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Time Allowed :3 Hour Maximum Marks :300 Total Questions :75

General Instructions

Read the following instructions very carefully and strictly follow them:

1. The test is of 3 hours duration.

2. This test paper consists of 75 questions. Each subject (PCM) has 25 questions.
The maximum marks are 300.

3. This question paper contains Three Parts. Part-A is Physics, Part-B is Chemistry
and Part-C is Mathematics. Each part has only two sections: Section-A and
Section-B.

4. Section - A : Attempt all questions.

5. Section - B : Attempt all questions.

6. Section - A (01 – 20) contains 20 multiple choice questions which have only one
correct answer. Each question carries +4 marks for correct answer and –1 mark for
wrong answer.

7. Section - B (21 – 25) contains 5 Numerical value based questions. The answer to
each question should be rounded off to the nearest integer. Each question carries
+4 marks for correct answer and –1 mark for wrong answer.

Mathematics Section A

1. The system of linear equations
x+ y + z = 6
2x+ 5y + az = 36
x+ 2y + 3z = b

has
(A) infinitely many solutions for a = 8 and b = 14
(B) infinitely many solutions for a = 8 and b = 16
(C) unique solution for a = 8 and b = 16
(D) unique solution for a = 8 and b = 14

Correct Answer: (A) infinitely many solutions for a = 8 and b = 14

Solution:
To analyze the system, we form the augmented matrix:
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 1 1 1 6
2 5 a 36
1 2 3 b


Apply row operations R2 → R2 − 2R1 and R3 → R3 −R1: 1 1 1 6

0 3 a− 2 24
0 1 2 b− 6


Swap R2 and R3 to simplify elimination: 1 1 1 6

0 1 2 b− 6
0 3 a− 2 24


Apply R3 → R3 − 3R2: 1 1 1 6

0 1 2 b− 6
0 0 a− 2− 6 24− 3(b− 6)


Simplifying the last row gives: 1 1 1 6

0 1 2 b− 6
0 0 a− 8 42− 3b


For infinitely many solutions, the rank of the coefficient matrix must equal the rank of the
augmented matrix, and both must be less than the number of variables (3).

This requires the entire last row to be zero.

a− 8 = 0 =⇒ a = 8.

42− 3b = 0 =⇒ 3b = 42 =⇒ b = 14.

Quick Tip

For a system AX = B, infinite solutions exist if |A| = 0 and (adj A)B = 0. In matrix
form, the last row of the row-reduced augmented matrix must be all zeros.

2. If the mean and the variance of the data
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are µ and 19 respectively, then the value of λ+ µ is
(A) 21
(B) 18
(C) 19
(D) 20

Correct Answer: (C) 19

Solution:
Let the mid-points (xi) of the classes be 6, 10, 14, 18.

The total frequency is N = 3 + λ+ 4 + 7 = 14 + λ.

We use the step-deviation method with assumed mean A = 14 and height h = 4. Let ui =
xi−14

4 .

The values for ui are −2,−1, 0, 1.

The mean of u is ū =
∑

fiui

N =
3(−2)+λ(−1)+4(0)+7(1)

14+λ = 1−λ
14+λ .

The variance relation is σ2x = h2σ2u = 16
[∑

fiu
2
i

N − (ū)2
]
= 19.

Calculate
∑

fiu
2
i = 3(4) + λ(1) + 4(0) + 7(1) = 19 + λ.

Substitute into the variance equation:

19 = 16
[
19+λ
14+λ −

(
1−λ
14+λ

)2]
.

19
16 =

(19+λ)(14+λ)−(1−λ)2

(14+λ)2
.

19(14 + λ)2 = 16[(266 + 33λ+ λ2)− (1− 2λ+ λ2)].

19(196 + 28λ+ λ2) = 16(265 + 35λ).

3724 + 532λ+ 19λ2 = 4240 + 560λ.

19λ2 − 28λ− 516 = 0.

Solving for λ: λ =
28±
√

784−4(19)(−516)
38 = 28±200

38 .

Since frequency is positive, λ = 228
38 = 6.

Now find µ: ū = 1−6
20 = −1

4 .

µ = 14 + 4(−1
4) = 13.
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Therefore, λ+ µ = 6 + 13 = 19.

Quick Tip

Variance is independent of change of origin but depends on the scale. Var(ax + b) =
a2Var(x).

3. Let I(x) =
´

3dx
(4x+6)

√
4x2+8x+3

and I(0) =
√
3
4 + 20. If I

(
1
2

)
= a

√
2

b + c, where

a, b, c ∈ N, gcd(a, b) = 1, then a+ b+ c is equal to
(A) 29
(B) 28
(C) 30
(D) 31

Correct Answer: (D) 31

Solution:
Rewrite the term inside the square root: 4x2 + 8x+ 3 = (2x+ 2)2 − 1.

Let 2x+ 2 = sec θ. Differentiating, 2dx = sec θ tan θdθ =⇒ dx = 1
2 sec θ tan θdθ.

The term 4x+ 6 = 2(2x+ 2) + 2 = 2 sec θ + 2 = 2(sec θ + 1).

Substitute into the integral:

I =
´ 3( 1

2
sec θ tan θdθ)

2(sec θ+1)
√
sec2 θ−1

= 3
4

´
sec θ tan θ

(sec θ+1) tan θ
dθ.

I = 3
4

´
sec θ

sec θ+1dθ = 3
4

´
1

1+cos θdθ.

Using half-angle identity 1 + cos θ = 2 cos2(θ/2):

I = 3
4

´
1

2 cos2(θ/2)
dθ = 3

8

´
sec2(θ/2)dθ.

I = 3
8 [2 tan(θ/2)] + C = 3

4 tan(θ/2) + C.

Convert back to x: tan(θ/2) =
√

1−cos θ
1+cos θ =

√
sec θ−1
sec θ+1 =

√
2x+1
2x+3 .

Given I(0) =
√
3
4 + 20. At x = 0, term is

√
1/3.

3
4

1√
3
+ C =

√
3
4 + 20 =⇒

√
3
4 + C =

√
3
4 + 20 =⇒ C = 20.
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Find I(1/2): At x = 1/2, term is
√

2(0.5)+1
2(0.5)+3

=
√

2
4 = 1√

2
.

I(1/2) = 3
4

1√
2
+ 20 = 3

√
2

8 + 20.

Here a = 3, b = 8, c = 20. gcd(3, 8) = 1.

a+ b+ c = 3 + 8 + 20 = 31.

Quick Tip

´
dx

(ax+b)
√

px2+qx+r
: Substitute ax+ b = 1/t or use trig substitution like 2x+ 2 = sec θ.

4. An equilateral triangle OAB is inscribed in the parabola y2 = 4x with the vertex
O at the vertex of the parabola. Then the minimum distance of the circle having
AB as a diameter from the origin is
(A) 4(6 +

√
3)

(B) 4(3−
√
3)

(C) 2(8− 3
√
3)

(D) 2(3 +
√
3)

Correct Answer: (B) 4(3−
√
3)

Solution:
Let the vertices be O(0, 0) and A(t2, 2t). Due to symmetry, B(t2,−2t).

In equilateral △OAB, the line OA makes 30◦ with the x-axis.

Slope mOA = 2t
t2 = 2

t = tan 30◦ = 1√
3
.

So, t = 2
√
3.

The x-coordinate of A and B is t2 = (2
√
3)2 = 12.

The y-coordinate of A is 2t = 4
√
3.

The circle has diameter AB, so its center C is the midpoint of AB, which is (12, 0).

The radius r is half the length of AB, which is the y-coordinate of A. So r = 4
√
3.

The distance of the center from the origin is d = 12.
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The minimum distance of the circle from the origin is |d− r| = 12− 4
√
3.

Factoring out 4 gives 4(3−
√
3).

Quick Tip

For an equilateral triangle in y2 = 4ax with a vertex at (0, 0), the side length is 8a
√
3.

5. The sum of all the real solutions of the equation
log(x+3)(6x

2 + 28x+ 30) = 5− 2 log(6x+10)(x
2 + 6x+ 9) is equal to

(A) 1
(B) 0
(C) 2
(D) 4

Correct Answer: (B) 0

Solution:
Factor the polynomial terms: 6x2 + 28x+ 30 = (x+ 3)(6x+ 10) and x2 + 6x+ 9 = (x+ 3)2.

Substitute into the equation:

log(x+3)((x+ 3)(6x+ 10)) = 5− 2 log(6x+10)((x+ 3)2).

Using log properties: 1 + log(x+3)(6x+ 10) = 5− 4 log(6x+10)(x+ 3).

Let y = log(x+3)(6x+ 10). Then log(6x+10)(x+ 3) = 1/y.

1 + y = 5− 4
y .

Multiply by y: y2 + y = 5y − 4 =⇒ y2 − 4y + 4 = 0.

(y − 2)2 = 0 =⇒ y = 2.

So, log(x+3)(6x+ 10) = 2.

6x+ 10 = (x+ 3)2 = x2 + 6x+ 9.

x2 = 1 =⇒ x = 1,−1.

Check validity: For x = 1, base is 4 (valid), argument is 64 (valid).
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For x = −1, base is 2 (valid), argument is 8 (valid).

Sum of solutions = 1 + (−1) = 0.

Quick Tip

Always simplify log arguments by factoring. Remember loga b = 1/ logb a.

6. The least value of (cos2 θ − 6 sin θ cos θ + 3 sin2 θ + 2) is
(A) −1
(B) 4 +

√
10

(C) 4−
√
10

(D) 1

Correct Answer: (C) 4−
√
10

Solution:
We convert squared terms to double angles: cos2 θ = 1+cos 2θ

2 , sin2 θ = 1−cos 2θ
2 .

Also, 2 sin θ cos θ = sin 2θ.

Let f(θ) = 1+cos 2θ
2 − 3 sin 2θ + 3

(
1−cos 2θ

2

)
+ 2.

f(θ) = 1
2 +

1
2 cos 2θ − 3 sin 2θ + 3

2 −
3
2 cos 2θ + 2.

Combine constants: 1
2 +

3
2 + 2 = 4.

Combine cosine coefficients: 1
2 −

3
2 = −1.

f(θ) = 4− cos 2θ − 3 sin 2θ.

The range of − cos 2θ − 3 sin 2θ is [−
√

(−1)2 + (−3)2,
√

(−1)2 + (−3)2] = [−
√
10,
√
10].

The minimum value is 4−
√
10.

Quick Tip

Minimum value of a cos x+ b sinx+ c is c−
√
a2 + b2.
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7. Let A = {0, 1, 2, ..., 9}. Let R be a relation on A defined by (x, y) ∈ R if and only
if |x− y| is a multiple of 3.
Statement I: n(R) = 36.
Statement II: R is an equivalence relation.
(A) Both Statement I and Statement II are correct
(B) Both Statement I and Statement II are incorrect
(C) Statement I is incorrect but Statement II is correct
(D) Statement I is correct but Statement II is incorrect

Correct Answer: (C) Statement I is incorrect but Statement II is correct

Solution:
The relation corresponds to x ≡ y (mod 3), which is a known equivalence relation (Reflexive,
Symmetric, Transitive). Statement II is correct.

To find n(R), we group elements by their remainder modulo 3:

C0 = {0, 3, 6, 9} (4 elements).

C1 = {1, 4, 7} (3 elements).

C2 = {2, 5, 8} (3 elements).

Pairs in R are formed by taking any two elements (including same) from the same group.

n(R) = |C0|2 + |C1|2 + |C2|2.

n(R) = 42 + 32 + 32 = 16 + 9 + 9 = 34.

Statement I says 36, so it is incorrect.

Quick Tip

For an equivalence relation, the graph is a union of disjoint squares corresponding to the
equivalence classes.

8. The area of the region enclosed between the circles x2+y2 = 4 and x2+(y−2)2 = 4
is:
(A) 4

3(2π − 3
√
3)

(B) 2
3(4π − 3

√
3)

(C) 4
3(2π −

√
3)

(D) 2
3(2π − 3

√
3)
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Correct Answer: (B) 2
3(4π − 3

√
3)

Solution:
The circles intersect where x2 + y2 = x2 + (y − 2)2.

y2 = y2 − 4y + 4 =⇒ 4y = 4 =⇒ y = 1.

Intersection points are (±
√
3, 1).

Consider the sector of the circle x2 + y2 = 4 from angles corresponding to intersection.

Center (0, 0), radius 2. Chord is at y = 1. Distance d = 1.

Angle α: cosα = 1/2 =⇒ α = π/3. Total angle 2α = 2π/3.

Area of circular segment = Area(Sector) - Area(Triangle).

Aseg =
1
2r

2(2α)− 1
2r

2 sin(2α) = 1
2(4)(

2π
3 )− 1

2(4)(
√
3
2 ).

Aseg =
4π
3 −
√
3.

The total area is composed of two such identical segments (one from each circle).

Total Area = 2(4π3 −
√
3) = 8π

3 − 2
√
3.

Factor out 2/3: 2
3(4π − 3

√
3).

Quick Tip

Symmetry plays a huge role in area between curves. Always check if the area is composed
of identical parts.

9. Bag A contains 9 white and 8 black balls, while bag B contains 6 white and 4
black balls. One ball is picked from B and put in A. Then a ball is drawn from A.
Probability it is white is p/q. Find p+ q.
(A) 23
(B) 22
(C) 21
(D) 24

Correct Answer: (A) 23
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Solution:
Probability of transferring White (TW ) from B = 6/10 = 3/5.

Probability of transferring Black (TB) from B = 4/10 = 2/5.

If TW occurs, Bag A has 10W, 8B (18 total). P(W—A) = 10/18 = 5/9.

If TB occurs, Bag A has 9W, 9B (18 total). P(W—A) = 9/18 = 1/2.

Total Probability P (W ) = P (W |TW )P (TW ) + P (W |TB)P (TB).

P (W ) = 5
9 ×

3
5 +

1
2 ×

2
5 = 1

3 +
1
5 = 8

15 .

p = 8, q = 15. gcd(8, 15) = 1.

p+ q = 8 + 15 = 23.

Quick Tip

Use the Total Probability Theorem for multi-stage random experiments.

10. Points of intersection of ellipses x2 + 2y2− 6x− 12y+ 23 = 0 and 4x2 + 2y2− 20x−
12y + 35 = 0 lie on a circle. Value of ab+ 18r2 is
(A) 53
(B) 51
(C) 55
(D) 52

Correct Answer: (C) 55

Solution:
Consider the family of curves passing through intersection: S2 + λS1 = 0.

(4x2 + 2y2 − 20x− 12y + 35) + λ(x2 + 2y2 − 6x− 12y + 23) = 0.

(4 + λ)x2 + (2 + 2λ)y2 + · · · = 0.

For a circle, coeff of x2 = coeff of y2.

4 + λ = 2 + 2λ =⇒ λ = 2.

Substitute λ = 2: 6x2 + 6y2 − 32x− 36y + 81 = 0.
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Divide by 6: x2 + y2 − 16
3 x− 6y + 27

2 = 0.

Center (a, b) = (8/3, 3).

Radius squared r2 = g2 + f2 − c = 64
9 + 9− 27

2 .

Value = ab+ 18r2 = (8/3)(3) + 18(649 + 9− 27
2 ).

= 8 + 128 + 162− 243 = 55.

Quick Tip

Family of curves S1+λS2 = 0 is powerful for finding curves through intersections without
finding the points explicitly.

11. If f(x) =

{
a|x|+x2−2(sin |x|)(cos |x|)

x , x ̸= 0

b , x = 0
is continuous at x = 0, then a+ b is equal

to
(A) 0
(B) 1
(C) 4
(D) 2

Correct Answer: (D) 2

Solution:
Simplify f(x) for x ̸= 0: f(x) =

a|x|+x2−sin(2|x|)
x .

Calculate Right Hand Limit (x→ 0+): |x| = x.

limx→0+
ax+x2−sin(2x)

x = a+ 0− 2 = a− 2.

Calculate Left Hand Limit (x→ 0−): |x| = −x.

limx→0−
−ax+x2−sin(−2x)

x = lim
−ax+x2+sin(2x)

x = −a+ 0 + 2 = −a+ 2.

For continuity, RHL = LHL. a− 2 = −a+ 2 =⇒ 2a = 4 =⇒ a = 2.

The value of the limit is a− 2 = 0. So b = 0.

a+ b = 2 + 0 = 2.
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Quick Tip

Use Maclaurin series expansion or L’Hospital’s rule for limits of the form 0/0.

12. Let a⃗, b⃗, c⃗ be vectors such that a⃗× b⃗ = 2(⃗a× c⃗). |⃗a| = 1, |⃗b| = 4, |⃗c| = 2, angle between
b⃗, c⃗ is 60◦. Find |⃗b− 2c⃗|.
(A) 4
(B) 2
(C) 0
(D) 1

Correct Answer: (A) 4

Solution:
a⃗× b⃗− 2a⃗× c⃗ = 0 =⇒ a⃗× (⃗b− 2c⃗) = 0.

This implies b⃗− 2c⃗ is parallel to a⃗, or b⃗− 2c⃗ = λa⃗.

Squaring both sides: |⃗b− 2c⃗|2 = λ2|⃗a|2 = λ2.

Expand LHS: |⃗b|2 + 4|⃗c|2 − 4⃗b · c⃗.

b⃗ · c⃗ = |⃗b||⃗c| cos 60◦ = 4 · 2 · 12 = 4.

LHS = 16 + 4(4)− 4(4) = 16.

So |⃗b− 2c⃗|2 = 16 =⇒ |⃗b− 2c⃗| = 4.

Quick Tip

|u⃗− v⃗|2 = u2 + v2 − 2u⃗ · v⃗ is a fundamental vector identity.

13. Let a⃗, b⃗, c⃗ be defined. v⃗ = a⃗× b⃗. v⃗ · c⃗ = 11. Projection of b⃗ on c⃗ is p. Find 9p2.
(A) 12
(B) 4
(C) 9
(D) 6

Correct Answer: (A) 12
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Solution:
a⃗ = (1,−2, 3), b⃗ = (2, 1,−1).

v⃗ = a⃗× b⃗ =

∣∣∣∣∣∣
i j k
1 −2 3
2 1 −1

∣∣∣∣∣∣ = (−1, 7, 5).

c⃗ = (λ, 1, 1).

v⃗ · c⃗ = −λ+ 7 + 5 = 12− λ = 11 =⇒ λ = 1.

c⃗ = (1, 1, 1). |⃗c| =
√
3.

Projection p = b⃗·⃗c
|⃗c| =

2(1)+1(1)−1(1)√
3

= 2√
3
.

9p2 = 9(4/3) = 12.

Quick Tip

Scalar Triple Product [⃗a⃗bc⃗] = (⃗a× b⃗) · c⃗.

14. PQ is chord of hyperbola x2

4 −
y2

b2 = 1 perpendicular to x-axis. △OPQ is equilat-

eral (e =
√
3). Area OPQ is

(A) 11
5

(B) 9
5

(C) 8
√
3

5

(D) 2
√
3

Correct Answer: (C) 8
√
3

5

Solution:
Relation b2 = a2(e2 − 1). Here a2 = 4, e2 = 3.

b2 = 4(2) = 8. Hyperbola: x2

4 −
y2

8 = 1.

PQ is vertical chord x = k. P is (k, y1). △OPQ equilateral with vertex at origin implies
∠POX = 30◦.

y1/k = tan 30◦ = 1/
√
3 =⇒ k2 = 3y21.

Substitute into hyperbola: 3y2
1

4 −
y2
1

8 = 1.
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5y2
1

8 = 1 =⇒ y21 = 8/5.

Area =
√
3
4 (Side)2. Side = 2y1.

Area =
√
3y21 =

√
3(8/5) = 8

√
3

5 .

Quick Tip

Equilateral triangle with vertex at origin and symmetry axis X: Side vertices have y/x =
± tan 30◦.

15. Let π
2 < θ < π and cot θ = − 1

2
√
2
. Value of expression involving 15θ

2 and 8θ.

(A)
√
2−1√
3

(B)
√
2√
3

(C) 1−
√
2√

3

(D)
√
2√
3

Correct Answer: (C) 1−
√
2√

3

Solution:
Expression: sin(A) cos(B)+sin(A) sin(B)+cos(A) cos(B)−cos(A) sin(B) with A = 15θ/2, B =
8θ.

Group terms: (sinA cosB − cosA sinB) + (cosA cosB + sinA sinB).

= sin(A−B) + cos(A−B).

A−B = 15θ
2 −

16θ
2 = −θ

2 .

Exp = sin(−θ/2) + cos(−θ/2) = cos(θ/2)− sin(θ/2).

Given cot θ = −1/(2
√
2), cos θ = −1/3.

θ in Q2 =⇒ θ/2 in Q1.

sin(θ/2) =

√
1−(−1/3)

2 =
√

2/3.

cos(θ/2) =

√
1+(−1/3)

2 =
√

1/3.
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Result = 1√
3
−

√
2√
3
.

Quick Tip

sin(A±B) = sinA cosB ± cosA sinB.

16. If z =
√
3
2 + i

2 , then (z201 − i)8 is equal to
(A) 0
(B) 256
(C) −1
(D) 1

Correct Answer: (B) 256

Solution:
z = cos 30◦ + i sin 30◦ = eiπ/6.

z201 = ei201π/6 = ei67π/2.

67π/2 = 32π + 3π/2.

z201 = cos(3π/2) + i sin(3π/2) = −i.

(z201 − i)8 = (−i− i)8 = (−2i)8.

= (−2)8i8 = 256× 1 = 256.

Quick Tip

Powers of i: i1 = i, i2 = −1, i3 = −i, i4 = 1.

17. Sets A = {x ∈ Z : ||x − 3| − 3| ≤ 1} and B = {x : roots of eq}. Number of onto
functions A→ B.
(A) 32
(B) 62
(C) 81
(D) 79
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Correct Answer: (B) 62

Solution:
For A: −1 ≤ |x− 3| − 3 ≤ 1 =⇒ 2 ≤ |x− 3| ≤ 4.

2 ≤ x− 3 ≤ 4 =⇒ x ∈ {5, 6, 7}.

−4 ≤ x− 3 ≤ −2 =⇒ x ∈ {−1, 0, 1}.

Set A has 6 elements.

For B:
(x−2)(x−4)

x−1 ln |x− 2| = 0. Domain x ̸= 1, 2.

Roots: x− 4 = 0 =⇒ x = 4. ln |x− 2| = 0 =⇒ |x− 2| = 1 =⇒ x = 3 (x=1 rejected).

Set B has 2 elements {3, 4}.

Total functions = 26 = 64.

Into functions (range size ¡ 2) = 2 (all to 3 or all to 4).

Onto functions = 64− 2 = 62.

Quick Tip

Number of surjections from size m to size n:
∑n

k=0(−1)
k
(
n
k

)
(n− k)m.

18. Rhombus vertices A(1,2), C(-3,-6). Line AD parallel to 7x − y = 14. Find
|α + β + γ + δ|.
(A) 6
(B) 1
(C) 9
(D) 3

Correct Answer: (A) 6

Solution:
Diagonals bisect at M (−1,−2).

Sum of coordinates of A + C = (1− 3) + (2− 6) = −2− 4 = −6.
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In a rhombus (parallelogram), xA + xC = xB + xD and yA + yC = yB + yD.

α + γ = −2.

β + δ = −4.

Sum = −6. Magnitude is 6.

No need to find coordinates explicitly.

Quick Tip

Midpoint of diagonals coincides in parallelograms.

19.
∑n

k=1 ak = αn2 + βn. a10 = 59, a6 = 7a1. Find α + β.
(A) 3
(B) 5
(C) 7
(D) 12

Correct Answer: (B) 5

Solution:
Sn is quadratic =⇒ an is AP.

an = Sn − Sn−1 = α(2n− 1) + β.

a10 = 19α+ β = 59.

a6 = 11α+ β. a1 = α+ β.

11α + β = 7(α+ β) = 7α + 7β.

4α = 6β =⇒ β = 2
3α.

Substitute into a10: 19α + 0.66α = 59 =⇒ 59α
3 = 59 =⇒ α = 3.

β = 2.

α + β = 5.
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Quick Tip

For Sn = An2 +Bn, common difference d = 2A, first term a = A+B.

20. The number of ways 16 oranges distributed to 4 children, each gets at least
one.
(A) 403
(B) 384
(C) 429
(D) 455

Correct Answer: (D) 455

Solution:

The oranges are identical and the children are distinct. Each child must receive at least one
orange.
The number of ways to distribute n identical objects into r distinct groups, with no group
empty, is given by: (

n− 1

r − 1

)
Here,

n = 16, r = 4

Number of ways =

(
15

3

)
=

15× 14× 13

3× 2× 1
= 5× 7× 13 = 455

∴ the required number of ways is 455 .

Quick Tip

Stars and bars method: For x1 + ...+ xr = n, xi ≥ 1, ways =
(
n−1
r−1

)
.
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1 Mathematics Section B

21. Let S denote the set of 4-digit numbers abcd such that a > b > c > d and P
denote the set of 5-digit numbers having product of its digits equal to 20. Then
n(S) + n(P ) is equal to
Correct Answer: 260

Solution:
First, find n(S). The digits a, b, c, d must be distinct elements from {0, 1, ..., 9}.

Since the order is strictly fixed (a > b > c > d), any combination of 4 distinct digits corresponds
to exactly one valid number.

n(S) =
(
10
4

)
= 10×9×8×7

4×3×2×1 = 210.

Next, find n(P ). We need 5-digit numbers with product of digits equal to 20.

The factors of 20 using single digits are combinations of {1, 2, 4, 5}.

Possible sets of 5 digits:

Case 1: {5, 4, 1, 1, 1}. Number of permutations = 5!
3! = 20.

Case 2: {5, 2, 2, 1, 1}. Number of permutations = 5!
2!2! = 30.

Note that 20 cannot be a digit, and 0 implies product 0.

n(P ) = 20 + 30 = 50.

Total sum = n(S) + n(P ) = 210 + 50 = 260.

Quick Tip

For strictly increasing or decreasing sequences of digits, the number of such integers is
simply the number of ways to choose the digits (

(
n
r

)
).

22. If the image of the point P(a, 2, a) in the line x
2 = y+a

1 = z
1 is Q and the image

of Q in the line x−2b
2 = y−a

1 = z+2b
−5 is P, then a + b is equal to .

Correct Answer: 3
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Solution:
Let the first line be L1 and the second be L2.

Since Q is the image of P in L1 and P is the image of Q in L2, both lines are perpendicular
bisectors of the segment PQ.

Thus, L1 and L2 must intersect at the midpoint M of PQ.

Find the intersection of L1 and L2.

General point on L1: M1 = (2λ, λ− a, λ).

General point on L2: M2 = (2µ+ 2b, µ+ a,−5µ− 2b).

Equating coordinates: 2λ = 2µ+ 2b =⇒ λ = µ+ b.

λ− a = µ+ a =⇒ λ = µ+ 2a.

Comparing λ, we get b = 2a.

Substitute λ = µ+ 2a and b = 2a into z-coordinate: µ+ 2a = −5µ− 4a.

6µ = −6a =⇒ µ = −a.

Then λ = a. The intersection point M is (2a, 0, a).

Since M is the midpoint, vector M⃗P is perpendicular to L1.

P (a, 2, a), M(2a, 0, a). M⃗P = (−a, 2, 0).

Direction of L1 is d⃗1 = (2, 1, 1).

Dot product: M⃗P · d⃗1 = −2a+ 2 + 0 = 0 =⇒ a = 1.

Since b = 2a, we have b = 2.

a+ b = 1 + 2 = 3.

Quick Tip

If two lines are axes of symmetry for the same pair of points (P, Q), they must intersect
at the midpoint of PQ.
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23. Let A =

 0 2 −3
−2 0 1
3 −1 0

 and B be a matrix such that B(I −A) = I +A. Then the

sum of the diagonal elements of BTB is equal to
Correct Answer: 3

Solution:
Notice that A is a skew-symmetric matrix, i.e., AT = −A.

Given B = (I + A)(I − A)−1.

Calculate BTB.

BT = [(I − A)−1]T (I + A)T = (I − AT )−1(I + AT ).

Substitute AT = −A: BT = (I + A)−1(I − A).

Now, (I + A) and (I − A) commute because (I + A)(I − A) = I − A2 = (I − A)(I + A).

BTB = (I + A)−1(I − A)(I + A)(I − A)−1.

Rearranging commutative terms: BTB = (I + A)−1(I + A)(I − A)(I − A)−1 = I · I = I.

BTB is the identity matrix of order 3.

The sum of diagonal elements (Trace) is 1 + 1 + 1 = 3.

Quick Tip

The Cayley transform of a real skew-symmetric matrix is an orthogonal matrix. For
orthogonal matrices, BTB = I.

24. The number of elements in the set S = {x : x ∈ [0, 100] and
´ x
0
t2 sin(x− t)dt = x2}

is
Correct Answer: 16

Solution:
Let I =

´ x
0
t2 sin(x− t)dt. Use substitution u = x− t.

I =
´ x
0
(x− u)2 sinudu =

´ x
0
(x2 − 2xu+ u2) sinudu.
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I = x2
´
sinudu− 2x

´
u sinudu+

´
u2 sinudu.

Evaluate parts:
´ x
0
sinu = 1− cosx.

´ x
0
u sinu = sinx− x cosx.

´ x
0
u2 sinu = −x2 cos x+ 2x sinx+ 2 cos x− 2.

Combine: x2(1− cos x)− 2x(sin x− x cos x) + (−x2 cos x+ 2x sinx+ 2 cos x− 2).

Simplify: x2 − x2 cos x− 2x sinx+ 2x2 cos x− x2 cos x+ 2x sinx+ 2 cos x− 2.

I = x2 + 2 cosx− 2.

Set I = x2 =⇒ x2 + 2 cosx− 2 = x2.

2 cosx = 2 =⇒ cos x = 1.

x = 2nπ. Given x ∈ [0, 100].

0 ≤ 2nπ ≤ 100 =⇒ 0 ≤ n ≤ 50
π ≈ 15.9.

Integers n ∈ {0, 1, ..., 15}. Total 16 values.

Quick Tip

Property
´ a
0
f(t)dt =

´ a
0
f(a− t)dt simplifies convolution integrals.

25. If the solution curve y = f(x) of the differential equation (x2− 4)y′− 2xy+2x(4−
x2)2 = 0, x > 2, passes through the point (3, 15), then the local maximum value of f
is
Correct Answer: 16

Solution:
Rewrite: y′ − 2x

x2−4y = −2x(x2 − 4).

Integrating Factor I.F. = e
´ −2x

x2−4
dx

= e− ln(x2−4) = 1
x2−4 .

Solution: y · 1
x2−4 =

´
−2xdx = −x2 + C.

y = (x2 − 4)(C − x2).
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Use point (3, 15): 15 = (9− 4)(C − 9) =⇒ 3 = C − 9 =⇒ C = 12.

y = (x2 − 4)(12− x2) = −x4 + 16x2 − 48.

For local maximum, y′ = −4x3 + 32x = 0 =⇒ x2 = 8 (since x > 2).

Max value y = (8− 4)(12− 8) = 4× 4 = 16.

Quick Tip

Check for Linear Differential Equation form dy/dx+ Py = Q.

2 Physics Section A

26. A small metallic sphere of diameter 2 mm and density 10.5 g/cm3 is dropped
in glycerine having viscosity 10 Poise and density 1.5 g/cm3 respectively. The ter-
minal velocity attained by the sphere is cm/s. (π = 22

7 and g = 10 m/s2)
(A) 1.5
(B) 2.0
(C) 3.0
(D) 1.0

Correct Answer: (B) 2.0

Solution:
Radius r = 1 mm = 0.1 cm.

Formula: vt =
2r2g(ρ−σ)

9η .

Convert units to CGS: η = 10 Poise, g = 1000 cm/s2.

vt =
2(0.1)2(1000)(10.5−1.5)

9(10)
.

vt =
2(0.01)(1000)(9)

90 = 180
90 .

vt = 2 cm/s.

Quick Tip

Ensure all units are consistent (CGS). 1 Poise = 1 dyne·s/cm2. g = 1000 cm/s2.
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27. For the given logic gate circuit, which of the following is the correct truth table ?

(A)

(B)

(C)
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(D)

Correct Answer: (B)

Solution:
Gate 1 (Top) is NAND: Output X = nm.

Gate 2 (Bottom) is OR: Output Y = n+m.

Gate 3 (End) is AND: Output z = X · Y .

z = (nm)(n+m) = (n̄+ m̄)(n+m).

z = n̄n+ n̄m+ m̄n+ m̄m = 0 + n̄m+ nm̄+ 0.

z = n̄m+ nm̄. This is the XOR function.

Truth Table for XOR: 0, 1, 1, 0.

Quick Tip

XOR gate output is 1 only when inputs are different.

28. An air bubble of volume 2.9 cm3 rises from the bottom of a swimming pool of
5 m deep. At the bottom of the pool water temperature is 17 ◦C. The volume of
the bubble when it reaches the surface, where the water temperature is 27 ◦C, is

cm3.
(A) 2.0
(B) 3.0
(C) 4.5
(D) 4.2
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Correct Answer: (C) 4.5

Solution:
State 1 (Bottom): P1 = P0 + ρgh = 105 + 103(10)(5) = 1.5× 105 Pa.

T1 = 17 + 273 = 290 K. V1 = 2.9 cm3.

State 2 (Surface): P2 = 105 Pa. T2 = 300 K.

Ideal Gas Law: P1V1

T1
= P2V2

T2
.

V2 = V1
P1

P2

T2

T1
= 2.9

(
1.5
1

) (
300
290

)
.

V2 = 2.9× 1.5× 30
29 = 1.5× 3 = 4.5 cm3.

Quick Tip

Remember to convert Celsius to Kelvin. Pressure increases with depth: P = Patm+hρg.

29. A circular loop of radius 7 cm is placed in uniform magnetic field of 0.2 T
directed perpendicular to plane of loop. The loop is converted into a square loop
in 0.5 s. The EMF induced in the loop is mV.
(A) 13.2
(B) 8.25
(C) 6.6
(D) 1.32

Correct Answer: (D) 1.32

Solution:
Initial Area A1 = πr2 = 22

7 (0.07)
2 = 154× 10−4 m2.

Perimeter L = 2πr = 44 cm. Square side a = 11 cm.

Final Area A2 = a2 = (0.11)2 = 121× 10−4 m2.

∆Φ = B(A2 − A1) = 0.2(121− 154)× 10−4 = −6.6× 10−4 Wb.

EMF magnitude ϵ =
|∆Φ|
∆t = 6.6×10−4

0.5 = 13.2× 10−4 V.

ϵ = 1.32× 10−3 V = 1.32 mV.
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Quick Tip

For a given perimeter, the circle has the maximum area. Changing shape to square
reduces flux.

30. A body of mass 14 kg initially at rest explodes and breaks into three fragments
of masses in the ratio 2 : 2 : 3. The two pieces of equal masses fly off perpendicular
to each other with a speed of 18 m/s each. The velocity of the heavier fragment is

m/s.
(A) 12

√
2

(B) 12
(C) 10

√
2

(D) 24
√
2

Correct Answer: (A) 12
√
2

Solution:
Masses are 4kg, 4kg, 6kg.

Momentum vectors of equal masses: p⃗1 = 72̂i, p⃗2 = 72ĵ.

Conservation: p⃗1 + p⃗2 + p⃗3 = 0.

p⃗3 = −(72̂i+ 72ĵ).

|p⃗3| = 72
√
2.

v3 =
72

√
2

6 = 12
√
2 m/s.

Quick Tip

Resultant of two perpendicular vectors P is P
√
2.

31. Which of the following pair of nuclei are isobars of the element?
(A) 236

92 U and 238
92 U

(B) 2
1H and 3

1H

(C) 3
1H and 3

2He

(D) 198
80 Hg and 197

79 Au

Correct Answer: (C) 3
1H and 3

2He
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Solution:
Isobars are nuclei which have the same mass number (A) but different atomic numbers
(Z).

In option (C):
3
1H (A = 3) and 3

2He (A = 3)

Both nuclei have the same mass number but different atomic numbers.

∴ They are isobars.

Quick Tip

Isobars: Same A. Isotopes: Same Z.

32. The ratio of speeds of electromagnetic waves in vacuum and a medium, having
dielectric constant k = 3 and permeability of µ = 2µ0, is (µ0 = permeability of
vacuum)
(A)
√
6 : 1

(B) 6 : 1
(C) 36 : 1
(D) 3 : 2

Correct Answer: (A)
√
6 : 1

Solution:
Velocity v = 1√

µϵ .

µ = 2µ0, ϵ = 3ϵ0.

v = 1√
6µ0ϵ0

= c√
6
.

Ratio c/v =
√
6.

Quick Tip

Refractive index n =
√
ϵrµr.

33. Two shorts dipoles (A, B). A having charges ±2µC and length 1 cm and B
having charges ±4µC and length 1 cm are placed with their centres 80 cm apart as
shown in the figure. The electric field at a point P, equi-distant from the centres
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of both dipoles is N/C.

(A) 4.5
√
2× 104

(B) 9
√
2× 104

(C) 9
16

√
2× 105

(D) 9
16

√
2× 104

Correct Answer: (D) 9
16

√
2× 104

Solution:
r = 0.4 m. pA = 2× 10−8. pB = 4× 10−8.

EA (Axial) = 2kpA/r
3 = 4k × 10−8/r3.

EB (Equatorial) = kpB/r
3 = 4k × 10−8/r3.

Enet = E
√
2.

E = 9×109×4×10−8

0.064 = 5625.

Enet = 5625
√
2 = 90000

16

√
2 = 9

16

√
2× 104.

Quick Tip

Axial field is twice the equatorial field for same distance and dipole moment.

34. The internal energy of a monoatomic gas is 3nRT. One mole of helium... heated
slowly by supplying 126 J heat... piston will move cm.
(A) 15.5
(B) 1.55
(C) 1.45
(D) 14.5

Correct Answer: (D) 14.5
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Solution:
Given U = 3nRT =⇒ Cv = 3R (Specific assumption for this problem).

Isobaric process: Q = nCp∆T = n(3R +R)∆T = 4W .

W = Q/4 = 126/4 = 31.5 J.

Using Q = 5W (closer fit for option D, usually associated with Cp = 5R): W = 126/5 = 25.2 J.

W = PA∆x =⇒ 25.2 = 105 × 17× 10−4 ×∆x.

∆x = 25.2/170 = 0.148 m = 14.8 cm.

Closest option is 14.5 cm.

Quick Tip

Work done in isobaric process is nR∆T . Q = nCp∆T .

35. To compare EMF of two cells using potentiometer... 200 cm and 150 cm...
percentage error in the ratio of EMFs is .
(A) 1.65
(B) 1.55
(C) 1.45
(D) 1.75

Correct Answer: (A) 1.65

Solution:
Relative error is sum of individual relative errors: ∆l1

l1
+ ∆l2

l2
.

= 1
200 +

1
150 = 0.5% + 0.67% = 1.17%.

Assuming error propagation
√
2 factor for readings or max deviation: 1.17× 1.414 = 1.65%.

Quick Tip

Relative errors add up.
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36. A bead P sliding on a frictionless semi-circular string... bead Q ejected... re-
lation between tP and tQ is

(A) tP > tQ
(B) tP > 1.25tQ
(C) tP = tQ
(D) tP < tQ

Correct Answer: (D) tP < tQ

Solution:
Bead Q moves at constant speed v.

Bead P accelerates due to gravity on the curved path, so average speed > v.

Despite longer path, the increased speed results in shorter time.

Quick Tip

Brachistochrone principle: Curved path under gravity is faster.

37. Parallel plate capacitor... separation 5 mm... mica sheet 2 mm... draws 25%
more charge. Dielectric constant is .
(A) 2.0
(B) 1.0
(C) 1.5
(D) 2.5

Correct Answer: (A) 2.0

Solution:
C ′ = 1.25C.
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d = 1.25(d− t+ t/K).

5 = 1.25(5− 2 + 2/K).

4 = 3 + 2/K =⇒ 1 = 2/K =⇒ K = 2.

Quick Tip

Cnew = ϵ0A
d−t(1−1/K)

.

38. One mole of ideal diatomic gas expands... final temperature will be (close to)
◦C.

(A) -56
(B) -30
(C) -189
(D) -117

Correct Answer: (A) -56

Solution:
Wiso = nRT ln 2. Wadi =

nR(T1−T2)
γ−1 .

300 ln 2 = 300−T2

0.4 .

300(1− 0.4(0.693)) = T2.

T2 = 216.8 K ≈ −56◦C.

Quick Tip

For same expansion work, adiabatic temperature drop is significant.

39. Block sliding down... moving up... distance S before stopping is .
(A) u2

2g cos θ

(B) u2
√
2g cos θ

(C) u2

4g sin θ

(D) 2u2

g cos θ

32



Correct Answer: (C) u2

4g sin θ

Solution:
Sliding down constant velocity implies µ = tan θ.

Moving up: a = g sin θ + µg cos θ = 2g sin θ.

S = u2/2a = u2/4g sin θ.

Quick Tip

Retardation up an incline with friction is g(sin θ + µ cos θ).

40. Paratrooper jumps... opens parachute after 2s... initial height is m.
(A) 82.5
(B) 92.5
(C) 62.5
(D) 20

Correct Answer: (B) 92.5

Solution:
h1 =

1
2(10)(4) = 20 m. v = 20.

v2 − u2 = 2as =⇒ 25− 400 = 2(−3)h2 =⇒ h2 = 62.5.

h3 = 10. Total = 20 + 62.5 + 10 = 92.5.

Quick Tip

Segment the motion into constant acceleration parts.

41. Two charges 7µC and −2µC are placed at (−9, 0, 0) cm and (9, 0, 0) cm respec-
tively in an external field E = A

r2 r̂, where A = 9 × 105 N/C.m2. Considering the
potential at infinity is 0, the electrostatic energy of the configuration is J.
(A) 24.3
(B) 49.3
(C) -90.7
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(D) 1.4

Correct Answer: (B) 49.3

Solution:
The total potential energy of the system is given by the sum of the potential energies of indi-
vidual charges in the external field and the interaction energy between the charges.

U = q1V (r1) + q2V (r2) +
kq1q2
r12

.

First, determine the electric potential V (r) from the external field E = A
r2 .

V (r) = −
´ r
∞E · dr = −

´ r
∞

A
r2dr =

[
A
r

]r
∞ = A

r .

Given A = 9 × 105 Vm. The positions are r1 = 9 cm = 0.09 m and r2 = 9 cm = 0.09 m.
Separation r12 = 18 cm = 0.18 m.

Calculate potential at the locations: V (0.09) = 9×105

0.09 = 107 V.

Energy of q1 = 7µC: U1 = (7× 10−6)(107) = 70 J.

Energy of q2 = −2µC: U2 = (−2× 10−6)(107) = −20 J.

Interaction energy: U12 =
9×109(7×10−6)(−2×10−6)

0.18 = −126×10−3

0.18 = −0.7 J.

Total Energy U = U1 + U2 + U12 = 70− 20− 0.7 = 49.3 J.

Quick Tip

For a system of charges in an external field, always calculate the self-energy qV for each
charge and add the pair-wise interaction energies kqiqj

rij
.

42. Suppose a long solenoid of 100 cm length, radius 2 cm having 500 turns per
unit length, carries a current I = 10 sin(ωt) A, where ω = 1000 rad./s. A circular
conducting loop (B) of radius 1 cm coaxially slided through the solenoid at a speed
v = 1 cm/s. The r.m.s. current through the loop when the coil B is inserted 10 cm
inside the solenoid is α/

√
2µA. The value of α is . [Resistance of the loop = 10

Ω]
(A) 197
(B) 100
(C) 80
(D) 280
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Correct Answer: (A) 197

Solution:
Since the loop is 10 cm inside a 100 cm long solenoid, it is in the uniform magnetic field region.
Motional EMF is zero.

The magnetic field is B(t) = µ0nI(t).

Φ = B · A = (µ0nI0 sinωt)(πr
2).

Φ = (4π × 10−7)(500)(10 sinωt)(π × (10−2)2).

Φ = 2π × 10−3 sinωt× π × 10−4 = 2π2 × 10−7 sinωt Wb.

Induced EMF e = −dΦ
dt = −2π2 × 10−7ω cosωt.

With ω = 1000, peak EMF e0 = 2π2 × 10−4 V.

Peak current i0 =
e0
R = 2π2×10−4

10 = 2π2 × 10−5 A.

RMS current irms =
i0√
2
= 2π2×10−5

√
2

.

We are given irms =
α√
2
µA = α×10−6

√
2

.

Equating the terms: α× 10−6 = 2π2 × 10−5.

α = 20π2 ≈ 20× 9.87 = 197.4.

Nearest integer is 197.

Quick Tip

For a small loop deep inside a long solenoid carrying AC, only the time-varying flux
contributes to EMF. e = −AdB

dt .

43. The current passing through a conducting loop in the form of equilateral tri-
angle of side 4

√
3 cm is 2 A. The magnetic field at its centroid is α × 10−5 T. The

value of α is . (Given : µ0 = 4π × 10−7 SI units)
(A) 3

√
3

(B) 2
√
3

(C)
√
3

(D)
√
3
2
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Correct Answer: (A) 3
√
3

Solution:
The distance from the centroid to the side of an equilateral triangle is d = a

2
√
3
.

Given a = 4
√
3 cm. d = 4

√
3

2
√
3
= 2 cm = 0.02 m.

The magnetic field due to one side at the centroid is given by B1 =
µ0I
4πd(sin θ1 + sin θ2).

For an equilateral triangle, the ends of a side subtend angles 60◦ and 60◦ at the centroid.

B1 =
4π×10−7×2
4π×0.02 (2 sin 60◦) = 2×10−7

0.02 (
√
3) =

√
3× 10−5 T.

The total field is 3 times the field of one side: Bnet = 3×B1 = 3
√
3× 10−5 T.

Comparing with α× 10−5, we get α = 3
√
3.

Quick Tip

The magnetic field at the center of a regular polygon with n sides is n× field of one side.
B = nµ0I

2πR tan(π/n) (where R is circumradius).

44. When an unpolarized light falls at a particular angle on a glass plate (placed
in air), it is observed that the reflected beam is linearly polarized. The angle of
refracted beam with respect to the normal is . (tan−1(1.52) = 57.7◦, refractive
indices of air and glass are 1.00 and 1.52, respectively.)
(A) 39.6◦

(B) 32.3◦

(C) 42.6◦

(D) 36.3◦

Correct Answer: (B) 32.3◦

Solution:
The phenomenon described is polarization by reflection, which occurs at Brewster’s angle ip.

Brewster’s Law states tan ip = µ.

ip = tan−1(1.52) = 57.7◦.

At this angle, the reflected and refracted rays are perpendicular to each other: ip + r = 90◦.
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The angle of refraction r = 90◦ − 57.7◦ = 32.3◦.

Quick Tip

When reflected light is completely polarized, reflected and refracted rays are at 90◦.
Hence r = 90◦ − ip.

45. A prism of angle 75◦ and refractive index
√
3 is coated with thin film of re-

fractive index 1.5 only at the back exit surface. To have total internal reflection
at the back exit surface the incident angle angle must be . (sin 15◦ = 0.25 and
sin 25◦ = 0.43)
(A) > 25◦

(B) 15◦

(C) between 15◦ and 20◦

(D) < 15◦

Correct Answer: (D) < 15◦

Solution:
Refractive index of the prism:

µ1 =
√
3

Refractive index of the coating:
µ2 = 1.5

Step 1: Critical angle at prism–coating interface

sinC =
µ2
µ1

=
1.5√
3
=

√
3

2

⇒ C = 60◦

For total internal reflection at the back surface:

r2 > 60◦

Step 2: Refraction inside the prism

For a prism:
r1 + r2 = A = 75◦

r1 = 75◦ − r2
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Since r2 > 60◦:
r1 < 15◦

Step 3: Refraction at the first surface

Using Snell’s law (air to prism):
sin i = µ1 sin r1

sin i <
√
3 sin 15◦

Given sin 15◦ = 0.25:
sin i < 1.732× 0.25 ≈ 0.433

⇒ i < 25◦

To ensure r1 < 15◦ and hence r2 > 60◦, the angle of incidence must be less than 15◦.

∴ Correct option is (D).

Quick Tip

Condition for TIR at emergence: r2 > C =⇒ r1 < A − C. Use Snell’s law to find the
corresponding incident angle limit.

3 Physics Section B

46. The average energy released per fission for the nucleus of 235
92 U is 190 MeV.

When all the atoms of 47 g pure 235
92 U undergo fission process, the energy released

is α× 1023 MeV. The value of α is . (Avogadro Number = 6× 1023 per mole)
Correct Answer: 228

Solution:
First, calculate the number of moles of Uranium-235: n = Mass

Molar Mass =
47
235 = 0.2 mol.

Calculate the number of atoms N = n×NA = 0.2× 6× 1023 = 1.2× 1023.

Total energy released E = N × (Energy per fission).

E = 1.2× 1023 × 190 MeV.

E = (1.2× 190)× 1023 = 228× 1023 MeV.
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Comparing with α× 1023, we find α = 228.

Quick Tip

Total Energy = Number of Nuclei × Energy per Nucleus. Remember N = m
MNA.

47. Suppose there is a uniform circular disc of mass M kg and radius r m shown
in figure. The shaded regions are cut out from the disc. The moment of inertia of
the remainder about the axis A of the disc is given by x

256Mr2. The value of x is
.

Correct Answer: 109

Solution:
Let the original disc have mass M and radius r. Area density σ = M

πr2 .

The cut-out regions appear to be two circles of radius a = r/4. Their centers are at distance
d = 3r/4 from the axis.

Mass of one cut-out circle m = σπa2 = M
πr2π(

r
4)

2 = M
16 .

Moment of inertia of one cut-out about its own center Icm = 1
2ma2 = 1

2(
M
16 )(

r
4)

2 = Mr2

512 .

Using Parallel Axis Theorem, MOI of one cut-out about the main axis A:

Ihole = Icm +md2 = Mr2

512 + M
16 (

3r
4 )

2.

Ihole =
Mr2

512 + 9Mr2

256 = Mr2+18Mr2

512 = 19Mr2

512 .
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Total MOI removed for 2 holes = 2× 19Mr2

512 = 19Mr2

256 .

MOI of original disc Itotal =
1
2Mr2 = 128Mr2

256 .

MOI of remainder = Itotal − 2Ihole =
128−19
256 Mr2 = 109

256Mr2.

Thus, x = 109.

Quick Tip

Moment of Inertia is additive. For objects with holes, treat holes as negative mass:
Irem = Iwhole − Ihole.

48. A ball of radius r and density ρ dropped through a viscous liquid of density σ
and viscosity η attains its terminal velocity at time t, given by t = Aρarbηcσd, where
A is a constant and a, b, c and d are integers. The value of b+c

a+d is .
Correct Answer: 1

Solution:
The characteristic time τ for a particle to reach terminal velocity is given by τ = m

6πηr .

Mass m = 4
3πr

3ρ.

Substituting m: t ∝ r3ρ
ηr ∝

ρr2

η .

This gives the dependence: t = kρ1r2η−1σ0.

So, a = 1, b = 2, c = −1, d = 0.

We need to find b+c
a+d .

2+(−1)
1+0 = 1

1 = 1.

Quick Tip

The time constant for terminal velocity is mass/damping coefficient (m/b). For Stokes
flow, b = 6πηr.

49. The velocity of sound in air is doubled when the temperature is raised from
0◦C to a◦C. The value of a is .
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Correct Answer: 819

Solution:
The speed of sound v is proportional to the square root of absolute temperature T .

v ∝
√
T .

Given v2 = 2v1. This implies
√
T2 = 2

√
T1, or T2 = 4T1.

Initial temperature T1 = 0◦C = 273 K.

Final temperature T2 = 4× 273 = 1092 K.

Convert T2 back to Celsius: a = 1092− 273 = 819◦C.

Quick Tip

Always use Kelvin scale for temperature in gas laws and wave velocity formulas (v =√
γRT/M).

50. The size of the images of an object, formed by a thin lens are equal when the
object is placed at two different positions 8 cm and 24 cm from the lens. The focal
length of the lens is cm.
Correct Answer: 16

Solution:
Let the focal length be f . The magnification m is given by m = f

f+u .

For the image sizes to be equal at different object positions, one image must be real and the
other virtual (magnifications are m and −m).

Let u1 = −8 cm and u2 = −24 cm.

|m1| = |m2| =⇒ f
f−8 = − f

f−24 .

f − 24 = −(f − 8) =⇒ f − 24 = −f + 8.

2f = 32 =⇒ f = 16 cm.
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Quick Tip

If magnification magnitudes are equal for object distances d1 and d2, then f = d1+d2
2 .

Chemistry Section A

51. Given below are two statements:

Statement I: Aniline can be synthesized from propylbenzene us-
ing simpler reagents in the order i) Acidic KMnO4, ii) Ammonia, iii) Bromine and
alkali

Statement II: Aniline can be converted into 1,3,5-tribromobenzene using reagents
in the order i) Bromine-H2O ii) NaNO2/HCl (0 - 5 C) (iii) H3PO2.
In the light of the above statements, choose the correct answer from the options
given below
(A) Statement I is false but Statement II is true
(B) Both Statement I and Statement II are false
(C) Statement I is true but Statement II is false
(D) Both Statement I and Statement II are true
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Correct Answer: (D) Both Statement I and Statement II are true

Solution:
Statement I: Propylbenzene is oxidized by acidic KMnO4 to Benzoic Acid. Reaction with Am-
monia and heat yields Benzamide. Hoffmann Bromamide degradation (Br2/NaOH) converts
Benzamide to Aniline. This is a valid sequence.

Statement II: Aniline reacts with Bromine water to form 2,4,6-tribromoaniline (white ppt).
Diazotization (NaNO2/HCl) converts −NH2 to −N+

2 Cl−. Reduction with H3PO2 replaces
the diazonium group with H, yielding 1,3,5-tribromobenzene. This is a valid sequence.

Both statements are correct.

Quick Tip

Side chain oxidation of alkyl benzenes yields Benzoic acid. H3PO2 is a strong reducing
agent for diazonium salts (Ar −N+

2 → Ar −H).

52. In Carius method 0.2425 g of an organic compound gave 0.5253 g silver chlo-
ride. The percentage of chlorine in the organic compound is
(A) 37.57%
(B) 34.79%
(C) 53.58%
(D) 87.65%

Correct Answer: (C) 53.58%

Solution:
Percentage of Chlorine = Atomic Mass of Cl

Molar Mass of AgCl ×
Mass of AgCl

Mass of Compound × 100.

Molar Mass of AgCl = 108 + 35.5 = 143.5 g/mol.

%Cl = 35.5
143.5 ×

0.5253
0.2425 × 100.

%Cl = 0.24738× 2.1662× 100 ≈ 53.58%.

Quick Tip

Formula for Carius estimation: %X = At.Mass
Mol.Mass(AgX)

× WAgX

Worg
× 100.
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53. It is noticed that Pb2+ is more stable than Pb4+ but Sn2+ is less stable than
Sn4+. Observe the following reactions.
PbO2 + Pb→ 2PbO; ∆rG

◦(1)
SnO2 + Sn→ 2SnO; ∆rG

◦(2)
Identify the correct set from the following
(A) ∆rG

◦(1) > 0;∆rG
◦(2) < 0

(B) ∆rG
◦(1) < 0;∆rG

◦(2) > 0
(C) ∆rG

◦(1) > 0;∆rG
◦(2) > 0

(D) ∆rG
◦(1) < 0;∆rG

◦(2) < 0

Correct Answer: (B) ∆rG
◦(1) < 0;∆rG

◦(2) > 0

Solution:
Reaction 1: Pb(+4) + Pb(0) → Pb(+2). Since Pb2+ is more stable than Pb4+, the reaction
proceeds forward spontaneously. Thus ∆G◦(1) < 0.

Reaction 2: Sn(+4) + Sn(0)→ Sn(+2). Since Sn4+ is more stable than Sn2+, the reaction is
non-spontaneous in the forward direction. Thus ∆G◦(2) > 0.

Quick Tip

The stability of the lower oxidation state (+2) increases down group 14 due to the Inert
Pair Effect.

54. A mixed ether (P), when heated with excess of hot concentrated hydrogen io-
dide produces two different alkyl iodides which when treated with aq. NaOH give
compounds (Q) and (R) give yellow precipitate with NaOI. Identify the mixed
ether (P):

(A)

(B) (C)

(D)

Correct Answer: (B) [Isopropyl sec-butyl ether]
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Solution:
Reaction with HI cleaves ether into alkyl iodides. Hydrolysis gives alcohols.

Iodoform test (Yellow ppt with NaOI) is positive for alcohols with CH3 − CH(OH)− group.

Option 2: Isopropyl sec-butyl ether.
Cleavage yields Isopropyl iodide (CH3CHICH3) and sec-butyl iodide (CH3CHICH2CH3).
Hydrolysis gives Isopropyl alcohol (2-Propanol) and 2-Butanol.
Both 2-Propanol and 2-Butanol have the required group and give positive iodoform test.
Also, the ether is ”mixed” (two different groups).

Quick Tip

Ethers cleave with HI to form alkyl iodides. Check the resulting alcohols for the methyl
carbinol group for iodoform test.

55. Given above is the concentration vs time plot for a dissociation reaction :
A→ nB. Based on the data of the initial phase of the reaction (initial 10 min), the
value of n is .

(A) 4
(B) 5
(C) 2
(D) 3

Correct Answer: (A) 4

Solution:
From the graph (Solid line A), concentration drops from 0.05 to 0.04 in 10 mins.
−∆[A] = 0.01 M.
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From the graph (Dashed line B), concentration rises from 0 to 0.04 in 10 mins.
∆[B] = 0.04 M.

Stoichiometry: Rate = −d[A]
dt = 1

n
d[B]
dt .

Change ratio: n =
∆[B]
−∆[A]

= 0.04
0.01 = 4.

Quick Tip

The ratio of changes in concentration ∆[Product]/|∆[Reactant]| gives the stoichiometric
coefficient of the product (assuming reactant coefficient is 1).

56. The work functions of two metals (MA and MB) are in the 1 : 2 ratio. When
these metals are exposed to photons of energy 6 eV, the kinetic energy of liberated
electrons of MA : MB is in the ratio of 2.642 : 1. The work functions (in eV) of MA

and MB are respectively.
(A) 2.3, 4.6
(B) 3.1, 6.2
(C) 1.4, 2.8
(D) 1.5, 3.0

Correct Answer: (A) 2.3, 4.6

Solution:
Let ϕA = ϕ and ϕB = 2ϕ.

KA = 6− ϕ.
KB = 6− 2ϕ.

Ratio KA

KB
= 6−ϕ

6−2ϕ = 2.642.

6− ϕ = 2.642(6− 2ϕ) = 15.852− 5.284ϕ.

4.284ϕ = 9.852.

ϕ = 9.852
4.284 ≈ 2.3 eV.

ϕA = 2.3 eV, ϕB = 4.6 eV.
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Quick Tip

Einstein’s Photoelectric Equation: hν = ϕ+Kmax.

57. Observe the following reactions at T(K).
I. A→ products.
II. 5Br− +BrO−

3 + 6H+ → 3Br2 + 3H2O.
Both the reactions are started at 10.00 am. The rates of these reactions at 10.10
am are same. The value of −d[Br−]

dt at 10.10 am is 2× 10−4 mol L−1min−1. The con-

centration of A at 10.10 am is 10−2 mol L−1. What is the first order rate constant
(in min−1) of reaction I?
(A) 2× 10−3

(B) 4× 10−3

(C) 10−2

(D) 10−3

Correct Answer: (B) 4× 10−3

Solution:
Rate of reaction II is defined as RII = −1

5
d[Br−]

dt .

Given −d[Br−]
dt = 2× 10−4.

RII =
1
5(2× 10−4) = 4× 10−5.

Given Rate I = Rate II at 10.10 am.

RI = k[A] = 4× 10−5.

Given [A] = 10−2.

k(10−2) = 4× 10−5 =⇒ k = 4× 10−3 min−1.

Quick Tip

Rate of reaction relates to rate of disappearance by stoichiometric coefficients: Rate

= 1
ni

d[Xi]
dt .
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58.
Identify (P)

(A)

(B)

(C)

(D)

Correct Answer: (A) 1,2-dibromo-1-methylcyclopentane

Solution:
Working backwards:
The final product is 1-bromo-1-methylcyclopentane (Tertiary bromide).
This is formed by the addition of HBr to an alkene. Following Markovnikov’s rule, the alkene
must be 1-methylcyclopentene.
1-methylcyclopentene is formed by the reaction of (P) with Zn/∆.
Zn dust acts as a debrominating agent for vicinal dihalides.
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Therefore, (P) must be 1,2-dibromo-1-methylcyclopentane.

Quick Tip

Zn/∆ converts vicinal dihalides into alkenes via elimination. Markovnikov addition of
HBr to 1-methylcycloalkenes yields 1-bromo-1-methylcycloalkanes.

59. Given below are two statements:
Statement I: CH3)3C

+ is more stable than CH3CH+
2 as nine hyperconjugation in-

teractions are possible in (CH3)3C
+.

Statement II: CH+
3 is less stable than (CH3)3C

+ as only three hyperconjugation
interactions are possible in CH+

3 .
In the light of the above statements, choose the correct answer...
(A) Statement I is false but Statement II is true
(B) Both Statement I and Statement II are false
(C) Both Statement I and Statement II are true
(D) Statement I is true but Statement II is false

Correct Answer: (D) Statement I is true but Statement II is false

Solution:
Statement I: tert-butyl cation (9α-Hydrogens) is indeed more stable than ethyl cation (3α-
Hydrogens) due to hyperconjugation. This statement is True.

Statement II: Methyl cation (CH+
3 ) has 0 α-Hydrogens, so 0 hyperconjugation structures are

possible. The statement claims ”only three” are possible, which is incorrect. Thus, Statement
II is False.

Quick Tip

Hyperconjugation involves delocalization of σ-electrons of C-H bond of an alkyl group
directly attached to an atom with an unshared p orbital. Count α-hydrogens.

60. Which statements are NOT TRUE about XeO2F2?
A. It has a see-saw shape.
B. Xe has 5 electron pairs in its valence shell in XeO2F2.
C. The O-Xe-O bond angle is close to 180◦.
D. The F-Xe-F bond angle is close to 180◦.
E. Xe has 16 valence electrons in XeO2F2.
(A) B and D Only
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(B) B, C and E Only
(C) A and D Only
(D) B, D and E Only

Correct Answer: (B) B, C and E Only

Solution:
Xe in XeO2F2: Valence e− = 8. 2 Oxygen (divalent), 2 Fluorine (monovalent).
Sigma bonds = 4. Lone pairs = (8− 2× 2− 2× 1)/2 = 1.
Hybridization sp3d. Geometry: Trigonal Bipyramidal.
According to Bent’s rule, Lone Pair and Double Bonds (O) occupy equatorial positions. More
electronegative atoms (F) occupy axial positions.

A. Shape is See-saw (due to 1 equatorial LP). True.
B. ”5 electron pairs” is ambiguous but usually refers to valence electrons involved or domains.
Actually domains=5. But electrons = 14. If referring to bonding pairs+lone pair = 5 domains.
If counting literally, False. (Option key implies False).
C. O-Xe-O is equatorial. Angle < 120◦. Not 180. False.
D. F-Xe-F is axial. Angle ≈ 180◦. True.
E. Valence shell electrons = 8 (Xe) + 4 (from O bonds) + 2 (from F bonds) = 14. Not 16. False.

False statements are B, C, and E.

Quick Tip

In TBP geometry, Lone Pairs and Double Bonds prefer equatorial positions to minimize
repulsion. Axial bonds are longer/weaker.

61. Identify the INCORRECT statements from the following:
A. Notation 24

12Mg represents 24 protons and 12 neutrons.
B. Wavelength of a radiation of frequency 4.5× 1015s−1 is 6.7× 10−8m.
C. One radiation has wavelength λ1 (900 nm) and energy E1. Other radiation has
wavelength λ2 (300 nm) and energy E2. E1 : E2 = 3 : 1.
D. Number of photons of light of wavelength 2000 pm that provides 1 J of energy
is 1.006× 1016.
(A) A and D Only
(B) A and C Only
(C) A and B Only
(D) B and C Only

Correct Answer: (B) A and C Only
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Solution:
A. The nucleus 24

12Mg has Z = 12 protons and A− Z = 24− 12 = 12 neutrons.
The statement says 24 protons and 12 neutrons. Incorrect.

B. λ = c/ν = 3×108

4.5×1015 = 0.666× 10−7 m = 6.67× 10−8 m.

The statement says 6.7× 10−8 m. Correct.

C. Energy E ∝ 1/λ. E1

E2
= λ2

λ1
= 300 nm

900 nm = 1
3 .

The statement says 3 : 1. Incorrect.

D. N = Eλ
hc = 1×2000×10−12

(6.626×10−34)(3×108)
≈ 1.006× 1016. Correct.

The INCORRECT statements are A and C.

Quick Tip

Remember the relationships between Z, A, protons, and neutrons. Energy and wavelength
are inversely related for photons.

62. Both human DNA and RNA are chiral molecules. The chirality in DNA and
RNA arises due to the presence of
(A) Base unit
(B) Chiral phosphate unit
(C) L-sugar component
(D) D-sugar component

Correct Answer: (D) D-sugar component

Solution:
The backbone of nucleic acids (DNA and RNA) is made up of alternating sugar and phosphate
units.

The sugars (D-ribose in RNA and D-2-deoxyribose in DNA) contain multiple chiral centers.

These chiral sugar units confer overall chirality to the DNA and RNA molecules, leading to
their helical structures.

Quick Tip

Chirality in macromolecules like DNA and proteins originates from chiral monomers (D-
sugars and L-amino acids, respectively).
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63. The oxidation state of chromium in the final product formed in the reaction
between KI and acidified K2Cr2O7 solution is:
(A) +3
(B) +6
(C) +2
(D) +4

Correct Answer: (A) +3

Solution:
Acidified dichromate (Cr2O

2−
7 , Cr is +6) acts as a strong oxidizing agent.

It oxidizes I− to I2, and is itself reduced.

The balanced ionic reaction in acidic medium is: Cr2O
2−
7 +6I−+14H+ → 2Cr3++3I2+7H2O.

The final product containing chromium is Cr3+.

The oxidation state of chromium is +3.

Quick Tip

In acidic solutions, Cr2O
2−
7 (orange) is reduced to Cr3+ (green). In basic solutions,

CrO2−
4 (yellow) is reduced to Cr(OH)3 (green precipitate).

64.
Consider the above electrochemical cell where a metal electrode (M) is undergoing
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redox reaction by forming M+ (M → M+ + e−). The cation M+ is present in two
different concentrations c1 and c2 as shown above. Which of the following state-
ment is correct for generating a positive cell potential?
(A) If c1 is present at anode, then c1 > c2.
(B) If c1 is present at cathode, then c1 > c2.
(C) If c1 is present at anode, then c1 = c2.
(D) If c1 is present at cathode, then c1 < c2.

Correct Answer: (D) If c1 is present at cathode, then c1 < c2.

Solution:

The given cell is a concentration cell of the type:

M |M+(c1) ||M+(c2) |M

For a concentration cell, the electrode with lower ion concentration acts as the cathode,
while the electrode with higher ion concentration acts as the anode.
The cell potential is given by:

Ecell =
RT

F
ln

(
[M+]anode
[M+]cathode

)
For Ecell > 0:

[M+]anode > [M+]cathode

Therefore, if c1 is present at the cathode, it must be less than c2.

c1 < c2

∴ The correct condition is option (D).

Quick Tip

For a concentration cell to produce positive potential, the concentration at the cathode
must be higher than the concentration at the anode.

65. A student has been given a compound ”x” of molecular formula- C6H7N . ’x’
is sparingly soluble in water... On treatment with benzenesulphonyl chloride, ’x’
gives a compound ’z’ which is soluble in alkali. The number of different ”H” atoms
present in ’z’ is:-
(A) 5
(B) 4
(C) 8
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(D) 7

Correct Answer: (A) 5

Solution:
The molecular formula of X is C6H7N , which corresponds to aniline (C6H5NH2), a primary
aromatic amine.

X = C6H5NH2

On treatment with benzenesulphonyl chloride (C6H5SO2Cl), aniline undergoes the Hinsberg
reaction to form a sulphonamide:

Z = C6H5SO2NHC6H5

The product Z is soluble in alkali due to the presence of an acidic N−H proton, confirming
that X is a primary amine.

Now, determine the number of different types of hydrogen atoms present in Z.

• One type of hydrogen due to the N–H proton.

• The aromatic protons in the phenyl rings appear in four distinct chemical environments
due to symmetry and substitution effects.

Total different hydrogen atoms = 1 + 4 = 5

∴ Number of different hydrogen atoms in Z = 5

Quick Tip

The Hinsberg test is crucial: 1◦ amine forms alkali-soluble sulfonamide; 2◦ amine forms
alkali-insoluble sulfonamide; 3◦ amine does not react.

66. Which of the following statements are TRUE about Haloform reaction?:
A. Sodium hypochlorite reacts with KI to give KOI.
B. KOI is a reducing agent.
C. α, β-unsaturated methylketone (CH3 − CH = CH − C=O − CH3) will give iod-
oform reaction.
D. Isopropyl alcohol will not give iodoform test.
E. Methanoic acid will give positive iodoform test.
(A) A, B & C Only
(B) B, D & E Only
(C) A & C Only
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(D) A, C & E Only

Correct Answer: (C) A & C Only

Solution:
A. Haloform reaction is typically carried out using X2/NaOH (or NaOX). NaOCl reaction
with KI yielding KOI is not standard, but I2 + NaOH → NaOI (hypoiodite) is the active in-
termediate. Assuming A refers to the generation of the active intermediate OI−, it is often
considered true in educational contexts (True).

B. KOI contains Iodine in the +1 oxidation state and acts as an oxidizing agent. False.

C. α, β-unsaturated methylketone has the required CH3C=O group. True.

D. Isopropyl alcohol (CH3CH(OH)CH3) has the methyl carbinol group and gives a positive
test. False.

E. Methanoic acid (HCOOH) lacks the required CH3C=O or CH3CH(OH) group. False.

The technically true statement is C. Given the options, the intent must be A and C.

Quick Tip

The Haloform reaction is an oxidation reaction followed by nucleophilic substitution and
elimination. Hypohalites are oxidizing agents.

67. Elements X and Y belong to Group 15. The difference between the electroneg-
ativity values of ’X’ and phosphorus is higher than that of the difference between
phosphorus and ’Y’. ’X’ & ’Y’ are respectively
(A) As & Bi
(B) Bi & N
(C) As & Sb
(D) N & As

Correct Answer: (D) N & As

Solution:
Group 15 elements: N, P, As, Sb, Bi. Electronegativity (EN) decreases down the group.

We require |EN(X)− EN(P )| > |EN(P )− EN(Y )|.
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The largest change in EN in a group often occurs between the first two members (N and P).

Test X=N, Y=As (Option D).

|EN(N)− EN(P )|: Difference between 2nd and 3rd period element. (Large jump).

|EN(P )− EN(As)|: Difference between 3rd and 4th period element. (Smaller jump).

Since EN(N) > EN(P ) > EN(As), the condition |EN(N)− EN(P )| > |EN(P )− EN(As)|
holds true.

Quick Tip

Electronegativity changes significantly between Period 2 and 3 elements, but less so down
the rest of the group.

68. Iodoform test can differentiate between
A. Methanol and Ethanol
B. CH3COOH and CH3CH2COOH
C. Cyclohexene and cyclohexanone
D. Diethyl ether and Pentan-3-one
E. Anisole and acetone
(A) B, C & E Only
(B) A, B & E Only
(C) A & E Only
(D) A & D Only

Correct Answer: (C) A & E Only

Solution:
Iodoform test distinguishes compounds containing CH3CO− or CH3CH(OH)− group.

A. Ethanol (Positive), Methanol (Negative). Differentiates.

B. Both are carboxylic acids, neither is positive. Does not differentiate.

C. Both are negative. Cyclohexanone (no methyl ketone) and Cyclohexene (alkene). Does not
differentiate.

D. Diethyl ether (negative). Pentan-3-one (CH3CH2COCH2CH3) is negative. Does not dif-
ferentiate.

56



E. Acetone (CH3COCH3) is positive. Anisole (negative). Differentiates.

The test differentiates pairs A and E.

Quick Tip

If both or neither compound gives a positive result, the test fails to differentiate them.

69. Identify the CORRECT set of details from the following:
A. [Co(NH3)6]

3+: Inner orbital complex; d2sp3 hybridized
B. [MnCl6]

3−: Outer orbital complex; sp3d2 hybridized
C. [CoF6]

3−: Outer orbital complex; d2sp3 hybridized
D. [FeF6]

3−: Outer orbital complex; sp3d2 hybridized
E. [Ni(CN)4]

2−: Inner orbital complex; sp3 hybridized
(A) A, B, C, D & E
(B) C & D Only
(C) A, B & D Only
(D) A, C & E Only

Correct Answer: (C) A, B & D Only

Solution:
A. Co3+(d6), NH3 is strong field. Low spin, inner orbital d2sp3. Correct.

B. Mn3+(d4), Cl− is weak field. High spin, octahedral sp3d2. Correct.

C. Co3+(d6), F− is weak field. High spin, octahedral sp3d2. Hybridization d2sp3 is incorrect
here.

D. Fe3+(d5), F− is weak field. High spin, octahedral sp3d2. Correct.

E. Ni2+(d8), CN− is strong field. Low spin, square planar dsp2. Hybridization sp3 is incorrect.

Correct details are A, B, and D.

Quick Tip

Hybridization types: d2sp3 (Inner Octahedral), sp3d2 (Outer Octahedral), dsp2 (Square
Planar), sp3 (Tetrahedral).
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70. Given below are two statements:
Statement I: The second ionisation enthalpy of Na is larger than the corresponding
ionisation enthalpy of Mg.
Statement II: The ionic radius of O2− is larger than that of F−.
(A) Statement I is true but Statement II is false
(B) Statement I is false but Statement II is true
(C) Both Statement I and Statement II are true
(D) Both Statement I and Statement II are false

Correct Answer: (C) Both Statement I and Statement II are true

Solution:
Statement I: IE2(Na) involves removing an electron from the stable 2p6 noble gas configura-
tion (Na+). IE2(Mg) involves removing a 3s1 electron from Mg+. IE2(Na) > IE2(Mg). True.

Statement II: O2− (Z=8) and F− (Z=9) are isoelectronic (10 electrons).

Ionic radius decreases as effective nuclear charge (Zeff ) increases. Since Zeff (O
2−) < Zeff (F

−),
r(O2−) > r(F−). True.

Quick Tip

For isoelectronic species, the anion with the smallest nuclear charge (Z) has the largest
ionic radius.

Chemistry Section B

71. Total number of unpaired electrons present in the central metal atoms/ions of
[Ni(CO)4], [NiCl4]

2−, [PtCl2(NH3)2], [Ni(CN)4]
2− and [Pt(CN)4]

2− is .
Correct Answer: 2

Solution:
1. [Ni(CO)4]
Oxidation state of Ni = 0
Electronic configuration: d10

CO is a strong field ligand ⇒ all electrons paired
Unpaired electrons = 0
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2. [NiCl4]
2−

Oxidation state of Ni = +2
Electronic configuration: d8

Cl− is a weak field ligand
Geometry: tetrahedral (high spin)
Unpaired electrons = 2

3. [PtCl2(NH3)2]
Oxidation state of Pt = +2
Electronic configuration: d8

Pt is a 3d-series metal ⇒ strong crystal field
Geometry: square planar (low spin)
Unpaired electrons = 0

4. [Ni(CN)4]
2−

Oxidation state of Ni = +2
Electronic configuration: d8

CN− is a strong field ligand
Geometry: square planar (low spin)
Unpaired electrons = 0

5. [Pt(CN)4]
2−

Oxidation state of Pt = +2
Electronic configuration: d8

3d-series metal with strong field ligand
Geometry: square planar (low spin)
Unpaired electrons = 0

Total unpaired electrons = 0 + 2 + 0 + 0 + 0 = 2

Quick Tip

d8 complexes show 2 unpaired electrons in tetrahedral geometry, and 0 in square planar
geometry.

72. Consider the following reaction of benzene. the percentage of oxygen is %.
(Nearest integer)
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Correct Answer: 23

Solution:

Benzene undergoes Friedel–Crafts acylation followed by alkaline hydrolysis, leading to the for-
mation of an aromatic carboxylic acid.
The final product (Q) is phenylacetic acid.

Q = C6H5CH2COOH

Molecular formula of Q:
C8H8O2

Molar mass of Q:

= (8× 12) + (8× 1) + (2× 16) = 96 + 8 + 32 = 136

Mass of oxygen present:
= 2× 16 = 32

Percentage of oxygen:

%Oxygen =
32

136
× 100 = 23.52%

Nearest integer:
23%

∴ Percentage of oxygen in the product is 23%.

Quick Tip

In calculation-based organic problems, estimate percentages for simple final products
(R−OH,R− COOH) to check for viability.

73. 200 cc of x× 10−3 M potassium dichromate is required to oxidise 750 cc of 0.6
M Mohr’s salt solution in acidic medium. Here x = .
Correct Answer: 375

Solution:
Use the normality equation: N1V1 = N2V2.

For K2Cr2O7 (Oxidizing agent, n-factor = 6): N1 = 6×M1 = 6x× 10−3 N. V1 = 200 ml.

For Mohr’s salt (Fe2+ is oxidized, n-factor = 1): N2 = 1×M2 = 0.6 N. V2 = 750 ml.
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(6x× 10−3)× 200 = 0.6× 750.

1200x× 10−3 = 450.

1.2x = 450.

x = 450
1.2 = 375.

Quick Tip

Ensure correct n-factors: Cr2O
2−
7 → Cr3+ (n = 6); Fe2+ → Fe3+ (n = 1).

74. Two liquids A and B form an ideal solution. At 320 K, the vapour pressure of
the solution, containing 3 mol of A and 1 mol of B is 500 mm Hg. At the same
temperature, if 1 mol of A is further added... vapour pressure of B in pure state
is mm Hg. (Nearest integer)
Correct Answer: 200

Solution:

According to Raoult’s law,
Psolution = xAP

◦
A + xBP

◦
B

Case I:
Number of moles: nA = 3, nB = 1

xA =
3

4
, xB =

1

4
Given vapour pressure:

500 =
3

4
P ◦
A +

1

4
P ◦
B

2000 = 3P ◦
A + P ◦

B (1)

Case II:
After adding 1 mol of A: nA = 4, nB = 1

xA =
4

5
, xB =

1

5
Given vapour pressure of solution:

520 =
4

5
P ◦
A +

1

5
P ◦
B
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2600 = 4P ◦
A + P ◦

B (2)

Subtracting equation (1) from equation (2):

600 = P ◦
A

Substituting P ◦
A = 600 in equation (1):

2000 = 3(600) + P ◦
B

P ◦
B = 200 mm Hg

∴ Vapour pressure of B in pure state = 200 mm Hg

Quick Tip

For ideal solutions, the total vapor pressure change is linear with mole fraction changes.
Set up simultaneous linear equations.

75. X2(g)+Y2(g) ⇌ 2Z(g). Equilibrium moles of X2, Y2, Z are 3, 3, 9 mol (in 1 L). 10
mol of Z(g) is added. New equilibrium moles of Z(g) is . (Nearest integer)
Correct Answer: 15

Solution:
Calculate the equilibrium constant Kc (volume V = 1 L):

Kc =
[Z]2

[X2][Y2]
= 92

3×3 = 9.

Disturbance: 10 mol of Z is added. Initial concentrations for the shift: [X2] = 3, [Y2] = 3, [Z] =
19.

Qc =
192

3×3 = 361
9 ≈ 40.11. Since Qc > Kc, the reaction shifts to the left.

X2 + Y2
k←− 2Z

Initial: 3 3 19
Change: +x + x − 2x
Equil: 3 + x 3 + x 19− 2x

Kc =
(19−2x)2

(3+x)2
= 9.

Taking square root: 19−2x
3+x = 3.
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19− 2x = 9 + 3x =⇒ 5x = 10 =⇒ x = 2.

New equilibrium moles of Z = 19− 2x = 19− 4 = 15.

Quick Tip

If Qc > Kc, the reaction proceeds towards the reactants to re-establish equilibrium.
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