4 ≤ 1. This describes an ellipse centered at
the origin with semi-major axis 3 along x-axis and semi-minor axis 2 along y-axis.

The line equation 2x + 3y = 6 can be rearranged as y = (6 - 2x) / 3.

We need the area inside the ellipse and above the line (since 2x + 3y ≥ 6).



Find the points of intersection between the ellipse and the line by substituting y into the
ellipse:

x² / 9 + ((6 - 2x)/3)² / 4 = 1.

Multiply throughout by 36 (LCM of denominators) to clear fractions, then simplify and
solve for x.

The solutions are x = 3 and x = 9/5 = 1.8. Corresponding y values from line are y = 0 and y
= (6 - 2*1.8) / 3 = (6 - 3.6)/3 = 2.4/3 = 0.8.

The area inside the ellipse and above the line is determined between x = 1.8 and 3.

The area can be found by integrating the difference between the ellipse's upper boundary
and the line from x=1.8 to x=3:

y_ellipse_upper = 2/3 * sqrt(9 - x²),

Area = ∫ from 1.8 to 3 [y_ellipse_upper - y_line] dx = ∫ from 1.8 to 3 [(2/3)*√(9 - x²) - (6 -
2x)/3] dx.

This integral can be computed using standard methods:

Integral of (2/3)√(9 - x²) dx is (x/3)√(9 - x²) + 3arcsin(x/3),

Integral of (6 - 2x)/3 dx is 2x - x²/3.

Evaluating the definite integral and simplifying gives the area of the required region.

Question 16.

Using integration, find the area of the region bounded by lines 𝑥−𝑦+1=0, 𝑥=−2, 𝑥=3 and 𝑥-
axis.

[4 Marks]
Answer:

To find the area of the region bounded by the lines using integration, first express the
given line x - y + 1 = 0 in terms of y. Rearranging the equation, we get y = x + 1.

The region is bounded by the lines y = 0 (x-axis), y = x + 1, and vertical lines x = -2 and x =
3.

We calculate the area between the curves y = x + 1 and y = 0 from x = -2 to x = 3. This area
A is given by the definite integral:

A = ∫ from x = -2 to 3 of (x + 1) dx.

Now, integrate:



∫ (x + 1) dx = (x²)/2 + x

Evaluating from -2 to 3, we have:

A = [ (3²)/2 + 3 ] - [ ((-2)²)/2 + (-2) ] = (9/2 + 3) - (2 - 2) = (4.5 + 3) - (2 - 2) = 7.5 - 0 = 7.5

Therefore, the area of the bounded region is 7.5 square units.

Question 17.

A card from a pack of 52 playing cards is lost. From the remaining cards, 2 cards are
drawn at random without replacement, and are found to be both aces. Find the
probability that lost card being an ace.

[4 Marks]
Answer:

Given a pack of 52 playing cards, one card is lost and the remaining 51 cards are left. Two
cards are drawn from these 51 cards without replacement, and both are aces. We need to
find the probability that the lost card was an ace.

Let's consider the events:

Event A: The lost card is an ace.
Event B: Two aces are drawn from the remaining 51 cards.

There are 4 aces in total. If the lost card is an ace, then only 3 aces remain in 51 cards.

Probability of drawing 2 aces from 3 aces in 51 cards is:

P(B|A) = Combination(3, 2) / Combination(51, 2) = 3 / (51*50/2) = 3 / 1275

If the lost card is not an ace, then all 4 aces remain in 51 cards.

Probability of drawing 2 aces from 4 aces in 51 cards is:

P(B|A') = Combination(4, 2) / Combination(51, 2) = 6 / 1275

Probability that the lost card is an ace is 4/52 and not an ace is 48/52.

Using Bayes Theorem, probability that lost card is an ace given that two aces are drawn:

P(A|B) = [P(B|A) * P(A)] / [P(B|A)*P(A) + P(B|A')*P(A')]

Substituting the values:

P(A|B) = (3/1275 * 4/52) / [(3/1275 * 4/52) + (6/1275 * 48/52)]

Simplifying the expression:



P(A|B) = (12/66300) / (12/66300 + 288/66300) = 12 / 300 = 1/25

Therefore, the probability that the lost card is an ace is 1/25.

Question 18.

Evaluate :

[4 Marks]

Answer:

To evaluate the given expressions, we use the properties of determinants, inverse, and
factorials where applicable:

1. Determinants:

For a 2x2 matrix |a b; c d|, the determinant is ad - bc.

Given matrix |2 4; -1 2|,
its determinant = (2)(2) - (4)(-1) = 4 + 4 = 8.

Another determinant to evaluate is |1 x+y y; 1 x x+y|. We calculate using the determinant
formula:

Determinant = 1*(x*(x+y) - y*x) - (x+y)*(1*(x+y) - y*1) + y*(1*x - 1*x) = x^2 + xy - xy -
(x+y)^2 + 0 = x^2 - (x^2 + 2xy + y^2) = -2xy - y^2.

2. Evaluate expressions involving exponents and inverse:

(i) {(1/3)^(-1) - (1/4)^(-1)}^(-1)
= (3 - 4)^(-1) = (-1)^(-1) = -1.

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

3. Factorials:

(i) 8! = 8×7×6×5×4×3×2×1 = 40320.
(ii) 4! - 3! = (4×3×2×1) - (3×2×1) = 24 - 6 = 18.

Thus, by applying determinant calculation rules, properties of exponents, and factorial
computations, we arrive at the respective evaluated values.


