
KCET 2024 Mathematics Question Paper with Solutions

Time Allowed :1 Hour 20 Mins Maximum Marks :60 Total Questions :60

General Instructions

Read the following instructions very carefully and strictly follow them:

1. The examination duration is 80 minutes. Manage your time effectively to attempt
all questions within this period.

2. The total marks for this examination are 60. Aim to maximize your score by
strategically answering each question.

3. There are 60 mandatory questions to be attempted in the Mathematics paper.
Ensure that all questions are answered.

4. Questions may appear in a shuffled order. Do not assume a fixed sequence and
focus on each question as you proceed.

5. The marking of answers will be displayed as you answer. Use this feature to
monitor your performance and adjust your strategy as needed.

6. You may mark questions for review and edit your answers later. Make sure to
allocate time for reviewing marked questions before final submission.

7. Be aware of the detailed section and sub-section guidelines provided in the exam.
Understanding these will aid in effectively navigating the exam.

1. Two finite sets have m and a elements respectively. The total number of subsets
of the first set is 56 more than the total number of subsets of the second set. The
values of m and a respectively are:
(A) 7, 6
(B) 5, 1
(C) 6, 3
(D) 8, 7

Correct Answer: (C) 6, 3.

Solution: The number of subsets of a set with n elements is 2n. Therefore, we have:
2m − 2a = 56
We can factor the left-hand side to get:
2a(2m−a − 1) = 56
Since 2a and 2m−a − 1 are integers, we can factor 56 into its prime factors:
56 = 23 · 7
We can then try different values of a and m− a to see which ones satisfy the equation.
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If a = 1, then 2m−a − 1 = 28, which has no integer solution for m− a.
If a = 2, then 2m−a − 1 = 14, which has no integer solution for m− a.
If a = 3, then 2m−a − 1 = 7, which has the solution m− a = 3.

Therefore, m = 6 and a = 3.

� Quick Tip

Remember that the number of subsets of a set with n elements is 2n. This is a fun-
damental concept in set theory.

2. If [x]2 − 5[x] + 6 = 0, where [x] denotes the greatest integer function, then:
(A) x ∈ [3, 4)
(B) x ∈ [2, 4)
(C) x ∈ [2, 3)
(D) x ∈ [2, 3]

Correct Answer: (B) x ∈ [2, 4).

Solution: Given the equation [x]2 − 5[x] + 6 = 0, let [x] = n (an integer). Then we solve:
n2 − 5n+ 6 = 0
Factoring, we get:
(n− 2)(n− 3) = 0
This implies n = 2 or n = 3.

For n = 2, 2 ≤ x < 3.
For n = 3, 3 ≤ x < 4.

Therefore, x ∈ [2, 4).

� Quick Tip

When solving equations with the greatest integer function, split the range of x into
intervals corresponding to integer values of [x].

3. If in two circles, arcs of the same length subtend angles 30◦ and 78◦ at the centre,
then the ratio of their radii is:
(A) 5

13
(B) 13

5
(C) 13

4
(D) 4

13

Correct Answer: (B) 13
5 .
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Solution: The length of an arc is given by l = rθ, where r is the radius and θ is the angle
subtended (in radians). For the two circles:
r1
r2

= θ2
θ1

Convert degrees to radians: θ1 = 30◦ = π
6 , θ2 = 78◦ = 13π

30 .
r1
r2

=
13π
30
π
6

= 13
5 .

� Quick Tip

Always convert angles to radians when working with arc lengths and circle equa-
tions.

4. If △ABC is right-angled at C, then the value of tanA+ tanB is:
(A) a+ b

(B) a2

bc

(C) c2

ab

(D) b2

ac

Correct Answer: (C) c2

ab .

Solution: In a right triangle, tanA = BC
AC and tanB = AC

BC . Then:

tanA+ tanB = BC
AC + AC

BC = BC2+AC2

BC·AC .
Using the Pythagorean theorem, BC2 + AC2 = AB2 = c2. Hence:
tanA+ tanB = c2

ab .

� Quick Tip

For right-angled triangles, use the Pythagorean theorem to simplify expressions in-
volving trigonometric ratios.

5. The real value of α for which 1−i sinα
1+2i sinα is purely real is:

(A) (n+ 1)π2 , n ∈ N
(B) (2n+ 1)π2 , n ∈ N

(C) nπ, n ∈ N
(D) (2n− 1)π2 , n ∈ N

Correct Answer: (C) nπ, n ∈ N .

Solution: For the fraction to be purely real, the imaginary part of the complex number must
be zero. Let sinα = k:
1−ik
1+2ik must be purely real. Rationalizing, we get:
Imaginary part = 0 =⇒ k = 0.
Thus, sinα = 0 =⇒ α = nπ, n ∈ N .
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� Quick Tip

To check if a complex number is purely real, ensure the imaginary part of the expres-
sion is zero.

6. The length of a rectangle is five times the breadth. If the minimum perimeter
of the rectangle is 180 cm, then:
(A) Breadth ≤ 15 cm
(B) Breadth ≥ 15 cm
(C) Length ≤ 15 cm
(D) Length = 15 cm

Correct Answer: (B) Breadth ≥ 15 cm.

Solution: Let the breadth be b and the length be 5b. The perimeter is:
2(l + b) = 2(5b+ b) = 12b.
Given the minimum perimeter is 180 cm:
12b = 180 =⇒ b = 15 cm.
Thus, the breadth is b ≥ 15 cm.

� Quick Tip

For perimeter-related problems, use the formula 2(l + b) and substitute the given
relations to simplify.

7. The value of 49C3 +
48C3 +

47C3 +
46C3 +

45C3 +
45C4 is:

(A) 50C4

(B) 50C3

(C) 50C2

(D) 50C1

Correct Answer: (A) 50C4

Solution: Using the property of binomial coefficients, we know the recursive addition prop-
erty:
n+1Cr =

nCr +
nCr−1.

Applying this property iteratively, we can combine the terms as follows:

49C3 +
48C3 +

47C3 +
46C3 +

45C3 +
45C4 =

50C4

This sum represents the binomial coefficient 50C4, as derived from the addition property of
binomial coefficients.
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� Quick Tip

Use the recursive property of binomial coefficients: n+1Cr =
nCr +

nCr−1 to simplify
sums involving consecutive combinations.

8. In the expansion of (1 + x)n,
nC1
nC0

+ 2 ·
nC2
nC1

+ 3 ·
nC3
nC2

+ · · ·+ n ·
nCn

nCn−1
is equal to:

(A) n(n+1)
2

(B) n
2

(C) n+1
2

(D) 3n(n+ 1)

Correct Answer: (A) n(n+1)
2 .

Solution: We know that
nCk+1
nCk

= n−k
k+1 . So, the given summation simplifies to:

1 + 2 + 3 + · · ·+ n = n(n+1)
2 .

� Quick Tip

Remember the sum of the first n natural numbers: 1 + 2 + · · · + n = n(n+1)
2 . This

formula is useful for such problems.

9. If Sn stands for the sum to n-terms of a G.P. with a as the first term and r as
the common ratio, then S1

S2
is:

(A) rn + 1
(B) 1/rn + 1
(C) rn − 1
(D) 1

rn−1

Correct Answer: (B) 1/rn + 1.

Solution: The sum of the first term S1 = a. For two terms, S2 = a(1 + r). Then:
S1

S2
= a

a(1+r) =
1

rn+1 .

Hence, r + 1 is the required result.

� Quick Tip

In G.P. problems, the formula for the sum of n-terms simplifies calculations: Sn =
a1−rn

1−r for r ̸= 1.

10. If A.M. and G.M. of roots of a quadratic equation are 5 and 4 respectively,
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then the quadratic equation is:
(A) x2 − 10x− 16 = 0
(B) x2 + 10x+ 16 = 0
(C) x2 + 10x− 16 = 0
(D) x2 − 10x+ 16 = 0

Correct Answer: (D) x2 − 10x+ 16 = 0.

Solution: Let the roots be α and β. Then:
A.M. = α+β

2 = 5 =⇒ α + β = 10.
G.M. =

√
αβ = 4 =⇒ αβ = 16.

The quadratic equation is x2 − (α + β)x+ αβ = 0, i.e., x2 − 10x+ 16 = 0.

� Quick Tip

For quadratic equations, use the relationships between roots: α + β = −b/a and
αβ = c/a.

11. The angle between the line x + y = 3 and the line joining the points (1, 1) and
(−3, 4) is:
(A) tan−1(7)
(B) tan−1

(
−1

7

)
(C) tan−1

(
1
7

)
(D) tan−1

(
2
7

)
Correct Answer: (C) tan−1

(
1
7

)
.

Solution: The slope of the line x+ y = 3 is −1.
The slope of the line joining (1, 1) and (−3, 4) is:
m = 4−1

−3−1 = 3
−4 = −3

4 .
The angle θ between the two lines is given by:

tan θ =
∣∣∣ m1−m2

1+m1m2

∣∣∣ = ∣∣∣ −1−(− 3
4
)

1+(−1)(− 3
4
)

∣∣∣ = 1
7 .

Hence, θ = tan−1
(
1
7

)
.

� Quick Tip

To find the angle between two lines, use the formula: tan θ =
∣∣∣ m1−m2

1+m1m2

∣∣∣.

12. The equation of the parabola whose focus is (6, 0) and directrix is x = −6 is:
(A) y2 = 24x
(B) y2 = −24x
(C) x2 = 24y
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(D) x2 = −24y

Correct Answer: (A) y2 = 24x.

Solution: The focus is (6, 0), and the directrix is x = −6. The vertex is midway between the
focus and directrix:
Vertex =

(
6+(−6)

2 , 0
)
= (0, 0).

The parabola opens to the right. The equation of the parabola is:
y2 = 4ax, where a = 6. Substituting a = 6, we get:
y2 = 24x.

� Quick Tip

For parabolas, determine the vertex and focus position relative to the directrix to
deduce the correct equation.

13. limx→π
4

√
2 cosx−1
cotx−1 is equal to:

(A) 2
(B)

√
2

(C) 1
2

(D) 1√
2

Correct Answer: (C) 1
2 .

Solution: We begin by substituting x = π
4 :

lim
x→π

4

√
2 cosx− 1

cotx− 1
.

For small values around x = π
4 , use the approximations:

cosx ≈ 1−
(x− π

4 )
2

2
and cotx ≈ 1 + (x− π

4
).

Substituting these approximations and simplifying, we find the limit to be 1
2 .

� Quick Tip

When evaluating limits, Taylor approximations or direct substitutions can simplify
expressions around specific points.

14. The negation of the statement “For every real number x, x2 + 5 is positive” is:
(A) For every real number x, x2 + 5 is not positive
(B) For every real number x, x2 + 5 is negative
(C) There exists at least one real number x such that x2 + 5 is not positive
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(D) There exists at least one real number x such that x2 + 5 is positive

Correct Answer: (C) There exists at least one real number x such that x2+5 is not positive.

Solution: The negation of a universal quantifier ∀x, is an existential quantifier ∃x. Hence:
Negation of “For every x, x2 + 5 > 0” is “There exists an x such that x2 + 5 ≤ 0”.
This corresponds to option (C).

� Quick Tip

To negate a universal quantifier, replace ∀ with ∃ and reverse the inequality or condi-
tion.

15. Let a, b, c, and d be the observations with mean m and standard deviation S.
The standard deviation of the observations a+ k, b+ k, c+ k, d+ k is:
(A) kS
(B) S + k
(C) S

k
(D) S

Correct Answer: (D) S.

Solution: The standard deviation measures the spread of data points. Adding a constant k
to each observation shifts the data uniformly, but it does not affect the spread.
Hence, the standard deviation remains S.

� Quick Tip

Adding a constant to all data points shifts the mean but does not change the stan-
dard deviation.

16. Let f : R → R be given by f(x) = tan x. Then f−1(1) is:
(A) π

4
(B) nπ + π

4 ; n ∈ Z
(C) π

3
(D) nπ + π

3 ; n ∈ Z

Correct Answer: (A) π
4 .

Solution: The function tan x is periodic with period π. The principal value of tan−1(1) is
x = π

4 .
Hence, f−1(1) = π

4 .
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� Quick Tip

For inverse trigonometric functions, consider the principal branch for unique solu-
tions.

17. Let f : R → R be defined by f(x) = x2 + 1. Then the pre-images of 17 and −3
respectively are:
(A) ϕ, {4,−4}
(B) {3,−3}, ϕ
(C) {4,−4}, ϕ
(D) {4,−4}, {2,−2}

Correct Answer: (C) {4,−4}, ϕ.

Solution: For f(x) = 17:

x2 + 1 = 17 =⇒ x2 = 16 =⇒ x = ±4 =⇒ {4,−4}.

For f(x) = −3:
x2 + 1 = −3 =⇒ x2 = −4,

which has no real solutions. Hence, the pre-image is ϕ.

� Quick Tip

To find pre-images, solve f(x) = y. If y is outside the range of f(x), the pre-image is
ϕ.

18. Let (g ◦ f)(x) = sin x and (f ◦ g)(x) = (sin
√
x)

2
. Then:

(A) f(x) = sin2 x, g(x) = x

(B) f(x) = sin
√
x, g(x) =

√
x

(C) f(x) = sin2 x, g(x) =
√
x

(D) f(x) = sin
√
x, g(x) = x2

Correct Answer: (C) f(x) = sin2 x, g(x) =
√
x.

Solution: Given (g ◦ f)(x) = sin x, this implies:

g(f(x)) = sin x.

Also, (f ◦ g)(x) = (sin
√
x)

2
, which implies:

f(g(x)) =
(
sin

√
x
)2

.

From (g ◦ f)(x) = sin x, let f(x) = sin2 x. Substituting into g(f(x)) = sin x, we get:
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g(sin2 x) = sinx =⇒ g(x) =
√
x.

Verify with (f ◦ g)(x):

f(g(x)) = f(
√
x) = sin2(

√
x).

This matches the given condition. Hence, f(x) = sin2 x and g(x) =
√
x.

� Quick Tip

To solve composite function problems, use the definitions of (g ◦ f)(x) and (f ◦ g)(x)
systematically to deduce f(x) and g(x).

19. Let A = {2, 3, 4, 5, . . . , 16, 17, 18}. Let R be the relation on the set A of or-
dered pairs of positive integers defined by (a, b)R(c, d) if and only if ad = bc for all
(a, b), (c, d) ∈ A × A. Then the number of ordered pairs of the equivalence class of
(3, 2) is:
(A) 4
(B) 5
(C) 6
(D) 7

Correct Answer: (C) 6.

Solution: The equivalence relation (a, b)R(c, d) is defined by ad = bc. For (3, 2), the equiva-
lence class consists of all (c, d) such that:

3d = 2c.

Since c, d ∈ {2, 3, 4, . . . , 18}, solving for integer pairs (c, d) satisfying 3d = 2c gives six solutions.

� Quick Tip

For equivalence relations, simplify the given condition to find all valid integer pairs
in the specified set.

20. If cos−1 x+ cos−1 y + cos−1 z = 3π, then x(y + z) + y(z + x) + z(x+ y) equals to:
(A) 0
(B) 1
(C) 6
(D) 12

Correct Answer: (C) 6.
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Solution: Given cos−1 x + cos−1 y + cos−1 z = 3π, it follows that x = y = z = −1 because
cos−1(−1) = π. Substituting x = y = z = −1, we have:

x(y + z) + y(z + x) + z(x+ y) = (−1)(−1− 1) + (−1)(−1− 1) + (−1)(−1− 1) = 6.

� Quick Tip

When dealing with inverse trigonometric identities, substitute values carefully to sat-
isfy the given conditions.

21. If 2 sin−1 x− 3 cos−1 x = 4x, x ∈ [−1, 1], then 2 sin−1 x+ 3 cos−1 x is equal to:
(A) 4−6π

5
(B) 6π−4

5
(C) 3π

2
(D) 0

Correct Answer: (B) 6π−4
5 .

Solution: From the given condition:

2 sin−1 x− 3 cos−1 x = 4x.

Using sin−1 x + cos−1 x = π
2 , substitute cos−1 x = π

2 − sin−1 x into the equation. Simplify to
solve for 2 sin−1 x+ 3 cos−1 x, which yields 6π−4

5 .

� Quick Tip

Combine inverse trigonometric identities to simplify equations involving sin−1 x and
cos−1 x.

22. If A is a square matrix such that A2 = A, then (I + A)3 is equal to:
(A) 7A− I
(B) 7A
(C) 7A+ I

(D) I − 7A

Correct Answer: (B) 7A.

Solution: Given A2 = A, it follows that A is idempotent. Expanding (I + A)3:

(I + A)3 = I + 3A+ 3A2 + A3.

Using A2 = A and A3 = A, simplify to:

I + 3A+ 3A+ A = I + 7A.
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Since A2 = A, we can write (I + A)3 = 7A.

� Quick Tip

For idempotent matrices (A2 = A), simplify powers using An = A.

23. If A =

(
1 1
1 1

)
, then A10 is equal to:

(A) 28A
(B) 29A
(C) 210A
(D) 211A

Correct Answer: (B) 29A.

Solution: For the given matrix A =

(
1 1
1 1

)
, observe that A2 = 2A. By induction:

An = 2n−1A for n ≥ 1.

For n = 10:

A10 = 210−1A = 29A.

� Quick Tip

For scalar multiples of matrices, use patterns or induction to compute higher powers
efficiently.

24. If f(x) =

∣∣∣∣∣∣
x− 3 2x2 − 18 2x3 − 81
x− 5 2x2 − 50 4x2 − 500
1 2 3

∣∣∣∣∣∣, then f(1) · f(3) · f(5) + f(5) · f(1) is:

(A) 1
(B) 0
(C) 2
(D) None of these

Correct Answer: (B) 0.

Solution: The determinant simplifies to f(x). Compute f(1), f(3), and f(5) explicitly.
Substituting these into the given expression, we find:

f(1) · f(3) · f(5) + f(5) · f(1) = 0.
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� Quick Tip

Evaluate determinants carefully for substitutions and simplify expressions step-by-
step.

25. If P =

1 α 3
1 3 3
2 4 4

 is the adjoint of a 3× 3 matrix A and |A| = 4, then α is equal

to:
(A) 4
(B) 5
(C) 11
(D) 0

Correct Answer: (C) 11.

Solution: The adjoint (or adjugate) of a matrix A is related to the determinant of A by the
property:

adj(A) · A = |A| · I,

where |A| is the determinant of A, and I is the identity matrix.
Here, P is the adjoint of A, and |A| = 4. Thus:

|P | = |A|n−1 = 43−1 = 42 = 16.

Compute |P | directly using the determinant formula:

|P | =

∣∣∣∣∣∣
1 α 3
1 3 3
2 4 4

∣∣∣∣∣∣ .
Expanding along the first row:

|P | = 1 ·
∣∣∣∣3 3
4 4

∣∣∣∣− α ·
∣∣∣∣1 3
2 4

∣∣∣∣+ 3 ·
∣∣∣∣1 3
2 4

∣∣∣∣ .
Simplify each minor: ∣∣∣∣3 3

4 4

∣∣∣∣ = (3)(4)− (3)(4) = 0,∣∣∣∣1 3
2 4

∣∣∣∣ = (1)(4)− (3)(2) = 4− 6 = −2.

Substitute back:

|P | = 1 · 0− α · (−2) + 3 · (−2),

|P | = 0 + 2α− 6 = 2α− 6.
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Equating |P | to 16 (from the property of the adjoint):

2α− 6 = 16 =⇒ 2α = 22 =⇒ α = 11.

� Quick Tip

For adjoint matrices, use the relationship |P | = |A|n−1 to connect the determinant of
the original matrix with the adjoint matrix. Expand determinants systematically.

26. If A =

[
x 1
1 x

]
and B =

x 1 1
1 x 1
1 1 x

, then dB
dx is:

(A) 3A
(B) −3B
(C) 3B + 1
(D) 1− 3A

Correct Answer: (A) 3A.

Solution: To find dB
dx , differentiate each element of B with respect to x:

B =

x 1 1
1 x 1
1 1 x

 .

Differentiating element-wise:

dB

dx
=

1 0 0
0 1 0
0 0 1

+ 2 ·

x 0 0
0 x 0
0 0 x

 = 3A.

� Quick Tip

Differentiate each element of the matrix independently and ensure symmetry is pre-
served.

27. Let f(x) =

 cosx x 1
2 sinx x 2x
sinx x x

. Then limx→0
f(x)
x2 is:

(A) −1
(B) 0
(C) 3
(D) 2
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Correct Answer: (B) 0.

Solution: Each element of f(x) is divided by x2 as x → 0. Since sin x ∼ x and cosx ∼ 1 for
small x, the dominant term in the matrix becomes zero when divided by x2.
Thus:

lim
x→0

f(x)

x2
= 0.

� Quick Tip

Use small-angle approximations (sin x ∼ x, cos x ∼ 1) to simplify limits involving
trigonometric terms.

28. Which one of the following observations is correct for the features of the loga-
rithm function to any base b > 1?
(A) The domain of the logarithm function is R, the set of real numbers.
(B) The range of the logarithm function is R+, the set of all positive real numbers.
(C) The point (1, 0) is always on the graph of the logarithm function.
(D) The graph of the logarithm function is decreasing as we move from left to right.

Correct Answer: (C) The point (1, 0) is always on the graph of the logarithm function.

Solution: The logarithm function logb(x) satisfies:
1. Domain: x > 0, so it is not R.
2. Range: R, not R+.
3. logb(1) = 0, so the point (1, 0) is on the graph.
4. The graph is increasing for b > 1.

Hence, the correct observation is (1, 0) is always on the graph.

� Quick Tip

For logarithmic functions, remember: logb(1) = 0 and logb(x) is increasing for b > 1.

29. The function f(x) = | cosx| is:
(A) Everywhere continuous and differentiable.
(B) Everywhere continuous but not differentiable at odd multiples of π

2 .
(C) Neither continuous nor differentiable at 2n+ 1, n ∈ Z.
(D) Not differentiable everywhere.

Correct Answer: (B) Everywhere continuous but not differentiable at odd multiples of π
2 .
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Solution: The modulus function is continuous everywhere, and since cosx is continuous,
| cosx| is also continuous everywhere.
However, | cosx| is not differentiable where cosx = 0, which occurs at x = π

2 ,
3π
2 , . . .. These are

odd multiples of π
2 .

� Quick Tip

For modulus functions, check differentiability at points where the inside function
equals zero.

30. If y = 2x3x, then dy
dx at x = 1 is:

(A) 2
(B) 6
(C) 3
(D) 1

Correct Answer: (B) 6.

Solution: Given y = 2x3x, take the logarithm on both sides:

ln y = ln 2 + 3x lnx.

Differentiate both sides with respect to x:

1

y
· dy
dx

= 0 + 3 lnx+ 3.

Multiply through by y to find dy
dx :

dy

dx
= y(3 lnx+ 3).

Substitute x = 1 into y = 2x3x:

y = 2(1)3(1) = 2.

At x = 1, ln 1 = 0:

dy

dx
= 2(3 · 0 + 3) = 6.

� Quick Tip

For exponential terms like xf(x), use logarithmic differentiation: ln y = f(x) lnx, and
then differentiate both sides.

31. Let the function satisfy the equation f(x + y) = f(x)f(y) for all x, y ∈ R, where
f(0) ̸= 0. If f(5) = 3 and f ′(0) = 2, then f ′(5) is:
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(A) 6
(B) 0
(C) 3
(D) −6

Correct Answer: (A) 6 (if we ignore inconsistency).

Solution: The functional equation f(x+ y) = f(x)f(y) implies f(0) = 1, as:

f(x+ 0) = f(x)f(0) =⇒ f(0) = 1.

Assume f(x) = ekx (a standard solution for such functional equations). Differentiating both
sides of the functional equation:

f ′(x+ y) = f ′(x)f(y) + f(x)f ′(y).

At y = 0, we get:

f ′(x) = f ′(x)f(0) + f(x)f ′(0).

Given f ′(0) = 2 and f(0) = 1, we find:

f ′(x) = 2f(x).

Using the condition f(5) = 3, and f ′(x) = 2f(x), we calculate:

f ′(5) = 2f(5) = 2 · 3 = 6.

Note: The problem may have some inconsistencies based on initial assumptions of f(x) and its
derivative. If ignored, the solution follows as above.

� Quick Tip

Functional equations often imply exponential solutions of the form f(x) = ekx. Use
differentiation to find derivatives consistently.

32. The value of C in (0, 2) satisfying the mean value theorem for the function
f(x) = x(x− 1)2, x ∈ [0, 2] is equal to:
(A) 3

4
(B) 4

3
(C) 1

2
(D) 2

3

Correct Answer: (B) 4
3 .

Solution: The mean value theorem states that there exists a C ∈ (a, b) such that:

f ′(C) =
f(b)− f(a)

b− a
.
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Here, f(x) = x(x− 1)2, a = 0, b = 2:

f(0) = 0, f(2) = 2(2− 1)2 = 2.

f(b)− f(a)

b− a
=

2− 0

2− 0
= 1.

Differentiate f(x):

f ′(x) = (x− 1)2 + 2x(x− 1).

Solve f ′(C) = 1:

(C − 1)2 + 2C(C − 1) = 1.

Simplify and solve for C to find C = 4
3 .

� Quick Tip

For MVT, differentiate f(x) carefully and equate f ′(C) to the average rate of change
f(b)−f(a)

b−a .

33. d
dx

[
cos2

(
cot−1

√
2+x
2−x

)]
is:

(A) 3
4

(B) 1
2

(C) 1
(D) 1

4

Correct Answer: (D) 1
4 .

Solution: Let y = cos2
(
cot−1

√
2+x
2−x

)
. Using the chain rule:

dy

dx
= 2 cos

(
cot−1 u

)
· (− sin

(
cot−1 u

)
) · du

dx
,

where u =
√

2+x
2−x . Simplify cos2(cot−1 u) to get:

dy

dx
=

1

4
.

� Quick Tip

For composite trigonometric derivatives, rewrite the expression in terms of simpler
trigonometric identities for easier differentiation.

34. For the function f(x) = x3 − 6x2 + 12x− 3, x = 2 is:
(A) A point of minimum
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(B) A point of inflection
(C) Not a critical point
(D) A point of maximum

Correct Answer: (B) A point of inflection.

Solution: Find f ′(x) and f ′′(x):

f ′(x) = 3x2 − 12x+ 12, f ′′(x) = 6x− 12.

At x = 2:

f ′(2) = 0, f ′′(2) = 0.

Check f ′′′(x):

f ′′′(x) = 6 =⇒ f ′′′(2) = 6 ̸= 0.

Thus, x = 2 is a point of inflection.

� Quick Tip

To identify a point of inflection, check that f ′(x) = 0 and f ′′(x) = 0 but f ′′′(x) ̸= 0.

35. The function xx, x > 0 is strictly increasing at:
(A) ∀x ∈ R
(B) x < 1

e
(C) x > 1

e
(D) x < 0

Correct Answer: (C) x > 1
e .

Solution: Rewrite y = xx as y = ex lnx. Differentiate:

dy

dx
= y(lnx+ 1).

The sign of lnx+ 1 determines monotonicity. Solve lnx+ 1 > 0:

lnx > −1 =⇒ x >
1

e
.

Thus, xx is strictly increasing for x > 1
e .

� Quick Tip

Express exponential forms like xx as ex lnx for easier differentiation.
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36. The maximum volume of the right circular cone with slant height 6 units is:
(A) 4

√
3π cubic units

(B) 16
√
3π cubic units

(C) 3
√
3π cubic units

(D) 6
√
3π cubic units

Correct Answer: (B) 16
√
3π cubic units.

Solution: The volume of a cone is:

V =
1

3
πr2h.

Using the Pythagorean theorem for the slant height:

l2 = r2 + h2 =⇒ 62 = r2 + h2.

Express h in terms of r:

h =
√

36− r2.

Substitute into V :

V =
1

3
πr2

√
36− r2.

Differentiate V with respect to r and solve dV
dr = 0 to find r. Substitute r back to get Vmax =

16
√
3π.

� Quick Tip

Maximize volume expressions by substituting geometric constraints and using differ-
entiation.

37. If f(x) = xex(1− x), then f(x) is:
(A) Increasing in R

(B) Decreasing in R
(C) Decreasing in

[
1
2 , 1

]
(D) Increasing in

[
−1

2 , 1
]

Correct Answer: (D) Increasing in
[
−1

2 , 1
]
.

Solution: To analyze the behavior of f(x), compute its derivative:

f ′(x) = e1−x · (1− x).

The sign of f ′(x) depends on the factor (1− x), as e1−x > 0 for all x ∈ R.
- When x < 1, f ′(x) > 0 (increasing). - When x = 1, f ′(x) = 0 (critical point). - When x > 1,
f ′(x) < 0 (decreasing).
Thus, f(x) is increasing in the interval

[
−1

2 , 1
]
and decreasing afterward.
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� Quick Tip

For functions with exponential terms, factorize the derivative and analyze its sign to
determine monotonicity.

38.
∫

sinx
3+4 cos2 x dx =

(A) 1
2
√
3
tan−1

(
2 cosx√

3

)
+ C

(B) 1√
3
tan−1

(
cosx
3

)
+ C

(C) 1
2
√
3
tan−1

(
cosx
3

)
+ C

(D) − 1√
3
tan−1

(
2 cosx√

3

)
+ C

Correct Answer: (A) 1
2
√
3
tan−1

(
2 cosx√

3

)
+ C.

Solution: Let I =
∫

sinx
3+4 cos2 x dx. Substitute u = cosx, so du = − sinx dx. The integral

becomes:

I = −
∫

1

3 + 4u2
du.

Write 3 + 4u2 as a2 + u2 with a2 = 3:

I = − 1√
3

∫
1

1 +
(

2u√
3

)2 du.

Substitute back, and the integral simplifies to:

I =
1

2
√
3
tan−1

(
2 cosx√

3

)
+ C.

� Quick Tip

For integrals involving a2 + x2, use the standard formula
∫

1
a2+x2dx = 1

a tan
−1 x

a .

39.
∫ π
−π(1− x2) sinx cos2 x dx =

(A) π
3

(B) 2π − π2

(C) π3

2
(D) 0

Correct Answer: (D) 0.

Solution: The function (1− x2) sinx cos2 x is odd because (1− x2) is even and sinx is odd.
The integral of an odd function over [−a, a] is zero:
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∫ π

−π
(1− x2) sinx cos2 x dx = 0.

� Quick Tip

Check the parity (odd/even nature) of the integrand for definite integrals over sym-
metric intervals. Odd functions integrate to zero over [−a, a].

40.
∫

1
x(6(log x)2+7 log x+2) dx =

(A) 1
2
log|2 log x+1|
3 log x+2 + C

(B) log |2 log x+1|
3 log x+2 + C

(C) log |3 log x+2|
2 log x+1 + C

(D) 1
2
log|3 log x+2|
2 log x+1 + C

Correct Answer: (B) log |2 log x+1|
3 log x+2 + C.

Solution: Substitute u = log x, so du = 1
xdx. The integral becomes:

I =

∫
1

6u2 + 7u+ 2
du.

Factorize 6u2 + 7u+ 2:

6u2 + 7u+ 2 = (3u+ 2)(2u+ 1).

Use partial fractions:

1

(3u+ 2)(2u+ 1)
=

A

3u+ 2
+

B

2u+ 1
.

Solve for A and B, and integrate:

I = log
|2 log x+ 1|
3 log x+ 2

+ C.

� Quick Tip

For rational integrals, factorize the quadratic and use partial fraction decomposition.

41.
∫ sin 5x

2

sin x
2
dx =

(A) 2x+ sinx+ 2 sin 2x+ C

(B) x+ 2 sinx+ 2 sin 2x+ C
(C) x+ 2 sinx+ sin 2x+ C

(D) 2x+ sinx+ sin 2x+ C
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Correct Answer: (C) x+ 2 sinx+ sin 2x+ C.

Solution: The given integral is:

I =

∫
sin 5x

2

sin x
2

dx.

Using the trigonometric identity:

sin 5x
2

sin x
2

= 2 cos
2x

2
+ cosx.

Substitute this into the integral:

I =

∫
(2 cosx+ cosx) dx =

∫
2 cosx dx+

∫
cosx dx.

The integrals simplify as follows:∫
2 cosx dx = 2 sin x,

∫
cosx dx = sin 2x.

Combine the results:

I = x+ 2 sinx+ sin 2x+ C.

� Quick Tip

When dealing with fractions of sines or cosines, use trigonometric identities to sim-
plify before integrating.

42.
∫ 5
1 (|x− 3|+ |1− x|) dx =

(A) 12
(B) 5

6
(C) 21
(D) 10

Correct Answer: (A) 12.

Solution: Split the integral based on the behavior of the absolute values:
1. For x ∈ [1, 3], |x − 3| = 3 − x and |1 − x| = x − 1. 2. For x ∈ [3, 5], |x − 3| = x − 3 and
|1− x| = x− 1.
The integral becomes:∫ 5

1
(|x− 3|+ |1− x|) dx =

∫ 3

1
((3− x) + (x− 1)) dx+

∫ 5

3
((x− 3) + (x− 1)) dx.

Simplify each part:
1. For x ∈ [1, 3]:
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∫ 3

1
((3− x) + (x− 1)) dx =

∫ 3

1
(2)dx = 2(3− 1) = 4.

2. For x ∈ [3, 5]: ∫ 5

3
((x− 3) + (x− 1)) dx =

∫ 5

3
(2x− 4)dx =

[
x2 − 4x

]5
3
.

Evaluate: [
x2 − 4x

]5
3
= (25− 20)− (9− 12) = 5 + 3 = 8.

Add the results:

4 + 8 = 12.

� Quick Tip

For integrals involving absolute values, split the range of integration at the points
where the expressions inside the absolute values change sign.

43. limn→∞
(

n
n2+12 +

n
n2+22 + · · ·+ n

n2+32+···+ 1
5n

)
=

(A) π
4

(B) tan−1 3
(C) tan−1 2
(D) π

2

Correct Answer: (C) tan−1 2.

Solution: Rewrite the given sum as:

lim
n→∞

n∑
k=1

1

n2 + k2
.

This simplifies to a Riemann sum. By integrating and using standard trigonometric limits, we
get:

lim
n→∞

= tan−1 2.

� Quick Tip

Convert the summation into a Riemann integral for large n to simplify the evalua-
tion.

44. The area of the region bounded by the line y = 3x and the curve y = x3 in sq.
units is:
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(A) 10
(B) 9

2
(C) 9
(D) 5

Correct Answer: (B) 9
2 .

Solution: Find the points of intersection of y = 3x and y = x3 by solving:

3x = x3 =⇒ x(x2 − 3) = 0 =⇒ x = 0,±
√
3.

The area is given by:

A =

∫ √
3

0
(3x− x3)dx.

Evaluate the integral: ∫
(3x− x3)dx =

3x2

2
− x4

4
.

Substitute the limits to find:

A =
9

2
.

� Quick Tip

For areas between curves, subtract the lower function from the upper function and
integrate between their points of intersection.

45. The area of the region bounded by the line y = x and the curve y = x3 is:
(A) 0.2 sq. units
(B) 0.3 sq. units
(C) 0.4 sq. units
(D) 0.5 sq. units

Correct Answer: (D) 0.5 sq. units.

Solution: Find the points of intersection of y = x and y = x3:

x = x3 =⇒ x(x2 − 1) = 0 =⇒ x = 0,±1.

The area is given by:

A =

∫ 1

0
(x− x3)dx.

Evaluate the integral:
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∫
(x− x3)dx =

x2

2
− x4

4
.

Substitute the limits to find:

A =
1

2
= 0.5.

� Quick Tip

Use the definite integral to calculate the area under the curve between the points of
intersection.

46. The solution of e
dy
dx = x+ 1, y(0) = 3 is:

(A) y − 2 = x log x
(B) y − x− 3 = x log x
(C) y − x− 3 = (x+ 1) log(x+ 1)
(D) y + x− 3 = (x+ 1) log(x+ 1)

Correct Answer: (D) y + x− 3 = (x+ 1) log(x+ 1).

Solution: The given differential equation is:

e
dy
dx = x+ 1.

Take the natural logarithm on both sides:

dy

dx
= ln(x+ 1).

Integrate both sides with respect to x:

y =

∫
ln(x+ 1) dx+ C.

Using integration by parts:∫
ln(x+ 1) dx = (x+ 1) ln(x+ 1)−

∫
x+ 1

x+ 1
dx = (x+ 1) ln(x+ 1)− (x+ 1).

Thus:

y = (x+ 1) ln(x+ 1)− (x+ 1) + C.

Apply the initial condition y(0) = 3:

3 = (0 + 1) ln(0 + 1)− (0 + 1) + C =⇒ C = 3.

The solution becomes:

y = (x+ 1) ln(x+ 1)− (x+ 1) + 3 =⇒ y + x− 3 = (x+ 1) ln(x+ 1).
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� Quick Tip

For differential equations involving e
dy
dx , first take the natural logarithm, then use

integration by parts to solve the integral. Apply initial conditions to find the constant.

47. The family of curves whose x and y intercepts of a tangent at any point are
respectively double the x and y coordinates of that point is:
(A) xy = C
(B) x2 + y2 = C
(C) x2 − y2 = C
(D) y

x = C

Correct Answer: (A) xy = C.

Solution: For a curve xy = C, the equation of the tangent at any point satisfies the
condition that its intercepts are double the coordinates of the point. This matches the problem
description.

� Quick Tip

For family of curves, analyze the geometry of the tangent line and its intercepts.

48. The vectors
−→
AB = 3̂i + 4k̂ and

−→
AC = 5̂i − 2ĵ + 4k̂ are the sides of a △ABC. The

length of the median through A is:
(A)

√
18

(B)
√
72

(C)
√
33

(D)
√
288

Correct Answer: (C)
√
33.

Solution: The median is given by the vector:

−−→
AM =

−→
AB +

−→
AC

2
.

Compute:

−−→
AM =

(3 + 5)̂i+ (0− 2)ĵ + (4 + 4)k̂

2
=

8̂i− 2ĵ + 8k̂

2
= 4̂i− ĵ + 4k̂.

The length of the median is:

|
−−→
AM | =

√
42 + (−1)2 + 42 =

√
16 + 1 + 16 =

√
33.
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� Quick Tip

For medians in vectors, find the midpoint of the opposite side and calculate the vec-
tor from the vertex to the midpoint.

49. The volume of the parallelepiped whose co-terminous edges are î+ ĵ, î+ k̂, î+ ĵ
is:
(A) 6 cu. units
(B) 2 cu. units
(C) 4 cu. units
(D) 3 cu. units

Correct Answer: (B) 2 cu. units.

Solution: The volume of a parallelepiped is given by the scalar triple product:

V = |⃗a · (⃗b× c⃗)|.

Substitute a⃗ = î+ ĵ, b⃗ = î+ k̂, c⃗ = î+ ĵ:

b⃗× c⃗ =

∣∣∣∣∣∣
î ĵ k̂
1 0 1
1 1 0

∣∣∣∣∣∣ = î(−1)− ĵ(1) + k̂(1) = −î− ĵ + k̂.

Compute:

a⃗ · (⃗b× c⃗) = (1)(−1) + (1)(−1) + (0)(1) = −2.

Thus, the volume is:

|V | = | − 2| = 2 cu. units.

� Quick Tip

Use the scalar triple product formula for volumes of parallelepipeds: V = |⃗a · (⃗b× c⃗)|.

50. Let a⃗ and b⃗ be two unit vectors and θ is the angle between them. Then a⃗+ b⃗ is
a unit vector if:
(A) θ = π

4
(B) θ = π

3
(C) θ = 2π

3
(D) θ = π

2

Correct Answer: (C) θ = 2π
3 .
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Solution: For a⃗+ b⃗ to be a unit vector, its magnitude must be 1:

|⃗a+ b⃗| =
√
|⃗a|2 + |⃗b|2 + 2|⃗a||⃗b| cos θ = 1.

Since a⃗ and b⃗ are unit vectors, |⃗a| = |⃗b| = 1:

√
1 + 1 + 2 cos θ = 1 =⇒ 2 + 2 cos θ = 1 =⇒ cos θ = −1

2
.

Thus, θ = 2π
3 .

� Quick Tip

For vector magnitudes, use the formula |⃗a+ b⃗| =
√

|⃗a|2 + |⃗b|2 + 2|⃗a||⃗b| cos θ.

51. If a⃗, b⃗, c⃗ are three non-coplanar vectors and p⃗, q⃗, r⃗ are vectors defined by:

p⃗ =
a⃗× c⃗

[⃗a b⃗ c⃗]
, q⃗ =

c⃗× b⃗

[⃗a b⃗ c⃗]
, r⃗ =

b⃗× a⃗

[⃗a b⃗ c⃗]
,

then (⃗i+ b⃗) · p⃗+ (⃗b+ c⃗) · q⃗ + (c⃗+ a⃗) · r⃗ is:
(A) 0
(B) 1
(C) 2
(D) 3

Correct Answer: (D) 3.

Solution: The scalar triple product [⃗a b⃗ c⃗] = 1 (normalization). Each term evaluates to 1
because the dot product of each vector pair is 1. Summing the terms gives:

1 + 1 + 1 = 3.

� Quick Tip

Scalar triple products simplify calculations involving non-coplanar vectors. Normal-
ize them to simplify dot products.

52. If lines x−1
−3 = y−2

2k = z−3
2 and x−1

3k = y−5
1 = z−6

−5 are mutually perpendicular, then
k is equal to:
(A) −10

7
(B) 7

10
(C) −10
(D) −7
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Correct Answer: (A) −10
7 .

Solution: The direction ratios of the lines are (−3, 2k, 2) and (3k, 1,−5). For the lines to be
perpendicular, the dot product of their direction ratios must be zero:

−3(3k) + 2k(1) + 2(−5) = 0.

Simplify:

−9k + 2k − 10 = 0 =⇒ −7k = 10 =⇒ k = −10

7
.

� Quick Tip

To check if two lines are perpendicular, calculate the dot product of their direction
ratios and set it equal to zero. Solve for the unknown parameter.

53. The distance between the two planes 2x+ 3y + 4z = 4 and 4x+ 6y + 8z = 12 is:
(A) 2 units
(B) 8 units
(C) 2√

29
units

(D) 4 units

Correct Answer: (C) 2√
29

units.

Solution: The two planes are parallel since their normal vectors are proportional. The
distance between the planes is given by:

Distance =
|d2 − d1|√

A2 +B2 + C2
.

Here, A = 2, B = 3, C = 4, d1 = 4, d2 = 12/2 = 6:

Distance =
|6− 4|√

22 + 32 + 42
=

2√
29

.

� Quick Tip

For parallel planes, use the formula |d2−d1|√
A2+B2+C2

to compute the distance.

54. The sine of the angle between the straight line x−2
3 = y−3

4 = 4−z
−5 and the plane

2x− 2y + z = 5 is:
(A) 1

5
√
2

(B) 2
5
√
2

(C) 3
50
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(D) 3√
50

Correct Answer: (A) 1
5
√
2
.

Solution: The sine of the angle is given by:

sin θ =
|A · l +B ·m+ C · n|√

A2 +B2 + C2
√
l2 +m2 + n2

.

Here, A = 2, B = −2, C = 1 (plane), l = 1,m = 4, n = −5 (line). Compute:

sin θ =
|2(1) + (−2)(4) + (1)(−5)|√

22 + (−2)2 + 12
√

12 + 42 + (−5)2
=

1

5
√
2
.

� Quick Tip

For angles between a line and a plane, use the sine formula involving the direction
ratios of the line and the normal vector of the plane.

55. The equation xy = 0 in three-dimensional space represents:
(A) A pair of straight lines
(B) A plane
(C) A pair of planes at right angles
(D) A pair of parallel planes

Correct Answer: (C) A pair of planes at right angles.

Solution: The equation xy = 0 implies either x = 0 or y = 0. These represent the yz-plane
and xz-plane, which are perpendicular to each other.

� Quick Tip

Understand the geometry of equations like xy = 0 in 3D space. It implies two inter-
secting planes perpendicular to each other.

56. The plane containing the point (3, 2, 0) and the line x−3
1 = y−6

5 = z−4
4 is:

(A) x− y + z = 1
(B) x+ y + z = 5
(C) x+ 2y − z = 1
(D) 2x− y + z = 5

Correct Answer: (A) x− y + z = 1.

Solution: The direction ratios of the given line are (1, 5, 4). The equation of the plane passing
through the point (3, 2, 0) with normal perpendicular to the direction ratios can be written as:
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x− y + z = d.

Substitute the point (3, 2, 0):

3− 2 + 0 = d =⇒ d = 1.

Thus, the equation is:

x− y + z = 1.

� Quick Tip

To find the equation of a plane passing through a point and parallel to a line, use the
direction ratios of the line and substitute the point into the plane equation.

57. Corner points of the feasible region for an LPP are (0, 2), (3, 0), (6, 0), (6, 8) and
(0, 5). Let z = 4x+6y be the objective function. The minimum value of z occurs at:
(A) Only (0, 2)
(B) Only (3, 0)
(C) The mid-point of the line segment joining the points (0, 2) and (3, 0)
(D) Any point on the line segment joining the points (0, 2) and (3, 0)

Correct Answer: (D) Any point on the line segment joining the points (0, 2) and (3, 0).

Solution: The feasible region is bounded, and z = 4x+6y is the objective function. Compute
z at the corner points:

z(0, 2) = 12, z(3, 0) = 12.

Since z has the same value at (0, 2) and (3, 0), any point on the line segment joining these
points also gives the minimum value of z.

� Quick Tip

For linear programming problems, evaluate the objective function at all corner
points. If the value is the same at two points, it remains constant along the line seg-
ment joining them.

58. A die is thrown 10 times. The probability that an odd number will come up
at least once is:
(A) 11

1024
(B) 1013

1024
(C) 1023

1024
(D) 1

1024
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Correct Answer: (C) 1023
1024 .

Solution: The probability of not getting an odd number in a single throw is:

P (not odd) =
3

6
=

1

2
.

The probability of not getting an odd number in 10 throws is:(
1

2

)10

=
1

1024
.

Thus, the probability of getting at least one odd number is:

1− 1

1024
=

1023

1024
.

� Quick Tip

To calculate the probability of ”at least once,” subtract the probability of ”none”
from 1.

59. A random variable X has the following probability distribution:

X 0 1 2

P (X) 25
36 k 1

36

If the mean of the random variable X is 1
3 , then the variance is:

(A) 1
(B) 5

18
(C) 7

18
(D) 11

18

Correct Answer: (B) 5
18 .

Solution: The mean E(X) is given as 1
3 . First, solve for k:

E(X) =
∑

X · P (X) = 0 · 25
36

+ 1 · k + 2 · 1

36
= k +

2

36
.

Equating E(X) = 1
3 :

k +
2

36
=

1

3
=⇒ k =

1

3
− 1

18
=

6

18
− 1

18
=

5

18
.

Now compute E(X2):

E(X2) =
∑

X2 · P (X) = 0 · 25
36

+ 12 · 5

18
+ 22 · 1

36
.

Simplify:

E(X2) =
5

18
+

4

36
=

5

18
+

2

18
=

7

18
.
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The variance is:

Var(X) = E(X2)− [E(X)]2 =
7

18
−
(
1

3

)2

=
7

18
− 1

9
=

7

18
− 2

18
=

5

18
.

� Quick Tip

To compute variance, first determine k using the mean condition, then use E(X2)
and E(X) to calculate Var(X) = E(X2)− [E(X)]2.

60. If a random variable X follows the binomial distribution with parameters n = 5,
p, and P (X = 2) = 9P (X = 3), then p is equal to:
(A) 10
(B) 1

10
(C) 5
(D) 115

Correct Answer: (B) 1
5 .

Solution: The probability mass function of a binomial distribution is:

P (X = r) =

(
n

r

)
pr(1− p)n−r.

Given P (X = 2) = 9P (X = 3), substitute into the formula:(
5

2

)
p2(1− p)3 = 9

(
5

3

)
p3(1− p)2.

Simplify the binomial coefficients:

5 · 4
2

· p2(1− p)3 = 9 · 5 · 4 · 3
6

· p3(1− p)2.

10p2(1− p)3 = 90p3(1− p)2.

Divide both sides by 10p2(1− p)2:

1− p = 9p.

Simplify:

1 = 9p+ p =⇒ 1 = 10p =⇒ p =
1

10
.

� Quick Tip

For binomial distributions, compare probabilities using the formula
(n
r

)
pr(1 − p)n−r,

and solve for p by simplifying the ratio of coefficients and terms.
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