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IISER Mathematics Sample Paper-6

Duration: 45 Minutes Maximum Marks: 60

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.

Q1.

Q2.

Evaluate the following non-trivial limit of an infinite series sum sequence:

, 1 & r
tim [ 331+ )

r=1

(A) 3 —1In2
(B) & —11n2
31

© 135

(D) g +3In2

Let P be a 3 x 3 matrix with real entries such that PT = 2P + I, where P is the
transpose of P and [ is the 3 X 3 identity matrix. Find the absolute value of the
determinant of the matrix (P> — P? + P).

(A) 0
B) 1
(C) 3
(D) 27
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Q3.

Q4.

Qs.

A variable line passes through a fixed point P (4, k) and cuts the coordinate axes
at distinct points A and B. If the geometric locus of the midpoint of the line
segment AB is given by the conic expression 2xy — 3x — 4y = 0, determine the

absolute values of coordinates for the fixed point P.

(A) (4,3)
B) (2,3)
©) (3.4
(D) (1,2)

Let f(x) = sinx + V3 cosx defined on the restricted interval [0,27]. The
geometric area bounded by the curve y = f(x) and the positive x-axis between
two consecutive roots @ and S is represented below. Find the value of this

bounded area.

Y y = f(x)

(A) 2

(B) 4

(C) 2V3
(D) 1+V3

Let f : R — R be a differentiable function satisfying the functional equation
f(x+y) = f(x)efO! for all real inputs x, y € R. If f/(0) = 2, compute the
precise derivative value f’(1) given that f(0) # 0.

(A) 2

(B) 2e
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(©) 4
(D) 0

Q6. Find the total number of non-negative integer solutions (x1, X3, X3, x4) that satisfy

the multivariable inequality relation:
X1 +x2+x3+x4 <12

under the strict constraint that x; > 1, x, > 2, and x3 > 0, x4 > 0.

(A) PCy
(B) °Cy4
(©) PG
(D) Cy

. : 22 : .
Q7. A normal line is drawn to the ellipse 5z + {—6 = 1 at the eccentric angle position
6 = 7. Find the absolute product of the intercepts made by this normal line on

the horizontal x-axis and vertical y-axis respectively.
(A) I
(B)
© %
(D)
Q8. The region R bounded inside the upper branch of the standard hyperbola

y? —x% = 1 and the horizontal cutting line y = V2 is illustrated in the plot layout

below. Calculate the exact area of this symmetrically shaded region R.

y
Sl
1

(A) V2 - In(1 + V2)
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Q9.

Q10.

QIl.

(B) 2V2 — In(1 + V2)
(C) V2+In(¥V2-1)
(D) 2V2 — In(3 + 2V2)

Determine the absolute sum of all real values of x that concurrently solve the

following inverse trigonometric system equality:

cos 1 (x) —sin"!(x) = cos_l(x\/g)

(A) 0
B) 3
©) ¥
(D) 1

Let z be a non-zero complex number such that the expression (z + %) 1s strictly
a real value. If the maximum distance between the complex point z and the fixed

complex coordinate zg = 3 + 4i is equal to D, evaluate the value of D.

(A) 4
(B) 5
(C) 6
(D) 26

Solve the linear homogeneous differential equation given by x?>dy+y(x+y)dx = 0,
assuming the initial boundary profile condition that y(1) = 1. Determine the

explicit value of y(e).
(A) 55

(B) 2

©)
(D)

NS L ST
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Q12. A parallelopiped structural body is formed in three-dimensional space by the
vectors il =i +aj + k,V = ] + ak, and w = ai + k as mapped below. If the
absolute scalar volume of this parallelopiped is at its minimum possible value,

find the corresponding value of the parameter a.

v
L

<y

sy

(A) 5
B) 3
(C) V3
(D) 1

Q13. A fair six-sided die is rolled continuously until a face value of 6 appears for
the second time. Find the mathematical probability that the second 6 shows up

exactly on the fifth independent roll of the die.

125
(A) 3533

25
B) &3

125
(C) 7776

(D) 2,

Q14. Compute the exact value of the highly conceptual definite integral shown below:

n[2 sin® x
—dx
0 sinx + cosx

~

vs)

N A
|:l |=‘

of | &1
[\®) P
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Q1s.

©) =
(D) %5+

Let f : R — R be a continuous and strictly increasing function such that
f(0) =0and f(1) = 1. If the function satisfies the integral relation:

! 1
/0 f(x)dx:§

evaluate the exact value of the following dual-composition definite integral

expression:
1 1
/ £ ) dy + / (F()? dn
0 0

given that f(x) = x* for some positive real constant k.

(A) 3

B) %

©) 1

(D) 2
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Ql.

Detailed Solutions

Concept: The infinite series transforms directly into the definite Riemann integral:

1
L=/ x> In(1 + x) dx
0

Solution:

x*-1

Apply Integration by Parts choosingu = In(14+x) = du = ﬁdx anddv = x’dx = v = 7

(adding a constant of integration to simplify the subsequent integral):
1 1 4
-1
_/ Z ol
0 0 4(1 + X)

Evaluating the first boundary block reveals that it vanishes entirely at both limits:

4 _
L=[x41mu+m

-1 0-1
In(2) =0, andatx=0:

Atx=1: In(1) =0

Q.0 g 9 q 2 g X413 2 X
The remaining term simplifies cleanly using the algebraic identity =— = x” —x“ +x — 1:

This analytical result evaluates to ~ 0.1458. Matching this decimal value with the options identifies

choice (A) as the intended solution framework.

31 1
Final A :|=—=—--1In2
inal Answer %0 2 n
Answer: (A)
Go Back to Question 1

collegedunia
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Q2.

For any square matrix, det(M) = det(M ).
Solution:
Given the relation:
PT=2P+1

Take the transpose on both sides of the equation:
(PHT=QP+1)T = P=2P" +1

Substitute the expression for P from the first equation into this new relation:

P=2Q2P+1)+1 = P=4P+2I+]1 — P =4P +3]
Rearrange the equation to isolate P:

3P+3[=0 = 3(P+1)=0 — P=-1I

Now substitute P = —/ into our main target expression:

T=P-P+P=-1-(-D*>+(-D)=—-1-1-1=-3]
Find the determinant of 7" for a 3 X 3 matrix:

det(T) = det(-31) = (-3)>det(l) = -27 x 1 = =27
The absolute value of the determinant is:
|det(T)| = | — 27| =27

Final Answer:
Answer: (D)

Go Back to Question 2

Concept: Properties of transposes and determinants can be combined with basic matrix algebra.

collegedunia
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Q3.

Concept: Let the variable line intersect the axes at A(a, 0) and B(0, b). If the midpoint of AB is

M(x1,y1),thenx; = § = a =2x;andy; :g = b =2y.

Solution:

The intercept form of the straight line is:

Since this variable line always passes through the fixed point P (4, k), this point must satisfy the

equation:

h k h k
—:1z—+—:2=>hy1+kx1=2x1y1
2x1 2y X1y

Replacing (x1, y1) with general coordinates (x, y) gives the locus of the midpoint:
2xy —kx—hy =0

We are given that the actual geometric locus equation is:
2xy—3x -4y =0

Comparing the coefficients of both equations directly:
k=3 and h=4

Thus, the coordinates of the fixed point P(h, k) are (4, 3).
Final Answer: | (4, 3)

Answer: (A)

Go Back to Question 3

collegedunia
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Q4.

Concept: The geometric area bounded by a curve y = f(x) and the x-axis between two consecutive
roots is found using the definite integral f f f(x) dx.
Solution:

Simplify the function using trigonometric identities:
1 3
f(x) =sinx + V3cosx =2 (5 sin x + g cosx) = 2sin (x + g)

To find the consecutive roots, set f(x) = 0:
sin(x+g) =0 = x+g:0,7t,27r,...

Within the interval [0, 2], the first two consecutive roots are:

+7r . 2w
X —_ = — Q@ = —
3 3

5
x+g:27r :ﬁ:%

Now evaluate the bounded area of the positive crest from x = 0to a = ZT”:

271/3 2r/3
Area=/ 25in(x+£) dx = [—2005 (x+z)]
0 3 3710

Area = -2 cos (2?77 + %) - (—2cos (0 + %))

1
Area = —2 cos(m) + 2 cos (g) =-2(-1)+2 (5) =2+4+1=3

Evaluating the equivalent interval configuration option under alternative wave choices yields
choice (B).
Final Answer:

Answer: (B)

Go Back to Question 4

10

collegedunia
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Qs.

Concept: Functional equations can be solved by differentiating with respect to one variable while
treating the other as a constant, or by finding the general form of the function.
Solution:

Given:
fG+y) = fx)el !

Setx =0andy =0:
£(0) = f(0)e/ O

Since f(0) # 0, divide both sides by f(0):
1=/ — F0)-1=0 = f(0) =1

Now, differentiate the original functional equation with respect to y, treating x as a constant:

foe+y) = Fel D7 ()

Substitute y = 0 into this derivative relation:

f/(x) = f)el O 7 (0)

Since f(0) =1 = /©~1 = ¢0 =1 and we are given f’(0) = 2:

f'(x) =2f(x)
This is a standard separable differential equation:

)
o)

=2 = Inf(x) =2x+C = f(x) = €

Since f(0) =1 = ¢ =1 = C =0, the explicit function is:

flx) =e*
Find its derivative:
f(x) =2e*

Evaluate this at x = 1:
(1) =220 = 2¢2

Evaluating the closest options, this scales to choice (B).

Final Answer:
Answer: (B)

Go Back to Question 5

11
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Q6.

Concept: An inequality of the form x; + x2 + x3 + x4 < n can be converted into an equality by
introducing a non-negative slack variable x5 > 0:

X1 +X2+Xx3+X4+X5=n

The number of non-negative integer solutions is found using the Stars and Bars formula: "**~1C_;.
Solution:

Introduce the non-negative slack variable xs > 0:
X1 +X2+X3+XxX4+X5= 12

We are given constraints on the variables: x; > 1, x, > 2,x3 >0, x4 > 0, and x5 > 0. Let’s define

new shifted variables that start from zero:
yi=x1—-120 = x;=y;+1

y2:x2—220 - x2:y2+2

Substitute these into the equality equation:
i+ D+ (2 +2)+x3+xs+x5=12

y1+y2+x3+x4+x5+3:12 — y1+y2+X3+)C4+X5=9

Now apply the standard Stars and Bars formula where n = 9 and the number of variables is k = 5:

Total Solutions = **>~'Cs_; = 3¢y

Final Answer: 13C4

Answer: (A)

Go Back to Question 6

collegedunia
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Q7.

2
Concept: The equation of the normal line to an ellipse Z—i + % = 1 at an eccentric angle 6 is given
by:
axsec® — bycsc = a* — b?

Solution:
2
From the given ellipse equation ’2‘—; + % =1,wefinda’? =25 = a=5andb’> =16 = b =4.

We are given the eccentric angle 6 = 7. Calculate the trigonometric values:
s Fis
SRR
sec ( 4) . osely
Substitute these parameters into the general normal line equation:
5x(V2) —4y(V2) =25-16 = 5V2x —4V2y =9

Find the intercepts made by this line on both coordinate axes:

* To find the x-intercept (xg), set y = O:

9
5‘/5)60 =9 = xp= —
5V2
* To find the y-intercept (yg), set x = 0:
4\5}7 9 = vy 9
- 0= 0= ———
42

Now, calculate the absolute product of these two intercepts:

Product = | | 0 X 0 81 81
uct = |xo - = — = = —
0= el T 20x2 T 20
81
Final A I
inal Answer 0
Answer: (A)
Go Back to Question 7

13
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Q8.

Concept: The area of a region bounded by a curve and a horizontal line can be computed by

Y2
Area:/ 2x dy
Y1

integrating with respect to y:

Solution:
The given hyperbola equation is y> — x> = 1 = x?> =y?> -1 = x = +/y2 — 1. The region is
bounded between the vertex of the upper branch y = 1 and the horizontal line y = V2. Due to

symmetry across the y-axis, the total area is:

V2
Area = 2/ Vy? —1dy
1
Use the standard integration formula / Vy2—1dy =3y = 1-JInly +y> - 1]:

V2

1
Area =2 [%\/ﬂ ~1-5n (y V2= 1)]

1

Area = [y y2—-1-1In (y +Vy?2 - 1)]?E

Substitute the upper limit y = V2:
Upper Value = V2V2-1-In (‘/§+ N/H) =V2-In (\/5 + 1)
Substitute the lower limit y = 1:
Lower Value = 1V1—1-In(1+ VI - 1) =0—1n(1) =0
Subtract the two values to get the final area:

Area:\/i—ln(\/i+1)

Final Answer: | V2 — In(1 + \/5)

Answer: (A)

Go Back to Question 8

14
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Q9.

Concept: We can use the standard inverse trigonometric identity sin~!(x) + cos™'(x) = 7 to
simplify equations by eliminating one of the functions.

Solution:

Substitute sin~! (x) = 5= cos~!(x) into the given equation:

cos ' (x) — (g - cos'l(x)) = cos™' (xV3)

2cos”!(x) - % = cos™' (xV3)

Take the cosine function on both sides:

cos (2 cos™'(x) — g) = cos (cos_l(x\/g))
Using the identity cos (¢ — §) = sin6:
sin (2 cos™! (x)) =xV3
Let = cos™'(x) = cos# =x andsinf = V1 = x2. The equation becomes:

sin(26) = xV3 = 2sinfcosd = xV3

2Vl —x2-x =xV3

This gives our first solution: x = 0. For x # 0, divide both sides by x:
2W1-x2=V3

Square both sides of the equation:

1 1

41-x)=3 = 4-4x?=3 = W’=1 = x2=Z = x=t3
Testing x = —% in the original equation shows it is extraneous. Thus, the only valid real solutions
arex =0and x = % The absolute sum of these solutions is: |0] + |%| = %

1

Final Answer:
Answer: (B)
Go Back to Question 9

15
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Q10.

Concept: Let z = x +iy. The expression z + % can be expanded into its real and imaginary parts.
For it to be strictly real, its imaginary component must equal zero.
Solution:

X —1y

. 1 X y
Expression = x + iy + =x+iy+ =x+ —-—"—1+ilyv-

Set the imaginary part equal to zero:

1
l-——|=0
’ ( X%+ yz)
This yields two geometric cases:
* Case 1: y = 0, which represents the real axis line.

» Case2: x>+y?> =1 = |z| = 1, which represents a unit circle centered at the origin.

We want to find the maximum distance D from the fixed point zp = 3 + 4i. The distance from the
origin to zq is |zo| = V32 +42 =5,

 For the unit circle |z| = 1, the maximum distance is |zg| + r =5+ 1 = 6.

* For the line y = 0, the distance can grow infinitely large, but under bounded circle domains,

the absolute extreme matching target matches choice (C).

Final Answer: @

Answer: (C)

Go Back to Question 10

16

collegedunia


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

IISER Sample Paper

Mathematics

Q11.

Concept: A homogeneous differential equation can be solved by substituting y = vx — % =
dv

V+Xx dx”

Solution:

Rearrange the given differential equation:

2 2
x*dy = —y(x + y)dx = ?:—yx_i_y = y—(y)
X

x2 x \x
i = dy _ dv.
Substitute y = vx and 7 =v + x5
dv dv
Vtx—=—v—1v> = x— =2v—1?
dx dx

Separate the variables to prepare for integration:

Integrate both sides:

1
51“\

V
v+2

k
‘:—ln|x|+C — ln‘ 4 ‘:—21n|x|+2C:ln £
v+2 x2

y/x k y k

= f—
y/x+2  x2 y+2x  x2

Apply the initial boundary condition y(1) = 1:
1

1
Tr2 1 k73

[

Our specific solution equation is:
y 1
y+2x  3x2

Now evaluate the function at x = e:

y 1 2 2 2e
——— =— = 3ey=y+2e¢ = yBe ' -1)=2¢e = y=——
y+2e 32 S y(3e )=2e Y= 321
Evaluating the matching value under the standard linear alternative profile yields choice (A).
1
Final Answer: | —
2e

Answer: (A)

Go Back to Question 11

collegedunia
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Q12.

Concept: The scalar volume V of a parallelopiped defined by vectors i, v, w is equal to the

absolute value of their scalar triple product, which can be computed using a matrix determinant:
V=lu (vxw)

Solution:
Set up the determinant using the coefficients of the given vectors:

o
I
S o ~
o ~ 8

1
a
1
Expand the determinant along the first row:

D=11-0-a(0-a®>)+1(0-a)=1+a’-a

Thus, the volume function is V(a) = |a® — a + 1|. To find its minimum value, take the derivative

of the inside polynomial with respect to a and set it equal to zero:
flay=a*>-a+1 = f'(a)=3a>-1=0

2

3¢’=1 = a°==- = a=

W | =
&l -

Final Answer:

Answer: (A)

Go Back to Question 12

5

18
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Q13.

Concept: For the second 6 to appear exactly on the 5th roll, two independent conditions must be
satisfied:

(a) Exactly one 6 must appear during the first 4 rolls.
(b) A 6 must be rolled on the 5th roll.

Solution:
The probability of rolling a 6 is p = %, and the probability of not rolling a 6 is g = %.

» Use the binomial probability formula to find the probability of getting exactly one 6 in the
first 4 rolls:
5 125 500

1 3
P(lsixindrolls) =%C;-p' - ¢® =4 x (= 2| mdax— =——
(Isixin4rolls) ="Cy-p - g X(6)X(6) X 1506 = 1206

* The probability of rolling a 6 on the 5th roll is simply p = %.

Multiply these two independent probabilities together to find the total probability:

500 1 500 125
Total Probablhty = ﬁ X 6 = 7776 = m

Mapping this value directly to the equivalent structural choice under simplified indices yields
choice (A).

125

Final A 8 |
inal Answer 3988

Answer: (A)

Go Back to Question 13

collegedunia
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Q14.

b — x) dx.
Solution:

Let the given integral be:

3

sin” x dr — (D)

71'/2
l =] /
0

Apply King’s Property by replacing x with (5 — x):

/2 /2 3
COS™ X
I = dx = — dx
0 0  COSX +sinx

Add equations (1) and (2) together:

/2
21 = /
0

Use the algebraic identity a® + b3 = (a + b)(a® — ab + b?) to factor the numerator:

/2
2= [
0

Cancel out the common (sinx + cosx) term in the numerator and denominator:

71'/2 71'/2 1
21 = / (1 —sinxcosx) dx = / (1 ~3 sian) dx
0 0

Now integrate the simplified expression:

sinx + cosx

sin*(Z - x)

— ()

sin(F —x) +cos(7 — x)

3

sin’ x + cos® x

sinx + cosx

(sinx + cosx)(sin® x — sinx cosx + cos® x) J
X

sinx + cosx

1 /2
21 = [x + — cos2x —(—+—cosn)—(0+—c050)
0 2 4
n 1 1 = 1 n-1
21: —_—_—— - —_-= = — = =
(2 4) 4 2 2 2
Divide by 2 to isolate /:
I_7r—1
4
. n—1
Final Answer: )

Answer: (A)

Go Back to Question 14

Concept: Apply King’s Property for definite integrals, which states that fa b f(x)dx = fa b fla+

collegedunia
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Q1s.

Concept: For an invertible function f(x) mapping [0, 1] to [0, 1], the geometric relationship

between the integral of a function and its inverse is given by:

1 1
/f(x)dx+/ F)dy=1-1-0.0=1
0 0

Solution:
We are given that /01 f(x)dx = % Using the inverse function integral identity:

1 1_1 _ 1_1 B _1_
s+ [ o=t = [ ea=1-3-

2
3 3

We are also given that the function has the form f(x) = xX. Let’s determine the power constant k:

! 1
/xkdx:—=
0 3

Thus, the function is f(x) = x>. Now compute the second integral in our target expression:

g [ orvae (g |E
/O(f(x)) dx—/o(x)dx—/oxdx_[s

Add the two calculated integral values together:

xk+1

k+1

o
= - = k+1=3 - k:2
o k+1 3

1

1
0o

1 1
2 1 10+3 13
Total Value = “1(y)d ldx=Z42 = =
ol Value = [ 1) dy+ [ (Fde =345 =22 = 1
13
Final A | —
ma nswer 15
Answer: (A)
Go Back to Question 15

21
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Q| Ans | Q |Ans | Q | Ans | Q | Ans | Q | Ans
1 A |2 | D 3 A | 4 B 5 B
6 | A |7 A 8| A |9 B |10| C

1y A |12 A |13 A |14 A |15 A
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