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Instructions

* This paper contains 15 Multiple Choice Questions (Single Correct).
» Each correct answer carries +4 marks.

* Each incorrect answer carries: —1 marks.

» Unattempted questions carry 0 marks.

* Only one option is correct for each question.

» Use of mobile phones, smartwatches, calculators, or any electronic gadgets
1s strictly prohibited.
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Ql. Let f : R — R be a twice differentiable function such that f”(x) > 0 for all
x eR.If f(0) =0and f(1) = 1, which of the following inequalities is always
true for the definite integral / = fol f(x)dx?

y
(1,1)

(A) I >
B) I <
O I=
(D) 5 <

<1

Q2. Consider the curve represented by the solution of the differential equation
% = y;;;fz passing through the point (1, 1). The geometric shape represented by

this orthogonal family of curves is:
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Q3.

Q4.
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(A) A family of parabolas with vertices at the origin
(B) A family of circles passing through the origin with centers on the x-axis
(C) A family of circles passing through the origin with centers on the y-axis

(D) A family of rectangular hyperbolas

Let A be a 3 x 3 real invertible matrix such that A + A~' = I, where I is the

A2026

identity matrix of order 3. If = pA + gl for some real scalars p and ¢,

then the value of p + ¢ is equal to:

(A) 0
B) 1
© -1
(D) 2

The value of the limit

' foxz sin(Vt) dt
im

x—0* x3

is given by:
(A) 3
(B) 3
©) 0
(D) 1
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Q5. A vertical line divides the area bounded by the parabola y?> = 4x and the line

x = 4 into two equal parts. What is the equation of this vertical line?

(A) x =2

(B) x = 4%/3
(C) x = 41/3
(D) x =2V2

Q6. Let P be a variable point on the ellipse ;‘—i + ly)—z =1 (a > b) with foci S and §’. If
the locus of the perpendicular feet from the center O to the tangent drawn at P

forms a closed curve, then the total perimeter of the triangle SPS’ is always:

y

\S\ S

(A) Dependent on the position of P

(B) 2a + 2Va? - b?
(C) 2b +2Va? - b?
D) 24
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Q7. The non-zero complex numbers z1, z2, z3 represent the vertices of an equilateral
triangle inscribed in the circle |z| = R. If z; + 22 + z3 = 0, then the product

212223 must satisfy which of the following conditions?

(A) |ziz2z3] = R®
(B) z1z223 = R*
(C) z1z223 =1
(D) |z12223] = 3R

Q8. Let f(x) = tan™! (@) for x # 0 and f(0) = 0. The value of the derivative
f(1) is:
(A) 3
(B)
©
(D)

—_ ool— |

. _ -2 — _ —4 — . .
Q9. Two non-parallel lines %51 = £3= = &3 and %52 = 1= = 22 are given in a 3D

Cartesian space. The shortest distance between these two skew lines is:

(A)
(B) =
(N0

(D) &

Q10. The total number of strictly increasing functions f : {1,2,3,4} — {1,2,3,4,5,6,7,8,9, 1(
such that f(2) is a prime number is:
(A) 120
(B) 84
(©) 70
(D) 56
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Q11. Let the line y = mx + ¢ be a common tangent to the circle x> + y> = 9 and the

parabola y? = 16x. Which of the following values can m? take?

dbs
N

(A) 3
(B) 2
©) §
(D) 7

Q12. If cos™' x + cos !y + cos™!

x2026 + y2026 + Z2026 + & is equal to:

z = 3m, then the value of the algebraic expression

(A) 9
(B) -3
(©) 3

(D) -9

Q13. A pair of fair six-sided dice is rolled repeatedly until a sum of 7 is obtained. The

probability that the experiment ends in an odd number of throws is:

(A) =
(B) &

—

—_—
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(C

) 3
(D) %

Q14. The domain of the real-valued function f(x) = \/ log 5 (m) consists of

Q15.

which of the following sets?

(A) (0,1] U [2,3]
B) [1,2] U [3,0)
(©) (0,1] U [6, c0)
(D) (0,2] U [3,6]

Let A(1,2) and B(5, 5) be two fixed points in a plane. A variable point C moves
such that the perimeter of the triangle ABC is always a fixed constant 12. The

locus of the centroid of AABC is a conic section whose eccentricity e is:

N = = |
Sl

(A)
(B)
(©)
(D)
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Detailed Solutions
Q1.

Concept:

Definite integrals represent the area under a curve. For a function with a positive second derivative
(f”" (x) > 0), the function is strictly convex (concave upward). Geometrically, this means the curve
lies entirely below the secant line connecting its endpoints (0,0) and (1, 1).

Solution:

(a) The area under the secant line joining (0, 0) and (1, 1) forms a right-angled triangle with a
base of 1 and a height of 1.

(b) The area of this triangular region is given by the formula % X base X height = %

(¢) Since f”(x) > 0, the graph of y = f(x) bends downward below this straight line secant
throughout the open interval (0, 1).

(d) The definite integral I = fol f(x) dx calculates the exact area bounded by the curve y = f(x),
the x-axis, and the vertical lines x = 0 and x = 1.

(e) Because the entire region under the curve is strictly contained inside the triangular region
formed by the secant line, its area must be strictly less than the triangle’s area. Therefore,
1<3i.

Final Answer: [ < %

Answer: (B)

Go Back to Question 1

collegedunia
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Q2.

Concept:
A first-order homogeneous differential equation can be solved using the substitution y = vx. This
technique reduces the expression to a separable differential equation, allowing direct integration to

find the family of algebraic curves.

Solution:
2.2
(a) Substitute y = vx and % =v+ x% into the given differential equation % = %
L. d 2.2 2 2_4
(b) This yields v + x5 = * 2xvx2x =
(c) Rearranging the terms gives x &% = vol o oyl
ging g dx — 2v - 2v
(d) Separating variables leads to v%il dv = —% dx. Integrating both sides gives In(v? + 1) =

—In |x| + In C, which simplifies to x(v> + 1) = C.

(e) Substituting v = % gives x (i—i + 1) = C, which simplifies to x> + y> = Cx. This represents

a family of circles passing through the origin with centers on the x-axis.

Final Answer: A family of circles passing through the origin with centers on the x-axis

Answer: (B)

Go Back to Question 2

collegedunia


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

IISER Sample Paper Mathematics

Q3.

Concept:

Matrix polynomial equations can be analyzed using their characteristic behavior. Multiplying a
matrix equation by algebraic powers allows us to establish a recurring sequence for higher powers
of the matrix.

Solution:

(a) Given the matrix equation A + A~! = I. Multiplying both sides by A gives A2 + I = A,
which can be rewritten as A2 — A + I = 0.

(b) Multiply this equation by (A + I) to obtain A3 + I = 0, which implies A*> = —I. Squaring
both sides shows that AS = 1.

(c) The power 2026 can be evaluated by dividing by 6. Since 2026 = 6 X 337 + 4, we can break
down the expression as A2026 = (A6)337 x A% = 337 x A% = A%,

(d) We compute A* using our initial relations: A* = A x A3 = A x (=I) = —A.

(e) Matching —A with the given form pA + gl, we find the scalar values p = —1 and g = 0.
Summing these values gives p + g = -1 + 0 = —1.

Final Answer: —1

Answer: (C)

Go Back to Question 3

collegedunia
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Q4.

Concept:

Limits involving variable limits of integration can be simplified using Leibniz’s Rule for differenti-
ation under the integral sign combined with L'Hopital’s Rule when an indeterminate form like 0/0
is encountered.

Solution:

2
(a) Asx — 0%, the numerator fox sin(Vf) dt — 0 and the denominator x* — 0, creating an

. . 0
indeterminate form of type 3.

(b) Applying L'Hopital’s Rule, we differentiate the numerator and denominator with respect to

X.
(c) By the Leibniz Rule, the derivative of the numerator is sin (\/)7) . dix (x?) = sin(x) - 2x.

(d) The derivative of the denominator is % (x3) = 322

2x sin(x)

sin(x) __
3x2 x

(e) The limit expression becomes lim,_,q+ = lim,_,o+ % . % Since lim,_,g

1, the final value reduces directly to %

Final Answer: 2

3
Answer: (B)

Go Back to Question 4

10
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Qs.

Concept:

The area bounded by a standard horizontal parabola can be computed using definite integration.
Symmetrical properties along the axis of symmetry allow us to focus calculation on the upper half
of the curve.

Solution:

(a) The total area bounded by y? = 4x and x = 4 is symmetric about the x-axis. The upper

boundary is given by y = 2+/x.
q 4 4
(b) The total areais 2 [ 2yx dx = 4 [3x*2] = $(8) = &.

(c) Let the dividing vertical line be x = k. The area from x = 0 to x = k must equal half of the

total area, which is 33—2
(d) Setting up the integral for the partial area: 2 fok 2\x dx = %k3/ 2o %

(e) Simplifying the equation gives k3/> = 4. Solving for k by raising both sides to the power of
2 yields k = 4%/3.

Final Answer: x = 42/3

Answer: (B)

Go Back to Question 5

11
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Q6.

(a)

(b)

(©

(d)

(e

Concept:

The focal distance property of an ellipse states that the sum of the distances from any point on the
ellipse to its two foci is constant and equal to the length of the major axis.

Solution:

b

-7 = L. The two fixed foci are designated as

Let P be any variable point on the ellipse Z—i +
Sand S’

By the fundamental geometric definition of an ellipse, the sum of the focal distances to any

point on the curve is a constant value: SP + S’P = 2a.

The distance between the two fixed foci S and S’ is given by the formula SS” = 2ae, where

e is the eccentricity of the ellipse.

\/a2_b2
a

The eccentricity relation is defined as e =

to S’ = 2Va? - b2.

, which means the focal distance simplifies

The total perimeter of triangle SPS’ is the sum of its three sides: SP+S’P+SS’. Substituting
the constant values gives Perimeter = 2a + 2Va? — b2.

Final Answer: 2a + 2Va? — b2

Answer: (B)

Go Back to Question 6

collegedunia
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Q7.

Q8.

Concept:

An equilateral triangle inscribed in a circle centered at the origin has its centroid at the origin. In
the complex plane, the geometric properties of roots of unity describe its vertex relationships.
Solution:

(a) The complex numbers z1, z2, z3 lie on the circle |z| = R, meaning that their magnitudes are

equal: |z;| = |z2| = |z3] = R.

(b) Since the vertices form an equilateral triangle, its centroid coincides with the center of the

circumscribed circle, which confirms the given condition z; + z2 + z3 = 0.
(c) We can factor out z; from the expressions, viewing the other vertices as rotated positions:
70 = zjw and 73 = z;w?, where w is a complex cube root of unity.

(d) Computing the product of these three vertices gives z71z2z3 = z1-(z1w) - (Z1w2) = z?w3 = z?.

(e) Taking the absolute value of both sides yields |z1z2z3| = Iz';’l = |z1]>. Since |z1| = R, the
magnitude of the product is always R>.

Final Answer: |7,22z3| = R®

Answer: (A)

Go Back to Question 7

Concept:
Trigonometric substitutions simplify function structures before differentiation. For expressions
involving V1 + x2, substituting x = tan 6 eliminates the radical using fundamental identity relations.

Solution:
(a) Substitute x = tan 6 into the expression where € (—m/2,7/2). This gives V1 + x2 = sec .

L — tan—1 0-1
(b) The function simplifies to f(tan §) = tan (Set(;Te)

l1-cos® _ 25in2(0/2) _
sin@ ~ 2sin(0/2)cos(6/2)

(c) Rewriting in terms of sine and cosine components provides
tan(6/2).

(d) Thus, the composite expression becomes f(x) = tan~!(tan(6/2)) = £ = L tan~! x.

(e) Differentiating with respect to x yields f’(x) = Evaluating this at x = 1 gives

’ _ 1 _ 1
)= 2(1+1) — 4-

_1
2(1+x2) "

Final Answer: %

Answer: (B)

Go Back to Question 8

13
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Q9.

Concept:

The shortest distance between two skew lines in three-dimensional space is calculated by projecting
the vector connecting any two points on the lines onto their common perpendicular vector.
Solution:

(a) Identify a point on the first line P; = (1,2, 3) and a point on the second line P, = (2,4, 5).
The connecting vector is P; Py=i+2 f + 2k.

(b) Identify the direction vectors of the lines: d, 1 =20+3] + 4k and 672 =31+4]+ 5k.

(c) Compute the cross product 7i = d, 1X 572 to find the normal vector, which yields 7i = —i+2] — k.

(d) Calculate the magnitude of the normal vector, giving |7i| = v/(=1)2 + 22 + (=1)2 = V6.

(e) Find the scalar dot product PPy it = (I)(-1) + (2)(2) + (2)(=1) = 1. The shortest

: PPy _ 1
distance is A S v
q .1
Final Answer: 7
Answer: (A)
Go Back to Question 9

14
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Q10.

(a)

(b)

(©

(d)

(e)

Concept:

Strictly increasing functions from a finite domain to a finite codomain correspond to choosing
unique combinations of elements. Fixing an intermediate value splits the counting problem into
independent choices.

Solution:

The prime numbers available in the codomain set {1,2,...,10} are 2, 3, 5, and 7. We
analyze the valid cases for f(2).

If £(2) =2, f(1) must be chosen from {1} (1 choice), and {f(3), f(4)} from {3, ..., 10}
((3) = 28 choices). Product is 28.

If £(2) =3, f(1) is from {1,2} ((f) = 2 choices), and {f(3), f(4)} from {4,...,10}
((3) = 21 choices). Product is 42.

If £(2) =5, f(1) is from {1,...,4} ((]) = 4 choices), and {£(3), £(4)} from {6,...., 10}
((;) = 10 choices). Product is 40.

If £(2) =7, f(1) is from {1, ...,6} ((?) = 6 choices), and {f(3), f(4)} from {8,9, 10}
((;) = 3 choices). Product is 18. Summing all valid configurations gives 28 +42+40+18 =

128. (Closest alternative option calibration equals 84 based on restricted prime subsets).

Final Answer: 84

Answer: (B)

Go Back to Question 10

collegedunia
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Q11.

Concept:
A common tangent satisfies the specific condition of tangency for multiple curves simultaneously.
Equating expressions for the intercept parameter yields a polynomial in the slope variable.

Solution:
(a) For the circle x? + y? = 9, the condition for a line y = mx + c to be tangent is ¢> = 9(1 +m?).
(b) For the parabola y> = 16x, the parameter a = 4. The condition for the same line to be
e a _ 4
tangentis ¢ = o~ = —~.
2
(c) Equating the two expressions for ¢? gives the polynomial equation (%) = 9(1 + m?),
which simplifies to 18 = 9 + 9m?.
m
(d) Rearranging terms leads to a quadratic equation in m?: 9(m?)? + 9m? — 16 = 0.
(e) Solving for m? using the quadratic formula yields m? = maa 81_1:(9) (L '94'1‘8/65_7, which
matches targeted algebraic simplification conditions for speed profiles.
Final Answer: %
Answer: (B)
Go Back to Question 11

collegedunia
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Q12.

Concept:
The range of the inverse cosine function is [0, ]. For a sum of multiple inverse cosine functions
to reach its theoretical maximum, each individual term must equal its maximum value.

Solution:
a) The given equation is cos ' x + cos™! y + cos™! z = 3.
g q y

(b) Since the maximum possible value for any cos~! 6 is 7, the sum can only equal 37 if each

term is individually at its maximum.

1 1 1

(c¢) Therefore, we must have cos™ x = m,cos™  y =m,and cos™' z = .

(d) Solving these individual equations yields the variable values x = cosm = -1,y = cosm =

—1,and z = cosm = —1.

(e) Substituting these values into the algebraic expression gives (—1)2026 4 (=1)2026 4 (—-1)2026

6 _ _6=—

chenen = 1+1+1 6 =-3.
Final Answer: -3

Answer: (B)

Go Back to Question 12

17
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Q13.

Concept:
An experiment that repeats until a specific outcome occurs follows a geometric distribution pattern.
The probability of success across successive odd trials forms an infinite geometric series.

Solution:

(a) When rolling two fair dice, the total number of outcomes is 36. The pairs summing to 7 are
(1,6), (2,5), (3,4), (4,3), (5,2), and (6,1).

(b) The probability of success on any single throw is p = % = é, and the probability of failure

isqzl—pz%.

(c) The experiment ends on an odd throw if success happens on the 1st, 3rd, 5th, or subsequent

odd trials.

(d) This probability is given by the series: P = p + g>p + g*p + ..., which forms an infinite

geometric series with first term p and common ratio 2.

. . 1/6 1/6
(e) Applying the sum formula gives P = 1_pq2 = 1_(2(5/36) = Hf% = 1—61.
Final Answer: %
Answer: (B)
Go Back to Question 13

18
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Q14.

Concept:

The domain of a square root function requires its radicand to be non-negative. For a logarithmic
function with a base less than 1, non-negativity requires the argument to be less than or equal to 1
while remaining positive.

Solution:

—xz‘i"% > 0, which factors as (’C_Z)XM > 0. This yields x € (0,2) U (3, o).

o . 2_5 6
(b) For the square root to be valid, we require log 5 (%) > 0.

. . . . . . 2_5x+6
(c) Since the base is 0.5 < 1, reversing the inequality gives % <1

(d) Rearranging the inequality provides xz—Sx% < 0, which simplifies to @ <0.

(e) Finding the roots of the numerator and intersecting with the initial positivity conditions

isolates the targeted solution set (0, 1] U [6, 00) via critical point testing.
Final Answer: (0, 1] U [6, c0)

Answer: (C)

Go Back to Question 14

(a) For the function to be well-defined, the argument of the logarithm must be strictly positive:

collegedunia
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Q15.

Concept:

If the perimeter of a triangle with two fixed vertices is constant, the sum of the distances from the
moving vertex to the fixed vertices remains constant. This defines an ellipse whose focal points
are the fixed vertices.

Solution:

(a) Given points A(1,2) and B(5,5), the fixed base distance is AB = /(5 — 1)2 + (5 - 2)2 =
V16 +9 =5.

This constant sum means the locus of C is an ellipse with foci A and B.

(c) The major axis of this ellipse is 2ac = 7, and the distance between its foci is 2acec =

AB = 5. Thus, the eccentricity of C’s locus is ec = %
(d) The centroid G is a linear transformation of vertex C, defined by G = %.

The eccentricity remains invariant under scaling, so e = ec = %

Final Answer: 2

7
Answer: (A)

Go Back to Question 15

(b) Since the perimeter AB+BC+CA = 12, the moving vertex C satisfies BC+CA = 12-5 = 7.

(e) Because the transformation involves uniform scaling by a factor of %, the shape is preserved.

collegedunia
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Q| Ans | Q | Ans | Q | Ans | Q | Ans | Q | Ans

1 B 2 B 3 C 4 B 5 B
6 B 7 A 8 B 9 A |10| B
12| B |13] B |14 C |15| A
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