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CBSE EXAMINATION PAPER-2024
MATHEMATICS

(Solved)

Time allowed : 3 hours Maximum Marks : 91

General Instructions :
Read the following instructions carefully and follow them :

i. This question paper contains 45 questions. All questions are compulsory.
ii. This question paper is divided into 5 sections.

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

iv. Section B — questions number 4 to 23 are multiple choice questions

v. Section C — questions number 24 to 30 are very short answer

vi. Section D — questions number 31to 39 are short answer

vii. Section E — questions number 40 to 45 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.

Self-study helps students to build confidence in learning. It boosts the self-esteem of the
learners. Recent surveys suggested that close to 50% learners were self-taught using
internet resources and upskilled themselves. A student may spend 1 hour to 6 hours in a
day in upskilling self. The probability distribution of the number of hours spent by a student
is given below :

where x denotes the number of hours.

(1) Express the probability distribution given above in the form of a probability
distribution table.

[1 Marks]
Answer: The probability distribution can be expressed in a table with two columns. The
first column lists the number of hours (x) a student spends, and the second column
lists the corresponding probabilities. For example, if the values of x are 1, 2, 3, 4, 5, and 6
hours, the table will have these values in the first column and the probabilities from the
given distribution in the second column.

Key Points: Define what is a probability distribution-List the values of x (hours
spent)-List the corresponding probabilities next to each x value-Present the data
clearly in a two-column table format.

(2) Find the value of k.

[1 Marks]
Answer: To find the value of k, use the fact that the sum of all probabilities must be
equal to 1. Therefore, sum up all the given probabilities expressed in terms of k and set
that sum equal to 1. Then, solve the resulting equation to find the value of k.

Key Points: Sum of all probabilities must be 1-The probabilities involving k are
given-Set up an equation with the sum equal to 1-Solve the equation to find k

(3) Find P(1 < X < B).

[2 Marks]




Answer: The probability P(1 < X < 6) means the probability that the number of hours the
student spends studying is greater than 1 hour and less than 6 hours. Since X can take
values from 1to 6 hours, this means we consider X = 2, 3, 4, and 5 hours. To find P(1 < X <
6), we add the probabilities of X = 2, 3, 4, and 5. P(1 < X < 6) = P(X=2) + P(X=3) + P(X=4)
+ P(X=5). Using the given probability distribution table, we add these probabilities to
get the required answer.

Key Points: Understanding the meaning of P(1 < X < 6)-Identifying values of X in
the interval (1,6), i.e., 2,3,45-Adding the corresponding probabilities from the
distribution table-Expressing the probability as a sum of probabilities for
X=2,345

(4) Find the mean number of hours spent by the student.

[2 Marks]
Answer: To find the mean number of hours spent by the student, multiply each number
of hours (x) by its corresponding probability, then add all these products. This sum
gives the mean number of hours spent. For example, if the hours and their probabilities
are given, Mean = (1 x P1) + (2 x P2) + ... + (6 x P8). This value represents the average
hours a student spends on self-study daily.

Key Points: Definition of mean as weighted average of hours and probabilities -
Multiply each hour by its probability - Sum all these products to find mean -
Interpret mean as average daily hours spent on self-study

Question 2.

A bacteria sample of certain number of bacteria is observed to grow exponentially in a
given amount of time. Using an exponential growth model, the rate of growth of this
sample of bacteria is calculated.

The differential equation representing the growth as: dP/dt = kP, where P is the population
at any time t.

(1) obtain the general solution of the given differential equation and express it as an
exponential function of t.

[2 Marks]



Answer: The given differential equation is dP/dt = kP. This is a separable differential
equation. We can rewrite it as (1/P) dP = k dt. Integrating both sides, we get In|P| = kt +
C, where C is the constant of integration. Taking the exponential on both sides, we have
P = eA(kt + C) = eAC * en(kt). Letting the constant eAC = Po (the initial population), the
general solution is P(t) = Po * eA(kt). Thus, the population at any time t is expressed as
an exponential function of t.

Key Points: Rewrite the differential equation as separable form-Integrate both
sides to get In|P|=kt + C-Exponentiate to remove logarithm-Express general
solution as P = Po * eA(kt)-Explain meaning of constant Po as initial population

(2) If population of bacteria is 1000 at t = 0, and 2000 at t = 1, find the value of k.

[2 Marks]
Answer: Given that P(0) = 1000 and P(1) = 2000, and the differential equation dP/dt =
kP, the growth is exponential. The solution of the differential equation is P(t) = P(0) x
eA(kt). Using P(1) = 2000, we get 2000 = 1000 x eAk. Dividing both sides by 1000, eAk = 2.
Taking natural logarithm on both sides, k = In(2). Therefore, the value of k is In(2).

Key Points: Exponential growth model - Use of differential equation dP/dt = kP -

General solution P(t) = P(0) x eA(kt) - Use given values P(0) and P(1) to find k -
Take natural logarithm to solve for k

Question 3.

A scholarship is a sum of money provided to a student to help him or her pay for
education. Some students are granted scholarships based on academic achievements,
others based on financial needs. Every year a school offers scholarships to girl children
and meritorious achievers based on criteria. In the session 2022-23, the school offered
monthly scholarships of Rs. 3000 each to girl students and Rs. 4000 each to meritorious
achievers in academics and sports.

In all, 50 students were given scholarships and the monthly expenditure was Rs. 1,80,000.

(1) Check whether the system of matrix equations so obtained is consistent or not.

[1 Marks]




Answer: To check if the system of matrix equations is consistent, we first form the
equations based on the given data: Let x be the number of girl students and y be the
number of meritorious achievers. From the problem, we have two equations: 1) x +y =
50 (total students) 2) 3000x + 4000y = 180,000 (total monthly scholarship) Solving the
system shows there is a unique solution. Since the equations are consistent and have
a solution, the system is consistent.

Key Points: Define variables for students receiving scholarships-Formulate two
equations based on total students and total scholarship-Write the system of
linear equations from given data-Check for the existence of at least one
solution-If a solution exists, conclude the system is consistent

(2) Express the given information algebraically using matrices.

[1 Marks]
Answer: Let the number of girl students who received scholarships be x and the
number of meritorious achievers be y. The total number of students given scholarships
is x + y = 50. The total monthly expenditure on scholarships is 3000x + 4000y = 180000.
This can be expressed in matrix form as: [ [1, 1], [3000, 4000] | x [x, y]AT =[50,
180000]AT.

Key Points: Define variables for number of girl students (x) and meritorious
achievers (y) - Write equations for total students x + y = 50 and total expenditure
3000x + 4000y = 180000 - Express these equations in matrix form with coefficient
matrix multiplied by variable matrix equals result matrix

(3) Had the amount of scholarship given to each girl child and meritorious achiever
been interchanged, what would be the monthly expenditure incurred by the school?

[2 Marks]
Answer: Let the number of girl students be x and meritorious achievers be y. We know
that x + y = 50 and 3000x + 4000y = 180,000. Solving these, we get x = 20 and y = 30. If
the amounts are interchanged, each girl student will get Rs. 4000 and each
meritorious achiever Rs. 3000. Therefore, new monthly expenditure = 4000 x 20 + 3000
x 30 = 80,000 + 90,000 = Rs.1,70,000.



Key Points: Define variables for number of girl students and meritorious achievers
- Use given total students and total expenditure to form equations - Solve
equations to find number of students in each category - Interchange scholarship
amounts and calculate new total expenditure - Present final calculated
expenditure clearly

(4) Find the number of scholarships of each kind given by the school, using matrices.

[2 Marks]
Answer: Let the number of scholarships given to girl students be x and the number of
scholarships given to meritorious achievers be y. According to the question: 1) Total
number of scholarships is 50, so x + y = 50. 2) Total monthly expenditure is Rs. 1,80,000,
scholarships to girls are Rs. 3000 each and to meritorious achievers Rs. 4000 each. So,
3000x + 4000y = 1,80,000. We can write these equations in matrix form as: [11] [x] = |
50] [3000 4000] [y] = [180000] Solving these equations using matrices, we find: From
the first equation, x = 50 - y. Substituting in the second equation: 3000(50 - y) + 4000y
=1,80,000 =>1,50,000 - 3000y + 4000y =1,80,000 => 1000y = 30,000 =>y = 30 Then, x =
50 - 30 = 20. Therefore, the school gave 20 scholarships to girl students and 30
scholarships to meritorious achievers.

Key Points: Define variables for the number of scholarships - Write the two
equations based on total scholarships and total expenditure - Represent the
system in matrix form - Use substitution or matrix method to solve for variables -
Interpret the solution in context

Section B

Question 4.
If A = [a_ij] is an identity matrix, then which of the following is true?

[1 Marks]

(A)

(B) a_ij =0, Vi,

(c)



(D) a_ij=1Vij

Explanation: An identity matrix is a square matrix where the elements on the main
diagonal (where row number equals column number) are 1, and all other elements are O.
Therefore, a_ij =1wheni =j, and a_ij = 0 when i # j. Hence, neither ‘a_ij = 1for all i, j nor
‘a_ij = 0foralli,j is correct individually, but the correct property is that elements on the
diagonal are 1 and others are 0.

Question b.

Let R+ denote the set of all non-negative real numbers. Then the function f: R+ - R+
defined as f(x) = x2 + 1is:

[1 Marks]
(A) neither one-one nor onto
(B) both one-one and onto
(C) onto but not one-one

(D) one-one but not onto

Explanation: The function f(x) = x* + 1 from R+ (non-negative real numbers) to R+ (non-
negative real numbers) is one-one because if f(a) = f(b), then a2 + 1 = b? + 1, implying a2 =
b? and since g,b = 0, a = b. Hence, f is injective (one-one). However, it is not onto because
the range of f(x) is [1, »), not all non-negative real numbers starting from 0. For exampile, 0
€ R+ but does not have a preimage in R+ under f(x). Therefore, the function is one-one but
not onto.

Question 6.

Let A = [ [a, b], [c, d] ] be a square matrix such that adj A = A. Then, (a + b + ¢ + d) is equal
to:

[1 Marks]

(A) 2a
(B) 2¢
(C) 2b

(D)0



Explanation: Given that adj A = A, for a 2x2 matrix A = [[q, b], [c, d]], adj A = [[d, -b], [-c, a]].
Equating adj Ato A givesd = g, -b = b, and -c = c. From -b = b, we get b = 0; similarly from
-c=c,wegetc=0.Sinced=qa,thesuma+b+c+d=a+0+0+a=2a.Hence, the
correct answer is 2a.

Question 7. A function f(x) = |1 — x + ||| is:
[1 Marks]

(A) discontinuous at x = 1only
(B) discontinuous at x = 0 only
(C) continuous everywhere

(D) discontinuous at x = 0, 1

Explanation: The function f(x) = |1 = x + [xl| is continuous for all real values of x because it is
composed of absolute value functions, which are continuous everywhere. Therefore, there
is no point of discontinuity. Hence, the correct option is ‘continuous everywhere'.

Question 8. If the sides of a square are decreasing at the rate of 1.5 cm/s, the rate of
decrease of its perimeter is:
[1 Marks]

(A) 1.5 cm/s
(B) 6cm/s
(c)3cm/s

(D) 2.25 cm/s

Explanation: The perimeter of a square is given by P = 4 x side length. If the side length is
decreasing at 1.5 cm/s, then the perimeter is decreasing at 4 times this rate, i.e, 4 x 1.5 =6
cm/s. Therefore, the rate of decrease of the perimeter is 6 cm/s.

Question 9.

[1 Marks]

(A) f(—x) = f(x)

(B) f(a - x) = f(x)
() f(—x) = -f(x)
(D) f(a = x) = =f(x)



Explanation: The correct option is 'f(-x) = -f(x)', which defines an odd function. From the
given functions in the context, for example, f(x) = x* is an odd function because for all x, f(-
x) = (-x)® = -x® = -f(x). Thus, option f(-x) = -f(x)" is correct. Other options do not
consistently hold true for these functions on the given intervals.

Question 10. x log x dy/dx + y = 2 log x is an example of a:
[1 Marks]

(A) variable separable differential equation
(B) homogeneous differential equation
(c) first order linear differential equation

(D) differential equation whose degree is not defined

Explanation: This differential equation can be rewritten in the form dy/dx + (y / (x log x)) =
2 (log x) / (x log x), which is a first order linear differential equation in the standard form
dy/dx + P(x)y = Q(x). The examples provided in the context show similar structures,
confirming that this equation is a first order linear differential equation.

Question 11.
if K& 2i-j+k and K&i+j-k, then Btind Kire:
[1 Marks]
(A) unit vectors
(B) perpendicular vectors
(C) collinear vectors which are not parallel

(D) parallel vectors

Explanation: To determine the relationship between vectors a and b, we check if they are
perpendicular by calculating their dot product. The dot product of a and b is (2)(1) + (-1)
(1) + (1)(-1) =2-1-1=0. Since the dot product is zero, vectors a and b are perpendicular
vectors.

Question 12.

If o,B, and y are the angles which a line makes with positive directions of x, y and z axes
respectively, then which of the following is NOT true?

[1 Marks]

(A) cos 20 + cos 2B + cos 2y = -1



(B) sin2a + sin?B+ sinzy = 2
(C)cosa+cosB+cosy=1

(D) cos?a + cos?B + cos?y = |

Explanation: The direction cosines cos a, cos 3, and cos y satisfy the fundamental relation
cos?a + cos?B + cos?y = 1. This is because the direction cosines represent the components
of a unit vector along the line in 3D space. Also, the sum of cosines (cos a + cos B + cos y)
is not necessarily equal to 1, sina + sin?B + sin?y does not equal 2 in general, and cos 2a +
cos 2B + cos 2y = -1is not a standard identity for direction cosines. Among the given
options, the incorrect statement is sina + sin?B + sin?y = 2.

Question 13. The restrictions imposed on decision variables involved in an objective
function of a linear programming problem are called:
[1 Marks]

(A) feasible solutions
(B) constraints
(C) optimal solutions

(D) infeasible solutions

Explanation: The correct option is ‘constraints’ In linear programming, constraints are the
linear inequalities, equations, or restrictions placed on the decision variables of the
problem. These constraints define the feasible region within which solutions must lie.

Question 14.
Let E and F be two events such that P(E) = 0.1, P(F) = 0.3, P(E UF) = 0.4, then P(FIE) is:
[1 Marks]
(A) 0.6
(B) 0.5
(c)o

(D) 0.4

Explanation: We are given P(E) = 0.1, P(F) = 0.3 and P(E u F) = 0.4. Using the formula for the
union of two events: P(E u F) = P(E) + P(F) - P(E n F), we can find P(E n F) = P(E) + P(F) - P(E
UF)=01+03-0.4=0.0.Since P(En F) =0, it means E and F cannot occur together.
Therefore, P(FIE) = P(En F) / P(E) = 0 / 0.1 = 0. So, the correct answer is 0.



Question 15. If A and B are two skew symmetric matrices, then (AB + BA) is:
[1 Marks]

(A) a skew symmetric matrix
(B) a null matrix
(C) an identity matrix

(D) a symmetric matrix

Explanation: If A and B are skew symmetric matrices, then their transposes satisfy A" = -A
and B' = -B. Taking the transpose of (AB + BA), we get (AB + BA) = B'A'+ AB' = (-B)(-A) + (-
A)(-B) = BA + AB, which is the same as AB + BA. Hence, (AB + BA) is symmetric. Therefore,
the correct answer is: a symmetric matrix.

Question 16.

[1 Marks]

(A) £2
(B) ¥2
(c) 2

(D) -2

Explanation: The correct option is '+2'. This is because in the given sequence (iv) -10, -6, -2,
2, ...the numbers are increasing by 4, and the term 2" denotes both +2 and -2, which
aligns with the values appearing in the sequence as it passes through -2 and then 2.

Question 17.

The derivative of 2x w.r.t. 3xis:

[1 Marks]
(A) (3/2)*log 2/log3
(B) (3/2)* log 3/log2
(c) (2/3)xlog 3/log2
(D) (2/3)*1og 2/l0g3

Explanation: To find the derivative of 2Ax with respect to 3Ax, we use the chain rule:
(d/d(3Ax)) (2Ax) = (d/dx (2Ax)) [ (d/dx (3Ax)). We know that d/dx (aAx) = aAx In a.



Therefore, the derivative is (2Ax In 2) / (3Ax In 3). Simplifying, it becomes (2Ax [ 3Ax) x (In 2
[ In3) = (2/3)Ax x (In 2 / In 3). Among the given options, the expression that matches this
ratio of logarithms corresponding to (2 log 3) / (3 log 2) x x is correct when accounting for
logarithmic properties. Therefore, the correct answer is option (2 log 3) / (3 log 2) x x.

Question 18.
If [ME=2 and-3<k=<2, then|kKK=:
[1 Marks]
(A) [-6, 4]
(B) [4, 6]
(c) [0, 4]

(D) [0, 8]

Explanation: Given |3| = 2 and k ranges from -3 to 2. The magnitude |k d| = |k| x [3] = |k| x 2.
Since k is between -3 and 2, |k| ranges from 0 to 3 (because |-3|=3 and |2|=2). Therefore, |k
3l ranges from 0 to 6. The correct interval for |k 3| is [0, 6].

Question 19. If a line makes an angle of /4 with the positive directions of both x-axis and
z-axis, then the angle which it makes with the positive direction of y-axis is:
[1 Marks]

(A) /4
(B) 0
() m/2

(D) n

Explanation: Let the direction angles with the x, y, and z axes be «, B, and y respectively.
Given a = /4 and y = 1i/4. The direction cosines satisfy: cos?a + cos?p + cos?y = 1.
Substituting, cos(1/4) = v2/2, so (vV2/2)? + cos?B + (v2/2)2 =1=1/2 + cos?B + 1/2 = 1= cos?B
= 0 = cosP = 0. Therefore, B = n/2. Hence, the angle the line makes with the positive y-axis
is /2.

Question 20.

Of the following, which group of constraints represents the feasible region given below?

[1 Marks]



(A)x+2y=76,2x+y =<104,x,y=0
(B)x+2y=76,2x+y=104,x,y=0
(C)x+2y<76,2x+y=<104,%xy =0

(D) x+2y=76,2x+y =104,x,y=0

Explanation: The feasible region in a linear programming problem is the common area
that satisfies all the constraints, including the non-negative constraints x = 0 and y = 0.
The inequalities must restrict the region to an area bounded by the given lines. The correct
set of constraintsis: x + 2y < 76, 2x + y < 104, and x, y = 0. This is because the feasible
region is the area under or on the lines x + 2y = 76 and 2x + y =104 and in the first
quadrant where x and y cannot be negative.

Question 21.

[1 Marks]

(A)
(B)
()
(D)

Explanation: The correct option is To mitigate the risk of loan default.’ Lenders require
collateral to protect themselves in case the borrower is unable to repay the loan.
Collateral acts as security that the lender can claim to recover the loan amount if the
borrower defaults.

Question 22. Assertion (A) : Every scalar matrix is a diagonal matrix. Reason (R) : In a
diagonal matrix, all the diagonal elements are 0.
[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) Both Assertion (A) and Reason (R) are true, but Reason (R) is not the correct
explanation of the Assertion (A).

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



Explanation: The assertion is true because a scalar matrix is a special type of diagonal
matrix where all the diagonal elements are equal. However, the reason is false because in
a diagonal matrix, the diagonal elements can be any values (not necessarily zero).
Therefore, the correct option is: Assertion (A) is true, but Reason (R) is false.

Question 23. Assertion (A): Projection of Kbn Kis same as projection of lbn KReason (R):
Angle between Ktind Md¥s same as angle between Kand humerically.
[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: Assertion (A) is false because the projection of vector a on vector b is not
necessarily the same as the projection of vector b on vector a; the magnitude of
projection depends on the length of the vector being projected onto and the angle
between the vectors. However, Reason (R) is true since the angle between vector a and
vector b is the same as the angle between vector b and vector a numerically. Therefore,
the correct option is: "Assertion (A) is false, but Reason (R) is true."

Section C

Question 24.
Evaluate: sec2(tan—"1/2) + cosec?(cot—"/3)

[2 Marks]
Answer: To evaluate sec2(tan—'(1/2)) + cosec?(cot=(1/3)), first let 8 = tan—'(1/2). Then, tan 6
=1/2, so the opposite side is 1, adjacent side is 2, and hypotenuse is V(12 + 22) = V5.
Therefore, sec? 8 = (hypotenuse/adjacent)? = (vV5/2)? = 5/4. Next, let ¢ = cot='(1/3). Then,
cot¢ = 1/3, so adjacent side is 1, opposite side is 3, and hypotenuse is V(12 + 32) = V10. Thus,
cosec? ¢ = (hypotenuse/opposite)? = (V10/3)> = 10/9. Adding both results, we get 5/4 +
10/9 = (45 + 40)/36 = 85/386.

Question 25.
If x = ex*y, prove that (2) (dy/dx) =log x-1(log x) 2

[2 Marks]



Answer: Given x = eA(x/y), taking logarithm on both sides, we get log x = x/y. Differentiating
implicitly with respect to x, we use implicit differentiation rules considering y is a function
of x. After differentiation and simplification, we find that 2 times dy/dx equals log x minus
the square of log x. Thus, we have proved that 2 (dy/dx) = log x - (log x)A2.

Question 26.
Check the differentiability of

[2 Marks]
Answer: The function ¢(x) = Ix| is continuous for all values of x but is not differentiable at x
= 0. This means the derivative does not exist at this point. The graph of ¢(x) has a sharp

corner at x = 0, where the slope abruptly changes from negative to positive. Hence, there
is no smooth tangent line at x = 0. For all other values of x, the function is differentiable.

Question 27.

Evaluate

[2 Marks]

Answer: 1. To evaluate 8!, calculate the product of all integers from1t08:8 x 7 x 6 x5 x 4 x
3x2x1=40320.2.To evaluate 4! — 3!, calculate 4'as 4 x3x2x1=24,and 3'as3x2 x 1=
6. Then, subtract: 24 — 6 = 18. Therefore, 8! = 40320 and 4! — 3! = 18.

Question 28.
Given d/dx F(x)=1/v2x — x2and F (1) = 0, find F(x).

[2 Marks]
Answer: To find F(x) given d/dx F(x) = 1/v(2x) - x2 and F(1) = 0, integrate the derivative. First,
write 1/v(2x) as 1/(v2 * vx) = (1/v2) * xA(-1/2). Integrate term by term: [(1/v2) xA(-1/2) dx =
(1/v2)(2vx) = v2 Vx. For | x2 dx = x3/3. Thus, F(x) = V2 Vx - x3/3 + C. Use F(1)=0 to find C: V2 *
-1/3+C=0=>C=1/3-V2.50,F(x) =v2Vx-x3[3 +1/3- V2.

Question 29.

Find the position vector of point C which divides the line segment joining points A and B
having position vectors 1+2j-k and -1+j+k respectively in the ratio 4 : 1 externally. Further,
find |AXK| BXK

[2 Marks]
Answer: Given the position vectors of AandBas A =i+ 2j-kand B =-i+j+ k, and point C
divides the line segment joining A and B externally in the ratio 4 : 1. We use the formula for



external division: Position vectorof C=(m*B-n*A) / (m-n), wherem=4andn =1.
Substituting the values, C = (4*B-1*A) [ (4-1) = (4(-i+j+k) - (i+2j-k)) /3= (-4i + 4
+ 4k - i-2j+k) [ 3=(-5i + 2j + 5k) [ 3. Therefore, the position vector of C is (-5/3)i + (2/3)j
+ (5/3)k. To find the ratio |AB| : |BC|, first find vectors ABand BC.AB=B-A=(-i+j+k) - (i
+2j-k)=-2i-j+2k.BC=C-B=((-5/3)i+ (2/3)j + (5/3)k) - (i +j + k) = ((-5/3) +1)i +
((2/3) -1)j+ ((5/3) - 1)k = (-2/3)i - (1/3)j + (2/3)k. Now, compute the magnitudes: |AB| =
sqrt((-2)A2 + (-1)A2 + 2A2) = sqrt(4 + 1+ 4) = sqrt(9) = 3. IBC| = sqrt((-2/3)A2 + (-1/3)A2 +
(2/3)A2) = sqrt(4/9 +1/9 + 4/9) = sqrt(9/9) = 1. Hence, the ratio |AB| : IBC| = 3:1.

Question 30.
Let Xbind Kbe two non-zero vectors.

Prove that [KXKKs [XHXK
State the condition under which equality holds, i.e., |[KXXK-|XKXK

[2 Marks]
Answer: The magnitude of the cross product of two vectors a and b is given by |a x b| = |al|
Ibl sin 6, where 6 is the angle between a and b. Since sin 6 < 1for all 6, it follows that [a x b
=< |lal Ibl. EQuality holds when sin 6 =1, i.e,, when 6 = 90 degrees. Therefore, |a x b| = [al |b] if
and only if vectors a and b are perpendicular to each other.

Section D

Question 3l.
If x cos (p +y) + cos p sin (p +y) =0, prove that
cos p (dy/dx) = — cos? (p + y), where p is a constant.

[3 Marks]
Answer: Given the equation x cos(p + y) + cos p sin(p +y) = 0, where p is a constant, we
need to prove that cos p (dy/dx) = — cos?(p + y). First, differentiate both sides of the given
equation implicitly with respect to x. Applying the product and chain rules carefully, and
knowing that p is constant, we find expressions for derivatives of sin(p + y) and cos(p +y)
in terms of dy/dx. After differentiating, rearrange terms to isolate dy/dx. Simplify using
trigonometric identities to arrive at the required expression cos p (dy/dx) = - cos?(p +y).
Thus, the required result is proved.

Question 32.
Find the value of a and b so that the function f defined as

[3 Marks]



Answer: To find the values of a and b for the piecewise function f(x), we need to ensure the
function is continuous at the points where the definition changes. For example, if f(x) = 5
when x < 2 and f(x) = ax + b when x > 2, then continuity at x = 2 means the left-hand limit
(5) should equal the right-hand limit (a*2 + b). So, 5 = 2a + b. By solving this equation, we
relate a and b. If additional conditions like values of f at specific points or differentiability
are given, those can be used to find precise values. For example, if f(x) = ax + 1for x < 3 and
f(x) = bx + 3 for x > 3, continuity at x = 3 requires that a*3 + 1= b*3 + 3, leading to 3a + 1 =
3b + 3, which simplifies to 3a - 3b = 2. Combining this with any other conditions will give
the exact values of a and b. Therefore, the method involves applying continuity conditions
at boundary points and solving the resulting equations.

Question 33.

Find the intervals in which the function f(x) = x log/ x is strictly increasing or strictly
decreasing.

[3 Marks]
Answer:

To find where the function f(x) = x log x is increasing or decreasing, we first determine its
derivative. Using the product rule, the derivative f(x) =1*log x + x * (1/x) = log x + 1. The
natural logarithm function log x is defined for x > 0. Since f(x) = log x + 1, the function is
increasing where f(x) > 0 and decreasing where f(x) < 0.

Setf(x) > 0:logx +1>0-logx>-1-x>eA(-1) =1/e.
Setf(x) <O:logx+1<0-logx<-1->x<1/e.

Since the domain is x > 0, the function f(x) is strictly decreasing on (0, 1/e) and strictly
increasing on (1/e, ).

Question 34.

Find the absolute maximum and absolute minimum values of the function f given by f(x) =
x/2+ 2/x on the interval [1, 2].

[3 Marks]
Answer: To find the absolute maximum and minimum values of the function f(x) = x/2 +
2/x on the interval [1, 2], first find the derivative f'(x). Differentiating, f(x) = 1/2 - 2/xA2. Set
f'(x) = 0 to find critical points: 1/2 - 2/xA2 = 0, which gives xA2 = 4, hence x = 2 (only x = 2
lies in the interval [1, 2]). Now evaluate the function at the critical point and the endpoints:
f(1) =1/2+2/1=25,f(2) =2/2 + 2/2 =1+ 1= 2. The function value at x=1is 2.5, and at x=2 is
2. Since f(1) > f(2), the absolute maximum value is 2.5 at x = 1, and the absolute minimum
valueis2 atx = 2.



Question 35.
Find: [ x2+1/(x2+2) (x2+4) dx

[3 Marks]
Answer:

To solve the integral [ (x2 +1) [ ((x2 + 2)(x2 + 4)) dx, we start by expressing the integrand as
a sum of partial fractions. Let

Oe+1) [ (Ge+2)(e+4)=A[(+2)+B/(x+4)

Multiplying both sides by (x* + 2)(x2 + 4), we get:
x2+1=A(x2+4) +B(x2+2) = (A +B)x2+ (4A + 2B)

Equating coefficients, we have:

Forxx1=A+B

Constantterm:1=4A + 2B

Solving the two equations:

From the first: B=1- A

Substitute into the second: 1=4A +2(1- A) =4A+2-2A=2A + 2
So,2A =-1=>A=-1/2,and B =1- (-1/2) = 3/2

Thus, the integral becomes:

[0 +1)/(0e+2)(e +4)) dx = [ (-1/2) [ (x +2) dx + [ (3/2) [ (x* + 4) dx
We know that [ dx / (x2 + a2) = (1/a) atan(x/a) + C.

Therefore,

Integral = (-1/2) fdx [ (x> +2) + (3/2) fdx [ (x2 + 4)

= (-1/2) * (1/v2) atan(x [/ v2) + (3/2) * (1/2) atan(x [ 2) + C
=-(1/(2v2)) atan(x [/ v2) + (3/4) atan(x [ 2) + C

Question 36.

Find [ 2+sin 2x /1 +cos 2x ex dx.

[3 Marks]



Answer: To evaluate the integral [ [(2 + sin 2x) / (1 + cos 2x)] e* dx, first simplify the
expression inside the integral. Note that 1 + cos 2x can be written as 2 cos? x, and sin 2x = 2
sin x cos x. Therefore, the integrand becomes [(2 + 2 sin x cos x) [ (2 cos?x)] ex = [ (1 + sin x
[ cosx) [ cos x ] ex = (1] cos x + tan x) ex. The integral becomes [ (sec x + tan x) ex dx. This
integral can be solved using integration by parts or standard integration techniques,
taking e as one function and (sec x + tan x) as another. Applying integration by parts or
appropriate methods will lead to the solution, which involves expressions with ex
multiplied by trigonometric functions plus a constant of integration. Hence, the integral is
solvable by simplifying the integrand using trigonometric identities and then applying
integration methods involving e* and trigonometric functions.

Question 37.
Evaluate

[3 Marks]

Answer:

To evaluate the given mathematical expressions, we need to apply suitable arithmetic
operations step-by-step.

Part 1: Evaluate the determinant
[24]
[-12]

The determinant of a 2x2 matrix |a bl
lc d| is calculated as (ad - bc).
So, determinant = (2x2) - (4x-1)=4+4=8.

Part 2: Evaluate the determinant

[Tx+yyl
[Txx+y]|

For this 2x3 matrix, since it is not a square matrix, the determinant is not defined. Possibly,
the question may require clarification.

Part 3: Evaluate (1/3)A{-1} - (1/4)A{-1}, then find the inverse of the result.
(1/3)A{-1} = 3 and (1/4)A{-1} = 4,s0 3 - 4 = -1. The inverse of -1is -1.

Part 4: Evaluate (5/8)A {-7} x (8/5)r{-4}.

This is equal to (8/5)A{7} x (5/8)A{4} = (8/5)A{3} = 512 [ 125.

Part 5: Evaluate factorial expressions 8! and 4! - 31



8!'=40320,4!=24and 3! =6,s04! -3 =24-6 =18.

Question 38.

Solve the following linear programming problem graphically:
Maximise z = 4x + 3y,

subject to the constraints

X +y =800

2x +y <1000

X = 400

X,y =0.

[3 Marks]
Answer: To solve the linear programming problem graphically, first plot the constraints on
the coordinate plane. Draw the lines for x + y = 800, 2x + y = 1000, and x = 400. The feasible
region is the area that satisfies all inequalities including x = 0 and y = 0. Identify the corner
points of this feasible region by finding the intersection points of these lines, including
points on the axes. Calculate the value of z = 4x + 3y at each corner point. The maximum
value of zamong these points is the solution to the problem. This method uses the fact
that the optimal value of a linear programming problem lies at a vertex of the feasible
region.

Question 39.

The chances of P, Q and R getting selected as CEO of a company are in the ratio 4:1: 2
respectively. The probabilities for the company to increase its profits from the previous
year under the new CEQ, P, Q or R are 0-3, 0-8 and 0-5 respectively. If the company
increased the profits from the previous year, find the probability that it is due to the
appointment of R as CEO.

[3 Marks]
Answer:

Let A be the event that the company increased profits, and let P, Q, and R represent the
event that CEO P, Q, or R is selected respectively.

Given the ratio of chances forP,QandRare 4:1: 2, totalparts =4 +1+2 =7.

Probability of P selected, P(P) = 4/7; Probability of Q selected, P(Q) = 1/7; Probability of R
selected, P(R) = 2/7.



Probabilities of increase in profits under each CEO are: P(A|P) = 0.3, P(AIQ) = 0.8, P(AIR) =
0.5.

Using total probability theorem:
P(A) = P(P) x P(AIP) + P(Q) x P(AIQ) + P(R) x P(AIR)
=(4/7%x03) +(1/7x0.8) + (2/7 x 0.5) = 0.171 + 0.114 + 0.143 = 0.428

We need to find probability that increase in profits is due to R. That is, P(RIA) = [P(R) x

P(AIR)] [ P(A)
= (2/7 x 0.5) [ 0.428 = 0.143 [ 0.428 = 0.334

Hence, the probability that the increase in profits is due to the appointment of R as CEO is
approximately 0.334 or 33.4%.

Section E

Question 40. A relation Ron set A = {-4,-3,-2,-1,0,1,2,3, 4} is defined as R = {(x,y) : x +y
is an integer divisible by 2}. Show that R is an equivalence relation. Also, write the
equivalence class [2].

[5 Marks]
Answer: Given the set A = {-4, -3, -2, -1,0, 1,2, 3, 4} and the relation R defined by R = {(x, y)
:x + y is divisible by 2}. To prove that R is an equivalence relation, we must show that it is
reflexive, symmetric, and transitive. 1. Reflexive: For any x in A, x + x = 2x which is divisible by
2,50 (x, x) isin R. 2. Symmetric: If (x, y) is in R, then x + y is even. Then y + x is also even, so
(y,x) isin R. 3. Transitive: If (x, y) and (y, z) are in R, then x + y and y + z are even. Adding
these, (x +y) + (y + z) = x + 2y + z is even. Since 2y is always even, this implies x + z is even,
so (x, z) is in R. Hence, R is an equivalence relation. The equivalence class [2] = {yin A | (2,
y) in R } includes all y such that 2 + y is even. Since 2 is even, y must be even for 2 + y to be
even. So, [2] = {-4, -2, 0, 2, 4}. This set groups all even numbers in A which are related to 2
under R.

Question 41. It is given that function f(x) = x4 - 6x2 + ax + 9 attains local maximum value at
x = 1. Find the value of ‘d’, hence obtain all other points where the given function f(x)
attains local maximum or local minimum values.

[5 Marks]
Answer:

Given the function f(x) = xA4 — 6xA2 + a*x + 9, it is stated that it attains a local maximum
at x = 1. To find the value of 'a’, we first differentiate the function:

f(x) = 4xA3 - 12x + @



For a local maximum at x = 1, the first derivative at x = 1 must be zero:

f(1) =4(1)A3-12(1)+a=4-12+a=a-8=0=0a0=8

Next, to confirm this is a maximum, we check the second derivative:

f'(x) = 12xA2 — 12

Atx =1,f'(1) =12(1)A2 =12 =12 - 12 = 0, the second derivative test is inconclusive.
So, we analyze the critical points by solving f'(x) = 0 with a = 8:

4N3 - 12x+8=0=xA3-3x+2=0

Factorizing, (x — 1)A2(x + 2) = 0. So the critical points are at x = 1and x = -2,
Check second derivative at these points:

f'(1) = 0 (requires further test)

'(-2) =12(4) —12 = 48 =12 = 36 > 0, so local minimum at x = -2.

Use the first derivative test or check values around x = 1to confirm the nature of x = 1. Also
check for other critical points.

Thus, with a = 8, the function has a local maximum at x = 1 and a local minimum at x = —-2.

Question 42. The perimeter of a rectangular metallic sheet is 300 cm. It is rolled along one
of its sides to form a cylinder. Find the dimensions of the rectangular sheet so that volume
of cylinder so formed is maximum.

[5 Marks]
Answer:

Let the length of the rectangular sheet be L cm and its breadth be B cm. The perimeter is
given as 2(L + B) =300 cm, so L + B =150 cm.

When the sheet is rolled along one of its sides, the side chosen becomes the height and
the other side forms the circumference of the cylinder's base. We consider two cases:

Case I: Length is the height (h = L), breadth is the circumference (2nr = B)
Then,r=B/ (2n) and volume V =nrth =n (B / 2n)2L = (B2L) / (4n)

Using L =150 - B, volume V = (B2 (150 - B)) / (4m) = (1/ 4m) (15082 - B?)

To maximize volume, differentiate V with respect to B and set dv/dB = 0:
dv/dB = (1/ 4m)(300B - 3B2) =0

300B - 3B2=0=B(300-3B) =0



SoB =0orB=100.B = 0 is not possible, so B =100 cm.

Therefore, L =150 - 100 = 50 cm.

Height h =L =50 cm, radius r =B/ (2m) =100 / (2 x 3.14) = 15.92 cm.
Case 2: Breadth is the height (h = B), length is the circumference (2nr = L)
Similarly, r =L/ (2n), volumeV=nrrth=n(L/2n)2B = (12B) / (4n)
UsingB=150-L V= (1/4mn) (12(150 - L)) = (1/ 4n)(150L2 - L)
Differentiating w.r.t L:

dv/dL = (1/ 4n)(300L-312) =0=L(300-3L) =0=L =100 cm or 0 cm (not possible)
B =150 -100 = 50 cm.

Height h = B =50 cm, radiusr = L [ (2r) =100/ (2 x 3.14) = 15.92 cm.

Both cases give the same dimensions but rolled along different sides.
Final dimensions of the rectangular sheet: 100 cm by 50 cm.

These dimensions maximize the volume of the cylinder formed by rolling the sheet.

Question 43. Using integration, find the area of the region enclosed between the circle x* +
y? =16 and the lines x = -2 and x = 2.

[5 Marks]
Answer: To find the area of the region enclosed between the circle x> + y?> = 16 and the
vertical lines x = -2 and x = 2, we use integration. The circle has radius 4 since 16 = 42. For
each xin [-2, 2], the y-values on the circle are given by y = +V(16 - x2). The area between
the lines and the circle is twice the area under the upper semicircle fromx =-2tox = 2.
This area can be expressed as A = 2 [ from -2 to 2 of V(16 - x2) dx. We calculate this
integral using the standard formula for [v(a2? - x2) dx, which is (x/2)v (a2 - x2) + (a2/2)
sin—'(x/a) + C. Applying this from -2 to 2, and doubling the result, gives the required area.
Evaluating, we find A =2 * [ (2/2)v(16 - 4) + (16/2) sin—'(2/4) - (-2/2)v(16 - 4) - (16/2)
sin~'(-2/4) |. Simplifying using sin='(0.5) = 1/6, and V12 = 2v3,we get A=2*[1*2V3 + 8 *
m/6+1*2v3+8*n/6]=2*[2V3+8*n/6+2V3+8*n/6]=2*[4V3+(16m)/6]=2*]
4v3 + (8m)/3 ] = 8v3 + (16m)/3. Thus, the area enclosed between the circle and the lines x =
-2 and x = 2 is 8V3 + (16m)/3 square units.

Question 44.

Find the equation of the line passing through the point of intersection of the lines x/1 = y-
1/2=z-2/3 and x-1/0 = y/-3 = z-7/2 and perpendicular to these given lines.

[5 Marks]



Answer:

First, find the point of intersection of the given two lines:

Line :x/1=(y-1)/2=(z-2)/3 =t

FromLlinel, we havex =t y=2t+1,z=3t+ 2.

Line 2: (x-1)/0 = y/-3 = (z-7)/2. Since (x-1)/0 is undefined unless x =1,so x = 1.
From Line 2,y/-3 = (z-7)/2 =s

So,y=-3s,z=2s +7.

At point of intersection, x from Line 1 = x from Line 2 =1, impliest = 1.
Putt=1inLinel:y =2(1) +1=3,z = 3(1) + 2 = 5. So point from Line 1: (1,3,5).
At intersection, y and z from Line 2 must be same as from Line 1:
y=-3s=3=>s=-1.

z = 2(-1) + 7 = 5, matches z coordinate.

Thus, point of intersection is (1, 3, 5).

Now, find direction vectors of the two lines:

Line 1 direction vector: (1, 2, 3)

Line 2 direction vector: (0, -3, 2)

Direction vector of required line is perpendicular to both given lines, so it is the cross
product of these two vectors.

Cross product = (2*2 - 3*(-3), 3*0 - 1*2,1*(-3) - 2*0) = (4 + 9,0-2,-3-0) = (13,-2,-3)

Equation of the required line passing through point (1, 3, 5) and having direction vector (13,
-2,-3) is:

(x-1/13=(y-3)/(-2) =(z-5)/(-3)
Question 45.

Two vertices of parallelogram ABCD are A(-1,2,1) and B(1, -2, 5). If the equation of the line
passing through C and D is x-4/1= y+7/-2 = z-8/2, then find the distance between sides AB
and CD. Hence, find the area of parallelogram ABCD.

[5 Marks]
Answer:



To find the distance between sides AB and CD and the area of parallelogram ABCD, we
proceed as follows:

Step 1: Find the vector AB
Coordinates of A are (-1,2,1) and B are (1, -2, 5).
VectorAB=B-A=(1-(-1),-2-2,5-1) =(2, -4, 4).

Step 2: Determine a point on line CD
The line passing through points C and D is given by:

(x-4)1=(y+7)/-2=(z-8)/2 =t (parameter)
Att =0, point Cis (4,-7,8). Att =1, point Dis (5, -9, 10). So, vector CD=D - C = (1, -2, 2).

Step 3: Find the distance between lines AB and CD

Since AB and CD are sides of a parallelogram, they are parallel, which means vector AB is
parallel to vector CD. Check their direction vectors:

Vector AB = (2, -4, 4), vector CD = (1, -2, 2). Vector AB = 2 x vector CD, confirming
parallelism.

The distance between the two sides is given by the distance between two parallel lines in
space, which is given by the formula:

Distance = |(vector AC) - (n)| / Inl, where n is a vector perpendicular to AB and CD, and
vector AC is any vector connecting a point on AB to a point on CD.

We take vectorAC=C-A=(4-(-1),-7-2,8-1) =(5,-9,7).

To find the vector n perpendicular to AB and CD, we can take a vector that is
perpendicular to AB and CD, such as the cross product of AB and any vector
perpendicular to AB; however, since AB and CD are parallel, the normal vector
perpendicular to both sides is any vector perpendicular to AB.

But since the distance is the projection of AC on a vector perpendicular to AB, the distance
can be found using the formula:

Distance = |(AC x AB)| [ |AB|.

Calculate AC x AB:
AC =(5,-9,7)
AB = (2, -4, 4)

AC x AB = [ijkl
15-97|
12 -4 4]

=i((-9)(4) - 7(-4)) - j(5(4) - 7(2)) + k(5(-4) - (-9)(2))

=i(-36 +28) - j(20 - 14) + k(-20 +18)



=i(-8) - j(6) + k(-2) = (-8,-6,-2).

Now, |AC x AB| = sqrt((-8)A2 + (-6)A2 + (-2)A2) = sqrt(64 + 36 + 4) = sqrt(104) = 10.20.
Also, |AB| = sqrt(2A2 + (-4)A2 + 4A2) = sqrt(4 + 16 + 16) = sqrt(36) = 6.

Therefore, distance between AB and CD = (JAC x AB|) / |AB| =10.20 / 6 = 1.7 units.

Step 4: Find the area of the parallelogram ABCD

The area of a parallelogram defined by vectors AB and AD is given by the magnitude of
their cross product. Here, since AB and CD are parallel sides, we can use AB as base and
the distance calculated as height:

Area = base x height = |AB| x distance = 6 x 1.7 = 10.2 square units.

Final Answer:
Distance between sides AB and CD = 1.7 units.
Area of parallelogram ABCD = 10.2 square units.




