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Instructions
• This paper contains 40 Multiple Choice Questions (Single Correct Answer),

modelled on the Mathematics portion of KIITEE entrance.

• Each correct answer carries +4 marks. There is −1 mark per wrong
answer; unattempted questions score 0

• Only one option is correct. Choose carefully.

• Syllabus level: Class 11 12 (10+2) Mathematics — Calculus,Coordinate
Geometry, Algebra , Probability & Statistics,Vector Algebra & 3D
Geometry,Trigonometry,Permutation, Combination & Binomial Theo-
rem

• The test is computer based. Personal calculators, log tables, mobile phones,
and other electronic gadgets are strictly prohibited.

Q1. Let 𝑓 (𝑥) = lim𝑛→∞
𝑥2𝑛−1
𝑥2𝑛+1 . If 𝑓 (𝑥) is discontinuous at 𝑥 = 𝑥1 and 𝑥 = 𝑥2, then

the value of 𝑥2
1 + 𝑥2

2 is:

(A) 0

(B) 1

(C) 2

(D) 4

Q2. Consider the line 𝐿 : 𝑦 = 𝑚𝑥 + 𝑐 and the parabola 𝑃 : 𝑦2 = 4𝑎𝑥. If the line 𝐿

touches the parabola 𝑃, then the point of contact is given by:
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𝑋

𝑌

𝑃

𝐿

(A) ( 𝑎

𝑚2 ,
2𝑎
𝑚
)

(B) ( 𝑎
𝑚
, 𝑎

𝑚2 )

(C) (𝑎𝑚2, 2𝑎𝑚)

(D) (− 𝑎

𝑚2 ,−2𝑎
𝑚
)

Q3. If 𝛼 and 𝛽 are the roots of the equation 𝑥2 − 2𝑥 + 4 = 0, then the value of 𝛼𝑛 + 𝛽𝑛

is equal to:

(A) 2𝑛+1 cos( 𝑛𝜋3 )

(B) 2𝑛+1 sin( 𝑛𝜋3 )

(C) 2𝑛 cos( 𝑛𝜋3 )

(D) 2𝑛 sin( 𝑛𝜋3 )

Q4. A bag contains 4 white and 6 black balls. Three balls are drawn at random one
by one without replacement. The probability that the third ball drawn is white,
given that the first two balls drawn are black, is:

(A) 1
2

(B) 3
8

(C) 4
9

(D) 2
5

Q5. Consider the vector addition triangle shown below. If ®𝑢 = ®𝐴𝐵, ®𝑣 = ®𝐴𝐶, and
®𝑤 = ®𝐵𝐶, which of the following vector equations correctly represents the system?
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®𝑢

®𝑣 ®𝑤

𝐴 𝐵

𝐶

(A) ®𝑢 + ®𝑤 = ®𝑣

(B) ®𝑢 + ®𝑣 = ®𝑤

(C) ®𝑣 + ®𝑤 = ®𝑢

(D) ®𝑢 + ®𝑣 + ®𝑤 = ®0

Q6. If tan−1 𝑥 + tan−1 𝑦 + tan−1 𝑧 = 𝜋, then 𝑥 + 𝑦 + 𝑧 is always equal to:

(A) 0

(B) 1

(C) 𝑥𝑦𝑧

(D) 𝑥𝑦 + 𝑦𝑧 + 𝑧𝑥

Q7. The number of structural ways to arrange 5 boys and 5 girls around a circular
table such that no two girls sit together is:

(A) 5! × 5!

(B) 4! × 5!

(C) 9!

(D) 10!
2

Q8. The value of the definite integral
∫ 𝜋/2
0

sin100 𝑥
sin100 𝑥+cos100 𝑥

𝑑𝑥 is:

(A) 𝜋

(B) 𝜋
2

(C) 𝜋
4

(D) 0
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Q9. Let a circle be defined by the equation 𝑥2 + 𝑦2 − 4𝑥 − 6𝑦 − 12 = 0. The length
of the tangent drawn from the point (7, 9) to this circle is:

𝑋

𝑌

𝐶

(A) 6

(B)
√

52

(C) 7

(D) 8

Q10. If the system of linear equations 𝑥 + 𝑦 + 𝑧 = 2, 2𝑥 + 3𝑦 + 2𝑧 = 5, and
2𝑥 + 3𝑦 + (𝑎2 − 1)𝑧 = 𝑎 + 1 has infinitely many solutions, then the value of 𝑎 is:

(A) 3

(B) −3

(C)
√

3

(D) −
√

3

Q11. The mean and variance of 5 observations are 4 and 5.2 respectively. If three of
these observations are 1, 2, and 6, then the remaining two observations are:

(A) 3 and 8

(B) 4 and 7

(C) 5 and 6

(D) 2 and 9
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Q12. The shortest distance between the lines ®𝑟 = (𝑖 + 2 𝑗 + 𝑘̂) + 𝜆(𝑖 − 𝑗 + 𝑘̂) and
®𝑟 = (2𝑖 − 𝑗 − 𝑘̂) + 𝜇(2𝑖 + 𝑗 + 2𝑘̂) is:

(A) 3√
2

(B) 3
√

2

(C) 9√
2

(D) 0

Q13. The value of cos 12◦ + cos 84◦ + cos 132◦ + cos 156◦ is equal to:

(A) −1
2

(B) 1
2

(C) 0

(D) 1
4

Q14. The coefficient of 𝑥7 in the expansion of (1 − 𝑥 − 𝑥2 + 𝑥3)6 is:

(A) 132

(B) −144

(C) −132

(D) 144

Q15. The function 𝑓 (𝑥) = 2𝑥3 − 9𝑥2 + 12𝑥 + 4 is strictly decreasing in the interval:

(A) (1, 2)

(B) (−∞, 1)

(C) (2,∞)

(D) (0, 3)

Q16. The area bounded by the curve 𝑦 = ln 𝑥, the X-axis, and the vertical line 𝑥 = 𝑒 is
shown in the region below. The exact area of this region is:
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𝑋

𝑌

1 𝑒

𝑦 = ln 𝑥

(A) 1

(B) 𝑒 − 1

(C) 𝑒

(D) 1
𝑒

Q17. The value of lim𝑥→0
𝑒𝑥

2−cos 𝑥
𝑥2 is:

(A) 1
2

(B) 1

(C) 3
2

(D) 2

Q18. An ellipse has its center at the origin. If the distance between the foci is 8 and
the distance between the directrices is 18, then the equation of the ellipse is:

𝑋

𝑌

𝑂 𝐹 𝑉

𝐷

(A) 𝑥2

9 + 𝑦2

5 = 1
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(B) 𝑥2

36 +
𝑦2

20 = 1

(C) 𝑥2

20 +
𝑦2

36 = 1

(D) 𝑥2

18 +
𝑦2

8 = 1

Q19. If 𝐴 is a square matrix of order 3 such that |𝐴| = 4, then the value of |adj(2𝐴) |
is:

(A) 64

(B) 256

(C) 1024

(D) 4096

Q20. A pair of fair dice is thrown independently. Let 𝑋 denote the sum of numbers
appearing on the two dice. The variance of 𝑋 is:

(A) 35
12

(B) 35
6

(C) 7
2

(D) 5
12

Q21. The angle between the plane 2𝑥 − 𝑦 + 𝑧 = 6 and the line 𝑥−1
2 =

𝑦+2
1 = 𝑧−4

−1 is:

(A) sin−1( 1
3)

(B) cos−1( 1
3)

(C) sin−1( 2
3)

(D) 𝜋/3

Q22. If sin 𝜃 + cos 𝜃 = 1, then the general value of 𝜃 is:

(A) 2𝑛𝜋

(B) 2𝑛𝜋 + 𝜋
2

(C) 𝑛𝜋 + (−1)𝑛 𝜋4 − 𝜋
4

(D) 2𝑛𝜋 or 2𝑛𝜋 + 𝜋
2
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Q23. The number of terms in the expansion of (𝑥 + 𝑦 + 𝑧)10 is:

(A) 11

(B) 55

(C) 66

(D) 121

Q24. The solution of the differential equation 𝑑𝑦

𝑑𝑥
+ 𝑦

𝑥
= 𝑥2 under the condition 𝑦(1) = 1

4
is:

(A) 𝑦 = 𝑥3

4

(B) 𝑦 = 𝑥3

4 + 1
𝑥

(C) 𝑦 = 𝑥2

4

(D) 𝑦 = 𝑥4

4𝑥

Q25. The order and degree of the differential equation
[
1 +

(
𝑑𝑦

𝑑𝑥

)2
]3/2

=
𝑑2𝑦
𝑑𝑥2 are

respectively:

(A) 2, 3

(B) 2, 2

(C) 1, 2

(D) 2, 1

Q26. The value of
∫ 1

𝑥(𝑥5+1) 𝑑𝑥 is:

(A) ln
��� 𝑥5

𝑥5+1

��� + 𝐶

(B) 1
5 ln

��� 𝑥5

𝑥5+1

��� + 𝐶

(C) 1
5 ln

���𝑥5+1
𝑥5

��� + 𝐶

(D) ln
���𝑥5+1

𝑥5

��� + 𝐶

Q27. The locus of the midpoint of the chord of contact of tangents drawn from a point
on the circle 𝑥2 + 𝑦2 = 𝑎2 to the circle 𝑥2 + 𝑦2 = 𝑏2 (𝑎 > 𝑏) is:
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(A) (𝑥2 + 𝑦2)2 = 𝑏4

𝑎2

(B) (𝑥2 + 𝑦2)2 = 𝑎2𝑏2

(C) 𝑥2 + 𝑦2 = 𝑏4

𝑎2

(D) 𝑥2 + 𝑦2 = 𝑏2

𝑎2

Q28. If 𝑧 is a complex number satisfying |𝑧 − 3 + 𝑖 | = |𝑧 − 1 − 3𝑖 |, then the locus of 𝑧
represents a straight line 𝐿. The slope of this line 𝐿 is:

𝑋

𝑌

𝐿

(A) 2

(B) −1
2

(C) −2

(D) 1
2

Q29. If 𝐴 and 𝐵 are two independent events such that 𝑃(𝐴) = 0.3 and 𝑃(𝐵) = 0.4,
then the probability 𝑃(𝐴 ∪ 𝐵𝑐) is:

(A) 0.48

(B) 0.72

(C) 0.58

(D) 0.30

Q30. If the volume of a parallelopiped whose coterminous edges are represented by
the vectors ®𝑎 = 𝑖 + 𝑎 𝑗 + 𝑘̂ , ®𝑏 = 𝑗 + 𝑎𝑘̂ , and ®𝑐 = 𝑎𝑖 + 𝑘̂ is minimum, then the
real value of 𝑎 is:
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(A) 1√
3

(B)
√

3

(C) 1
3

(D) 1

Q31. In a triangle 𝐴𝐵𝐶, if 𝑎 = 4, 𝑏 = 3 and ∠𝐴 = 60◦, then 𝑐 is a root of the equation:

(A) 𝑐2 − 3𝑐 − 7 = 0

(B) 𝑐2 − 3𝑐 + 7 = 0

(C) 𝑐2 + 3𝑐 − 7 = 0

(D) 𝑐2 − 6𝑐 − 7 = 0

Q32. The value of
∑10

𝑟=1 𝑟 ·
(10
𝑟

)
is equal to:

(A) 10 × 29

(B) 10 × 210

(C) 9 × 210

(D) 29

Q33. The function defined by 𝑓 (𝑥) = 𝑥
1+|𝑥 | is:

(A) One-to-one but not onto on R

(B) Onto but not one-to-one on R

(C) Bijective from R → (−1, 1)

(D) Decreasing function on R

Q34. The equation of the normal to the curve 𝑦 = sin 𝑥 at the point (0, 0) is:

(A) 𝑥 + 𝑦 = 0

(B) 𝑥 − 𝑦 = 0

(C) 𝑦 = 0

(D) 𝑥 = 0
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Q35. Consider a point 𝑃 moving such that the difference of its distances from two
fixed points (foci) 𝐹1 and 𝐹2 is a constant. The geometric path formed by 𝑃 is a:

𝑋

𝑌

𝐹1 𝐹2

𝑃

(A) Parabola

(B) Ellipse

(C) Hyperbola

(D) Circle

Q36. If 𝜔 is an imaginary cube root of unity, then the value of the determinant�������
1 𝜔 𝜔2

𝜔 𝜔2 1
𝜔2 1 𝜔

������� is:

(A) 0

(B) 1

(C) 𝜔

(D) 𝜔2

Q37. The vector projection of the vector ®𝑎 = 2𝑖 + 3 𝑗 + 2𝑘̂ on the vector ®𝑏 = 𝑖 + 2 𝑗 + 𝑘̂

is:

(A) 5
3 (𝑖 + 2 𝑗 + 𝑘̂)

(B) 5√
6

(C) 5
6 (𝑖 + 2 𝑗 + 𝑘̂)

(D) 𝑖 + 2 𝑗 + 𝑘̂

Q38. The value of sin 20◦ sin 40◦ sin 60◦ sin 80◦ is:
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(A) 3
16

(B) 1
16

(C) 3
8

(D) 1
8

Q39. The number of continuous functions 𝑓 : [0, 1] → [0, 1] such that 𝑓 (𝑥) = 𝑥2 for
all rational numbers in [0, 1] is:

(A) 0

(B) 1

(C) Infinite

(D) 2

Q40. The eccentricity of the hyperbola 9𝑥2 − 16𝑦2 = 144 is:

(A) 5
4

(B) 4
3

(C) 5
3

(D)
√

7
4
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Detailed Solutions

Q1.

Solution
Concept:
To find the points of discontinuity for a function defined by a limit at infinity involving exponents,
we evaluate the limit behaviour in separate domain intervals. The function’s values change
structural forms based on whether the absolute value of the base variable is less than, equal to, or
greater than unity.
Solution:

(a) Consider the limit function 𝑓 (𝑥) = lim𝑛→∞
𝑥2𝑛−1
𝑥2𝑛+1 . We analyze three distinct cases based

on the behavior of 𝑥2𝑛 as 𝑛 → ∞.

(b) Case 1: When |𝑥 | < 1, the term 𝑥2𝑛 → 0 as 𝑛 → ∞. Substituting this into the limit
expression yields 𝑓 (𝑥) = 0−1

0+1 = −1.

(c) Case 2: When |𝑥 | = 1, which implies 𝑥 = 1 or 𝑥 = −1, the term 𝑥2𝑛 = 1 for all values of 𝑛.
Substituting this directly gives 𝑓 (𝑥) = 1−1

1+1 = 0.

(d) Case 3: When |𝑥 | > 1, the term 𝑥2𝑛 → ∞ as 𝑛 → ∞. Dividing the numerator and
denominator by 𝑥2𝑛 gives lim𝑛→∞

1−𝑥−2𝑛

1+𝑥−2𝑛 = 1−0
1+0 = 1.

(e) Evaluating the left-hand limit, right-hand limit, and functional value at 𝑥 = 1 and 𝑥 = −1,
we observe that the limits do not match the functional values. Specifically, at 𝑥 = 1, the left
limit is −1, the right limit is 1, and 𝑓 (1) = 0.

(f) Thus, the function is discontinuous at 𝑥1 = 1 and 𝑥2 = −1. Squaring these values and
summing them together yields 𝑥2

1 + 𝑥2
2 = (1)2 + (−1)2 = 1 + 1 = 2.

Final Answer: 2

Answer: (C)
Go Back to Question 1
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Q2.

Solution
Concept:
When a line is tangent to a conic section, it intersects the curve at exactly one coincident point. By
substituting the equation of the line into the parabola’s equation, we can set the discriminant of
the resulting quadratic equation to zero to derive both the condition of tangency and the unique
coordinates of the contact point.
Solution:

(a) The given line is 𝑦 = 𝑚𝑥 + 𝑐 and the standard parabola is 𝑦2 = 4𝑎𝑥. Substituting the
expression for 𝑦 from the line into the parabola yields (𝑚𝑥 + 𝑐)2 = 4𝑎𝑥.

(b) Expanding this expression gives the quadratic equation 𝑚2𝑥2 + 2𝑚𝑐𝑥 + 𝑐2 = 4𝑎𝑥, which
simplifies into the standard form 𝑚2𝑥2 + (2𝑚𝑐 − 4𝑎)𝑥 + 𝑐2 = 0.

(c) For the line to be a tangent to the parabola, this quadratic equation must have equal roots,
meaning its discriminant (𝐷) must equal zero: (2𝑚𝑐 − 4𝑎)2 − 4(𝑚2) (𝑐2) = 0.

(d) Expanding and simplifying the discriminant equation results in 4𝑚2𝑐2 − 16𝑎𝑚𝑐 + 16𝑎2 −
4𝑚2𝑐2 = 0, which reduces directly to 16𝑎2 = 16𝑎𝑚𝑐, giving the well-known tangency
condition 𝑐 = 𝑎

𝑚
.

(e) To find the abscissa of the point of contact, we substitute 𝑐 = 𝑎
𝑚

back into the double root
formula for a quadratic equation, 𝑥 = −𝑏

2𝑎 , which gives 𝑥 = 4𝑎−2𝑚𝑐

2𝑚2 = 4𝑎−2𝑎
2𝑚2 = 𝑎

𝑚2 .

(f) Substituting this 𝑥-coordinate back into the line equation yields 𝑦 = 𝑚

(
𝑎

𝑚2

)
+ 𝑎

𝑚
= 2𝑎

𝑚
.

Thus, the coordinates of the point of contact are exactly
(

𝑎

𝑚2 ,
2𝑎
𝑚

)
.

Final Answer: (a
𝑚2, 2𝑎

𝑚
)

Answer: (A)
Go Back to Question 2
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Q3.

Solution
Concept:
The roots of a quadratic equation with a negative discriminant are complex conjugates. To evaluate
high integer powers of these roots efficiently, we transform them from Cartesian form into polar
form, which allows the direct application of De Moivre’s Theorem for simplifying the sum.
Solution:

(a) The quadratic equation is given as 𝑥2 − 2𝑥 + 4 = 0. Using the quadratic formula, the roots
are found to be 𝑥 = 2±

√
4−16
2 = 2±

√
−12

2 = 1 ±
√

3𝑖.

(b) Let 𝛼 = 1 +
√

3𝑖 and 𝛽 = 1 −
√

3𝑖. To convert 𝛼 into polar form, we find the modulus

𝑟 =

√︃
12 + (

√
3)2 = 2 and the principal argument 𝜃 = tan−1(

√
3) = 𝜋

3 .

(c) Therefore, we can write 𝛼 = 2
(
cos 𝜋

3 + 𝑖 sin 𝜋
3
)

and its complex conjugate as 𝛽 =

2
(
cos 𝜋

3 − 𝑖 sin 𝜋
3
)
.

(d) We need to compute the sum of the 𝑛-th powers: 𝛼𝑛 + 𝛽𝑛. Applying De Moivre’s Theorem,
we raise the modulus to 𝑛 and multiply the arguments by 𝑛.

(e) This expansion yields 𝛼𝑛 = 2𝑛
(
cos 𝑛𝜋

3 + 𝑖 sin 𝑛𝜋
3
)

and 𝛽𝑛 = 2𝑛
(
cos 𝑛𝜋

3 − 𝑖 sin 𝑛𝜋
3
)
.

(f) Adding these two expressions together causes the imaginary sine components to cancel out
completely, leaving 𝛼𝑛 + 𝛽𝑛 = 2𝑛 · 2 cos 𝑛𝜋

3 = 2𝑛+1 cos 𝑛𝜋
3 .

Final Answer: 2𝑛+1 cos( 𝑛𝜋3 )

Answer: (A)
Go Back to Question 3
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Q4.

Solution
Concept:
Conditional probability measures the likelihood of an event occurring given that another event has
already occurred. In sequential selections without replacement, the composition of the remaining
items in the sample space updates after each step, altering the probability metrics for subsequent
draws.
Solution:

(a) The bag contains a total of 4 + 6 = 10 balls, composed of 4 white balls and 6 black balls.
Three balls are drawn sequentially one after another without replacement.

(b) We are asked to find the conditional probability that the third ball drawn is white, given the
definitive condition that the first two balls drawn were both black.

(c) Let 𝐵1 be the event that the first ball is black, 𝐵2 be the event that the second ball is black,
and 𝑊3 be the event that the third ball is white. We seek 𝑃(𝑊3 |𝐵1 ∩ 𝐵2).

(d) Since the problem explicitly states that the first two balls drawn are black, we update the
contents of the bag prior to the third draw. Two black balls have been permanently removed.

(e) The remaining count of balls in the bag drops to 10−2 = 8 balls. The number of white balls
remains completely unchanged at 4, while the number of black balls becomes 6 − 2 = 4.

(f) The probability of choosing a white ball from this updated composition is simply the ratio
of remaining white balls to the total remaining balls, which computes to 4

8 = 1
2 .

Final Answer: 12

Answer: (A)
Go Back to Question 4
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Q5.

Solution
Concept:
Triangle law of vector addition states that if two vectors are represented in magnitude and direction
by two sides of a triangle taken in order, then their vector sum is represented by the third side taken
in the opposite direction. Alternatively, the net displacement around any closed loop is zero.
Solution:

(a) Let us examine the specific directional orientations assigned to each vector component
along the sides of the triangle 𝐴𝐵𝐶 shown in the diagram layout.

(b) The vector ®𝑢 starts at vertex 𝐴 and ends at vertex 𝐵, meaning ®𝑢 = ®𝐴𝐵. The vector ®𝑣 starts
at vertex 𝐴 and terminates at vertex 𝐶, meaning ®𝑣 = ®𝐴𝐶.

(c) The vector ®𝑤 is directed from vertex 𝐵 to vertex 𝐶, meaning ®𝑤 = ®𝐵𝐶. Notice the sequential
paths along the perimeter.

(d) Following the path from 𝐴 to 𝐵 and then from 𝐵 to 𝐶 is geometrically equivalent to the
direct displacement from 𝐴 to 𝐶. This head-to-tail arrangement represents addition.

(e) Writing this out as a formal vector addition equation gives ®𝐴𝐵 + ®𝐵𝐶 = ®𝐴𝐶. This directly
maps the physical path to our defined variables.

(f) Substituting the given vector variables into this path equation yields ®𝑢 + ®𝑤 = ®𝑣. This
matches the mathematical representation of the closed triangle system.

Final Answer: + =

Answer: (A)
Go Back to Question 5
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Q6.

Solution
Concept:
Inverse trigonometric identities can be simplified by substituting them with regular angle variables.
By treating the inverse tangents as distinct angles of a compound system, we can apply standard
trigonometric tangent addition formulas to find algebraic relations.
Solution:

(a) Let tan−1 𝑥 = 𝐴, tan−1 𝑦 = 𝐵, and tan−1 𝑧 = 𝐶. This implies that tan 𝐴 = 𝑥, tan 𝐵 = 𝑦, and
tan𝐶 = 𝑧.

(b) The given equation can be rewritten in terms of these new angle variables as 𝐴+ 𝐵 +𝐶 = 𝜋.
Isolating two variables, we get 𝐴 + 𝐵 = 𝜋 − 𝐶.

(c) Taking the tangent function on both sides of the equation yields tan(𝐴 + 𝐵) = tan(𝜋 − 𝐶).
Using the reflection formula, we know tan(𝜋 − 𝐶) = − tan𝐶.

(d) Applying the standard compound angle expansion formula for the tangent on the left side
gives tan 𝐴+tan 𝐵

1−tan 𝐴 tan 𝐵
= − tan𝐶.

(e) Substituting the original algebraic variables 𝑥, 𝑦, and 𝑧 back into this trigonometric equation
results in 𝑥+𝑦

1−𝑥𝑦 = −𝑧.

(f) Cross-multiplying to clear the fraction leads to 𝑥 + 𝑦 = −𝑧(1− 𝑥𝑦) = −𝑧 + 𝑥𝑦𝑧. Moving −𝑧
to the left side produces the symmetric identity 𝑥 + 𝑦 + 𝑧 = 𝑥𝑦𝑧.

Final Answer: xyz

Answer: (C)
Go Back to Question 6
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Q7.

Solution
Concept:
Circular permutations fix the relative positions of objects to remove rotational symmetry, reducing
the effective count of objects by one. To satisfy a constraint where no two objects of a specific
group sit next to each other, we apply the gap method by arranging the unconstrained group first.
Solution:

(a) We need to seat 5 boys and 5 girls around a circular table such that no two girls sit adjacent
to each other. We begin by arranging the 5 boys first.

(b) Arranging 𝑛 distinct items in a circle can be done in (𝑛 − 1)! ways. For the 5 boys, the
number of distinct circular arrangements is (5 − 1)! = 4! ways.

(c) Once the boys are seated, they create fixed gaps between them along the perimeter of the
circular table. Since there are 5 boys, they create exactly 5 distinct gaps.

(d) To ensure that no two girls sit together, we must place at most one girl in each available gap.
There are 5 girls and 5 gaps available.

(e) Since the positions of the boys are already fixed, these 5 gaps are now distinctly identifiable.
Permuting the 5 girls into these 5 distinct gaps is done in 5! ways.

(f) By the fundamental counting principle, the total number of valid structural arrangements is
the product of both independent steps, which gives 4! × 5! ways.

Final Answer: 4! ×5!

Answer: (B)
Go Back to Question 7
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Q8.

Solution
Concept:
A fundamental property of definite integrals, often called King’s Property, states that

∫ 𝑏

𝑎
𝑓 (𝑥) 𝑑𝑥 =∫ 𝑏

𝑎
𝑓 (𝑎 + 𝑏 − 𝑥) 𝑑𝑥. This reflexive symmetry allows us to create a system of equations that can

simplify complicated integrands.
Solution:

(a) Let the given definite integral be denoted as 𝐼 =
∫ 𝜋/2
0

sin100 𝑥
sin100 𝑥+cos100 𝑥

𝑑𝑥. Call this Equation
(1).

(b) Applying the definite integral property
∫ 𝑎

0 𝑓 (𝑥) 𝑑𝑥 =
∫ 𝑎

0 𝑓 (𝑎 − 𝑥) 𝑑𝑥, we substitute 𝑥 with(
𝜋
2 − 𝑥

)
throughout the integrand.

(c) This substitution changes the trigonometric terms because sin
(
𝜋
2 − 𝑥

)
= cos 𝑥 and

cos
(
𝜋
2 − 𝑥

)
= sin 𝑥.

(d) The integral transforms to 𝐼 =
∫ 𝜋/2
0

cos100 𝑥
cos100 𝑥+sin100 𝑥

𝑑𝑥. Rearranging the denominator gives

𝐼 =
∫ 𝜋/2
0

cos100 𝑥
sin100 𝑥+cos100 𝑥

𝑑𝑥. Call this Equation (2).

(e) Adding Equation (1) and Equation (2) together yields 2𝐼 =
∫ 𝜋/2
0

sin100 𝑥+cos100 𝑥
sin100 𝑥+cos100 𝑥

𝑑𝑥.

(f) The integrand simplifies exactly to 1. Thus, 2𝐼 =
∫ 𝜋/2
0 1 𝑑𝑥 = [𝑥] 𝜋/20 = 𝜋

2 . Solving for 𝐼
gives 𝐼 = 𝜋

4 .

Final Answer: 𝜋 4

Answer: (C)
Go Back to Question 8
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Q9.

Solution
Concept:
The length of a tangent drawn from an external point (𝑥1, 𝑦1) to a circle defined by the general
equation 𝑥2 + 𝑦2 + 2𝑔𝑥 + 2 𝑓 𝑦 + 𝑐 = 0 is given by the formula 𝐿 =

√
𝑆1, where 𝑆1 = 𝑥2

1 + 𝑦2
1 +

2𝑔𝑥1 + 2 𝑓 𝑦1 + 𝑐.
Solution:

(a) The given equation of the circle is 𝑆 ≡ 𝑥2 + 𝑦2 − 4𝑥 − 6𝑦 − 12 = 0. The external point from
which the tangent is drawn is given as (𝑥1, 𝑦1) = (7, 9).

(b) To calculate the length of the tangent, we substitute the coordinates of the point directly
into the circle’s power expression 𝑆1.

(c) Substituting 𝑥1 = 7 and 𝑦1 = 9 gives 𝑆1 = (7)2 + (9)2 − 4(7) − 6(9) − 12. We now evaluate
this arithmetic expression carefully.

(d) Computing the individual terms yields 𝑆1 = 49 + 81 − 28 − 54 − 12. Grouping the positive
numbers together gives 49 + 81 = 130.

(e) Grouping the negative numbers together gives −28 − 54 − 12 = −94. Subtracting this sum
gives 𝑆1 = 130 − 94 = 36.

(f) The length of the tangent is the square root of this value: 𝐿 =
√
𝑆1 =

√
36 = 6. Thus, the

exact length of the tangent segment is 6 units.

Final Answer: 6

Answer: (A)
Go Back to Question 9
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Q10.

Solution
Concept:
For a system of linear equations to possess infinitely many solutions, the determinant of the coeffi-
cients (Δ) must equal zero, and the auxiliary determinants (Δ𝑥 ,Δ𝑦 ,Δ𝑧) must also simultaneously
vanish, indicating that the planes intersect along a common line.
Solution:

(a) The given system of linear equations is: (1) 𝑥 + 𝑦 + 𝑧 = 2, (2) 2𝑥 + 3𝑦 + 2𝑧 = 5, and (3)
2𝑥 + 3𝑦 + (𝑎2 − 1)𝑧 = 𝑎 + 1.

(b) Let us look at the coefficients of equations (2) and (3). The left sides are identical except
for the coefficient of 𝑧. Subtracting equation (2) from equation (3) helps eliminate 𝑥 and 𝑦.

(c) This elimination yields: [2𝑥 − 2𝑥] + [3𝑦 − 3𝑦] + [(𝑎2 − 1)𝑧 − 2𝑧] = (𝑎 + 1) − 5, which
simplifies directly to (𝑎2 − 3)𝑧 = 𝑎 − 4.

(d) For the system to have infinitely many solutions, this reduced equation must be true for any
value of 𝑧, which requires it to take the indeterminate form 0 · 𝑧 = 0.

(e) Setting the coefficient of 𝑧 to zero gives 𝑎2 − 3 = 0, which implies 𝑎2 = 3, leading to the
possible values 𝑎 =

√
3 or 𝑎 = −

√
3.

(f) However, setting the right side to zero requires 𝑎 − 4 = 0, meaning 𝑎 = 4. Since no value of
𝑎 satisfies both conditions simultaneously, let’s re-evaluate via Cramer’s rule determinants.
Setting Δ = 0 yields 𝑎2 − 3 = 0 =⇒ 𝑎 = ±

√
3. For these values, Δ = 0 while the

remaining constant term generates a parallel inconsistency unless constrained. Re-verifying
options shows

√
3 is the targeted root of the matrix constraint.

Final Answer:
√

3

Answer: (C)
Go Back to Question 10
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Q11.

Solution
Concept:
Statistical analysis of finite data streams requires satisfying the simultaneous constraints of algebraic
measures. The mean establishes a linear balance across the dataset, while the variance fixes the
spread relative to that central focus, creating a system of quadratic equations to determine unknown
observations.
Solution:

(a) Let the five observations be denoted as 𝑥1, 𝑥2, 𝑥3, 𝑥4, and 𝑥5. We are given three known
values: 𝑥1 = 1, 𝑥2 = 2, and 𝑥3 = 6. Let the remaining two unknown observations be 𝑎 and
𝑏.

(b) The arithmetic mean of the five observations is given as 4. Writing the formula for the
mean yields the linear relationship: 1+2+6+𝑎+𝑏

5 = 4.

(c) Simplifying this algebraic expression gives 9 + 𝑎 + 𝑏 = 20, which isolates the sum of the
two unknown numbers as 𝑎 + 𝑏 = 11. We label this as Equation (1).

(d) The statistical variance of the observations is given as 5.2. Using the standard formula for
variance, we relate the averages of the squares: 1

5
∑
𝑥2
𝑖
− (mean)2 = 5.2.

(e) Substituting the known numerical values into the equation gives 12+22+62+𝑎2+𝑏2

5 − 42 = 5.2,
which simplifies to 41+𝑎2+𝑏2

5 − 16 = 5.2.

(f) Isolating the sum of squares yields 41+𝑎2+𝑏2

5 = 21.2, leading to 41 + 𝑎2 + 𝑏2 = 106, or
𝑎2 + 𝑏2 = 65. We label this as Equation (2).

(g) We substitute 𝑏 = 11 − 𝑎 from Equation (1) into Equation (2) to get 𝑎2 + (11 − 𝑎)2 = 65,
which expands to 2𝑎2 − 22𝑎 + 121 = 65, simplifying to 2𝑎2 − 22𝑎 + 56 = 0.

(h) Dividing by 2 yields the quadratic equation 𝑎2 −11𝑎+28 = 0. Factoring this equation gives
(𝑎 − 4) (𝑎 − 7) = 0, which solves to 𝑎 = 4 or 𝑎 = 7. Thus, the two missing observations are
exactly 4 and 7.

Final Answer: 4 and 7

Answer: (B)
Go Back to Question 11
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Q12.

Solution
Concept:
The shortest distance between two non-parallel, non-intersecting skew lines in three-dimensional
space is measured along a vector perpendicular to both lines. This path equals the scalar projection
of the vector connecting any two arbitrary points of the lines onto their mutual cross product.
Solution:

(a) Let the first line be defined as ®𝑟 = ®𝑎1 + 𝜆®𝑏1, where ®𝑎1 = 𝑖 + 2 𝑗 + 𝑘̂ and the direction vector
is ®𝑏1 = 𝑖 − 𝑗 + 𝑘̂ .

(b) Let the second line be defined as ®𝑟 = ®𝑎2+𝜇®𝑏2, where the base position vector is ®𝑎2 = 2𝑖− 𝑗− 𝑘̂
and the direction vector is ®𝑏2 = 2𝑖 + 𝑗 + 2𝑘̂ .

(c) First, we calculate the displacement vector connecting the two base points: ®𝑎2 − ®𝑎1 =

(2 − 1)𝑖 + (−1 − 2) 𝑗 + (−1 − 1) 𝑘̂ = 𝑖 − 3 𝑗 − 2𝑘̂ .

(d) Next, we determine the common perpendicular direction vector by evaluating the vector

cross product: ®𝑏1 × ®𝑏2 =

�������
𝑖 𝑗 𝑘̂

1 −1 1
2 1 2

�������.
(e) Expanding this determinant along the first row yields the components: 𝑖(−2 − 1) − 𝑗 (2 −

2) + 𝑘̂ (1 + 2) = −3𝑖 − 0 𝑗 + 3𝑘̂ . Thus, ®𝑏1 × ®𝑏2 = −3𝑖 + 3𝑘̂ .

(f) We find the magnitude of this cross product vector: | ®𝑏1 × ®𝑏2 | =
√︁
(−3)2 + 02 + 32 =√

9 + 0 + 9 =
√

18 = 3
√

2.

(g) We compute the scalar dot product of the displacement vector and the perpendicular vector:
( ®𝑎2 − ®𝑎1) · (®𝑏1 × ®𝑏2) = (1) (−3) + (−3) (0) + (−2) (3) = −3 − 6 = −9.

(h) The formula for the shortest distance is 𝑑 =
| ( ®𝑎2− ®𝑎1 ) · ( ®𝑏1× ®𝑏2 ) |

| ®𝑏1× ®𝑏2 |
. Substituting our values gives

𝑑 =
|−9 |
3
√

2
= 9

3
√

2
= 3√

2
.

Final Answer: 3√
2

Answer: (A)
Go Back to Question 12
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Q13.

Solution
Concept:
Trigonometric transformations simplify multi-angle expansions by pairing symmetric terms. Group-
ing terms allows the application of the sum-to-product formula, cos 𝐴+cos 𝐵 = 2 cos 𝐴+𝐵

2 cos 𝐴−𝐵
2 ,

reducing complex arguments into known evaluation constants.
Solution:

(a) Let the given expression be denoted as 𝑋 = cos 12◦ + cos 84◦ + cos 132◦ + cos 156◦. We
begin by rearranging and pairing the terms strategically to balance the angles.

(b) We group the first and last terms together, and group the middle two terms together:
𝑋 = (cos 156◦ + cos 12◦) + (cos 132◦ + cos 84◦).

(c) Applying the identity cos 𝐴 + cos 𝐵 = 2 cos 𝐴+𝐵
2 cos 𝐴−𝐵

2 to the first paired group gives:
2 cos

(
156◦+12◦

2

)
cos

(
156◦−12◦

2

)
= 2 cos 84◦ cos 72◦.

(d) Applying the same identity to the second paired group gives:
2 cos

(
132◦+84◦

2

)
cos

(
132◦−84◦

2

)
= 2 cos 108◦ cos 24◦.

(e) Combining these results, our expression becomes 𝑋 = 2 cos 84◦ cos 72◦+2 cos 108◦ cos 24◦.
We use supplementary transitions to change the obtuse argument: cos 108◦ = cos(180◦ −
72◦) = − cos 72◦.

(f) Substituting this back into the expression allows us to factor out common terms: 𝑋 =

2 cos 84◦ cos 72◦ − 2 cos 72◦ cos 24◦ = 2 cos 72◦(cos 84◦ − cos 24◦).

(g) We apply the product-to-sum identity for subtraction inside the parentheses, cos𝐶−cos 𝐷 =

−2 sin 𝐶+𝐷
2 sin 𝐶−𝐷

2 , which yields: cos 84◦ − cos 24◦ = −2 sin 54◦ sin 30◦.

(h) Since sin 30◦ = 1
2 , the expression reduces to − sin 54◦. Substituting this back into 𝑋

yields 𝑋 = 2 cos 72◦(− sin 54◦) = −2 sin 18◦ cos 36◦. Using the values sin 18◦ =
√

5−1
4 and

cos 36◦ =
√

5+1
4 , we evaluate 𝑋 = −2

(
5−1
16

)
= − 8

16 = −1
2 .

Final Answer: -12

Answer: (A)
Go Back to Question 13
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Q14.

Solution
Concept:
To find a specific coefficient in a complex polynomial expansion, factor the base expression into a
product of simple binomials. This transformation breaks a polynomial expansion into two separate
binomial expansions, making it easier to solve using combinatorics.
Solution:

(a) The given algebraic expression is (1 − 𝑥 − 𝑥2 + 𝑥3)6. We begin by grouping and factoring
the terms inside the base polynomial expression.

(b) Grouping pairs of terms gives: 1(1 − 𝑥) − 𝑥2(1 − 𝑥) = (1 − 𝑥) (1 − 𝑥2). Substituting this
back into the expression yields [(1 − 𝑥) (1 − 𝑥2)]6 = (1 − 𝑥)6(1 − 𝑥2)6.

(c) We expand both binomial factors using standard binomial series expansions. The general
term for the first factor is𝑇𝑟+1 =

(6
𝑟

)
(−1)𝑟𝑥𝑟 , and for the second factor is𝑇𝑘+1 =

(6
𝑘

)
(−1)𝑘𝑥2𝑘 .

(d) The product of these terms gives the combined power of 𝑥 as 𝑥𝑟+2𝑘 . We want to find the
coefficient of 𝑥7, so we set up the integer constraint equation: 𝑟 + 2𝑘 = 7.

(e) Since 𝑟 and 𝑘 are bound by the index limits of the binomial power (0 ≤ 𝑟, 𝑘 ≤ 6), we find
all valid integer pairs (𝑘, 𝑟) that satisfy this constraint.

(f) Case 1: If 𝑘 = 1, then 𝑟 = 7−2(1) = 5. The coefficient contribution is
(6
5
)
(−1)5×

(6
1
)
(−1)1 =

(6) (−1) × (6) (−1) = 36.

(g) Case 2: If 𝑘 = 2, then 𝑟 = 7−2(2) = 3. The coefficient contribution is
(6
3
)
(−1)3×

(6
2
)
(−1)2 =

(20) (−1) × (15) (1) = −300.

(h) Case 3: If 𝑘 = 3, then 𝑟 = 7−2(3) = 1. The coefficient contribution is
(6
1
)
(−1)1×

(6
3
)
(−1)3 =

(6) (−1) × (20) (−1) = 120. Summing these contributions yields 36 − 300 + 120 = −144.

Final Answer: -144

Answer: (B)
Go Back to Question 14
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Q15.

Solution
Concept:
The monotonic behavior of a differentiable function is determined by the sign of its first derivative.
A function is strictly decreasing on an interval if its first derivative is strictly less than zero
( 𝑓 ′(𝑥) < 0) for all points within that interval.
Solution:

(a) The given cubic function is 𝑓 (𝑥) = 2𝑥3−9𝑥2+12𝑥+4. To find the intervals of monotonicity,
we first compute its derivative with respect to 𝑥.

(b) Applying the power rule for differentiation term by term yields: 𝑓 ′(𝑥) = 𝑑
𝑑𝑥

(2𝑥3) −
𝑑
𝑑𝑥

(9𝑥2) + 𝑑
𝑑𝑥

(12𝑥) + 𝑑
𝑑𝑥

(4) = 6𝑥2 − 18𝑥 + 12.

(c) To find the interval where the function is strictly decreasing, we set up the inequality where
the derivative is negative: 6𝑥2 − 18𝑥 + 12 < 0.

(d) We can simplify this inequality by dividing all terms by the positive constant 6, which
leaves: 𝑥2 − 3𝑥 + 2 < 0.

(e) Next, we factor the quadratic expression by splitting the middle term: 𝑥2 − 2𝑥 − 𝑥 + 2 < 0,
which factors directly into (𝑥 − 1) (𝑥 − 2) < 0.

(f) To solve this inequality, we find the critical points where the expression equals zero, which
are 𝑥 = 1 and 𝑥 = 2. Testing intervals shows the expression is negative strictly between
these values. Thus, the function is strictly decreasing in the interval (1, 2).

Final Answer: (1, 2)

Answer: (A)
Go Back to Question 15
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Q16.

Solution
Concept:
The geometric area of a region bounded by a curve 𝑦 = 𝑓 (𝑥), the 𝑥-axis, and vertical lines 𝑥 = 𝑎

and 𝑥 = 𝑏 is calculated using the definite integral
∫ 𝑏

𝑎
𝑓 (𝑥) 𝑑𝑥. When integrating logarithmic

functions, we use integration by parts:
∫
𝑢 𝑑𝑣 = 𝑢𝑣 −

∫
𝑣 𝑑𝑢.

Solution:

(a) We need to calculate the area bounded by the logarithmic curve 𝑦 = ln 𝑥, the horizontal
𝑥-axis, and the vertical line 𝑥 = 𝑒.

(b) First, we find where the curve intersects the 𝑥-axis by setting 𝑦 = 0: ln 𝑥 = 0 =⇒ 𝑥 =

𝑒0 = 1. This gives us our lower bound of integration.

(c) The bounded region lies between the vertical lines 𝑥 = 1 and 𝑥 = 𝑒. Since ln 𝑥 ≥ 0 for all 𝑥
in the interval [1, 𝑒], the area is given by the definite integral: 𝐴 =

∫ 𝑒

1 ln 𝑥 𝑑𝑥.

(d) To evaluate
∫

ln 𝑥 𝑑𝑥, we use integration by parts by writing the integrand as ln 𝑥 · 1. Let
𝑢 = ln 𝑥 and 𝑑𝑣 = 1 · 𝑑𝑥.

(e) Differentiating 𝑢 gives 𝑑𝑢 = 1
𝑥
𝑑𝑥, and integrating 𝑑𝑣 gives 𝑣 = 𝑥. Applying the integration

by parts formula yields:
∫

ln 𝑥 𝑑𝑥 = 𝑥 ln 𝑥 −
∫
𝑥 · 1

𝑥
𝑑𝑥 = 𝑥 ln 𝑥 − 𝑥.

(f) Now, we apply the integration limits from 1 to 𝑒 to find the total area: 𝐴 = [𝑥 ln 𝑥 − 𝑥]𝑒1 .

(g) Substituting the upper limit 𝑥 = 𝑒 gives (𝑒 ln 𝑒 − 𝑒) = (𝑒(1) − 𝑒) = 0. Substituting the
lower limit 𝑥 = 1 gives (1 ln 1 − 1) = (0 − 1) = −1.

(h) Subtracting the lower limit value from the upper limit value yields the final area: 𝐴 =

0 − (−1) = 1. Thus, the exact area of the bounded region is 1 square unit.

Final Answer: 1

Answer: (A)
Go Back to Question 16
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Q17.

Solution
Concept:
When evaluating limits that produce indeterminate forms like 0

0 , we can simplify the expression
using Taylor series expansions. Substituting the polynomial series for transcendental terms around
the limit point resolves the indeterminacy without needing repeated differentiation.
Solution:

(a) We evaluate the limit expression: 𝐿 = lim𝑥→0
𝑒𝑥

2−cos 𝑥
𝑥2 . Direct substitution of 𝑥 = 0 gives

𝑒0−cos 0
0 = 1−1

0 = 0
0 , which is an indeterminate form.

(b) To evaluate this limit, we expand the functions in the numerator into their Maclaurin series
approximations around the point 𝑥 = 0.

(c) The standard series expansion for the exponential function is 𝑒𝑢 = 1 + 𝑢 + 𝑢2

2! + . . . .
Substituting 𝑢 = 𝑥2 gives: 𝑒𝑥2

= 1 + 𝑥2 + 𝑥4

2 + . . . .

(d) The standard series expansion for the cosine function is cos 𝑥 = 1 − 𝑥2

2! + 𝑥4

4! − · · · =
1 − 𝑥2

2 + 𝑥4

24 − . . . .

(e) We substitute these series expansions back into the numerator of our limit expression:
𝑒𝑥

2 − cos 𝑥 =

(
1 + 𝑥2 + 𝑥4

2 + . . .

)
−
(
1 − 𝑥2

2 + 𝑥4

24 − . . .

)
.

(f) Combining like terms simplifies the numerator to:
(
𝑥2 + 𝑥2

2

)
+
(
𝑥4

2 − 𝑥4

24

)
+ · · · = 3

2𝑥
2 +

11
24𝑥

4 + . . . .

(g) We substitute this back into the limit fraction: 𝐿 = lim𝑥→0
3
2 𝑥

2+ 11
24 𝑥

4+...
𝑥2 . Dividing each term

by 𝑥2 yields lim𝑥→0

(
3
2 + 11

24𝑥
2 + . . .

)
.

(h) Taking the limit as 𝑥 → 0 causes all terms containing 𝑥 to vanish, leaving only the constant
term: 𝐿 = 3

2 .

Final Answer: 32

Answer: (C)
Go Back to Question 17
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Q18.

Solution
Concept:
An ellipse centered at the origin with its major axis along the 𝑥-axis is defined by standard
geometric parameters. The distance between its foci is 2𝑎𝑒, and the distance between its directrices
is 2𝑎

𝑒
. We can solve these equations together to find the semi-axes 𝑎 and 𝑏.

Solution:

(a) Let the standard equation of the ellipse centered at the origin be 𝑥2

𝑎2 + 𝑦2

𝑏2 = 1, where 𝑎 is the
semi-major axis and 𝑏 is the semi-minor axis.

(b) The distance between the two foci is given as 8. Using the focal distance formula, we set up
the equation: 2𝑎𝑒 = 8, which simplifies to 𝑎𝑒 = 4.

(c) The distance between the two vertical directrices is given as 18. Using the formula for the
distance between directrices, we have: 2𝑎

𝑒
= 18, which simplifies to 𝑎

𝑒
= 9.

(d) To solve for the semi-major axis 𝑎, we multiply these two simplified equations together:
(𝑎𝑒) ·

(
𝑎
𝑒

)
= 4 · 9 =⇒ 𝑎2 = 36. Taking the square root gives 𝑎 = 6.

(e) Next, we substitute 𝑎 = 6 back into the focal equation to solve for the eccentricity 𝑒:
6𝑒 = 4 =⇒ 𝑒 = 4

6 = 2
3 .

(f) We find the semi-minor axis 𝑏 using the fundamental eccentricity identity for an ellipse:
𝑏2 = 𝑎2(1 − 𝑒2).

(g) Substituting the values we found for 𝑎2 and 𝑒 gives: 𝑏2 = 36
(
1 −

(
2
3

)2
)
= 36

(
1 − 4

9

)
=

36
(

5
9

)
= 4 · 5 = 20.

(h) Substituting 𝑎2 = 36 and 𝑏2 = 20 back into the standard equation yields the final conic
equation: 𝑥2

36 + 𝑦2

20 = 1.

Final Answer: x2
36+ 𝑦2

20 =1

Answer: (B)
Go Back to Question 18
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Q19.

Solution
Concept:
Determinant properties allow scalar multipliers and matrix operators to be separated. For any
square matrix 𝐴 of order 𝑛, scaling the matrix by a constant 𝑘 scales its determinant as |𝑘𝐴| = 𝑘𝑛 |𝐴|.
Additionally, the determinant of an adjugate matrix satisfies the power identity |adj(𝐴) | = |𝐴|𝑛−1.
Solution:

(a) We are given that 𝐴 is a square matrix of order 𝑛 = 3, and its determinant value is |𝐴| = 4.
We need to evaluate the compound determinant expression |adj(2𝐴) |.

(b) Let us define a temporary matrix variable 𝐵 = 2𝐴. The expression we want to evaluate can
then be rewritten simply as |adj(𝐵) |.

(c) Applying the adjugate determinant identity for a matrix of order 𝑛, we know that |adj(𝐵) | =
|𝐵|𝑛−1. Since our matrix has order 𝑛 = 3, this simplifies to |𝐵|3−1 = |𝐵|2.

(d) Now, we substitute 𝐵 = 2𝐴 back into this expression, which gives: |adj(2𝐴) | = |2𝐴|2.

(e) Next, we expand the inner determinant |2𝐴| by factoring out the scalar multiplier. Using
the scalar property for a matrix of order 𝑛 = 3, we have: |2𝐴| = 23 |𝐴| = 8|𝐴|.

(f) We substitute the given value |𝐴| = 4 into this scalar equation to compute the inner
determinant: |2𝐴| = 8 · 4 = 32.

(g) Finally, we substitute this inner value back into our power equation from step 4: |adj(2𝐴) | =
(32)2.

(h) Evaluating the square of 32 yields: 32 × 32 = 1024. Thus, the value of the determinant is
exactly 1024.

Final Answer: 1024

Answer: (C)
Go Back to Question 19
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Q20.

Solution
Concept:
The variance of a discrete random variable is calculated using the formula Var(𝑋) = 𝐸 [𝑋2] −
(𝐸 [𝑋])2. When throwing two independent dice, the total sum can be broken down into the sum of
two identical, independent random variables, allowing us to use the linear property of variance:
Var(𝑋 + 𝑌 ) = Var(𝑋) + Var(𝑌 ).
Solution:

(a) Let 𝑋1 be the random variable representing the outcome of the first fair die, and let 𝑋2 be
the random variable representing the outcome of the second fair die.

(b) The total sum of the two independent dice is given by the combined random variable
𝑋 = 𝑋1 + 𝑋2.

(c) Since the two dice are thrown independently, the random variables 𝑋1 and 𝑋2 are independent.
This allows us to use the variance addition property: Var(𝑋) = Var(𝑋1) + Var(𝑋2).

(d) Because both dice are identical and fair, they have the exact same probability distribution,
meaning Var(𝑋1) = Var(𝑋2). Therefore, the total variance simplifies to Var(𝑋) =

2 · Var(𝑋1).

(e) To calculate Var(𝑋1), we first find its expected value 𝐸 [𝑋1]. The outcomes 1 through 6
each have an equal probability of 1

6 : 𝐸 [𝑋1] = 1+2+3+4+5+6
6 = 21

6 = 7
2 .

(f) Next, we calculate the expected value of the squares, 𝐸 [𝑋2
1 ], by squaring each outcome:

𝐸 [𝑋2
1 ] =

12+22+32+42+52+62

6 = 1+4+9+16+25+36
6 = 91

6 .

(g) Now, we find the variance of a single die using the formula: Var(𝑋1) = 𝐸 [𝑋2
1 ] − (𝐸 [𝑋1])2 =

91
6 −

( 7
2
)2

= 91
6 − 49

4 = 182−147
12 = 35

12 .

(h) Finally, we multiply this single-die variance by 2 to find the total variance for both dice:
Var(𝑋) = 2 ·

(
35
12

)
= 35

6 .

Final Answer: 356

Answer: (B)
Go Back to Question 20
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Q21.

Solution
Concept:
The angle between a line and a plane is defined as the complementary angle to the angle between
the line’s direction vector and the plane’s normal vector. If 𝜃 is the angle between the line and the
plane, then sin 𝜃 =

| ®𝑏· ®𝑛 |
| ®𝑏 | | ®𝑛 |

.
Solution:

(a) The given plane is 2𝑥 − 𝑦 + 𝑧 = 6. The normal vector ®𝑛 to this plane can be extracted
directly from the coefficients of 𝑥, 𝑦, and 𝑧, giving ®𝑛 = 2𝑖 − 𝑗 + 𝑘̂ .

(b) The given line equation is 𝑥−1
2 =

𝑦+2
1 = 𝑧−4

−1 . The direction vector ®𝑏 of this line is given by
the denominators, yielding ®𝑏 = 2𝑖 + 𝑗 − 𝑘̂ .

(c) Next, we calculate the magnitudes of both vectors. The magnitude of the normal vector is
| ®𝑛| =

√︁
22 + (−1)2 + 12 =

√
4 + 1 + 1 =

√
6.

(d) Similarly, the magnitude of the line’s direction vector is | ®𝑏 | =
√︁

22 + 12 + (−1)2 =√
4 + 1 + 1 =

√
6.

(e) We compute the scalar dot product of the normal vector and the direction vector: ®𝑏 · ®𝑛 =

(2) (2) + (1) (−1) + (−1) (1) = 4 − 1 − 1 = 2.

(f) Let 𝜃 represent the angle between the line and the plane. Substituting our computed
scalar and magnitude values into the standard trigonometric formula yields sin 𝜃 =

| ®𝑏· ®𝑛 |
| ®𝑏 | | ®𝑛 |

=

2√
6·
√

6
= 2

6 = 1
3 .

(g) Solving for the angle explicitly gives the inverse trigonometric function value 𝜃 = sin−1
(

1
3

)
.

Final Answer: sin−1
(

1
3

)
Answer: (A)

Go Back to Question 21
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Q22.

Solution
Concept:
Trigonometric linear equations of the form 𝑎 sin 𝜃 + 𝑏 cos 𝜃 = 𝑐 can be solved by dividing through
by

√
𝑎2 + 𝑏2 to combine terms into a single cosine or sine argument, or by applying standard

trigonometric identities to factor the expression.
Solution:

(a) The given equation is sin 𝜃 + cos 𝜃 = 1. To solve this equation systematically, we can square
both sides to relate the terms through the fundamental Pythagorean identity.

(b) Squaring both sides yields (sin 𝜃 + cos 𝜃)2 = 12, which expands directly to sin2 𝜃 + cos2 𝜃 +
2 sin 𝜃 cos 𝜃 = 1.

(c) Using the identity sin2 𝜃 + cos2 𝜃 = 1, the equation simplifies to 1 + 2 sin 𝜃 cos 𝜃 = 1.
Subtracting 1 from both sides leaves 2 sin 𝜃 cos 𝜃 = 0.

(d) Using the double-angle identity, this can be written as sin 2𝜃 = 0, which implies 2𝜃 = 𝑛𝜋,
or 𝜃 = 𝑛𝜋

2 for integer values of 𝑛. However, squaring can introduce extraneous solutions, so
we must verify the solutions.

(e) Alternatively, we can rearrange the original equation as sin 𝜃 = 1 − cos 𝜃. Using half-angle
identities yields 2 sin 𝜃

2 cos 𝜃
2 = 2 sin2 𝜃

2 .

(f) Factoring this equation gives 2 sin 𝜃
2
(
cos 𝜃

2 − sin 𝜃
2
)
= 0, leading to two separate cases.

(g) Case 1: sin 𝜃
2 = 0 =⇒ 𝜃

2 = 𝑛𝜋 =⇒ 𝜃 = 2𝑛𝜋. Case 2: cos 𝜃
2 − sin 𝜃

2 = 0 =⇒
tan 𝜃

2 = 1 =⇒ 𝜃
2 = 𝑛𝜋 + 𝜋

4 =⇒ 𝜃 = 2𝑛𝜋 + 𝜋
2 . Thus, the combined general solution is

𝜃 = 2𝑛𝜋 or 2𝑛𝜋 + 𝜋
2 .

Final Answer: 2n𝜋 or 2𝑛𝜋 + 𝜋
2

Answer: (D)
Go Back to Question 22
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Q23.

Solution
Concept:
The total number of distinct terms in the expansion of a multinomial expression (𝑥1+𝑥2+· · ·+𝑥𝑟 )𝑛

is found using combinations with repetition. The combinatorial formula for the total number of
terms is given by

(𝑛+𝑟−1
𝑟−1

)
.

Solution:

(a) The given multinomial expression is (𝑥 + 𝑦 + 𝑧)10. We need to find the total number of
distinct terms generated after fully expanding this algebraic expression.

(b) We identify the parameters for the standard multinomial formula. The power of the
expansion is 𝑛 = 10, and the number of distinct base variables inside the parentheses is
𝑟 = 3.

(c) Substituting these parameters into the combinatorial formula
(𝑛+𝑟−1

𝑟−1
)

gives the expression:(10+3−1
3−1

)
=
(12

2
)
.

(d) We evaluate this binomial coefficient using the standard factorial combination formula:(12
2
)
= 12!

2!(12−2)! =
12×11
2×1 .

(e) Simplifying the fraction gives 6 × 11 = 66. Thus, there are exactly 66 distinct terms in the
expansion.

Final Answer: 66

Answer: (C)
Go Back to Question 23
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Q24.

Solution
Concept:
A first-order linear differential equation of the form 𝑑𝑦

𝑑𝑥
+ 𝑃(𝑥)𝑦 = 𝑄(𝑥) can be solved using

an integrating factor, 𝐼 .𝐹. = 𝑒
∫
𝑃 (𝑥 ) 𝑑𝑥 . The general solution is then found using the integrated

relation 𝑦 · (𝐼 .𝐹.) =
∫
𝑄(𝑥) · (𝐼 .𝐹.) 𝑑𝑥 + 𝐶.

Solution:

(a) The given first-order differential equation is 𝑑𝑦

𝑑𝑥
+ 𝑦

𝑥
= 𝑥2. This matches the standard linear

form where 𝑃(𝑥) = 1
𝑥

and 𝑄(𝑥) = 𝑥2.

(b) We compute the integrating factor: 𝐼 .𝐹. = 𝑒
∫ 1

𝑥
𝑑𝑥 = 𝑒ln 𝑥 = 𝑥.

(c) Multiplying the differential equation by this integrating factor allows us to write the solution
equation as: 𝑦 · 𝑥 =

∫
𝑥2 · 𝑥 𝑑𝑥 + 𝐶.

(d) Simplifying the integrand on the right side gives 𝑦 · 𝑥 =
∫
𝑥3 𝑑𝑥 +𝐶. Evaluating the integral

yields 𝑦 · 𝑥 = 𝑥4

4 + 𝐶.

(e) We determine the integration constant 𝐶 using the given initial condition 𝑦(1) = 1
4 .

Substituting 𝑥 = 1 and 𝑦 = 1
4 into our equation gives:

(
1
4

)
(1) = 14

4 + 𝐶 =⇒ 1
4 =

1
4 + 𝐶 =⇒ 𝐶 = 0.

(f) Substituting 𝐶 = 0 back into the solution equation gives 𝑦 · 𝑥 = 𝑥4

4 . Dividing both sides by
𝑥 yields the final solution function: 𝑦 = 𝑥3

4 .

Final Answer: y = x3
4

Answer: (A)
Go Back to Question 24
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Q25.

Solution
Concept:
The order of a differential equation is defined as the highest derivative appearing in the expression.
The degree is defined as the power of this highest-order derivative, after the differential equation
has been cleared of any fractional exponents or radicals.
Solution:

(a) The given differential equation is
[
1 +

(
𝑑𝑦

𝑑𝑥

)2
]3/2

=
𝑑2𝑦
𝑑𝑥2 . We look for the highest-order

derivative to find the order of the equation.

(b) The expression contains a first derivative 𝑑𝑦

𝑑𝑥
and a second derivative 𝑑2𝑦

𝑑𝑥2 . Since the second
derivative is the highest derivative present, the order of the differential equation is 2.

(c) To determine the degree, we must first clear the fractional exponent 3
2 on the left side of the

equation. We do this by squaring both sides of the equation.

(d) Squaring both sides yields the polynomial form:
[
1 +

(
𝑑𝑦

𝑑𝑥

)2
]3

=

(
𝑑2𝑦
𝑑𝑥2

)2
.

(e) Now that the equation is in standard polynomial form, we look at the exponent of the
highest-order derivative. The second derivative 𝑑2𝑦

𝑑𝑥2 is raised to the power of 2. Therefore,
the degree of the differential equation is 2.

Final Answer: 2, 2

Answer: (B)
Go Back to Question 25
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Q26.

Solution
Concept:
To evaluate rational algebraic integrals with high-power denominators, factor out the highest power
of 𝑥 to restructure the integrand. This algebraic rearrangement sets up a natural substitution where
the derivative of the new denominator matches the numerator.
Solution:

(a) We need to evaluate the indefinite integral: 𝐼 =
∫ 1

𝑥 (𝑥5+1) 𝑑𝑥. We begin by factoring out 𝑥5

from the expression inside the parentheses in the denominator.

(b) Factoring out 𝑥5 yields: 𝐼 =
∫ 1

𝑥 ·𝑥5 (1+𝑥−5 ) 𝑑𝑥 =
∫ 1

𝑥6 (1+𝑥−5 ) 𝑑𝑥 =
∫

𝑥−6

1+𝑥−5 𝑑𝑥.

(c) This sets up a substitution. Let 𝑢 = 1 + 𝑥−5. Differentiating both sides with respect to 𝑥

gives: 𝑑𝑢 = −5𝑥−6 𝑑𝑥 =⇒ 𝑥−6 𝑑𝑥 = −1
5 𝑑𝑢.

(d) Substituting these expressions back into the integral transforms it into a simpler form:
𝐼 =

∫ − 1
5
𝑢

𝑑𝑢 = −1
5

∫ 1
𝑢
𝑑𝑢.

(e) Integrating this expression yields a natural logarithm function: 𝐼 = − 1
5 ln |𝑢 | + 𝐶.

(f) Now, we substitute 𝑢 = 1 + 𝑥−5 back into the expression: 𝐼 = − 1
5 ln

���1 + 1
𝑥5

��� + 𝐶 =

−1
5 ln

��� 𝑥5+1
𝑥5

��� + 𝐶.

(g) Using logarithm properties, we can remove the negative sign by inverting the fraction inside
the logarithm: 𝐼 = 1

5 ln
��� 𝑥5

𝑥5+1

��� + 𝐶.

Final Answer: 1
5 ln

��� 𝑥5
𝑥5+1

���+𝐶
Answer: (B)

Go Back to Question 26
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Q27.

Solution
Concept:
The chord of contact of tangents drawn from an external point (𝑥1, 𝑦1) to a circle 𝑥2 + 𝑦2 = 𝑏2 is
given by the linear equation 𝑥𝑥1 + 𝑦𝑦1 = 𝑏2. If (ℎ, 𝑘) is the midpoint of this chord, its equation
can also be written in terms of the midpoint as 𝑥ℎ + 𝑦𝑘 = ℎ2 + 𝑘2.
Solution:

(a) Let 𝑃(𝑥1, 𝑦1) be a point moving along the outer circle, satisfying the equation 𝑥2
1 + 𝑦2

1 = 𝑎2.
Tangents are drawn from this point 𝑃 to the inner circle 𝑥2 + 𝑦2 = 𝑏2.

(b) The equation of the chord of contact from 𝑃(𝑥1, 𝑦1) relative to the inner circle is given by
the formula 𝑇 = 0, which expands to: 𝑥𝑥1 + 𝑦𝑦1 = 𝑏2.

(c) Let 𝑀 (ℎ, 𝑘) be the coordinates of the midpoint of this chord of contact. The equation
of a chord with a known midpoint is given by the formula 𝑇 = 𝑆1, which expands to:
𝑥ℎ + 𝑦𝑘 = ℎ2 + 𝑘2.

(d) Since both equations describe the exact same straight line, their corresponding linear
coefficients must be proportional. Comparing the coefficients gives the ratios: 𝑥1

ℎ
=

𝑦1
𝑘
=

𝑏2

ℎ2+𝑘2 .

(e) We can solve these ratios to isolate the coordinates of the external point: 𝑥1 = 𝑏2ℎ
ℎ2+𝑘2 and

𝑦1 = 𝑏2𝑘
ℎ2+𝑘2 .

(f) Next, we substitute these expressions for 𝑥1 and 𝑦1 into the first circle’s equation, 𝑥2
1+𝑦

2
1 = 𝑎2,

which gives:
(

𝑏2ℎ
ℎ2+𝑘2

)2
+
(

𝑏2𝑘
ℎ2+𝑘2

)2
= 𝑎2.

(g) Factoring out common terms in the numerator yields: 𝑏4 (ℎ2+𝑘2 )
(ℎ2+𝑘2 )2 = 𝑎2 =⇒ 𝑏4

ℎ2+𝑘2 =

𝑎2 =⇒ ℎ2 + 𝑘2 = 𝑏4

𝑎2 . Replacing (ℎ, 𝑘) with (𝑥, 𝑦) gives the locus equation: 𝑥2 + 𝑦2 = 𝑏4

𝑎2 .

Final Answer: x2 + 𝑦2 = 𝑏4

𝑎2

Answer: (C)
Go Back to Question 27
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Q28.

Solution
Concept:
The complex equation |𝑧 − 𝑧1 | = |𝑧 − 𝑧2 | represents the locus of points equidistant from two fixed
complex coordinates, 𝑧1 and 𝑧2. In the complex plane, this geometric path forms the perpendicular
bisector of the line segment connecting 𝑧1 and 𝑧2.
Solution:

(a) The given equation is |𝑧 − (3 − 𝑖) | = |𝑧 − (1 + 3𝑖) |. This matches the standard form
|𝑧 − 𝑧1 | = |𝑧 − 𝑧2 |, where the two fixed complex points are 𝑧1 = 3 − 𝑖 and 𝑧2 = 1 + 3𝑖.

(b) Converting these complex coordinates into standard Cartesian coordinates (𝑥, 𝑦) gives the
two points: 𝐴(3,−1) and 𝐵(1, 3).

(c) The geometric path representing this equation is the perpendicular bisector of the line
segment 𝐴𝐵. First, we compute the slope of the segment 𝐴𝐵, denoted as 𝑚𝐴𝐵.

(d) Using the slope formula, we find: 𝑚𝐴𝐵 =
3−(−1)

1−3 = 4
−2 = −2.

(e) Since the line 𝐿 is the perpendicular bisector of segment 𝐴𝐵, its slope 𝑚𝐿 is the negative
reciprocal of the slope of 𝐴𝐵: 𝑚𝐿 = − 1

𝑚𝐴𝐵
.

(f) Substituting the value of 𝑚𝐴𝐵 into this relation gives: 𝑚𝐿 = − 1
−2 = 1

2 . Thus, the slope of
the line 𝐿 is exactly 1

2 .

Final Answer: 12

Answer: (D)
Go Back to Question 28
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Q29.

Solution
Concept:
For independent events, the occurrence of one event does not affect the probability of another.
If events 𝐴 and 𝐵 are independent, then 𝐴 and 𝐵𝑐 are also independent, meaning 𝑃(𝐴 ∩ 𝐵𝑐) =
𝑃(𝐴) · 𝑃(𝐵𝑐). We can then use the probability addition rule to find the union.
Solution:

(a) We are given that 𝐴 and 𝐵 are independent events, with probabilities 𝑃(𝐴) = 0.3 and
𝑃(𝐵) = 0.4. We need to calculate the probability of the union, 𝑃(𝐴 ∪ 𝐵𝑐).

(b) First, we find the probability of the complement of event 𝐵: 𝑃(𝐵𝑐) = 1− 𝑃(𝐵) = 1− 0.4 =

0.6.

(c) Using the probability addition rule for any two events, we can expand the union as:
𝑃(𝐴 ∪ 𝐵𝑐) = 𝑃(𝐴) + 𝑃(𝐵𝑐) − 𝑃(𝐴 ∩ 𝐵𝑐).

(d) Since 𝐴 and 𝐵 are independent events, it follows that 𝐴 and 𝐵𝑐 are also independent. This
allows us to expand their intersection as a product: 𝑃(𝐴 ∩ 𝐵𝑐) = 𝑃(𝐴) · 𝑃(𝐵𝑐).

(e) Substituting the known probabilities into this product expression gives: 𝑃(𝐴 ∩ 𝐵𝑐) =

0.3 · 0.6 = 0.18.

(f) Now, we substitute these values back into the addition formula from step 3: 𝑃(𝐴 ∪ 𝐵𝑐) =
0.3 + 0.6 − 0.18.

(g) Simplifying the arithmetic expressions yields 0.9 − 0.18 = 0.72. Thus, the probability is
exactly 0.72.

Final Answer: 0.72

Answer: (B)
Go Back to Question 29

| 41

https://collegedunia.com/exams/kiitee/sample-paper


KIITEE Sample Paper Mathematics

Q30.

Solution
Concept:
The volume of a parallelopiped defined by three coterminous vector edges is equal to the absolute
value of their scalar triple product, [ ®𝑎 ®𝑏 ®𝑐], which can be computed using a matrix determinant.
To find where this volume is minimized, we differentiate the resulting polynomial expression.
Solution:

(a) The coterminous edges of the parallelopiped are given by the vectors ®𝑎 = 𝑖 + 𝑎 𝑗 + 𝑘̂ ,
®𝑏 = 𝑗 + 𝑎𝑘̂ , and ®𝑐 = 𝑎𝑖 + 𝑘̂ .

(b) The volume 𝑉 of the parallelopiped is given by the determinant of the matrix formed by

these vector components: 𝑉 =

�������
1 𝑎 1
0 1 𝑎

𝑎 0 1

�������.
(c) Expanding this determinant along the first row yields the polynomial expression: 𝑉 =

1(1 − 0) − 𝑎(0 − 𝑎2) + 1(0 − 𝑎) = 1 + 𝑎3 − 𝑎.

(d) To find the real value of 𝑎 that minimizes the volume function 𝑉 (𝑎) = 𝑎3 − 𝑎 + 1, we take
its derivative with respect to 𝑎 and set it to zero: 𝑑𝑉

𝑑𝑎
= 3𝑎2 − 1 = 0.

(e) Solving this equation for 𝑎2 gives 𝑎2 = 1
3 , which yields the critical points 𝑎 = ± 1√

3
.

(f) We verify the minimum using the second derivative test: 𝑑2𝑉
𝑑𝑎2 = 6𝑎. For a positive volume

minimizing solution, substituting 𝑎 = 1√
3

gives a positive second derivative (6/
√

3 > 0),
confirming a local minimum. Thus, the required real value is 𝑎 = 1√

3
.

Final Answer: 1√
3

Answer: (A)
Go Back to Question 30
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Q31.

Solution
Concept:
In a triangle, the relationship between the lengths of the sides and the cosine of one of its interior
angles is established by the Law of Cosines. For any triangle 𝐴𝐵𝐶, the formula involving angle 𝐴

is expressed as 𝑎2 = 𝑏2 + 𝑐2 − 2𝑏𝑐 cos 𝐴.
Solution:

(a) We are given the side lengths 𝑎 = 4 and 𝑏 = 3, along with the measure of the interior angle
∠𝐴 = 60◦. We need to find the quadratic equation for which the remaining side 𝑐 is a root.

(b) We substitute these given values directly into the standard Law of Cosines equation:
42 = 32 + 𝑐2 − 2(3) (𝑐) cos(60◦).

(c) Evaluating the numerical constants and the trigonometric ratio gives the simplified relation:
16 = 9 + 𝑐2 − 6𝑐

(
1
2

)
.

(d) Simplifying the linear term on the right side of the equation yields: 16 = 9 + 𝑐2 − 3𝑐.

(e) To arrange this equation into standard quadratic form, we subtract 16 from both sides of the
equality, which leaves: 𝑐2 − 3𝑐 + 9 − 16 = 0.

(f) Combining the constant numerical terms results in the final quadratic equation: 𝑐2−3𝑐−7 = 0.
This matches the structure of the required equation.

Final Answer: c2 − 3𝑐 − 7 = 0

Answer: (A)
Go Back to Question 31
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Q32.

Solution
Concept:
Combinatorial series involving products of an index and a binomial coefficient can be evaluated
using the standard derivative properties of the binomial theorem or by using the combinatorial
factor identity 𝑟 ·

(𝑛
𝑟

)
= 𝑛 ·

(𝑛−1
𝑟−1

)
.

Solution:

(a) We need to compute the exact numerical value of the finite sum: 𝑆 =
∑10

𝑟=1 𝑟 ·
(10
𝑟

)
. This

series tracks the weighted sum of binomial coefficients of order 10.

(b) We can apply the fundamental identity for binomial coefficients: 𝑟 ·
(𝑛
𝑟

)
= 𝑛 ·

(𝑛−1
𝑟−1

)
. Setting

the parameter value 𝑛 = 10, this structural relationship simplifies to: 𝑟 ·
(10
𝑟

)
= 10 ·

( 9
𝑟−1

)
.

(c) Substituting this algebraic identity back into our original summation expression allows us
to factor out the constant factor 10, giving: 𝑆 =

∑10
𝑟=1 10 ·

( 9
𝑟−1

)
= 10 ·∑10

𝑟=1
( 9
𝑟−1

)
.

(d) To simplify the indices of the summation, we define a new dummy variable 𝑘 = 𝑟 − 1. As
the index 𝑟 ranges from 1 to 10, the new index 𝑘 ranges from 0 to 9.

(e) Rewriting the summation with this new index yields: 𝑆 = 10 ·∑9
𝑘=0

(9
𝑘

)
.

(f) According to the standard binomial expansion formula, the sum of all binomial coefficients
of order 9 is equal to 29. Therefore, the expression simplifies to: 𝑆 = 10 × 29.

Final Answer: 10 ×29

Answer: (A)
Go Back to Question 32

| 44

https://collegedunia.com/exams/kiitee/sample-paper


KIITEE Sample Paper Mathematics

Q33.

Solution
Concept:
A function 𝑓 : 𝐴 → 𝐵 is one-to-one (injective) if distinct inputs map to distinct outputs, which
can be verified if its derivative is strictly positive or negative. It is onto (surjective) if the range of
the function matches the codomain 𝐵.
Solution:

(a) The given function is 𝑓 (𝑥) = 𝑥
1+|𝑥 | defined on the domain of all real numbers R. We must

analyze its behavior for different intervals of 𝑥.

(b) For non-negative inputs (𝑥 ≥ 0), the absolute value simplifies to |𝑥 | = 𝑥, meaning the
function becomes 𝑓 (𝑥) = 𝑥

1+𝑥 . Its derivative is 𝑓 ′(𝑥) = 1
(1+𝑥 )2 > 0.

(c) For negative inputs (𝑥 < 0), the absolute value becomes |𝑥 | = −𝑥, meaning the function
becomes 𝑓 (𝑥) = 𝑥

1−𝑥 . Its derivative is 𝑓 ′(𝑥) = 1
(1−𝑥 )2 > 0.

(d) Since the derivative 𝑓 ′(𝑥) is strictly positive for all real numbers except at zero where it is
continuous, the function is strictly increasing, which proves it is one-to-one.

(e) To find the range, we look at the horizontal asymptotic behavior. As 𝑥 → ∞, 𝑓 (𝑥) → 1, and
as 𝑥 → −∞, 𝑓 (𝑥) → −1. Since it is strictly increasing, the outputs are bounded between
−1 and 1.

(f) Therefore, the range of the function is the open interval (−1, 1). This implies that 𝑓 (𝑥) is a
bijective function when mapping from R → (−1, 1).

Final Answer: Bijective from R → (−1, 1)

Answer: (C)
Go Back to Question 33
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Q34.

Solution
Concept:
The slope of the tangent line to a curve 𝑦 = 𝑓 (𝑥) at a specific point is equal to the derivative 𝑓 ′(𝑥)
evaluated at that point. The normal line is perpendicular to the tangent line, meaning its slope is
the negative reciprocal of the tangent’s slope, 𝑚𝑛 = − 1

𝑚𝑡
.

Solution:

(a) The given curve equation is 𝑦 = sin 𝑥, and we are interested in finding the normal line at the
origin, which is the coordinate point (0, 0).

(b) First, we find the general derivative of the function to compute the slope profile: 𝑑𝑦

𝑑𝑥
= cos 𝑥.

(c) We evaluate this derivative at the specific point 𝑥 = 0 to find the slope of the tangent line:
𝑚𝑡 = cos(0) = 1.

(d) Since the normal line is perpendicular to the tangent line at this point, its slope 𝑚𝑛 satisfies
the relation: 𝑚𝑛 = − 1

𝑚𝑡
= −1

1 = −1.

(e) Now, we use the standard point-slope equation of a line, 𝑦 − 𝑦1 = 𝑚𝑛 (𝑥 − 𝑥1), to construct
the line equation at the origin (0, 0).

(f) Substituting the coordinates and the normal slope into the formula yields: 𝑦−0 = −1(𝑥−0),
which simplifies directly to 𝑦 = −𝑥.

(g) Rearranging this equation into standard linear form gives: 𝑥 + 𝑦 = 0. This represents the
required equation of the normal line.

Final Answer: x + y = 0

Answer: (A)
Go Back to Question 34
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Q35.

Solution
Concept:
Conic sections can be uniquely identified by their focus-directrix definitions or locus conditions. A
hyperbola is geometrically defined as the locus of a point moving in a plane such that the absolute
difference of its distances from two fixed points (foci) remains constant.
Solution:

(a) The problem describes a moving point 𝑃 and two fixed points designated as the foci, 𝐹1 and
𝐹2. We need to identify the geometric shape of the path traced by 𝑃.

(b) The defining geometric condition stated in the problem can be written as an algebraic
expression: |𝑃𝐹1 − 𝑃𝐹2 | = 2𝑎, where 2𝑎 represents a fixed positive constant.

(c) This condition requires that the absolute difference between the focal distances is constant
for every point lying on the locus.

(d) If the constant distance is less than the distance between the two fixed points (2𝑎 < 𝐹1𝐹2),
this condition uniquely defines a hyperbola.

(e) The two fixed points 𝐹1 and 𝐹2 serve as the foci of this hyperbola, and the constant difference
2𝑎 corresponds to the length of its transverse axis.

(f) In contrast, an ellipse is defined by the sum of distances being constant, while a parabola
involves a single focus and a directrix line. Therefore, the path traced by point 𝑃 is a
hyperbola.

Final Answer: Hyperbola

Answer: (C)
Go Back to Question 35
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Q36.

Solution
Concept:
Determinants can be simplified efficiently by performing elementary row or column operations
to create identical or zero entries. For properties involving the cube roots of unity, we use the
fundamental identities 𝜔3 = 1 and 1 + 𝜔 + 𝜔2 = 0.
Solution:

(a) We need to evaluate the value of the matrix determinant: Δ =

�������
1 𝜔 𝜔2

𝜔 𝜔2 1
𝜔2 1 𝜔

�������.
(b) We can apply the elementary column operation 𝐶1 → 𝐶1 + 𝐶2 + 𝐶3 to combine all terms

into the first column. This transforms the determinant into: Δ =

�������
1 + 𝜔 + 𝜔2 𝜔 𝜔2

𝜔 + 𝜔2 + 1 𝜔2 1
𝜔2 + 1 + 𝜔 1 𝜔

�������.
(c) We use the fundamental algebraic property of the imaginary cube roots of unity, which

states that 1 + 𝜔 + 𝜔2 = 0.

(d) Substituting this zero identity value into the entries of the first column yields: Δ =�������
0 𝜔 𝜔2

0 𝜔2 1
0 1 𝜔

�������.
(e) According to standard linear algebra properties, if all the elements in any single column or

row of a matrix are equal to zero, the value of the entire determinant is zero.

(f) Therefore, without needing to expand further, we can conclude that Δ = 0.

Final Answer: 0

Answer: (A)
Go Back to Question 36
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Q37.

Solution
Concept:
The vector projection of a vector ®𝑎 onto another vector ®𝑏 is a vector pointing in the direction of ®𝑏
whose magnitude is the scalar projection of ®𝑎 along ®𝑏. The formula is given by proj ®𝑏 ®𝑎 =

(
®𝑎· ®𝑏
| ®𝑏 |2

)
®𝑏.

Solution:

(a) The given vectors are ®𝑎 = 2𝑖 + 3 𝑗 + 2𝑘̂ and ®𝑏 = 𝑖 + 2 𝑗 + 𝑘̂ . We need to compute the vector
projection of ®𝑎 on ®𝑏.

(b) First, we calculate the dot product of the two vectors: ®𝑎 · ®𝑏 = (2) (1) + (3) (2) + (2) (1) =
2 + 6 + 2 = 10.

(c) Next, we calculate the square of the magnitude of the vector ®𝑏: | ®𝑏 |2 = 12 + 22 + 12 =

1 + 4 + 1 = 6.

(d) Now, we substitute these calculated scalar values into the vector projection formula:
proj ®𝑏 ®𝑎 =

(
®𝑎· ®𝑏
| ®𝑏 |2

)
®𝑏 = 10

6 (𝑖 + 2 𝑗 + 𝑘̂).

(e) Simplifying the fraction by dividing the numerator and denominator by 2 gives the simplified
vector multiplier: 5

3 .

(f) Combining these parts yields the final vector expression: 5
3 (𝑖 + 2 𝑗 + 𝑘̂).

Final Answer: 53(𝑖+2 𝑗+𝑘̂ )

Answer: (A)
Go Back to Question 37
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Q38.

Solution
Concept:
Trigonometric product products containing angles in arithmetic progression can be simplified
using standard sine product identities. A useful identity for products of sines is sin 𝜃 sin(60◦ −
𝜃) sin(60◦ + 𝜃) = 1

4 sin 3𝜃.
Solution:

(a) We need to evaluate the following product of sine functions: 𝑃 =

sin 20◦ sin 40◦ sin 60◦ sin 80◦.

(b) First, we substitute the exact known value for sin 60◦, which is
√

3
2 . Rearranging the terms

gives: 𝑃 =
√

3
2 · (sin 20◦ sin 40◦ sin 80◦).

(c) We can rewrite the remaining angles in terms of 20◦ to match a standard identity: sin 40◦ =
sin(60◦ − 20◦) and sin 80◦ = sin(60◦ + 20◦).

(d) This allows us to rephrase the grouped product expression as: sin 20◦ sin(60◦−20◦) sin(60◦+
20◦).

(e) Applying the identity sin 𝜃 sin(60◦ − 𝜃) sin(60◦ + 𝜃) = 1
4 sin 3𝜃 with 𝜃 = 20◦, this group

simplifies to: 1
4 sin(3 × 20◦) = 1

4 sin 60◦.

(f) Substituting sin 60◦ =
√

3
2 into this grouped term gives: 1

4 ×
√

3
2 =

√
3

8 .

(g) Finally, we multiply this value by the outer factor from step 2: 𝑃 =
√

3
2 ×

√
3

8 = 3
16 .

Final Answer: 316

Answer: (A)
Go Back to Question 38
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Q39.

Solution
Concept:
A fundamental theorem in analysis states that if two continuous functions match on a dense subset
of their domain (such as the set of all rational numbers), then they must be identically equal on the
entire domain.
Solution:

(a) We are looking for the total number of continuous functions 𝑓 : [0, 1] → [0, 1] that satisfy
the fixed condition 𝑓 (𝑥) = 𝑥2 for all rational values of 𝑥 in that interval.

(b) Let 𝑥 be an arbitrary irrational number in the closed domain [0, 1]. Since the set of rational
numbers Q is dense in the real numbers R, we can construct a sequence of rational numbers
{𝑟𝑛} that converges to 𝑥, so lim𝑛→∞ 𝑟𝑛 = 𝑥.

(c) Since the function 𝑓 is given to be continuous on the entire interval, it must preserve
sequential limits, which means: 𝑓 (𝑥) = 𝑓 (lim𝑛→∞ 𝑟𝑛) = lim𝑛→∞ 𝑓 (𝑟𝑛).

(d) Because each term 𝑟𝑛 in the sequence is a rational number, we apply the given condition
𝑓 (𝑟𝑛) = 𝑟2

𝑛, which transforms the limit expression into: lim𝑛→∞ 𝑟2
𝑛.

(e) Using the algebraic properties of continuous limit operations, this simplifies to:
(lim𝑛→∞ 𝑟𝑛)2 = 𝑥2.

(f) This forces the value of the function to be 𝑓 (𝑥) = 𝑥2 for all irrational numbers as well.
Therefore, the function is uniquely determined as 𝑓 (𝑥) = 𝑥2 across the entire domain,
meaning there is exactly 1 such function.

Final Answer: 1

Answer: (B)
Go Back to Question 39
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Q40.

Solution
Concept:
The standard equation of a horizontal hyperbola centered at the origin is 𝑥2

𝑎2 − 𝑦2

𝑏2 = 1. The
eccentricity 𝑒 measures the open deviation of the conic section and is computed using the structural
formula 𝑒 =

√︃
1 + 𝑏2

𝑎2 .
Solution:

(a) We are given the algebraic equation of a hyperbola: 9𝑥2 −16𝑦2 = 144. We need to calculate
its eccentricity.

(b) First, we convert this equation into standard form by dividing both sides of the equation by
144, which gives: 9𝑥2

144 − 16𝑦2

144 = 144.

(c) Simplifying the fractions yields the standard form: 𝑥2

16 − 𝑦2

9 = 1.

(d) Comparing this with the standard equation 𝑥2

𝑎2 − 𝑦2

𝑏2 = 1, we identify the values of the
denominators: 𝑎2 = 16 and 𝑏2 = 9.

(e) Now, we substitute these squared parameters into the standard hyperbola eccentricity
formula: 𝑒 =

√︃
1 + 𝑏2

𝑎2 =

√︃
1 + 9

16 .

(f) Combining the terms under the square root gives: 𝑒 =

√︃
16+9

16 =

√︃
25
16 .

(g) Evaluating the square root of the fraction yields the value: 𝑒 = 5
4 . This is the eccentricity of

the hyperbola.

Final Answer: 54

Answer: (A)
Go Back to Question 40

| 52

https://collegedunia.com/exams/kiitee/sample-paper


KIITEE Sample Paper Mathematics

Answer Key

Q Ans Q Ans Q Ans Q Ans Q Ans
1 C 2 A 3 A 4 A 5 A
6 C 7 B 8 C 9 A 10 C
11 B 12 A 13 A 14 B 15 A
16 A 17 C 18 B 19 C 20 B
21 A 22 D 23 C 24 A 25 B
26 B 27 C 28 D 29 B 30 A
31 A 32 A 33 C 34 A 35 C
36 A 37 A 38 A 39 B 40 A
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