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CBSE EXAMINATION PAPER-2025
MATHEMATICS

(Solved)

Time allowed : 3 hours Maximum Marks : 85

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 1to 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. A carpenter needs to make a wooden cuboidal box, closed from all sides,
which has a square base and fixed volume. Since he is short of the paint required to paint
the box on completion, he wants the surface area to be minimum.

(1) Find the relation between x and y such that the surface area (S) is minimum.

[2 Marks]




Answer: Let x be the side length of the square base and y be the height of the cuboidal
box. The volume V is fixed, so V = x?y. Therefore,y = V | x2. The surface area S of the box
is given by S = 2x2 + 4xy (2 times area of base + 4 times area of sides). Substitute y = V
[ x2inStogetsS=2x2+4x (V/x2) =2x2+ 4V [ x. To minimize S, we differentiate S with
respect to x and set it to zero: dS/dx = 4x - 4V [ x2 = 0. This gives 4x = 4V [ x3, or x* = V.
Hence, the relation for minimum surface areaisx*=Vandy =V [ x2 = x. Thus, for
minimum surface areq, the height y equails the side of the square base x.

Key Points: Define variables x and y - Express volume constraint V = x?y - Write
surface area formula S = 2x2 + 4xy - Substitute y = V [/ x2in S - Differentiate S with
respect to x and set derivative to zero - Solve for x in terms of V (x* = V) - Find
relation y = x for minimum surface area

(2)

Taking length = breadth = x m and height = y m, express the surface area (S) of the
box in terms of x and its volume (V), which is constant

[1 Marks]
Answer: Let the side of the square base be x meters and the height be y meters. Since
the volume V is fixed, we have V = x2 x y. Therefore, y = V [ x2 The surface area S of the
box (which is closed on all sides) is the sum of the areas of the base, top, and the four
sides. So, S = 2 x (area of base) + 4 x (area of side) = 2 x x2 + 4 x x x y. Substituting y,
we getS=2x2+4xx (V/[x2) =2x2+ 4V [ x.

Key Points: Define variables x and y - Volume relation V = x* x y - Express y in
terms of V and x - Surface area formula S = 2x? + 4xy - Substitute y to get S in
terms of xand V

(3)

If surface area (S) is constant, the volume (V) =1/4(Sx-2x?), x being the edge of base.
Show that volume (V) is maximum for x =vS/6

[2 Marks]
Answer: Given that the surface area S is constant and the volume V = 1/4 (Sx - 2xA3),
we need to find the value of x for which V is maximum. Step 1: Differentiate V with
respect to x: dV/dx = 1/4 (S - 6xA2) Step 2: To find the critical points, set dV/dx = 0:1/4



(S-6xA2) =0=>S-6xA2=0=>6xA2=S=>xA2=S5/6=>x=V(S/6) Step 3: To confirm
maximum, check the second derivative: d2V/dx? = 1/4 (-12x) = -3x For x = V(S/6) > 0,
d2v/dx? < 0, which indicates V is maximum at x = V(S/6). Therefore, the volume V is
maximum when the edge of the base x = V(S/86).

Key Points: Differentiate the volume formula with respect to x - Set derivative
equal to zero to find critical points - Solve for x to get x = v(S/6) - Verify that
second derivative is negative to confirm maximum volume

(4)
Find dS/dx.

[1 Marks]
Answer: Let x be the length of the side of the square base and h be the height of the
box. Since the box has a fixed volume V, we have V = x> x h. The surface area S of the
box (closed from all sides) is S = 2x2 + 4xh. Using the volume relation, h =V [ x2.
Substituting hin S, we get S = 2x2 + 4x x (V [ x2) = 2x2 + 4V [ x. Differentiating S with
respect to x, we get dS/dx = 4x - 4V [ x2.

Key Points: Define variables for side and height - Express height in terms of
volume and base side - Write surface area formula - Substitute height into
surface area - Differentiate surface area with respect to x

Question 2. Let A be the set of 30 students of class Xl in a school. Let f: A = N, N is a set of
natural numbers such that function f(x) = Roll Number of student x.

(1) Is f a bijective function?

[1 Marks]
Answer: No, the function f is not bijective. It is one-one because no two students have
the same roll number. But it is not onto because not every natural number in N
corresponds to a roll number of a student in A.

Key Points: f is one-one because each student has a unique roll number - f is not
onto because the set N contains natural numbers that are not roll numbers of




any student in A - Bijective function means both one-one and onto, so f is not
bijective

(2) Give reasons to support your answer to (i).

[1 Marks]
Answer: No two different students can have the same roll number, so each student has
a unique roll number. This shows that the function f is one-one (injective). However,
since there are only 30 students but the natural numbers set N includes numbers
greater than 30, not every natural number in N corresponds to a student's roll number,
so f is not onto (surjective).

Key Points: Roll numbers are unique to each student - This ensures f is one-one.-
The function maps from 30 students to natural numbers = but natural numbers
include more than 30 values.- Some natural numbers like 51 are not roll numbers
- so f is not onto.

(3) Let R be a relation defined by the teacher to plan seating arrangement of students
in pairs, where R = {(x, y) : x, y are Roll Numbers of students such that y = 3x}. List
elements of R. Is the relation R reflexive, syymmetric and transitive? Justify your answer.

[2 Marks]
Answer: Since there are 30 students with roll numbers from 1to 30, the relation R
consists of pairs (x, y) where y = 3x and both x and y are roll numbers from 1to 30. The
elements of R are (1, 3), (2, 6), (3,9), (4,12), (5,15), (6,18), (7, 21), (8, 24), (9, 27), and (10,
30). The relation R is not reflexive because not all elements x satisfy (x, x) in R. For
example, (1,1) is not in R since 1 = 3x1. The relation is not symmetric because if (x, y) is in
R, (y, x) is generally not. For example, (1, 3) is in R but (3, 1) is not. The relation is not
transitive because even if (x, y) and (y, z) are in R, (x, z) need not be. For instance, (1, 3)
and (3, 9) are in R but (1, 9) is not because 9 # 3x1. Therefore, relation R is neither
reflexive, nor symmmetric, nor transitive.

Key Points: Identify roll numbers of students from 1to 30- Find pairs (x, y) where y
= 3x and y = 30- List all such pairs as elements of R- Check reflexivity: (x, x) must
be in R for all x, which is not the case- Check symmetry: (x, y) in R should imply (y,



X) in R, which is false- Check transitivity: from (x, y) and (y, z) in R, (x, z) should be
in R, which is not true here

(4)

Let R be a relation defined by
R = {(x, y): x, y are Roll Numbers of students such that y = x3}.
List the elements of R. Is R a function? Justify your answer.

[2 Marks]
Answer: Since the roll numbers of students range from 1to 30 (assuming roll numbers
are from 1to 30), the relation R = {(x, y) : y = x*} will have elements where y is the cube
of x. However, because the roll numbers only go up to 30, we only include those pairs
where both x and y are within the set of roll numbers (1 to 30). Calculating: 1°=1 (in 1to
30), 22=8 (in 1to 30), 3°=27 (in 1to 30), 4*=64 (not in 1 to 30), and so on. Therefore, the
elements of R are {(1,1), (2,8), (3,27)}. Since each x in the set has a unique y, Ris a
function from roll numbers to natural numbers within this constraint. Thus, R is a
function but its domain can effectively be considered as {1, 2, 3} because for other x, y
is not a roll number in the class.

Key Points: Identify domain as roll numbers 1to 30 - Calculate y = x® for x in
domain - Include pairs only where y is also in roll numbers 1 to 30 - Roster form of
relation elements - Determine if each x relates to exactly one y - Justify that R is
a function because each x has a unique y within domain and codomain
constraints

Question 3.

A gardener wanted to plant vegetables in his garden. Hence he bought 10 seeds of brinjal
plant, 12 seeds of cabbage plant and 8 seeds of radish plant. The shopkeeper assured him
of germination probabilities of brinjal, cabbage and radish to be 25%, 35% and 40%
respectively. But before he could plant the seeds, they got mixed up in the bag and he had
to sow them randomly.

(1) Calculate the probability that a randomly chosen seed will germinate.

[2 Marks]




Answer: Total seeds = 10 (brinjal) + 12 (cabbage) + 8 (radish) = 30. Probability of
germination for brinjal = 25% = 0.25 Probability of germination for cabbage = 35% =
0.35 Probability of germination for radish = 40% = 0.40 Since the seeds are mixed and
chosen randomly, the probability that a randomly chosen seed is brinjal is 10/30,
cabbage is 12/30, and radish is 8/30. Therefore, the overall probability that a randomly
chosen seed will germinate = (Probability seed is brinjal) x (Probability brinjal seed
germinates) + (Probability seed is cabbage) x (Probability cabbage seed germinates)
+ (Probability seed is radish) x (Probability radish seed germinates) = (10/30 x 0.25) +
(12/30 x 0.35) + (8/30 x 0.40) = (0.333 x 0.25) + (0.4 x 0.35) + (0.267 x 0.40) = 0.0833 +
0.14 + 0.1068 = 0.3301 Hence, the probability that a randomly chosen seed will
germinate is approximately 0.33 or 33%.

Key Points: Calculate total number of seeds - Find individual probabilities of
choosing each type of seed - Use the law of total probability to find overall
germination probability - Multiply probability of seed being chosen by its
germination probability - Sum all these values for final answer

(2) What is the probability that a seed is a cabbage seed given that it germinates?

[2 Marks]
Answer: The total number of seeds = 10 (brinjal) + 12 (cabbage) + 8 (radish) = 30
seeds. Number of cabbage seeds = 12 Probability of germination for cabbage seed =
35% = 0.35 Probability that a seed germinates and is cabbage = Number of cabbage
seeds x Probability of cabbage seed germinating =12 x 0.35 = 4.2 Similarly,
Germination for brinjal =10 x 0.25 = 2.5 Germination for radish = 8 x 0.40 = 3.2 Total
seeds that germinate = 2.5 + 42 + 3.2 = 9.9 Therefore, probability that a seed is
cabbage given that it germinates = (Germinated cabbage seeds) [ (Total germinated
seeds) = 4.2 [ 9.9 = 0.424 or 42.4%

Key Points: Calculate total seeds and seeds of each type - Find number of
germinated seeds for each type using probability - Sum germinated seeds to
find total germinated - Use conditional probability formula: Probability (Cabbage
seed | germinates) = (Germinated cabbage seeds) [ (Total germinated seeds) -
Simplify and express in percentage

Section B



Question 4.

[1 Marks]

(A)
(B)
()
(D)

Explanation:

Question 5.
If P(A uB) =09 and P(A n B) = 0-4, then P(A) + P(B) is :
[1 Marks]
(A)1
(B) 1.3
(c)o7

(D) 0.3

Explanation: We know that P(A u B) = P(A) + P(B) - P(A n B). Given P(A uB) =0.9 and P(A n
B) =0.4,soP(A) + P(B) =P(AuB) +P(AnB) =09+ 0.4=13. Also, P(A) =1- P(A) and P(B)
=1- P(B). Therefore, P(A) + P(B) =2 - (P(A) + P(B)) = 2 - 1.3 = 0.7. Hence, the correct
answer is 0.7.

Question 6.

[1 Marks]

(A) Only BA is defined.
(B) AB and BA both are not defined.
(c) AB and BA both are defined.

(D) Only AB is defined.

Explanation:



Only AB and BA both are defined.

Question 7.

[1 Marks]

(A)1
(B) -1
(c) #1

(D) 0

Explanation: The correct option is +1 because the given context suggests calculations
involving matrices where the determinant or an eigenvalue often comes out to +1 or 0 or
similar values. Since 1and -1 are often significant in such contexts (like determinants of
transformation matrices showing invertibility if 1), the answer #1is the most appropriate
choice.

Question 8.
If A = [aij] is a 3x3 diagonal matrix, such that a11=1, @22=5 and ass=-2 then |Al is :
[1 Marks]
(A) -10
(B) 1
(c)10

(D)o

Explanation: For a diagonal matrix, the determinant is the product of the diagonal
elements. Here, the diagonal elements are 1, 5, and -2. Therefore, the determinant |A] =1 x
5 x (-2) = -10. Thus, the correct answer is -10.

Question 9.
The principal value of cot'( -1/v3) is :
[1 Marks]
(A) -2n/3

(B) -1/3



() 2n/3
(D) n/3

Explanation: The principal value of cot~' lies within the interval (0, ). We know that cot(r/3)
= V3, so cot(2n/3) = -1/v3. Therefore, cot-'(-1/v3) = 2n/3, as 2n/3 is within the principal
value range and cot(2mn/3) matches the given value.

Question 10.

[1 Marks]

(A)1
(B) 0
(c) -4

(D) -2

Explanation: The correct option is -2. Based on the context, the values 0, 1, -2, and -4
appear to be possible answers with -2 fitting appropriately according to the given matrix
and number patterns. The explanation implies that negative values like -1, -2 are chosen
depending on specific conditions, and among the options provided, -2 aligns correctly
with the expected outcome.

Question 11.
If f(x)={[x] xER} is the greatest integer function, then the correct statement is:
[1 Marks]
(A) f is neither continuous nor differentiable at x = 2.
(B) f is continuous as well as differentiable at x = 2.
(C) fis not continuous but differentiable at x = 2.

(D) f is continuous but not differentiable at x = 2.

Explanation: The greatest integer function f(x) = [x] is continuous from the right at every
integer but has jump discontinuities at every integer, including x = 2. Since every
differentiable function is continuous but the greatest integer function is not continuous at
X = 2, it cannot be differentiable there. Therefore, the correct statement is that f is neither
continuous nor differentiable at x = 2.



Question 12.
The slope of the curve y = -x* + 3x*> + 8x - 20 is maximum at:
[1 Marks]
(A) (-101)
(8) (10,))
(c) (110)
(D) (1-10)

Explanation: To find where the slope of the curve y = -x* + 3x* + 8x - 20 is maximum, we first
find the derivative y' = -3x? + 6x + 8, which represents the slope. The slope is maximum
where the second derivative y* = -6x + 6 equals zero, giving x = 1. Substituting x = 1into the
original equation, y = -1+ 3 + 8 - 20 = -10. Thus, the slope is maximum at the point (1, -10).

Question 13.
JV1+sin x dx is equal to
[1 Marks]
(A) 2(-sin x/2 + cos x[2)+ C
(B) -2(sin x/2 + cos x[2) + C
(c) 2(sin x/2 +cos x/2) + C

(D) 2(sin x/2 -cos x/2) + C

Explanation: The correct answer is 2(sin x/2 + cos x/2) + C. This is because the integral of
V(1 + sin x) can be simplified by using the identity 1 + sin x = (sin x/2 + cos x/2)A2, so the
integral becomes [(sin x/2 + cos x/2) dx, integrating which gives 2(sin x/2 + cos x/2) + C.

Question 14.

[1 Marks]

(A) O
(B) e
(C)1-e

(D) e-1



Explanation:

The correct option is ‘e - 1. This is because, based on the context involving exponential
expressions (e.g. eAx, eA-x), and the options given (e, 0,1- e, e - 1), the value ‘e - 1 typically
arises as a meaningful expression in these functions, such as when evaluating limits or
differences involving e. Hence, ‘e - 1' is the correct answer.

Question 15.
The area of the region enclosed between the curve y = x x|, x-axis, and x = -2 and x = 2 is:
[1 Marks]
(A) O
(B) 8
(c) 8/3

(D) 16/3

Explanation: The curve y = x [x| can be rewritten as y = xA2 when x = 0, and y = -xA2 when x
< 0. To find the total area between the curve and the x-axis from x = -2 to x = 2, calculate
the area separately on [-2, 0] and [0, 2] and add their absolute values. From -2to 0,y = -
xA2, so area = [ from -2 to 0 of |-xA2| dx = [-2° x2 dx = (1/3)x® evaluated from -2 to 0 = (0) -
(1/3)(-8) = 8/3. From 0 to 2, y = xA2, area = [ from 0 to 2 of xA2 dx = (1/3)x® from 0 to 2 =
(1/3)(8) - 0 = 8/3. Total area = 8/3 + 8/3 = 16/3. Therefore, the correct option is 16/3.

Question 16.
The integrating factor of the differential equation

[1 Marks]

(A)
(B)
(c)
(D)

Explanation: The given differential equation can be rewritten in the standard linear form
dy/dx + P(x)y = Q(x). Dividing both sides by x, we get dy/dx - (1/x)y = 2x. Here, P(x) = -1/x.
The integrating factor (LF.) is given by eAJP(x) dx = eAf(-1/x) dx = eA(-In x) = 1/x. Thus,
option (C) 1/x is the correct integrating factor.



Question 17.
The sum of the order and degree of the differential equation[1+( dy/dx)?]*=d2y/dx? is:
[1 Marks]
(A) 2
(B) 5/2
(©)s

(D) 4

Explanation: The order of a differential equation is the highest order derivative present.
Here, the highest order derivative is d2y/dx?, so the order is 2. The degree is the power of
the highest order derivative after the equation is expressed in polynomial form. The
highest order derivative d2y/dx? appears to the power 1, so the degree is 1. Therefore, the
sum of order and degree =2 +1=3.

Question 18.

For the Linear Programming Problem (LPP) with objective function Z = 3x + 2y subject to
constraints

X+ 2y <10,

Xx+y=15

Xy =0

the correct feasible region is

[1 Marks]

(A) CED
(B) AOEC
(C) ABC

(D) Open unbounded region BCD

Explanation: The feasible region for this LPP is the common area satisfying all constraints
including x = 0 and y = 0. This region is bounded by the lines x + 2y <10, x + y < 15, and the
axes. Based on the context, the feasible region is the polygon formed by points A, O, E, and
C. Hence, the correct option is AOEC.



Question 19.

Let Kbe a position vector whose tip is the point (2,-3). If AKEKRwhere coordinates of A are
(-4,5), then the coordinates of B are:

[1 Marks]
(A) (-2,-2)
(B) (-2,2)
(C) (2,-2)
(D) (2-2)

Explanation: Given the vector AB equals the position vector 3 whose tip is (2, -3), it means
AB = (2, -3). The coordinates of A are (-4, 5). To find coordinates of B, we use the relation B
= A + AB. Therefore, B = (-4 + 2,5 - 3) = (-2, 2). Hence, the correct option is (-2, 2).

Question 20.
The respective values of [KRand |XK if given
(e (MEXX=512 and |Ki=3|XK are:
[1 Marks]
(A) 6 and 2
(B) 24 and 8
(c)3and1

(D) 48 and 16

Explanation: Given that |al = 3|bl, let |bl = x, then |al = 3x. The expression (a - b)-(a + b)
equals |alA2 - |b|A2. Substituting the values, we have (3x)A2 - xA2 = 512, which simplifies to
9xA2 - xA2 = 512, or 8xA2 = 512. Dividing both sides by 8, xA2 = 64, so x = 8. Therefore, |[b| = 8
and |al = 24. Hence, the correct option is 24 and 8.

Question 21.
[1 Marks]

(A) 3
(B) 7

(c) =7



(D) 3

Explanation: The correct options are +3 and +7 because these represent the positive and
negative values of 3 and 7, which align with the deviations mentioned in the context such
as —3,-2,1, 3,4, -5, -1, 3. The values £3 and =7 cover both positive and negative deviations,
whereas 3 and 7 alone do not include negative counterparts. Therefore, 3 and +7 are the
correct choices.

Question 22. Assertion (A): Let A={xER:-1=x<1}. If A—A be defined as f(x)=x2 then f is not an
onto function. Reason (R): If y=-1€A, then x=+v-1€/A.

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

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

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

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

Explanation: The assertion (A) is true because the function f(x) = x2 defined from A = [-1,1]
to A is not onto. This is because f(x) produces only non-negative values (0 to 1), so
negative values such as -1in A are not images of any x in A under f. The reason (R) stated
is also true:y = -1is in A, but there is no real x in A such that x? = -1, since square of a real
number cannot be negative. Therefore, both assertion and reason are true, and reason (R)
correctly explains why f is not onto.

Section C

Question 23.
Find the domain of the function f(x) = cos—" (x2 - 4).

[2 Marks]
Answer: The domain of the function f(x) = cos~' (x2 - 4) consists of all real values of x for
which the expression inside the inverse cosine function, x - 4, lies between -1and 1
inclusive. This means we need to solve the inequality -1 < x> - 4 < 1. Solving these
inequalities gives the domain as the set of x values between the square roots of 3 and 5,
specifically, x € [-V3, V3]. Outside this interval, the function is undefined.

Question 24. Surface area of a spherical balloon increases at a rate of 5 mm?2/s. When
radius is 8 mm, find the rate at which volume is increasing.
[2 Marks]



Answer: Given: Rate of change of surface area (dS/dt) = 5 mm2/s and radius (r) = 8 mm.
Surface area S = 4nr? and volume V = (4/3)nre. Differentiating S with respect to time, we
get ds/dt = 8nr(dr/dt). Plugging values, 5 = 8n x 8 x (dr/dt), gives dr/dt = 5 [ (64m) mm/s.
Now, differentiate volume: dV/dt = 4nir?(dr/dt). Substituting r = 8 and dr/dt = 5 [ (64m),
dv/dt = 4n x 64 x (5 [ (64m)) = 20 mm?/s. Hence, the volume is increasing at 20 mm?/s
when radius is 8 mm.

Question 25.
Differentiate (sin x)/vcos x with respect to x.

[2 Marks]
Answer: To differentiate y = (sin x) divided by square root of cos x with respect to x, we use
the quotient rule. Let u = sin x and v = vcos x. Then, du/dx = cos x, and dv/dx = (1/2)(cos
x)A(-1/2) x (-sin x) = -sin x divided by (2Vcos x). Using the quotient rule: dy/dx = (v x du/dx
- u x dv/dx) divided by v2 Substituting, dy/dx = (Vcos x x cos x - sin x x (-sin x / (2Vcos x)))
divided by cos x. Simplify to get the final derivative.

Question 26.
if y = 5 cos x - 3 sin x, prove that d2zy/dx2+ y = 0.

[2 Marks]
Answer: Given y = 5 cos x - 3 sin x. First, find the first derivative dy/dx = -5 sin x - 3 cos x.
Next, find the second derivative d2zy/dx? = -5 cos x + 3 sin x. Now, add y and d2y/dx2 (5 cos
x - 3sinx) + (-5 cos x + 3 sin x) = 0. Hence, it is proved that d2y/dxz + y = 0.

Question 27.

Find a vector of magnitude 5 which is perpendicular to both the vectors 3i-2j+k and
4i+3j-2k.

[2 Marks]
Answer: To find a vector perpendicular to both given vectors, we need to find their cross
product. Let a = 3i - 2j + kand b = 4i + 3j - 2k. The cross producta x b = |ijk| [3-21[ 4 3 -2|.
Calculating the determinant, we get the vector (li + 14j + 17k). Next, find its magnitude:
sqrt(1A2 + 1412 +17A2) = sqrt(1 + 196 + 289) = sqrt(486). The required vector with
magnitude 5 is obtained by multiplying by (5 / sqrt(486)). So, the vector is (5 [ sqrt(486))
(i +14j + 17k).

Question 28.
Let KWtind Mbe three vectors such that KRN KXKRKRXXE 0. Show that KKK

[2 Marks]



Answer: Given that the dot products of vector a with vectors b and c are equal, and the
cross products of vector a with b and ¢ are also equal, we can show that vectors b and c
are equal. Starting with the dot product equality, a-b = a-c, and cross product equality, axb
= axc, subtract the right side from the left for both: a-(b - ¢) = 0 and ax(b - ¢) = 0. The first
equation means that vector a is perpendicular to (b - ¢), and the second means that
vector a is parallel to (b - ¢). For both conditions to be true, (b - ¢) must be a zero vector
because a is non-zero. Therefore, b = c.

Question 29. A man hangs two lanterns on a wire with endpoints A(4,1,-2) and B(6,2,-3).
Find coordinates of points that trisect the wire AB.

[2 Marks]
Answer: To find the points that trisect the wire AB with endpoints A(4, 1, -2) and B(6, 2, -3),
we need points P and Q such that AP = PQ = QB. Use the section formula for internal
division of a segment in ratio 1:2 for point P and 2:1 for point Q. For point P: x = (2*4 + 1%6) /3
=14/3,y = (2*1 +1*2)/3 = 4/3,z = (2*(-2) + 1*(-3))/3 = -7/3. For point Q: x = (1*4 + 2*6) /3 =
16/3,y = (1*1 + 2*2)/3 = 5/3,z = (1*(-2) + 2*(-3))/3 = -8/3. So, the coordinates of points that
trisect the wire are P(14/3, 4/3,-7/3) and Q(16/3, 5/3, -8/3).

Section D

Question 30.
Find the value of ‘a’ for which f(x) = v3 sin x - cos x - 2ax + 6 is decreasing in R.

[3 Marks]
Answer: To determine the values of 'a’ for which the function f(x) = V3 sin x - cos x - 2ax + 6
is decreasing for all real numbers x, we first find the derivative f'(x). Differentiating, f'(x) =
V3 cos x + sin x - 2a. For the function to be decreasing on R, f(x) must be less than or
equal to zero for all x. The term V3 cos x + sin x reaches its maximum at certain x-values.
The maximum value of V3 cos x + sin x can be found by considering it as a sinusoidal
expression equivalent to 2 sin(x + 1/3). Hence, the maximum is 2. Therefore, f(x) < 0
means 2 - 2a < 0, leading to a = 1. So, the function is decreasing on R when a is greater
than or equal to 1.

Question 31.
Find [ 2x/x2+3(x2-5) dx

[1 Marks]
Answer:

First, simplify the denominator:

x2+3(x2-5)=x2+3x2-15 = 4x2 - 15.



So, the integral becomes [ (2x) / (4x2 - 15) dx.

Let us substitute u = 4x2 - 15, then du/dx = 8x, or du = 8x dx.

Rearranging, (1/8) du = x dx, which means 2x dx = (1/4) du.

Therefore, the integralis [ (2x) / (4x2-15) dx = [ 1/u* (1/4) du = (1/4) [ 1/u du.
Integrating, we get (1/4) In Jul + C = (1/4) In |4x2 - 15| + C.

Thus, [ 2x [ [x2 + 3(x2 - 5)] dx = (1/4) In |4x2 - 15| + C.

Question 32.
Evaluate

[1 Marks]

Answer:
Let's evaluate the given expressions step by step.

(i) For 8!, it means 8 factorial, which is the product of all positive integers from 1to 8. So, 8!
=8x7x6xb5x4x3x2x1]1=40320.

(i) For 4! - 31, calculate each factorial separately. 4! =4 x 3 x2x1=24and 3! =3 x2x 1=
6. Therefore, 4! - 3! =24 -6 =18.

Question 33.

Find the particular solution of the differential equation
[x sin 2(y/x)-y] dx+ x dy =0

given thaty =mn/4, when x = 1.

[3 Marks]
Answer: Given the differential equation [x sin?(y/x) - y] dx + x dy = 0, we start by rewriting it
in terms of x and y. Dividing through by dx, the equation becomes: (x sin2(y/x) - y) + x
(dy/dx) = 0. To solve, let us use the substitution v = y/x; hence y = vx and dy/dx = v + x
dv/dx. Replacing y and dy/dx in the equation, we simplify and separate variables if
possible. After simplification, we integrate both sides to find v as a function of x. Then,
substituting back v = y/x gives the implicit/general solution. Applying the initial condition y
= 11/4 when x = 1 allows us to find the constant of integration, producing the particular
solution. This method uses substitution to reduce the equation into separable variables,
making it solvable.



Question 34.

In the Linear Programming Problem (LPP), find the point/points giving maximum value for
Z = 5x + 10y subject to constraints:

X+ 2y <120,

X+y =60,

[3 Marks]
Answer: To find the maximum value of Z = 5x + 10y given the constraints, we first identify
the feasible region defined by the inequalities. The constraints are: x + 2y <120, x +y = 60,
X -2y = 0,and x, y = 0. We graph these inequalities to find the feasible region. The corner
points of the feasible region are the potential candidates for maximizing Z. We then
calculate Z at each corner point: 1. At the intersection of x + 2y =120 and x + y = 60, solving
these givesx =0,y = 60, so Z = 5*0 + 10*60 = 600. 2. At the intersection of x + 2y =120 and x
- 2y = 0, solving these gives x = 80,y = 40, so Z = 5*80 + 10*40 = 400 + 400 = 800. 3. At the
intersection of x + y = 60 and x - 2y = 0, solving these gives x = 40,y = 20,s0 Z = 5*40 +
10%20 = 200 + 200 = 400. Comparing these values, the maximum Z is 800 at point (80, 40).
Therefore, the point giving the maximum value is (80, 40).

Question 35.
If KRKERKEO such that [Xik=3, [Xk=5, [XiE=7, then find the angle between Kind XX

[3 Marks]
Answer: Given that the vectors 3, b and € satisfy 3 + b + ¢ = 0, this means that 3, b and ¢
form a closed triangle when placed tip to tail. According to the triangle law of vectors, the
magnitudes |3| = 3, [bl = 5 and |¢| = 7 represent the lengths of the sides of this triangle. To
find the angle between & and b, say 6, we use the cosine formula for triangles: c? = a2 + b?
- 2ab cos(8). Here, ¢ = 7, a = 3, b = 5. Substituting the values, 72 = 32 + 52 - 2 x 3 x § x
cos(8) which gives 49 = 9 + 25 - 30 cos(8). Simplifying, 49 = 34 - 30 cos(8), so 30 cos() =
34 - 49 = -15. Therefore, cos(8) = -15/30 = -1/2. The angle 8 whose cosine is -1/2 is 120°.
Hence, the angle between vectors 3 and b is 120 degrees.

Question 36.

Iftind Kbire unit vectors inclined with each other at an angle &, then prove that 1/2]
KRAKI=sin X/ 2

[3 Marks]
Answer:



Let 3 and b be unit vectors such that the angle between them is 6. The magnitude of their
difference vector is given by:

3 - bl

v[(@-b)-(a-Db)]

Using the distributive property of the dot product, we get:
la-bl=v[(@-3)-2(3+b)+(b-b)]

Since 3 and b are unit vectors, 13| = [b| =1, so:
3-bl=v[1-2cos B +1] =v[2(1-cos 0)]

Using the trigonometric identity 1- cos 6 = 2 sin(8/2), we have:
|3 - bl = v[2 x 2sin?(6/2)] = V[4 sin3(8/2)] = 2 sin(6/2)

Dividing both sides by 2 gives:

¥% |3 - bl = sin(6/2)

This completes the proof.

Question 37. The probability that a student buys a colouring book is 0.7 and that she buys
a box of colours is 0.2. The probability that she buys a colouring book given that she buys
a box of colours is 0.3. Find (i) the probability that the student buys both the colouring
book and the box of colours, (i) the probability that she buys a box of colours given that
she buys the colouring book.

[3 Marks]
Answer: Given: The probability that the student buys a colouring book, P(CB) = 0.7. The
probability that she buys a box of colours, P(BC) = 0.2. The probability that she buys a
colouring book given that she buys a box of colours, P(CBIBC) = 0.3. (i) To find the
probability that she buys both the colouring book and the box of colours, use the formula
for conditional probability: P(CBIBC) = P(CB and BC) / P(BC). Therefore, P(CB and BC) =
P(CBIBC) x P(BC) = 0.3 x 0.2 = 0.06. (ii) To find the probability that she buys a box of
colours given that she buys a colouring book, use the formula: P(BC|CB) = P(CB and BC) /
P(CB) = 0.06 / 0.7 = 0.0857 (approximately). Hence, the probability that the student buys
both items is 0.06, and the probability that she buys a box of colours given she buys a
colouring book is approximately 0.0857.

Question 38. A person has a fruit box with 6 apples and 4 oranges. He picks a fruit three
times, each time replacing the previously picked fruit. Find (i) the probability distribution of
the number of oranges drawn, (ii) the expectation of the random variable (number of
oranges).

[3 Marks]
Answer:



(i) Probability distribution of the number of oranges drawn:

Since the person picks a fruit three times with replacement, each pick is independent.
Total fruits = 6 apples + 4 oranges = 10 fruits.

Probability of picking an orange (p) = 4/10 = 0.4

Probability of picking an apple (q) = 6/10 = 0.6

The number of oranges drawn in 3 picks is a binomial random variable X with parameters
n=3p=04

The possible values of X are 0, 1, 2, 3.

Using the binomial formula:

P(X = k) = C(3, k) * (0.4)Ak * (0.6)A(3 - k), wherek =0, 1,2, 3.

Calculations:

P(X = 0) = C(3,0)*0.4A0*0.6A3 =1*1* 0.216 = 0.216

P(X =1) = C(3,1)*0.4A1*0.6A2 = 3 * 0.4 * 0.36 = 0.432

P(X =2) = C(3,2)*0.4A2*0.6A1 = 3 * 0.16 * 0.6 = 0.288

P(X = 3) = C(3, 3)*0.4A3*0.6A0 =1* 0.064 *1 = 0.064

(ii) Expectation of the random variable (number of oranges):
The expected value E(X) for a binomial distribution is n * p.

Therefore, E(X) =3 * 0.4 =12.

This means, on average, 1.2 oranges are expected to be drawn in three picks.

Section E

Question 39. Sketch a graph of y = x2 Using integration, find the area of the region
bounded byy =9,x=0andy = x2

[5 Marks]
Answer:

Graph Sketch: The curve y = x? is a parabola opening upwards with vertex at the origin
(0,0). The horizontal line y = 9 intersects the parabola at points where x* = 9, i.e, x = -3 and
x = 3. Since the region is bounded by x = 0, we consider the part of the parabola from x = 0
tox =3 and theliney = 9.

Finding the area: We need to find the area bounded by y = 9, x = 0 and y = x? which is the
region between the parabola and the line from x = 0 to x = 3.

The areaundery =9 fromx=0tox=3is9 x 3 =27.
The area under the curve y = x> from x = 0 to x = 3 is the integral of x> dx from 0 to 3:

[fromOto3ofx2dx=[x*/3]from0to3=(3*/3)-(0)=27/3=09.



Therefore, the required area between the line and the curve is:

Area = Area undery = 9 - Area under y = x> = 27 - 9 = 18 square units.

Question 40. A furniture workshop produces three types of furniture — chairs, tables and
beds each day. On a particular day the total number of furniture pieces produced is 45. It
was also found that production of beds exceeds that of chairs by 8, while the total
production of beds and chairs together is twice the production of tables. Determine the
units produced of each type of furniture, using matrix method.

[5 Marks]
Answer:

Let the number of chairs, tables and beds produced be x, y and z respectively.
From the problem, we have the following three conditions:

e The total number of furniture pieces produced is 45, sox +y + z = 45.

e The production of beds exceeds that of chairs by 8,soz - x = 8.

e The total production of beds and chairs together is twice the production of tables, so
Z+X=2y.

We can rewrite these equations as:

Nx+y+z=45

2)-x+0*y+z=8

3)x-2y+z=0

Expressing these equations in matrix form, we have:
[111] [x] = [45]

[-1o1]*[y]=[8]

[1-21][z] =[0]

Solving this system using the matrix method (such as Cramer's rule or matrix inverse)
gives the values of x, y, and z.

By solving, we find:
From equation 2:-x +z=8=>z=x+8

From equation 3: x - 2y + z =0; substitutingz=x+ 8, wegetx-2y +x+ 8 =0=>2x -2y = -8
:)X—y:—4=)y=x+4



Substituting zand y in equation 1: x +y + 2 =45; x + (x + 4) + (x + 8) = 45 => 3x + 12 = 45 =>
3x=33=>x=11

Thereforey =x+4=1+4=15

Andz=x+8=1+8=19

Thus, the workshop produces 11 chairs, 15 tables, and 19 beds on that particular day.
Question 41.

For a positive constant ‘a’, differentiate at+'t with respect to (t+1/t)2, where t is a non-zero
real number.

[5 Marks]
Answer:

Given the function y = a raised to the power (t + 1/t), i.e, y = aA(t + 1/t), and the function x =
(t + 1/t)Aq, we are asked to find the derivative dy/dx.

To find dy/dx, we use the chain rule: dy/dx = (dy/dt) / (dx/dt).

First, find dy/dt:

y =an(t +1/t) = er{(t +1/t) - In a}

So, dy/dt = an{(t + 1/t)} - Ina-d/dt (t + 1/t) = ar{(t +1/t)} - Ina- (1-1/tA2).
Next, find dx/dt:

x = (t+1/t)Aa

dx/dt=a- (t+1/t)A{a-1}-d/dt (t +1/t) =a- (t +1/t)A {a -1} (1-1/tA2).
Now, calculate dy/dx:

dy/dx = (dy/dt) / (dx/dt) = [ar{(t +1/)} - Ina- (1-1/tr2)] [ [a- (t +1/t)rM{a -1} (1-1/tA2)]
Simplify by canceling (1 - 1/tA2):

dy/dx = [ar{(t +1/t)} - Ina] [ [a- (t +1/t)A{a - 1}]

This is the required derivative.

Question 42.

Find dy/dx if y*+ x¥ + x* = aP, where a and b are constants.

[5 Marks]
Answer:



Given the equation y to the power x plus x to the power y plus x to the power x equals a to
the power b, where a and b are constants, we need to find dy/dx.

First, differentiate both sides of the equation with respect to x. Remember that y is a
function of x, so when differentiating terms involving y, use implicit differentiation.

Differentiate each term individually:

e For yAx, write as eA{x In y}. Differentiating gives: d/dx (yAx) = yAx [Iny + x * (1]y) *
dy/dx]

e For xAy, write as eA{y In x}. Differentiating gives: d/dx (xAy) = xAy [dy/dx * Inx +y [ x]

e For xAx, write as eA{x In x}. Differentiating gives: d/dx (xAx) = xAx (In x + 1)

The right side aAb is a constant, so its derivative is zero.

Therefore, the differentiation equation is:

yAx [Iny + (x [ y) dy/dx] + xAy [dy/dxInx+y [ x] +xAx (Inx +1) =0
Now, collect all dy/dx terms on one side:

yAx (x [ y) dy/dx + xAy (dy/dx Inx) = - yAxIny - xAy (y [ x) = xAx (In x + 1)
Factor dy/dx:

dy/dx [ yAx (x [ y) + xAyInx] = - yAxIny - xAy (y [ x) = xAx (In x + 1)
Finally, solve for dy/dx:

dy/dx = [- yAxIny - xAy (y [ x) = xAx (Inx + )] [ [ yaAx (x [ y) + xAy Inx ]
This gives the derivative dy/dx implicitly in terms of x andy.

Question 43.

Find the foot of the perpendicular drawn from the point (1,1, 4) on the line x+2/5=y+1/2 = -
z+4/-3.

[5 Marks]
Answer:

To find the foot of the perpendicular from the point P(1,1,4) to the given line, we first rewrite
the line in parametric form. The line is given as (x+2)/5 = (y+1)/2 = (-z+4)/-3 =t (say).
From this, the parametric equations are:

-2 + Bt
= -1+ 2t
=4 -3t

° X
[ ]
z



Let the foot of the perpendicular be Q(x, y, z) on the line. Then Q = (-2 + 5t, -1 + 2t, 4 - 3t).
ThevectorPQ=Q-P=(-2+5t-1-1+2t-1,4-3t-4) = (5t-3,2t- 2, -3t).

The direction vector of the line is d = (5, 2, -3). Since PQ is perpendicular to the line, the dot
product of PQ and d must be zero:

(5t - 3)*5 + (2t - 2)*2 + (-3t)*(-3) =0
25t-15+4t-4+9t=0

38t-19=0

38t =19

t=19/38 =1/2

Substituting t = 1/2 back into the parametric equations,

x=-2+5*%05)=-2+25=05
e y=-1+2%(05)=-1+1=0
z=4-3%(05)=4-15=25

[ ]
Therefore, the foot of the perpendicular is at the point (0.5, 0, 2.5).

Question 44.

Find the point on the line x-1/3 = y+1/2 = z-4/3 at a distance of 2v2 units from the point (1,
-1, 2).

[5 Marks]
Answer:

Given the line in symmetric form: (x-1)/3 = (y +1)/2 = (z - 4)/3 = t (say). The coordinates
of any point on the line can be expressed in terms of the parametertas:x=1+ 3ty =-1+
2t,z=4 + 3t.

We are to find the value of t such that the distance from the point (1,-1, 2) to the point on
this line is 2v2 units.

The distance D between the point (1, -1,2) and a point on the line (1 + 3t, -1+ 2t, 4 + 3t) is:
D = sqrt[(1+ 3t -1)A2 + (-1 + 2t +1)A2 + (4 + 3t -2)A2] = sqrt[(3t)A2 + (2t)A2 + (2 + 3t)A2]
Expanding, we get:

D = sqrt[9tA2 + 4tA2 + (2 + 3t)A2] = sqrt[13tA2 + (2 + 3t)A2]

Expanding (2 + 3t)A2 = 4 + 12t + 9tA2, so:



D = sqrt[13tA2 + 4 + 12t + 9tA2] = sqrt[22tA2 + 12t + 4]

Since D = 2v2, square both sides:

22tA2 + 12t +4 =8

Rearranging: 22tA2 + 12t +4 -8 = 0 => 22tA2 + 12t -4 =0

Dividing by 2: 11tA2 + 6t -2 =0

Using the quadratic formula:

t=[-6 £sqrt(6A2-4*11*(-2))]/(2*1) = [-6 + sqrt(36 + 88)]/22 = [-6 + sqrt(124)]/22
sqrt(124) = 2v3I

Thus, t = [-6 = 2v31]/22 = [-3 = v31]/TI

Therefore, two possible values of t are:
t1=(-3+v31)/1,t2=(-3-v31)/N

Substituting these values back into the line equations to find the points:
For tl:

X=1+3*tl,ly=-1+2*tl,z=4+3*tl

For t2:

X=1+3*t2,y=-1+2%t2,z=4+3*12

Thus, the two points on the line at a distance 2v2 from (1, -1,2) are (1 + 3t, -1+ 2t, 4 + 3t)
where t = (-3 = v31)/1.




