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Multiple Choice Questions

Q1. The number of ways of a seven digit
number with distinct digits of the form
a1a2a3a4a5a6a7, (ai ≠ 0 ∀i = 1, 2, . . . , 7)
be present in decimal system, such that

a1 < a2 < a3 < a4 > a5 > a6 > a7

is

(A) 820

(B) 720

(C) 620

(D) 120

Q2. For a certain curve y = f(x) satisfying

d2y

dx2
= 6x− 4,

f(x) has a local minimum value 5 when
x = 1. The global maximum value of f(x)
if 0 ≤ x ≤ 2, is

(A) 2

(B) 3

(C) 5

(D) 7

Q3. P is a variable point on the ellipse

x2

a2
+

y2

b2
= 2

whose foci are F1 and F2. Then maxi-
mum area of △PF1F2 is

(A) 2a
√
a2 − b2

(B) 2b
√
a2 − b2

(C) a
√
2a2 − 2b2

(D) b
√
2a2 − 2b2

Q4. Distance of point P (−2, 3, 4) from the line

x+ 2

3
=

2y + 3

4
=

3z + 4

5

measured parallel to the plane 8x+ 6y −
9z + 1 = 0 is

(A)

√
301

2

(B)

√
401

2

(C)

√
307

2

(D)

√
207

2

Q5. The point P (1, 1) is translated parallel to
2x = y in the first quadrant through a unit
distance. The coordinates of the point P
in new position are

(A)
(
1± 2√

5
, 1± 1√

5

)
(B)

(
1± 1√

5
, 1± 2√

5

)
(C)

(
1√
5
, 2√

5

)
(D)

(
2√
5
, 1√

5

)
Q6. A function f from integers to integers is

defined as

f(n) =

n+ 3, n is odd
n

2
, n is even

If k is an odd integer and f(f(f(k))) = 27
then the sum of digits of k is

(A) 3

(B) 6

(C) 9

(D) 12
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Q7. In a city, no two persons have identical
set of teeth and there is no person without
a tooth. Also no person has more than 32
teeth. If we disregard the shape and size
of teeth and consider only the positioning
of the teeth then the maximum population
of the city will be

(A) 232

(B) 232 + 1

(C) 232 − 1

(D) 232 − 2

Q8. The number of values of k, for which the
system of equations

kx+ (3k + 2)y = 4k

(3k − 1)x+ (9k + 1)y = 4(k + 1)

has no solution, are

(A) 0

(B) 1

(C) 2

(D) 3

Q9. If a ∈ [−20, 0] then the probability that
the graph of the function

y = 16x2 + 8ax+ 40x− 7a− 5

is strictly above the x-axis, is

(A)
14

20

(B)
14

21

(C)
13

21

(D)
13

20

Q10. If 1, z1, z2, . . . , zn−1 are the nth roots of
unity then the value of

1

3− z1
+

1

3− z2
+ · · ·+ 1

3− zn−1

is equal to

(A)
n · 3n−1

3n − 1
+

1

2

(B)
n · 3n−1

3n − 1
− 1

(C)
n · 3n−1

3n − 1
+ 1

(D)
n · 3n−1

3n − 1
− 1

2

Q11. Let

f(x) =

∫ x

2

dt√
1 + t4

and g be the inverse of f . Then the value
of g′(0) is

(A) 1

(B) 17

(C)
√
17

(D) 0

Q12. The function

f(x) = [x] cos

(
π

(
2x− 1

2

))
,

(where [·] denotes the greatest integer
function) is discontinuous

(A) for each real x

(B) for each integral point

(C) nowhere

(D) at each non-integral point

Q13. Let

f(x) = lim
n→∞

1(
3

π
tan−1 2x

)2n + 5

then the set of values of x for which
f(x) = 0 is

(A) |2x| >
√
3

(B) |2x| <
√
3

(C) |2x| ≥
√
3

(D) |2x| ≤
√
3
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Q14. Area bounded by the region

R ≡ {(x, y) : y2 ≤ x ≤ |y|}

is

(A)
4

3

(B)
3

4

(C)
1

3

(D)
1

4

Q15. The range of the function

f(x) = (1 + sec−1 x)(1 + cos−1 x)

is

(A) (−∞,∞)

(B) (−∞, 0] ∪ [4,∞)

(C) {1, (1 + π)2}
(D) {0, (1 + π2)}

Q16. Consider the following equation in x and
y:

(x−2y−1)2+(4x+3y−4)2+(x−2y−1)(4x+3y−4) = 0.

How many solutions to (x, y) with x, y
real, does the equation have

(A) zero

(B) exactly one

(C) exactly two

(D) more than two

Q17. If

f(n) =

∫ 2015

0

ex

1 + xn
dx,

then lim
n→∞

f(n) is equal to

(A) e− 1

(B) e

(C) 1

(D) e2 − 1

Q18. Which of the following is NOT equivalent
to (p∧ ∼ q) → r

(A) ∼ (q∨ ∼ p) → r

(B) ∼ r → (∼ p ∨ q)

(C) ∼
(
(p ∧ (∼ q)) ∧ (∼ r)

)
(D) ∼ r → (∼ p ∧ q)

Q19. The median of a set of 9 distinct obser-
vations is 20.5. If each of the largest 4
observations of the set is increased by 2,
then the median of the new set

(A) is increased by 2

(B) is decreased by 2

(C) is two times the original median

(D) remains the same as that of the orig-
inal set

Q20. In a △ABC, if AB = 5 cm, BC = 13 cm
and CA = 12 cm, then the distance of
vertex A from the side BC is (in cm)

(A)
25

13

(B)
60

13

(C)
65

12

(D)
144

13

Q21. Let f(x) be a decreasing function defined
on (0,∞). If f(2a2 + a + 1) < f(3a2 −
4a+ 1), then the range of a is

(A) a > 1 or a <
1

3
(B) a ∈ (0, 5)

(C) a >
1

3

(D) a ∈
(
0,

1

3

)
∪ (1, 5)
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Q22. It is given that there are two sets of
real numbers A = {a1, a2, . . . , a100} and
B = {b1, b2, . . . , b50}. Total number of
onto functions f from A to B such that
f(a1) ≤ f(a2) ≤ f(a3) ≤ . . . ≤ f(a100)
is/are

(A) 100C50

(B) 99C50

(C) 100C49

(D) 99C51

Q23. If f(x) = 1 +
∞∑
n=1

xn(log a)n

n!
, then at x =

0, f(x)

(A) has no limit

(B) is discontinuous

(C) is continuous but not differentiable

(D) is differentiable

Q24. lim
n→∞

cos(π
√
n2 + n), n ∈ Z, is equal to

(A) 0

(B) 1

(C) −1

(D) does not exist

Q25. n/m means that n is a factor of m, then
the relation ‘/’ is

(A) reflexive and symmetric

(B) transitive and reflexive

(C) transitive and symmetric

(D) equivalence

Q26. In a triangle ABC,
n∑

r=0

nCra
rbn−r cos(rB − (n − r)A)

is equal to (where a, b, c represent the
sides and A,B,C represent the angles
of △ABC)

(A) an

(B) bn

(C) cn

(D) none of these

Q27. The radius of the circle touching the pair
of lines 7x2−18xy+7y2 = 0 and the circle
x2 + y2 − 8x− 8y = 0 and contained in
the given circle is

(A)
√
10

(B) 3

(C) 2
√
2

(D)
√
7

Q28. A parabola having directrix x + y + 2 =
0 touches a line 2x + y − 5 = 0 at
(2, 1). Then the semi-latus rectum of the
parabola is

(A)
8√
2

(B)
9√
2

(C)
10√
2

(D)
11√
2

Q29. Number of points from which pair of per-
pendicular tangents can be drawn to hy-
perbola x2 csc2 α − y2 sec2 α = 1, is α ∈(
0,

π

4

)
(A) 0

(B) 1

(C) 2

(D) infinite

Q30. Let f(x) = sin x+cos x+tan x+sin−1 x+
tan−1 x+ cos−1 x. If M and m are maxi-
mum and minimum values of f(x), then
its sum is

(A) π + 2 cos 1

(B) π + 2 sin 1
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(C)
π

2
+ 2 tan 1

(D) π + tan 1 + sin 1

Q31. In a right angled triangle, the smallest
angle is θ. A triangle which is taking the
reciprocal of sides is also a right angled
triangle, then sin θ is equal to

(A)

√
5 + 1

4

(B)

√
5− 1

2

(C)

√
5− 1

4

(D)

√
2− 1

2

Q32. lim
n→∞

n∑
r=1

cot−1

(
r3 − r + 1

r

)
is equal to

(A) 0

(B) π

(C)
π

2

(D)
π

4

Q33. Let f(θ) =
1

1 + (cot θ)x
, then the value

of 2
89◦∑
θ=1◦

f(θ) is

(A) 44

(B) 89

(C) 65

(D) 178

Q34. For any three vectors a⃗, b⃗, c⃗ (non-zero),
(⃗a− b⃗) · [(⃗b− c⃗)× (c⃗− a⃗)] is

(A) 2|⃗c|

(B) 3|⃗b− c⃗|

(C) 3|⃗b− c⃗+ a⃗|
(D) zero

Q35. The projection of the line segment
P (1, 2, 3) and Q(−1, 4, 2) on the line hav-
ing direction ratios 2, 3,−6 is

(A)
7

8
(B) 6

(C)
7

8

(D)
9

2

Q36. The number of distinct terms in the ex-
pansion of (2x+ 3 +

1

5x
)n, n ∈ N is

(A) 3n

(B) 3n+ 1

(C) 2n

(D) 2n+ 1

Q37. In a G.P. of positive terms, product of first
four terms is 4 and second term is the
reciprocal of fourth term. Then sum of
infinite G.P. is

(A) divisible by 3

(B) divisible by 5

(C) divisible by 2

(D) an irrational number

Q38. If the system of equations

x−2y+z = a; 2x+y−2z = b; x+3y−3z = c

has at least one solution, then

(A) a+ b+ c = 0

(B) a− b+ c = 0

(C) −a+ b+ c = 0

(D) a+ b− c = 0

Q39. If
π

2
< α <

3π

2
, then the modulus and

argument of (1 + cos 2α) + i sin 2α are
respectively

(A) 2 cosα, α
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(B) −2 cosα, α

(C) −2 cosα, α− π

(D) None of these

Q40. The statement p → (∼ q) is equivalent to

(A) q → p

(B) p∧ ∼ q

(C) ∼ q∨ ∼ p

(D) ∼ q → p

Q41. Consider the ellipse

x2

4
+

y2

3
= 1.

Let H(α, 0), 0 < α < 2, be a point. A
straight line drawn through H parallel to
the y-axis crosses the ellipse and its aux-
iliary circle at points E and F respectively,
in the first quadrant. The tangent to the
ellipse at point E intersects the positive
x-axis at point G. Suppose the straight
line joining F and the origin makes an
angle ϕ with the positive x-axis.

List–I List–II

(I) If ϕ =
π

4
, then area of

△FGH is
(P)

(
√
3− 1)4

8

(II) If ϕ =
π

3
, then area of

△FGH is
(Q) 1

(III) If ϕ =
π

6
, then area of

△FGH is
(R)

3

4

(IV) If ϕ =
π

12
, then area of

△FGH is
(S)

1

2
√
3

(T)
3
√
3

2

The correct option is:

(A) (I) → (R); (II) → (S); (III) → (Q); (IV)
→ (P)

(B) (I) → (R); (II) → (T); (III) → (S); (IV)
→ (P)

(C) (I) → (Q); (II) → (T); (III) → (S); (IV)
→ (P)

(D) (I) → (Q); (II) → (S); (III) → (Q); (IV)
→ (P)

Q42. Let f be the function defined by f(x) =
∞∑
n=1

xn

n
for all x such that −1 < x < 1.

Then f ′(x) =

(A)
1

1− x

(B)
x

1− x

(C)
1

1 + x

(D)
x

1 + x
(E) 0

Q43. If z is a complex variable and z̄ denotes
the complex conjugate of z, what is

lim
z→0

(z̄)2

z2
?

(A) 0

(B) 1

(C) i

(D) ∞

Q44. Let g be the function defined by g(x) =
e2x+1 for all real x. Then

lim
x→0

g(g(x))− g(e)

x
=

(A) 4e2

(B) e2e+1

(C) 2e2e+1

(D) 4e2e+2

Q45. What is the value of∫ π/4

−π/4

(
cos t+

√
1 + t2 sin3 t cos3 t

)
dt?
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(A)
√
2

(B)
√
2− 1

(C)

√
2

2

(D)

√
2− 1

2

Q46. What is the volume of the solid in
xyz–space bounded by the surfaces y =
x2, y = 2− x2, z = 0, and z = y + 3?

(A)
8

3

(B)
16

3

(C)
104

105

(D)
208

105

Q47. Which of the following statements about
the real matrix

A =


1 2 3 4 5

0 2 3 4 5

0 0 3 4 5

0 0 0 4 5

0 0 0 0 5


is FALSE?

(A) A is invertible.

(B) If x ∈ R5 and Ax = x, then x = 0.

(C) The last row of A2 is (0 0 0 0 25).

(D) A can be transformed into the 5 ×
5 identity matrix by a sequence of
elementary row operations.

Q48. In xyz–space, what are the coordinates
of the point on the plane 2x+ y + 3z = 3
that is closest to the origin?

(A)
(
3

7
,
3

14
,
9

14

)
(B)

(
7

15
,
8

15
,
1

15

)

(C)
(
5

6
,
1

3
,
1

3

)
(D) (1, 1, 1

3
)

Q49. Let S be the set of all functions f : R →
R. Consider the two binary operations +
and ◦ on S defined as pointwise addition
and composition of functions, as follows:

(f+g)(x) = f(x)+g(x), (f◦g)(x) = f(g(x)).

Which of the following statements are
true?

I. ◦ is commutative.

II. + and ◦ satisfy the left distributive
law (f ◦ (g + h)) = (f ◦ g) + (f ◦ h).

III. + and ◦ satisfy the right distributive
law ((g + h) ◦ f) = (g ◦ f) + (h ◦ f).

(A) II only

(B) III only

(C) II and III only

(D) I, II, and III

Q50. A tank initially contains a salt solution of 3
grams of salt dissolved in 100 liters of wa-
ter. A salt solution containing 0.02 grams
of salt per liter of water is sprayed into
the tank at a rate of 4 liters per minute.
The sprayed solution is continually mixed
with the salt solution in the tank, and the
mixture flows out of the tank at a rate of 4
liters per minute. If the mixing is instanta-
neous, how many grams of salt are in the
tank after 100 minutes have elapsed?

(A) 2− e−2

(B) 2 + e−2

(C) 2− e−4

(D) 2 + e−4
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A quarterly science showcase for senior
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• Student research projects, experi-
ments, models.

• “Tech Corner”: electronics builds, Ar-
duino/IoT mini-projects.

• QR links to lab demos, physics simu-
lations, science fairs.
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Scan the QR to explore & order online
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