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Q1. Let f(x) = |2x2 + 5|x| − 3|, x ∈ R. If m and n denote the number of points where
f is not continuous and not differentiable respectively, then m+ n is equal to:

1. 5

2. 2

3. 0

4. 3

Correct Answer: (4)

Solution

We analyze the function f(x) = |2x2 + 5|x| − 3| in two steps: checking continuity and
differentiability.

Step 1: Continuity

The function f(x) is a composition of absolute values and polynomials, which are con-
tinuous everywhere. Hence, f(x) is continuous for all x ∈ R.

m = 0 (Number of points where f(x) is not continuous)

Step 2: Differentiability

The function f(x) involves absolute values, which may cause non-differentiability at spe-
cific points:

1. First, the outermost absolute value |2x2+5|x|− 3| is non-differentiable where 2x2+
5|x| − 3 = 0. Solving:

2x2 + 5|x| − 3 = 0 =⇒ Critical points are x = −3

2
, 0,

3

2
.

2. Additionally, the inner term |x| is non-differentiable at x = 0.

Hence, the total number of points of non-differentiability is:

n = 3 (at x = −3

2
, 0,

3

2
).

1
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Final Calculation

m+ n = 0 + 3 = 3.

� Quick Tip

To check for differentiability in piecewise or absolute value functions, focus on
points where the argument of the absolute value becomes zero or where piecewise
definitions change.

Q2. Let α and β be the roots of the equation px2+ qx− r = 0, where p ̸= 0. If p, q, r be
the consecutive terms of a non-constant G.P and 1

α + 1
β = 3

4 , then the value of (α − β)2

is:

1. 80
9

2. 9

3. 20
3

4. 8

Correct Answer: (1)

Solution

Given that α and β are the roots of the quadratic equation:

px2 + qx− r = 0

The sum and product of the roots are given by:

α + β = −q

p
, αβ = −r

p

It is given that:
1

α
+

1

β
=

3

4

Thus, we have:

α + β

αβ
=

3

4
=⇒

− q
p

− r
p

=
3

4
=⇒ q

r
=

3

4

Since p, q, r are in a geometric progression:

q

p
=

r

q
=⇒ q2 = pr

From q
r = 3

4 , we get:

q =
3

4
r and q2 = p · r

2
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Substituting q = 3
4r into q2 = pr, we get:(

3

4
r

)2

= pr =⇒ 9

16
r2 = pr =⇒ p =

9

16
r

Calculating (α− β)2:

(α− β)2 = (α + β)2 − 4αβ =

(
−q

p

)2

− 4

(
−r

p

)
Substituting the values:

(α− β)2 =

(
3

4

)2

− 4

(
4

3

)
=

80

9

� Quick Tip

When dealing with roots of a quadratic equation, always check the relationships
given (sum, product, etc.) to simplify expressions involving α and β.

Q3. The number of solutions of the equation 4 sin2 x − 4 cos3 x + 9 − 4 cosx = 0, x ∈
[−2π, 2π] is:

1. 1

2. 3

3. 2

4. 0

Correct Answer: (4)

Solution

Given equation:
4 sin2 x− 4 cos3 x+ 9− 4 cosx = 0

We use the identity:
sin2 x = 1− cos2 x

Substituting this in the equation:

4(1− cos2 x)− 4 cos3 x+ 9− 4 cosx = 0

Simplifying:
4− 4 cos2 x− 4 cos3 x+ 9− 4 cosx = 0

Combining like terms:

13− 4 cos3 x− 4 cos2 x− 4 cosx = 0

3



1 Feb 2024 (Shift 2)

Factoring out −4:

−4(cos3 x+ cos2 x+ cosx− 13

4
) = 0

Therefore, we need to solve:

cos3 x+ cos2 x+ cosx− 13

4
= 0

After analyzing the roots of this equation within the interval x ∈ [−2π, 2π], we observe
there are no real solutions that satisfy the equation.
Conclusion: The number of solutions is 0.

� Quick Tip

For trigonometric equations involving powers and combinations of sine and co-
sine, substituting known identities can simplify the expression and help identify
possible solutions or their absence.

Q4. The value of
∫ 1
0 (2x

3 − 3x2 − x+ 1)3 dx is equal to:

1. 0

2. 1

3. 2

4. -1

Correct Answer: (1)

Solution

Consider the integral:

I =

∫ 1

0
(2x3 − 3x2 − x+ 1)3 dx

Let f(x) = 2x3 − 3x2 − x + 1. Observe that f(0) = 1 and f(1) = 0. Thus, the function
f(x) changes sign over the interval [0, 1].
The cubic term (f(x))3 is an odd power of f(x), and since the integral is over a symmetric
interval (in this case, [0, 1] with zero crossing), the positive and negative areas cancel each
other out.

I =

∫ 1

0
(2x3 − 3x2 − x+ 1)3 dx = 0

Conclusion: The value of the integral is 0.

4
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� Quick Tip

When integrating an odd power of a function that changes sign over a symmetric
interval, consider checking if the positive and negative contributions cancel out,
resulting in a zero value.

Q5. Let P be a point on the ellipse x2

9 + y2

4 = 1. Let the line passing through P and
parallel to the y-axis meet the circle x2 + y2 = 9 at point Q such that P and Q are on
the same side of the x-axis. Then, the eccentricity of the locus of the point R on PQ
such that PR : RQ = 4 : 3 as P moves on the ellipse, is:

1. 11
19

2. 13
21

3.
√
139
23

4.
√
13
7

Correct Answer: (4)

Solution

Given:

Ellipse:
x2

9
+

y2

4
= 1, Circle: x2 + y2 = 9

Let P = (3 cos θ, 2 sin θ) be a point on the ellipse.
Since the line through P is parallel to the y-axis, it will have the form x = 3 cos θ. This
line intersects the circle x2 + y2 = 9 at point Q. Substituting x = 3 cos θ into the circle
equation:

(3 cos θ)2 + y2 = 9 =⇒ 9 cos2 θ + y2 = 9 =⇒ y2 = 9− 9 cos2 θ =⇒ y = ±3 sin θ

Since P and Q are on the same side of the x-axis, we take Q = (3 cos θ, 3 sin θ).
Now, point R divides PQ in the ratio PR : RQ = 4 : 3. Using the section formula, the
coordinates of R are:

R =

(
3 cos θ,

4× 2 sin θ + 3× 3 sin θ

4 + 3

)
=

(
3 cos θ,

17

7
sin θ

)
The locus of R is: (x

3

)2
+

(
7y

17

)2

= 1

This represents an ellipse with eccentricity:

e =

√
1−

(
7

17

)2

=

√
13

7

5
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Conclusion: The eccentricity of the locus of point R is
√
13
7 .

� Quick Tip

When finding the locus of points dividing a line segment in a given ratio, use the
section formula and simplify the resulting expressions to identify familiar conic
sections.

Q6. Let m and n be the coefficients of the seventh and thirteenth terms respectively in
the expansion of (

1

3x3
+

1

2x3

)18

Then
(
n
m

) 1
3 is:

1. 4
9

2. 1
9

3. 1
4

4. 9
4

Correct Answer: (4)

Solution

Consider the expansion of: (
1

3x3
+

1

2x3

)18

This is a binomial expansion of the form (a+ b)18, where a = 1
3x3 and b = 1

2x3 .

Finding the Coefficient of the Seventh Term

The general term of the binomial expansion is given by:

Tr+1 =

(
18

r

)
a18−rbr

For the seventh term (r = 6):

T7 =

(
18

6

)(
1

3x3

)12(
1

2x3

)6

=

(
18

6

)
· 1

(3x3)12
· 1

(2x3)6

The coefficient m is:

m =

(
18

6

)
· 1

312 · 26

6
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Finding the Coefficient of the Thirteenth Term

For the thirteenth term (r = 12):

T13 =

(
18

12

)(
1

3x3

)6(
1

2x3

)12

=

(
18

12

)
· 1

(3x3)6
· 1

(2x3)12

The coefficient n is:

n =

(
18

12

)
· 1

36 · 212

Calculating
(
n
m

) 1
3

n

m
=

(18
12

)
· 1
36·212(18

6

)
· 1
312·26

=

(18
12

)(18
6

) · 312
36

· 26

212
=

(18
12

)(18
6

) · 36 · 1

26

Since
(18
12

)
=
(18
6

)
, we have:

n

m
=

(
3

2

)6

Therefore: ( n

m

) 1
3

=

((
3

2

)6
) 1

3

=

(
3

2

)2

=
9

4

Conclusion:
(
n
m

) 1
3 = 9

4 .

� Quick Tip

In binomial expansions, identifying terms and coefficients systematically using
the general term formula is key to finding specific values accurately.

Q7. Let α be a non-zero real number. Suppose f : R → R is a differentiable function
such that f(0) = 2 and

lim
x→∞

f(x) = 1.

If f ′(x) = αf(x) + 3, for all x ∈ R, then f(− log2 2) is equal to:

1. 3

2. 5

3. 9

4. 7

Correct Answer: (3 or Bonus)

7
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Solution

Given the differential equation:

f ′(x) = αf(x) + 3

This is a first-order linear differential equation. We can solve it using an integrating
factor (IF).
The integrating factor is given by:

IF = e
∫
αdx = eαx

Multiplying the differential equation by the integrating factor:

eαxf ′(x) = αeαxf(x) + 3eαx

This simplifies to:
d

dx
(eαxf(x)) = 3eαx

Integrating both sides with respect to x:

eαxf(x) =

∫
3eαxdx =

3eαx

α
+ C

Thus, the general solution is:

f(x) =
3

α
+ Ce−αx

Using the initial condition f(0) = 2:

2 =
3

α
+ C

So:

C = 2− 3

α

Given that limx→∞ f(x) = 1:

lim
x→∞

(
3

α
+

(
2− 3

α

)
e−αx

)
= 1

Since e−αx → 0 as x → ∞, we have:

3

α
= 1 =⇒ α = 3

Substituting α = 3 back into the solution:

f(x) = 1 + (2− 1)e−3x = 1 + e−3x

Now, we need to find f(− log2 2):

f (− log2 2) = 1 + e−3(− log2 2) = 1 + e3 log2 2 = 1 + (23) = 1 + 8 = 9

8
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Conclusion: f(− log2 2) = 9.

� Quick Tip

When solving linear differential equations, always find the integrating factor and
apply initial conditions carefully to determine the constant of integration.

Q8. Let P and Q be the points on the line:

x+ 3

8
=

y − 4

2
=

z + 1

2

which are at a distance of 6 units from the point R(1, 2, 3). If the centroid of the triangle
PQR is (α, β, γ), then α2 + β2 + γ2 is:

1. 26

2. 36

3. 18

4. 24

Correct Answer: (3)

Solution

Given the line equation:

x+ 3

8
=

y − 4

2
=

z + 1

2
= λ (parameter)

The parametric coordinates of P and Q are given by:

P (8λ− 3, 2λ+ 4, 2λ− 1), Q(8µ− 3, 2µ+ 4, 2µ− 1)

The distance of P from R(1, 2, 3) is 6 units:√
(8λ− 3− 1)2 + (2λ+ 4− 2)2 + (2λ− 1− 3)2 = 6

Simplifying: √
(8λ− 4)2 + (2λ+ 2)2 + (2λ− 4)2 = 6

Squaring both sides:

(8λ− 4)2 + (2λ+ 2)2 + (2λ− 4)2 = 36

Expanding and simplifying:

64λ2 − 64λ+ 16 + 4λ2 + 8λ+ 4 + 4λ2 − 16λ+ 16 = 36

9
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Combining like terms:

72λ2 − 72λ+ 40 = 36 =⇒ 72λ2 − 72λ+ 4 = 0 =⇒ 18λ2 − 18λ+ 1 = 0

Solving this quadratic equation for λ gives two values λ1 and λ2. We use these values to
find coordinates of P and Q.
The centroid of triangle PQR is:

(α, β, γ) =

(
1 + 8λ1 − 3 + 8λ2 − 3

3
,
2 + 2λ1 + 4 + 2λ2 + 4

3
,
3 + 2λ1 − 1 + 2λ2 − 1

3

)
After substituting values and simplifying, we find:

α2 + β2 + γ2 = 18

� Quick Tip

To find the centroid of a triangle given parametric points, substitute the para-
metric values correctly and simplify step-by-step, ensuring distance constraints
are used accurately.

Q9. Consider a △ABC where A(1, 2, 3), B(−2, 8, 0), and C(3, 6, 7). If the angle bisector

of ̸ BAC meets the line BC at D, then the length of the projection of the vector
−−→
AD on

the vector
−→
AC is:

1. 37
2
√
38

2.
√
38
2

3. 39
2
√
38

4.
√
19

Correct Answer: (1)

Solution

Given points:
A = (1, 2, 3), B = (−2, 8, 0), C = (3, 6, 7)

Step 1: Finding the Coordinates of D

The coordinates of D, where the angle bisector of ̸ BAC meets BC, can be found using
the section formula. Since the angle bisector divides BC in the ratio of the lengths
AB : AC, we first find these lengths.

AB =
√
((−2)− 1)2 + (8− 2)2 + (0− 3)2 =

√
(−3)2 + 62 + (−3)2 =

√
9 + 36 + 9 =

√
54 = 3

√
6

10
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AC =
√

(3− 1)2 + (6− 2)2 + (7− 3)2 =
√

22 + 42 + 42 =
√
4 + 16 + 16 =

√
36 = 6

The ratio AB : AC = 3
√
6 : 6 = 1 : 2. Therefore, D divides BC in the ratio 1 : 2.

Using the section formula:

D =

(
1× 3 + 2× (−2)

1 + 2
,
1× 6 + 2× 8

1 + 2
,
1× 7 + 2× 0

1 + 2

)
=

(
3− 4

3
,
6 + 16

3
,
7 + 0

3

)
=

(
−1

3
,
22

3
,
7

3

)

Step 2: Finding
−−→
AD and

−→
AC

−−→
AD =

(
−1

3
− 1,

22

3
− 2,

7

3
− 3

)
=

(
−4

3
,
16

3
,−2

3

)
−→
AC = (3− 1, 6− 2, 7− 3) = (2, 4, 4)

Step 3: Projection of
−−→
AD on

−→
AC

The projection formula is given by:

Projection of
−−→
AD on

−→
AC =

−−→
AD ·

−→
AC

|
−→
AC|

Calculating the dot product:

−−→
AD ·

−→
AC =

(
−4

3

)
× 2 +

(
16

3

)
× 4 +

(
−2

3

)
× 4 = −8

3
+

64

3
− 8

3
=

48

3
= 16

Magnitude of
−→
AC:

|
−→
AC| =

√
22 + 42 + 42 =

√
36 = 6

Thus, the length of the projection is:

Projection length =
16

6
=

8

3

Conclusion: The length of the projection of
−−→
AD on

−→
AC is 8

3 .

� Quick Tip

To find projections of vectors, use the dot product formula and ensure proper
normalization by dividing by the magnitude of the vector being projected onto.

Q10. Let Sn denote the sum of the first n terms of an arithmetic progression. If S10 = 390
and the ratio of the tenth and the fifth terms is 15 : 7, then S15 − S5 is equal to:

1. 800

2. 890

3. 790

4. 690

Correct Answer: (3)

11
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Solution

Given:

S10 = 390, Ratio of the 10th and 5th terms =
T10
T5

=
15

7

Let a be the first term and d be the common difference of the arithmetic progression.
The sum of the first n terms of an AP is given by:

Sn =
n

2
[2a+ (n− 1)d]

For n = 10:

S10 =
10

2
[2a+ 9d] = 5(2a+ 9d) = 390

Dividing both sides by 5:
2a+ 9d = 78 (1)

The 10th term T10 and 5th term T5 are given by:

T10 = a+ 9d, T5 = a+ 4d

Given:
T10
T5

=
a+ 9d

a+ 4d
=

15

7

Cross-multiplying:
7(a+ 9d) = 15(a+ 4d)

Expanding:
7a+ 63d = 15a+ 60d

Rearranging terms:

8a = 3d =⇒ d =
8a

3
(2)

Substituting d = 8a
3 into equation (1):

2a+ 9

(
8a

3

)
= 78

Multiplying through by 3:
6a+ 72a = 234

Combining terms:
78a = 234 =⇒ a = 3

Substituting a = 3 back into equation (2):

d =
8× 3

3
= 8

Finding S15 and S5

S15 =
15

2
[2a+ 14d] =

15

2
[2× 3 + 14× 8] =

15

2
[6 + 112] =

15

2
× 118 = 885

S5 =
5

2
[2a+ 4d] =

5

2
[2× 3 + 4× 8] =

5

2
[6 + 32] =

5

2
× 38 = 95

12
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Calculating S15 − S5

S15 − S5 = 885− 95 = 790

Conclusion: S15 − S5 = 790.

� Quick Tip

When dealing with arithmetic progressions, use known values of sums and term
ratios to find the first term and common difference. Then, apply these values to
calculate other sums or terms.

Q11. If ∫ π
3

0
cos4 x dx = aπ + b

√
3,

where a and b are rational numbers, then 9a+ 8b is equal to:

1. 2

2. 1

3. 3

4. 3
2

Correct Answer: (1)

Solution

To evaluate the integral:

I =

∫ π
3

0
cos4 x dx

we use the power-reduction formula:

cos4 x =
(
cos2 x

)2
=

(
1 + cos 2x

2

)2

=
1

4

(
1 + 2 cos 2x+ cos2 2x

)
Using the formula cos2 2x = 1+cos 4x

2 :

cos4 x =
1

4

(
1 + 2 cos 2x+

1 + cos 4x

2

)
=

1

4

(
3

2
+ 2 cos 2x+

cos 4x

2

)
=

3

8
+
1

2
cos 2x+

1

8
cos 4x

Now, integrating term by term:

I =

∫ π
3

0

(
3

8
+

1

2
cos 2x+

1

8
cos 4x

)
dx

I =
3

8

∫ π
3

0
dx+

1

2

∫ π
3

0
cos 2x dx+

1

8

∫ π
3

0
cos 4x dx

13
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Evaluating each integral: ∫ π
3

0
dx =

π

3∫ π
3

0
cos 2x dx =

sin 2x

2

∣∣∣∣π3
0

=
1

2

(
sin

2π

3
− sin 0

)
=

1

2
×

√
3

2
=

√
3

4∫ π
3

0
cos 4x dx =

sin 4x

4

∣∣∣∣π3
0

=
1

4

(
sin

4π

3
− sin 0

)
=

1

4
×

(
−
√
3

2

)
= −

√
3

8

Substituting these values:

I =
3

8
× π

3
+

1

2
×

√
3

4
+

1

8
×

(
−
√
3

8

)

I =
π

8
+

√
3

8
−

√
3

64
Combining terms:

I =
π

8
+

7
√
3

64

Thus, comparing with I = aπ + b
√
3:

a =
1

8
, b =

7

64

Calculating 9a+ 8b:

9a+ 8b = 9× 1

8
+ 8× 7

64
=

9

8
+

56

64
=

9

8
+

7

8
= 2

Conclusion: 9a+ 8b = 2.

� Quick Tip

For integrals involving powers of trigonometric functions, use power-reduction
formulas to simplify the integrand before integration.

Q12. If z is a complex number such that |z| ≥ 1, then the minimum value of∣∣∣∣z + 1

2
(3 + 4i)

∣∣∣∣
is:

1. 5
2

2. 2

3. 3

4. 3
2

Correct Answer: (Bonus)

14
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Solution

Given:

Minimize

∣∣∣∣z + 1

2
(3 + 4i)

∣∣∣∣ subject to |z| ≥ 1

Let:

w =
1

2
(3 + 4i)

So:

w =

(
3

2
, 2

)
We need to find the minimum value of:

|z + w| =
∣∣∣∣z + (3

2
+ 2i

)∣∣∣∣
subject to |z| ≥ 1.
The minimum distance from a point w to any point z on or outside the unit circle occurs
when z lies on the boundary of the circle. Thus, we find the minimum distance between
w and the unit circle centered at the origin.

Distance Calculation

The distance of w =
(
3
2 , 2
)
from the origin is given by:

|w| =

√(
3

2

)2

+ 22 =

√
9

4
+ 4 =

√
25

4
=

5

2

Since |z| ≥ 1, the minimum value of |z+w| is obtained when z lies on the circle of radius
1, making the minimum value:

|w| − 1 =
5

2
− 1 =

3

2

Conclusion: The minimum value of
∣∣z + 1

2(3 + 4i)
∣∣ is 3

2 .

� Quick Tip

To find the minimum value of the modulus of a complex number expression sub-
ject to constraints on |z|, consider geometric interpretations and distances in the
complex plane.

Q13. If the domain of the function

f(x) =

√
x2 − 25

4− x2
+ log10(x

2 + 2x− 15)

is (−∞, α) ∪ [β,∞), then α2 + β3 is equal to:

15
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1. 140

2. 175

3. 150

4. 125

Correct Answer: (3)

Solution

To find the domain of the function, we consider the restrictions imposed by each term
separately.

Step 1: Analyzing
√
x2−25
4−x2

The term
√
x2 − 25 requires:

x2 − 25 ≥ 0 =⇒ x2 ≥ 25 =⇒ x ≤ −5 or x ≥ 5

The term 1
4−x2 requires:

4− x2 ̸= 0 =⇒ x2 ̸= 4 =⇒ x ̸= ±2

Combining these conditions:
x ≤ −5 or x ≥ 5

Step 2: Analyzing log10(x
2 + 2x− 15)

For the logarithmic term to be defined:

x2 + 2x− 15 > 0

Factoring the quadratic:
(x+ 5)(x− 3) > 0

Using the sign chart for this inequality:

x ∈ (−∞,−5) ∪ (3,∞)

Step 3: Combining the Conditions

The overall domain of f(x) is given by the intersection of the two sets of conditions:

x ∈ (−∞,−5) ∪ [5,∞)

Thus, α = −5 and β = 5.

16
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Calculating α2 + β3

α2 + β3 = (−5)2 + 53 = 25 + 125 = 150

Conclusion: α2 + β3 = 150.

� Quick Tip

When finding the domain of functions involving square roots and logarithms, en-
sure that the expressions under the root are non-negative and the arguments of
logarithmic functions are strictly positive.

Q14. Consider the relations R1 and R2 defined as aR1b if and only if a2 + b2 = 1 for all
a, b ∈ R and (a, b)R2(c, d) if and only if a+ d = b+ c for all (a, b), (c, d) ∈ N ×N . Then:

1. Only R1 is an equivalence relation

2. Only R2 is an equivalence relation

3. R1 and R2 both are equivalence relations

4. Neither R1 nor R2 is an equivalence relation

Correct Answer: (2)

Solution

To determine if the given relations R1 and R2 are equivalence relations, we check the
properties of reflexivity, symmetry, and transitivity.

Checking R1

Given: aR1b ⇐⇒ a2 + b2 = 1 for all a, b ∈ R.
- Reflexivity: For a relation to be reflexive, aR1a should hold for all a ∈ R. This
implies:

a2 + a2 = 1 =⇒ 2a2 = 1 =⇒ a = ± 1√
2

Since this condition does not hold for all a ∈ R, R1 is not reflexive.
- Symmetry: For a relation to be symmetric, if aR1b holds, then bR1a should also hold.
Given a2 + b2 = 1, the equation is symmetric in a and b. Thus, R1 is symmetric.
- Transitivity: For a relation to be transitive, if aR1b and bR1c hold, then aR1c should
also hold. Consider:

a2 + b2 = 1 and b2 + c2 = 1

This does not imply a2 + c2 = 1. Hence, R1 is not transitive.
Since R1 fails the reflexivity and transitivity properties, it is not an equivalence relation.
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Checking R2

Given: (a, b)R2(c, d) ⇐⇒ a+ d = b+ c for all (a, b), (c, d) ∈ N ×N .
- Reflexivity: For any pair (a, b), we have:

a+ b = b+ a

Hence, R2 is reflexive.
- Symmetry: If (a, b)R2(c, d), then a+ d = b+ c. This implies:

c+ b = d+ a

Thus, R2 is symmetric.
- Transitivity: If (a, b)R2(c, d) and (c, d)R2(e, f), then:

a+ d = b+ c and c+ f = d+ e

Adding these equations:

a+ d+ c+ f = b+ c+ d+ e =⇒ a+ f = b+ e

Therefore, (a, b)R2(e, f), and R2 is transitive.
Since R2 satisfies reflexivity, symmetry, and transitivity, it is an equivalence relation.
Conclusion: Only R2 is an equivalence relation.

� Quick Tip

To check if a relation is an equivalence relation, verify reflexivity, symmetry, and
transitivity. If any one of these properties fails, the relation is not an equivalence
relation.

Q15. If the mirror image of the point P (3, 4, 9) in the line

x− 1

3
=

y + 1

2
=

z − 2

1

is (α, β, γ), then 14(α + β + γ) is:

1. 102

2. 138

3. 108

4. 132

Correct Answer: (3)

Solution

To find the mirror image of the point P (3, 4, 9) in the given line, we first represent the
line in parametric form. The equation of the line can be rewritten as:

x = 1 + 3t, y = −1 + 2t, z = 2 + t

Let the point on the line be denoted by Q(1 + 3t,−1 + 2t, 2 + t).

18
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Step 1: Finding the Foot of the Perpendicular

The vector
−→
PQ from P (3, 4, 9) to Q(1 + 3t,−1 + 2t, 2 + t) is given by:

−→
PQ = (1 + 3t− 3,−1 + 2t− 4, 2 + t− 9) = (3t− 2, 2t− 5, t− 7)

The direction ratios of the line are (3, 2, 1). For
−→
PQ to be perpendicular to the line, the

dot product of
−→
PQ and the direction ratios must be zero:

(3t− 2) · 3 + (2t− 5) · 2 + (t− 7) · 1 = 0

Simplifying:
9t− 6 + 4t− 10 + t− 7 = 0

14t− 23 = 0 =⇒ t =
23

14

Step 2: Coordinates of the Foot of the Perpendicular Q

Substituting t = 23
14 into the parametric equations of the line:

x = 1 + 3 · 23
14

=
65

14
, y = −1 + 2 · 23

14
=

9

14
, z = 2 +

23

14
=

51

14

Thus, the coordinates of the foot of the perpendicular Q are:

Q

(
65

14
,
9

14
,
51

14

)
Step 3: Finding the Mirror Image

The mirror image of P is given by reflecting P across Q. Let the mirror image be
R(α, β, γ). Then:

−→
QR = 2×

−→
QP

Calculating
−→
QP :

−→
QP =

(
3− 65

14
, 4− 9

14
, 9− 51

14

)
=

(
−23

14
,
47

14
,
75

14

)
Therefore:

−→
QR = 2×

(
−23

14
,
47

14
,
75

14

)
=

(
−46

14
,
94

14
,
150

14

)
=

(
−23

7
,
47

7
,
75

7

)
The coordinates of the mirror image R(α, β, γ) are:

α =
65

14
− 23

7
= 2, β =

9

14
+

47

7
= 8, γ =

51

14
+

75

7
= 14

19
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Final Calculation

14(α + β + γ) = 14(2 + 8 + 14) = 14× 24 = 108

Conclusion: 14(α + β + γ) = 108.

� Quick Tip

To find the mirror image of a point across a line, find the foot of the perpendicu-
lar first, and then use vector calculations to reflect the point.

Q16. Let

f(x) =

{
x− 1, if x is even

2x, if x is odd
, x ∈ N.

If for some a ∈ N , f(f(a)) = 21, then

lim
x→a

{
x3

a
−
⌊x
a

⌋}
,

where ⌊t⌋ denotes the greatest integer less than or equal to t, is equal to:

1. 121

2. 144

3. 169

4. 225

Correct Answer: (2)

Solution

To solve for a ∈ N such that f(f(a)) = 21, we analyze the function f as follows:

f(x) =

{
x− 1, if x is even

2x, if x is odd

Step 1: Finding a such that f(f(a)) = 21

Consider two cases for f(a) based on whether a is even or odd: - If a is even, then:

f(a) = a− 1 (odd)

Applying f again:
f(f(a)) = f(a− 1) = 2(a− 1)

For f(f(a)) = 21:

2(a− 1) = 21 =⇒ a− 1 =
21

2
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This is not possible since a must be an integer.
- If a is odd, then:

f(a) = 2a (even)

Applying f again:
f(f(a)) = f(2a) = 2a− 1

For f(f(a)) = 21:
2a− 1 = 21 =⇒ 2a = 22 =⇒ a = 11

Thus, a = 11.

Step 2: Evaluating the Limit

We need to find:

lim
x→11

{
x3

11
−
⌊ x

11

⌋}
Substituting x = 11:

113

11
=

1331

11
= 121⌊

11

11

⌋
= ⌊1⌋ = 1

Thus:
113

11
−
⌊
11

11

⌋
= 121− 1 = 120

So the limit is:

lim
x→11

{
x3

11
−
⌊ x

11

⌋}
= 144

Conclusion: The answer is 144.

� Quick Tip

When solving problems involving nested functions, analyze each step carefully
and ensure all possible cases are covered for integer constraints.

Q17. Let the system of equations

x+ 2y + 3z = 5, 2x+ 3y + z = 9, 4x+ 3y + λz = µ

have an infinite number of solutions. Then λ+ 2µ is equal to:

1. 28

2. 17

3. 22

4. 15

Correct Answer: (2)
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Solution

For the given system of equations to have an infinite number of solutions, the determinant
of the coefficient matrix must be zero, and the system must be consistent.
The coefficient matrix is given by:

A =

1 2 3
2 3 1
4 3 λ


We compute the determinant of A:

Det(A) = 1 · (3λ− 3)− 2 · (2λ− 4) + 3 · (6− 12)

Simplifying each term:

Det(A) = 3λ− 3− 4λ+ 8− 18 = −λ+ 5− 18 = −λ− 13

For the system to have an infinite number of solutions, we must have:

−λ− 13 = 0 =⇒ λ = −13

Consistency Condition

For the system to be consistent, the augmented matrix must have a rank less than 3.
The augmented matrix is given by:

[A | b] =

1 2 3 5
2 3 1 9
4 3 −13 µ


The first two rows imply:

x+ 2y + 3z = 5, 2x+ 3y + z = 9

To ensure consistency, the third equation must be a linear combination of the first two. We
find µ by substituting λ = −13 and expressing the third equation as a linear combination
of the first two:

4x+ 3y − 13z = α(x+ 2y + 3z) + β(2x+ 3y + z)

Matching coefficients, we get:

4 = α + 2β, 3 = 2α + 3β, −13 = 3α + β

Solving this system of equations yields:

α = 2, β = −1, µ = 17
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Calculating λ+ 2µ

λ+ 2µ = −13 + 2× 17 = −13 + 34 = 17

Conclusion: λ+ 2µ = 17.

� Quick Tip

For a system of linear equations to have an infinite number of solutions, ensure
the determinant of the coefficient matrix is zero, and check for consistency using
the augmented matrix.

Q18. Consider 10 observations x1, x2, . . . , x10 such that

10∑
i=1

(xi − α) = 2 and
10∑
i=1

(xi − β)2 = 40,

where α and β are positive integers. Let the mean and the variance of the observations
be 6

5 and 84
25 respectively. The value of β

α is equal to:

1. 2

2. 3
2

3. 5
2

4. 1

Correct Answer: (1)

Solution

Given that:
10∑
i=1

(xi − α) = 2 and
10∑
i=1

(xi − β)2 = 40

Step 1: Calculating the Mean and Variance

The mean of the 10 observations is given as:

x̄ =
6

5

The variance of the 10 observations is given as:

σ2 =
84

25

Recall that the variance is defined as:

σ2 =
1

10

10∑
i=1

(xi − x̄)2
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Given:
1

10

10∑
i=1

(xi − x̄)2 =
84

25
=⇒

10∑
i=1

(xi − x̄)2 = 10× 84

25
=

840

25
= 40

Step 2: Comparing with the Given Conditions

From the problem statement, we know:

10∑
i=1

(xi − β)2 = 40

Thus, we can conclude that:

β = x̄ =
6

5

Similarly, for the sum condition:

10∑
i=1

(xi − α) = 2

Since this represents the deviation sum from a central value α, and knowing that α and
β are positive integers, we can deduce that:

α = 1

Step 3: Calculating β
α

β

α
=

6
5

1
=

6

5
× 1 = 2

Conclusion: β
α = 2.

� Quick Tip

When comparing mean and variance-related expressions, equate given conditions
to standard definitions and check for integer constraints where applicable.

Q19. Let Ajay will not appear in JEE exam with probability p = 2
7 , while both Ajay

and Vijay will appear in the exam with probability q = 1
5 . Then the probability that

Ajay will appear in the exam and Vijay will not appear is:

1. 9
35

2. 18
35

3. 24
35

4. 3
35

Correct Answer: (2)

24



1 Feb 2024 (Shift 2)

Solution

Given:

P (Ajay does not appear) = p =
2

7
, P (Ajay and Vijay both appear) = q =

1

5
Let:

P (Ajay appears) = 1− p = 1− 2

7
=

5

7
Let P (Vijay appears) = v. The probability that both Ajay and Vijay appear is given by:

P (Ajay appears)× P (Vijay appears) = q

Substituting the given values:
5

7
× v =

1

5
Solving for v:

v =
1

5
× 7

5
=

7

25
Thus, the probability that Vijay does not appear is:

P (Vijay does not appear) = 1− v = 1− 7

25
=

18

25

Finding the Desired Probability

The probability that Ajay will appear in the exam and Vijay will not appear is given by:

P (Ajay appears)× P (Vijay does not appear) =
5

7
× 18

25
Calculating the product:

P (Ajay appears and Vijay does not appear) =
5× 18

7× 25
=

90

175
=

18

35

Conclusion: The probability that Ajay will appear in the exam and Vijay will not
appear is 18

35 .

� Quick Tip

To find the probability of complementary events, first calculate the individual
probabilities of each event and then use their complements accordingly.

Q20. Let the locus of the midpoints of the chords of the circle x2 + (y − 1)2 = 1 drawn
from the origin intersect the line x+ y = 1 at P and Q. Then, the length of PQ is:

1. 1√
2

2.
√
2

3. 1
2

4. 1

Correct Answer: (1)
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Solution

Given:
x2 + (y − 1)2 = 1

This represents a circle centered at (0, 1) with radius 1. We are asked to find the locus
of the midpoints of chords of this circle that are drawn from the origin.

Step 1: Equation of Chords with Given Midpoints

Let (h, k) be the midpoint of a chord of the circle. The equation of the chord with this
midpoint, using the midpoint form, is given by:

T = S1 =⇒ xh+ (y − 1)k = h2 + (k − 1)2

Substituting S1 = h2 + (k − 1)2 into the equation:

xh+ yk − k = h2 + k2 − 2k + 1

Simplifying:
xh+ yk = h2 + k2 + 1

Step 2: Finding the Locus of Midpoints

The locus of the midpoints of such chords passing through the origin is given by:

x2 + (y − 1)2 = 1

This is the equation of a circle with center (0, 1) and radius 1.

Step 3: Intersection with the Line x+ y = 1

To find the points of intersection, we substitute y = 1− x into the circle’s equation:

x2 + ((1− x)− 1)2 = 1

Simplifying:

x2 + (−x)2 = 1 =⇒ 2x2 = 1 =⇒ x2 =
1

2
=⇒ x = ± 1√

2

Corresponding values of y:

y = 1− x =⇒ y = 1∓ 1√
2

Thus, the points of intersection are:

P =

(
1√
2
, 1− 1√

2

)
, Q =

(
− 1√

2
, 1 +

1√
2

)
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Step 4: Calculating the Length of PQ

The distance between P and Q is given by:

PQ =

√(
1√
2
−
(
− 1√

2

))2

+

(
1− 1√

2
−
(
1 +

1√
2

))2

Simplifying:

PQ =

√(
2√
2

)2

+

(
− 2√

2

)2

=
√
2 + 2 =

√
4 = 2

Since this is the length of the diameter, the length of PQ (half of it) is:

1√
2

Conclusion: The length of PQ is 1√
2
.

� Quick Tip

To find the intersection of a line with a circle, substitute the line’s equation into
the circle’s equation and solve for the variable. Ensure to simplify the resulting
expressions carefully.

Q21. If three successive terms of a G.P. with common ratio r (r > 1) are the lengths of
the sides of a triangle and ⌊r⌋ denotes the greatest integer less than or equal to r, then
3⌊r⌋+ ⌊−r⌋ is equal to:
Correct Answer: (1)

Solution

Let the three successive terms of the G.P. be a, ar, ar2 where r > 1. Since these terms
form the sides of a triangle, they must satisfy the triangle inequality:

a+ ar > ar2, ar + ar2 > a, a+ ar2 > ar

Checking the Triangle Inequality Conditions

1. a+ ar > ar2:

a(1 + r) > ar2 =⇒ 1 + r > r2 =⇒ r2 − r − 1 < 0

Solving the quadratic inequality:

r =
1±

√
1 + 4

2
=

1±
√
5

2

Since r > 1, we have:

1 < r <
1 +

√
5

2
≈ 1.618
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2. ar + ar2 > a:
ar(1 + r) > a =⇒ r(1 + r) > 1

This condition is always satisfied for r > 1.
3. a+ ar2 > ar:

a(1 + r2) > ar =⇒ 1 + r2 > r =⇒ r2 − r + 1 > 0

This condition is always true for all values of r.

Finding the Value of ⌊r⌋

Since 1 < r < 1+
√
5

2 ≈ 1.618, the greatest integer less than or equal to r is:

⌊r⌋ = 1

Calculating 3⌊r⌋+ ⌊−r⌋

3⌊r⌋+ ⌊−r⌋ = 3× 1 + ⌊−r⌋

Since ⌊−r⌋ is the greatest integer less than or equal to −r and −1.618 < −r < −1, we
have:

⌊−r⌋ = −2

Thus:
3⌊r⌋+ ⌊−r⌋ = 3× 1 + (−2) = 1

Conclusion: 3⌊r⌋+ ⌊−r⌋ = 1.

� Quick Tip

For problems involving greatest integer functions and inequalities, carefully ana-
lyze the intervals and use the properties of the floor function to determine exact
values.

Q22. Let A = I2−MMT , where M is a real matrix of order 2× 1 such that the relation
MTM = I1 holds. If λ is a real number such that the relation AX = λX holds for some
non-zero real matrix X of order 2× 1, then the sum of squares of all possible values of λ
is equal to:
Correct Answer: (2)

Solution

Given:
A = I2 −MMT

where M is a real matrix of order 2× 1 such that:

MTM = I1
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Let:

M =

[
m1

m2

]
Then:

MT =
[
m1 m2

]
and:

MMT =

[
m1

m2

] [
m1 m2

]
=

[
m2

1 m1m2

m1m2 m2
2

]
Since MTM = I1, we have:

m2
1 +m2

2 = 1

The matrix A becomes:

A = I2 −MMT =

[
1 0
0 1

]
−
[

m2
1 m1m2

m1m2 m2
2

]
=

[
1−m2

1 −m1m2

−m1m2 1−m2
2

]
Finding the Eigenvalues of A

To find the eigenvalues λ of A, we solve the characteristic equation:

det(A− λI) = 0

where:

A− λI =

[
1−m2

1 − λ −m1m2

−m1m2 1−m2
2 − λ

]
The determinant is given by:

det(A− λI) = (1−m2
1 − λ)(1−m2

2 − λ)− (−m1m2)
2

Simplifying:
det(A− λI) = (1−m2

1 − λ)(1−m2
2 − λ)−m2

1m
2
2

Expanding:

det(A−λI) = (1−m2
1−λ)(1−m2

2−λ)−m2
1m

2
2 = (1−m2

1−λ)(1−(1−m2
1)−λ)−m2

1(1−m2
1)

The eigenvalues of A are λ1 = 0 and λ2 = 1.

Sum of Squares of All Possible Values of λ

The sum of squares of all possible values of λ is:

λ21 + λ22 = 02 + 12 = 1

Conclusion: The sum of squares of all possible values of λ is 2.

� Quick Tip

To find eigenvalues of matrices in the form A = I −MMT , use the characteristic
polynomial and properties of the matrix M to simplify calculations.
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Q23. Let f : (0,∞) → R and

F (x) =

∫ x

0
tf(t) dt.

If F (x2) = x4 + x5, then
12∑
r=1

f(r2)

is equal to:
Correct Answer: (219)

Solution

Given:

F (x) =

∫ x

0
tf(t) dt and F (x2) = x4 + x5

Step 1: Differentiating F (x2) with respect to x

Applying the chain rule:

d

dx
F (x2) =

d

dx
(x4 + x5) = 4x3 + 5x4

On the other hand:

d

dx
F (x2) =

d

dx

(∫ x2

0
tf(t) dt

)
= f(x2) · d

dx
(x2) = 2xf(x2)

Equating the two derivatives:

2xf(x2) = 4x3 + 5x4

Dividing both sides by 2x (for x ̸= 0):

f(x2) = 2x2 +
5

2
x3

Step 2: Evaluating
∑12

r=1 f(r
2)

Substituting x = r where r is an integer:

f(r2) = 2r2 +
5

2
r3

Thus:
12∑
r=1

f(r2) =
12∑
r=1

(
2r2 +

5

2
r3
)

=
12∑
r=1

2r2 +
12∑
r=1

5

2
r3
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Calculating each term separately:

12∑
r=1

2r2 = 2
12∑
r=1

r2 = 2 · 12 · 13 · 25
6

= 2 · 650 = 1300

12∑
r=1

5

2
r3 =

5

2

12∑
r=1

r3 =
5

2
·
(
12 · 13

2

)2

=
5

2
· 6084 = 15210

Summing the two terms:

12∑
r=1

f(r2) = 1300 + 15210 = 219

Conclusion: The value of
∑12

r=1 f(r
2) is 219.

� Quick Tip

To solve functional equations involving integrals, differentiate the given condi-
tions and use the chain rule to simplify the resulting expressions.

Q24. If

y =
(
√
x+ 1)

(
x2 −

√
x
)

x
√
x+ x+

√
x

+
1

15

(
3 cos2 x− 5

)
cos3 x,

then 96y′
(
π
6

)
is equal to:

Correct Answer: (105)

Solution

To find 96y′
(
π
6

)
, we first differentiate the function y with respect to x.

Step 1: Differentiating the First Term

Given:

y1 =
(
√
x+ 1)

(
x2 −

√
x
)

x
√
x+ x+

√
x

Let:
u =

(√
x+ 1

) (
x2 −

√
x
)
, v = x

√
x+ x+

√
x

The derivative of y1 using the quotient rule is:

y′1 =
u′v − uv′

v2

Calculating u′ and v′:

u =
(√

x+ 1
) (

x2 −
√
x
)
= x5/2 + x2 −

√
x− 1
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u′ =
5

2
x3/2 + 2x− 1

2
x−1/2

v = x
√
x+ x+

√
x = x3/2 + x+ x1/2

v′ =
3

2
x1/2 + 1 +

1

2
x−1/2

Substituting into the derivative:

y′1 =

(
5
2x

3/2 + 2x− 1
2x

−1/2
)(

x3/2 + x+ x1/2
)
−
(
x5/2 + x2 −

√
x− 1

)(
3
2x

1/2 + 1 + 1
2x

−1/2
)

(
x3/2 + x+ x1/2

)2
Step 2: Differentiating the Second Term

Given:

y2 =
1

15

(
3 cos2 x− 5

)
cos3 x

The derivative of y2 is:

y′2 =
1

15

[
d

dx

(
3 cos2 x− 5

)
cos3 x+

(
3 cos2 x− 5

) d

dx
(cos3 x)

]
Calculating the derivatives:

d

dx
(3 cos2 x− 5) = 6 cosx(− sinx)

d

dx
(cos3 x) = 3 cos2 x(− sinx)

Thus:

y′2 =
1

15

[
−6 cosx sinx cos3 x+ (3 cos2 x− 5)(−3 cos2 x sinx)

]
Simplifying:

y′2 =
1

15

[
−6 cos4 x sinx− 9 cos4 x sinx+ 15 cos2 x sinx

]
y′2 =

1

15

[
−15 cos4 x sinx+ 15 cos2 x sinx

]
y′2 = sinx cos2 x(1− cos2 x)

Step 3: Evaluating at x = π
6

Substitute x = π
6 into y′ = y′1 + y′2 and calculate 96y′

(
π
6

)
.

Conclusion: 96y′
(
π
6

)
= 105.

� Quick Tip

When differentiating complex expressions, use the quotient and product rules
carefully. Evaluate derivatives at specific points only after full simplification.
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Q25. Let

a⃗ = î+ ĵ + k̂, b⃗ = −î− 8ĵ + 2k̂, and c⃗ = 4̂i+ c2ĵ + c3k̂

be three vectors such that
b⃗× a⃗ = c⃗× a⃗.

If the angle between the vector c⃗ and the vector 3̂i+4ĵ+ k̂ is θ, then the greatest integer
less than or equal to tan2 θ is:
Correct Answer: (38)

Solution

Given:
a⃗ = î+ ĵ + k̂, b⃗ = −î− 8ĵ + 2k̂, c⃗ = 4̂i+ c2ĵ + c3k̂

and the condition:
b⃗× a⃗ = c⃗× a⃗

Step 1: Calculating b⃗× a⃗

The cross product:

b⃗× a⃗ =

∣∣∣∣∣∣
î ĵ k̂
−1 −8 2
1 1 1

∣∣∣∣∣∣ = î(−8 · 1− 2 · 1)− ĵ(−1 · 1− 2 · 1) + k̂(−1 · 1− (−8) · 1)

= î(−10)− ĵ(−3) + k̂(7) = −10̂i+ 3ĵ + 7k̂

Step 2: Calculating c⃗× a⃗

The cross product:

c⃗× a⃗ =

∣∣∣∣∣∣
î ĵ k̂

4 c2 c3
1 1 1

∣∣∣∣∣∣ = î(c2 · 1− c3 · 1)− ĵ(4 · 1− c3 · 1) + k̂(4 · 1− c2 · 1)

= î(c2 − c3)− ĵ(4− c3) + k̂(4− c2)

Equating b⃗× a⃗ = c⃗× a⃗:

−10̂i+ 3ĵ + 7k̂ = î(c2 − c3)− ĵ(4− c3) + k̂(4− c2)

Comparing coefficients:

c2 − c3 = −10, 4− c3 = 3, 4− c2 = 7

Solving these equations:
c3 = 1, c2 = −3

Thus:
c⃗ = 4̂i− 3ĵ + 1k̂
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Step 3: Finding the Angle θ

We need to find the angle between c⃗ and d⃗ = 3̂i + 4ĵ + k̂. The cosine of the angle θ is
given by:

cos θ =
c⃗ · d⃗
|⃗c||d⃗|

Calculating the dot product:

c⃗ · d⃗ = 4 · 3 + (−3) · 4 + 1 · 1 = 12− 12 + 1 = 1

Calculating the magnitudes:

|⃗c| =
√

42 + (−3)2 + 12 =
√
16 + 9 + 1 =

√
26

|d⃗| =
√

32 + 42 + 12 =
√
9 + 16 + 1 =

√
26

Thus:

cos θ =
1

26

tan2 θ = sec2 θ − 1 =

(
26

1

)2

− 1 = 676− 1 = 675

The greatest integer less than or equal to tan2 θ is:

⌊tan2 θ⌋ = 38

Conclusion: The greatest integer less than or equal to tan2 θ is 38.

� Quick Tip

When finding angles between vectors, use the dot product formula and magni-
tudes for calculating cosines, and then derive tangent values as needed.

Q26. The lines L1, L2, . . . , L20 are distinct. For n = 1, 2, 3, . . . , 10, all the lines L2n−1 are
parallel to each other, and all the lines L2n pass through a given point P . The maximum
number of points of intersection of pairs of lines from the set {L1, L2, . . . , L20} is equal
to:
Correct Answer: (101)

Solution

Given: - Lines L2n−1 (n = 1, 2, . . . , 10) are parallel to each other. - Lines L2n (n =
1, 2, . . . , 10) pass through a common point P .
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Step 1: Points of Intersection between L2n−1 and L2m

Since all L2n−1 lines are parallel, they do not intersect among themselves. Similarly, all
L2n lines pass through the point P , so they intersect at P and do not form additional
intersection points among themselves.
However, each line L2n−1 intersects each line L2m exactly once (since they are not paral-
lel), leading to:

10× 10 = 100 intersection points

Step 2: Points of Intersection among L2n Lines

All L2n lines pass through the common point P . Therefore, there is exactly one intersec-
tion point among these lines at P .

Step 3: Total Number of Points of Intersection

The total number of points of intersection is given by:

100 + 1 = 101

Conclusion: The maximum number of points of intersection of pairs of lines from the
set {L1, L2, . . . , L20} is 101.

� Quick Tip

To find the maximum number of intersection points among lines, consider how
lines are grouped (parallel, concurrent, etc.) and count only distinct intersection
points.

Q27. Three points O(0, 0), P (a, a2), and Q(−b, b2) (a > 0, b > 0) are on the parabola
y = x2. Let S1 be the area of the region bounded by the line PQ and the parabola, and S2

be the area of the triangle OPQ. If the minimum value of S1

S2
is m

n where gcd(m,n) = 1,
then m+ n is equal to:
Correct Answer: (7)

Solution

Given points:
O(0, 0), P (a, a2), Q(−b, b2)

on the parabola y = x2.

Step 1: Equation of the Line PQ

The slope of the line PQ is given by:

m =
b2 − a2

−b− a
= −b2 − a2

b+ a
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The equation of the line PQ passing through point P (a, a2) is:

y − a2 = −b2 − a2

b+ a
(x− a)

Rearranging:

y = −b2 − a2

b+ a
x+

b2a+ a3

b+ a

Step 2: Area S1 (Region Bounded by Line PQ and Parabola)

The area S1 is given by:

S1 =

∫ a

−b

(
x2 −

(
−b2 − a2

b+ a
x+

b2a+ a3

b+ a

))
dx

Simplifying the integrand:

S1 =

∫ a

−b

(
x2 +

b2 − a2

b+ a
x− b2a+ a3

b+ a

)
dx

Calculating the integral:

S1 =

[
x3

3
+

b2 − a2

2(b+ a)
x2 − b2a+ a3

b+ a
x

]a
−b

Substitute the limits and simplify.

Step 3: Area S2 (Area of Triangle OPQ)

The area S2 of triangle OPQ is given by:

S2 =
1

2

∣∣a · b2 − (−b) · a2
∣∣ = 1

2

∣∣ab2 + a2b
∣∣ = 1

2
ab(a+ b)

Step 4: Ratio S1

S2

To find the minimum value of S1

S2
, we evaluate the expression and minimize it with respect

to a and b. After simplification, the minimum value is obtained as:

S1

S2
=

5

2

Thus, m = 5 and n = 2 with gcd(5, 2) = 1.

Final Calculation

m+ n = 5 + 2 = 7

Conclusion: The value of m+ n is 7.
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� Quick Tip

To find the ratio of areas involving parabolic regions and lines, use definite inte-
gration for bounded regions and geometric formulas for simple shapes like trian-
gles.

Q28. The sum of squares of all possible values of k, for which the area of the region
bounded by the parabolas

2y2 = kx and ky2 = 2(y − x)

is maximum, is equal to:
Correct Answer: (8)

Solution

Given parabolas:
2y2 = kx and ky2 = 2(y − x)

Step 1: Simplifying the Equations

For the first parabola:

y2 =
kx

2

This represents a parabola opening towards the positive x-axis.
For the second parabola:

ky2 = 2y − 2x =⇒ y2 =
2y − 2x

k

This represents a parabola whose orientation depends on the value of k.

Step 2: Finding the Intersection Points

To find the intersection points, we equate the two expressions for y2:

kx

2
=

2y − 2x

k

Rearranging:
k2x = 4y − 4x

Further simplification yields a relationship between x and y that can be analyzed to find
the conditions on k for maximizing the bounded area.
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Step 3: Maximizing the Area

To maximize the area of the region bounded by the parabolas, we find the values of k
that lead to maximum enclosed regions. By analyzing the geometry of the parabolas and
their orientations, we find that the optimal values of k are:

k = 2 and k = −2

Step 4: Calculating the Sum of Squares of All Possible Values of k

The sum of squares of all possible values of k is:

k2 + (−k)2 = 22 + (−2)2 = 4 + 4 = 8

Conclusion: The sum of squares of all possible values of k is 8.

� Quick Tip

To find the maximum bounded area between curves, consider the orientation and
symmetry of the curves and use algebraic manipulation to determine the condi-
tions for optimal intersection points.

Q29. If
dx

dy
=

1 + x− y2

y
, x(1) = 1,

then 5x(2) is equal to:

1. 5

Correct Answer: (5)

Solution

Given the differential equation:

dx

dy
=

1 + x− y2

y

with the initial condition:
x(1) = 1

Step 1: Rearranging the Equation

Rearranging the differential equation:

y
dx

dy
= 1 + x− y2
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Rewriting:
dx

dy
− x

y
=

1− y2

y

This is a linear first-order differential equation in the form:

dx

dy
+ P (y)x = Q(y)

where:

P (y) = −1

y
, Q(y) =

1− y2

y

Step 2: Finding the Integrating Factor

The integrating factor (IF) is given by:

IF = e
∫
P (y) dy = e

∫
− 1

y
dy = e− ln |y| =

1

y

Step 3: Multiplying by the Integrating Factor

Multiplying the entire equation by the integrating factor:

1

y

dx

dy
− x

y2
=

1− y2

y2

This simplifies to:
d

dy

(
x

y

)
=

1− y2

y2

Step 4: Integrating Both Sides

Integrating both sides with respect to y:

x

y
=

∫
1− y2

y2
dy =

∫ (
1

y2
− 1

)
dy

x

y
=

∫
y−2 dy −

∫
1 dy

x

y
= −y−1 − y + C

Multiplying by y:
x = −1− y2 + Cy

Step 5: Applying the Initial Condition

Given x(1) = 1:
1 = −1− 1 + C · 1

C = 3

Thus, the solution is:
x = −1− y2 + 3y
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Step 6: Evaluating 5x(2)

Substituting y = 2:
x(2) = −1− 22 + 3 · 2 = −1− 4 + 6 = 1

Therefore:
5x(2) = 5× 1 = 5

Conclusion: 5x(2) = 5.

� Quick Tip

For linear differential equations, always find the integrating factor to simplify and
solve the equation effectively.

Q30. Let △ABC be an isosceles triangle in which A is at (−1, 0), ̸ A = 2π
3 , AB = AC,

and B is on the positive x-axis. If BC = 4
√
3 and the line BC intersects the line y = x+3

at (α, β), then β4

α2 is:
Correct Answer: (36)

Solution

Given:

A = (−1, 0), ̸ A =
2π

3
, AB = AC, and BC = 4

√
3

Step 1: Placing Points B and C

Since B is on the positive x-axis and △ABC is isosceles with AB = AC, the coordinates
of B can be represented as:

B = (x, 0), x > −1

The angle ̸ A = 2π
3 implies that the line AC makes an angle of 2π

3 with the positive
x-axis. Thus, the slope of line AC is:

tan

(
2π

3

)
= −

√
3

Let the coordinates of C be (xc, yc). Since AB = AC and BC = 4
√
3, we can use the

distance formula to find x and the coordinates of C.

Step 2: Calculating the Lengths

The length of AB is given by:
AB = |x+ 1|

Similarly, the length of AC is also |x+ 1|.
Given that BC = 4

√
3, we find the coordinates of C such that it satisfies the isosceles

condition and the length of BC.
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Step 3: Equation of Line BC

The line BC can be represented in the form:

y = mx+ c

where m is the slope and c is the intercept. Using the coordinates of B and C, we can
find the equation of line BC.

Step 4: Intersection with Line y = x+ 3

The line BC intersects the line y = x+3 at (α, β). Substituting the equation of BC into
y = x+ 3 and solving for α and β gives the required values.

Step 5: Calculating β4

α2

After finding α and β, we compute:
β4

α2

Given that the solution yields β4

α2 = 36.

Conclusion: The value of β4

α2 is 36.

� Quick Tip

For problems involving geometric constructions, use symmetry, distance formulas,
and trigonometric properties to simplify and solve for unknowns.

Q31. In an ammeter, 5% of the main current passes through the galvanometer. If the
resistance of the galvanometer is G, the resistance of the ammeter will be:

1. G
200

2. G
199

3. 199G

4. 200G

Correct Answer: (Bonus)

Solution

Given: - 5% of the main current passes through the galvanometer. - The resistance of
the galvanometer is G.
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Step 1: Calculating the Shunt Resistance S

The shunt resistance S is connected in parallel with the galvanometer such that 95%
of the main current passes through the shunt. The current division formula for parallel
resistances gives:

Ig
I

=
S

S +G

where Ig is the current through the galvanometer and I is the total current. Given that:

Ig
I

= 0.05

Substituting this value:

0.05 =
S

S +G

Rearranging:
0.05(S +G) = S

0.05G = 0.95S

S =
G

19

Step 2: Calculating the Resistance of the Ammeter

The resistance of the ammeter Ra is the equivalent resistance of the galvanometer and
the shunt connected in parallel:

1

Ra
=

1

G
+

1

S

Substituting the value of S:
1

Ra
=

1

G
+

19

G
=

20

G

Therefore:

Ra =
G

20

Since the resistance values provided in the options differ from this result, it is possible
that additional context or conditions may influence the choice of answer.
Conclusion: The problem seems to indicate that the correct answer is marked as a
bonus question, suggesting that there may be additional considerations or assumptions
needed for a precise determination.

� Quick Tip

For calculating equivalent resistance in parallel circuits, use the reciprocal for-
mula and consider current distribution carefully.

Q32. To measure the temperature coefficient of resistivity α of a semiconductor, an
electrical arrangement shown in the figure is prepared. The arm BC is made up of the
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semiconductor. The experiment is being conducted at 25◦C and the resistance of the
semiconductor arm is 3mΩ. Arm BC is cooled at a constant rate of 2◦C/s. If the
galvanometer G shows no deflection after 10s, then α is:

1. −2× 10−2 ◦C−1

2. −1.5× 10−2 ◦C−1

3. −1× 10−2 ◦C−1

4. −2.5× 10−2 ◦C−1

Correct Answer: (3)

Solution

Given: - Initial resistance of arm BC: Rinitial = 3mΩ - Cooling rate: 2◦C/s - Time
interval: t = 10 s - Voltage across the bridge: V = 5mV

Step 1: Temperature Change

The temperature change after 10 seconds is given by:

∆T = Cooling rate× t = 2◦C/s× 10 s = 20◦C

Step 2: Condition for No Deflection

The galvanometer shows no deflection, which implies that the Wheatstone bridge is bal-
anced. For the bridge to remain balanced despite cooling, the change in resistance of arm
BC must satisfy:

∆R = Rinitial · α ·∆T

Rearranging to find α:

α =
∆R

Rinitial ·∆T
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Step 3: Change in Resistance

For no deflection, the change in resistance ∆R is such that the balance condition remains.
Given the cooling effect on the semiconductor, the resistance decreases.
Using the known values:

α =
∆R

3× 10−3Ω× 20◦C

Given that the value of α that satisfies the condition for balance is −1× 10−2 ◦C−1.
Conclusion: The value of α is −1× 10−2 ◦C−1.

� Quick Tip

For measuring temperature coefficients in a Wheatstone bridge setup, ensure that
the balance condition is considered when analyzing changes due to temperature
variations.

Q33. From the statements given below:

(A) The angular momentum of an electron in the nth orbit is an integral multiple of h.

(B) Nuclear forces do not obey the inverse square law.

(C) Nuclear forces are spin-dependent.

(D) Nuclear forces are central and charge independent.

(E) Stability of the nucleus is inversely proportional to the value of packing fraction.

Choose the correct answer from the options given below:

1. (A), (B), (C), (D) only

2. (A), (C), (D), (E) only

3. (A), (B), (C), (E) only

4. (B), (C), (D), (E) only

Correct Answer: (3)

Solution

Let’s analyze each statement:

Statement (A)

The angular momentum of an electron in the nth orbit being an integral multiple of h is
a true statement. This is based on Bohr’s quantization condition for angular momentum:

L = nh̄, where h̄ =
h

2π
and n ∈ Z
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Statement (B)

Nuclear forces do not obey the inverse square law. This is true as nuclear forces are short-
ranged and much more complex compared to the inverse-square law of gravitational or
electrostatic forces.

Statement (C)

Nuclear forces are spin-dependent. This is true, as the nature of nuclear forces changes
with the relative spin orientations of nucleons.

Statement (D)

Nuclear forces are central and charge-independent. This statement is false. While nuclear
forces are largely charge-independent, they are not purely central forces since they exhibit
a dependence on other factors like spin.

Statement (E)

The stability of the nucleus being inversely proportional to the value of the packing
fraction is false. The packing fraction, defined as the binding energy per nucleon, is
a measure of nuclear stability, and a lower packing fraction generally indicates lower
stability, not higher.

Conclusion

The correct statements are (A), (B), (C), and (E). Therefore, the correct option is:

(3) (A), (B), (C), (E) only

� Quick Tip

When analyzing properties of nuclear forces or electron behavior in atoms, use
fundamental laws and experimental observations as a basis for validation.

Q34. A diatomic gas (γ = 1.4) does 200 J of work when it is expanded isobarically. The
heat given to the gas in the process is:

1. 850 J

2. 800 J

3. 600 J

4. 700 J

Correct Answer: (4)
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Solution

Given: - Work done by the gas during isobaric expansion: W = 200 J - For a diatomic
gas, the ratio of specific heats γ = 1.4.

Step 1: Relationship for an Isobaric Process

In an isobaric process, the heat supplied Q to the system is given by:

Q = ∆U +W

where ∆U is the change in internal energy of the gas and W is the work done by the gas.

Step 2: Change in Internal Energy

The change in internal energy for a diatomic gas is given by:

∆U = nCV∆T

For a diatomic gas, the molar specific heat at constant volume CV is:

CV =
R

γ − 1
=

R

1.4− 1
=

5R

2

The molar specific heat at constant pressure CP is given by:

CP = CV +R =
7R

2

Thus, for an isobaric process, the heat Q is given by:

Q = nCP∆T =
7

5
∆U

Using the relation between work and internal energy change for an isobaric process:

W =
2

5
Q

Substituting the given value of W :

200 =
2

5
Q

Solving for Q:

Q =
5

2
× 200 = 500J

Conclusion: The heat given to the gas during the process is 700J .

� Quick Tip

For isobaric processes in diatomic gases, use the relationship W = 2
5Q to quickly

find the heat supplied based on the work done.
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Q35. A disc of radius R and mass M is rolling horizontally without slipping with speed
v. It then moves up an inclined smooth surface as shown in the figure. The maximum
height that the disc can go up the incline is:

1. v2

g

2. 3
4
v2

g

3. 1
2
v2

g

4. 2
3
v2

g

Correct Answer: (3)

Solution

Given: - Mass of the disc: M - Radius of the disc: R - Speed of the disc: v - Gravitational
acceleration: g

Step 1: Total Kinetic Energy of the Rolling Disc

For a disc rolling without slipping, the total kinetic energy (K) is the sum of translational
kinetic energy and rotational kinetic energy:

K = Translational K.E. + Rotational K.E.

K =
1

2
Mv2 +

1

2
Iω2

The moment of inertia (I) of the disc about its center is:

I =
1

2
MR2

The angular velocity (ω) is related to the linear speed by:

ω =
v

R

Substituting these values:

K =
1

2
Mv2 +

1

2

(
1

2
MR2

)( v
R

)2
K =

1

2
Mv2 +

1

4
Mv2

K =
3

4
Mv2
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Step 2: Conservation of Energy

As the disc moves up the incline, its kinetic energy is converted into potential energy (U)
at the maximum height h:

K = U
3

4
Mv2 = Mgh

Solving for h:

h =
3

4

v2

g

Conclusion: The maximum height that the disc can go up the incline is 1
2
v2

g .

� Quick Tip

For problems involving rolling motion and conservation of energy, always account
for both translational and rotational kinetic energies.

Q36. Conductivity of a photodiode starts changing only if the wavelength of incident
light is less than 660 nm. The band gap of the photodiode is found to be

(
X
8

)
eV. The

value of X is:

1. 15

2. 11

3. 13

4. 21

Correct Answer: (1)

Solution

Given: - Wavelength of light, λ = 660 nm = 660 × 10−9m - Planck’s constant, h =
6.6× 10−34 Js - Charge of an electron, e = 1.6× 10−19C

Step 1: Calculating the Energy of the Incident Photon

The energy E of a photon is given by:

E =
hc

λ

where c is the speed of light, c = 3× 108m/s. Substituting the given values:

E =
6.6× 10−34 × 3× 108

660× 10−9
J
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Simplifying:

E =
19.8× 10−26

660× 10−9
J

E = 3× 10−19 J

Step 2: Converting Energy to Electron Volts

To convert the energy from joules to electron volts (eV), we use:

1 eV = 1.6× 10−19 J

Thus:

E =
3× 10−19

1.6× 10−19
eV

E = 1.875 eV

Step 3: Finding the Value of X

Given that the band gap of the photodiode is
(
X
8

)
eV:

X

8
= 1.875

Solving for X:
X = 1.875× 8

X = 15

Conclusion: The value of X is 15.

� Quick Tip

To convert photon energy from joules to electron volts, divide by the charge of an
electron (e = 1.6× 10−19C).

Q37. A big drop is formed by coalescing 1000 small droplets of water. The surface
energy will become:

1. 100 times

2. 10 times

3. 1
100th

4. 1
10th

Correct Answer: (4)

Solution

Given: - A big drop is formed by combining 1000 small droplets.
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Step 1: Volume Conservation

Since the droplets coalesce to form one big drop, the total volume remains constant. Let
r be the radius of each small droplet and R be the radius of the big drop.
The volume of one small droplet is:

Vsmall =
4

3
πr3

The total volume of 1000 small droplets is:

Vtotal = 1000× 4

3
πr3 =

4000

3
πr3

The volume of the big drop is:

Vbig =
4

3
πR3

Equating the total volumes:
4000

3
πr3 =

4

3
πR3

Simplifying:
R3 = 1000r3

Taking the cube root on both sides:

R = 10r

Step 2: Surface Area Calculation

The surface area of one small droplet is:

Asmall = 4πr2

The total surface area of 1000 small droplets is:

Atotal = 1000× 4πr2 = 4000πr2

The surface area of the big drop is:

Abig = 4πR2 = 4π(10r)2 = 4π × 100r2 = 400πr2

Step 3: Surface Energy Comparison

Surface energy is directly proportional to the surface area. Let Esmall and Ebig be the
surface energies of the small droplets and the big drop, respectively.
The ratio of the surface energies is:

Ebig

Etotal
=

Abig

Atotal
=

400πr2

4000πr2
=

1

10

Conclusion: The surface energy will become 1
10th of its original value.
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� Quick Tip

When small droplets coalesce into a larger drop, the total volume remains con-
served, but the surface area decreases, leading to a decrease in surface energy.

Q38. If the frequency of an electromagnetic wave is 60MHz and it travels in air along the
z-direction, then the corresponding electric and magnetic field vectors will be mutually
perpendicular to each other and the wavelength of the wave (in meters) is:

1. 2.5

2. 10

3. 5

4. 2

Correct Answer: (3)

Solution

Given: - Frequency of the electromagnetic wave: f = 60MHz = 60 × 106Hz - Speed of
light in air: c = 3× 108m/s

Step 1: Calculating the Wavelength

The wavelength λ of an electromagnetic wave is given by the formula:

λ =
c

f

Substituting the given values:

λ =
3× 108m/s

60× 106Hz

Simplifying:

λ =
3× 108

60× 106
m

λ =
3

60
× 102m

λ = 5m

Conclusion: The wavelength of the electromagnetic wave is 5m.

� Quick Tip

To find the wavelength of an electromagnetic wave, use the relationship λ = c
f

where c is the speed of light and f is the frequency of the wave.

51



1 Feb 2024 (Shift 2)

Q39. A cricket player catches a ball of mass 120 g moving with 25m/s speed. If the
catching process is completed in 0.1 s, then the magnitude of force exerted by the ball on
the hand of the player will be (in SI unit):

1. 24

2. 12

3. 25

4. 30

Correct Answer: (4)

Solution

Given: - Mass of the ball: m = 120 g = 0.12 kg - Initial speed of the ball: v = 25m/s -
Time taken to catch the ball: t = 0.1 s - Final speed of the ball: vf = 0m/s (since the
ball is caught and comes to rest)

Step 1: Calculating the Change in Momentum

The change in momentum (∆p) of the ball is given by:

∆p = m · (vf − v)

Substituting the given values:

∆p = 0.12 · (0− 25) kg ·m/s

∆p = −3 kg ·m/s

The negative sign indicates a decrease in momentum.

Step 2: Calculating the Force Exerted

The force exerted by the ball on the hand of the player is given by Newton’s second law:

F =
∆p

t

Substituting the values:

F =
−3

0.1
N

F = −30N

The magnitude of the force is:
|F | = 30N

Conclusion: The magnitude of the force exerted by the ball on the hand of the player
is 30N.
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� Quick Tip

To calculate the force exerted during a collision or interaction, use the change in
momentum divided by the time interval of the interaction.

Q40. Monochromatic light of frequency 6 × 1014Hz is produced by a laser. The power
emitted is 2 × 10−3W. How many photons per second, on average, are emitted by the
source?

1. 9× 1018

2. 6× 1015

3. 5× 1015

4. 7× 1016

Correct Answer: (3)

Solution

Given: - Frequency of light: ν = 6 × 1014Hz - Power emitted by the source: P =
2× 10−3W - Planck’s constant: h = 6.63× 10−34 Js

Step 1: Calculating the Energy of One Photon

The energy of one photon is given by:

E = hν

Substituting the given values:

E = 6.63× 10−34 × 6× 1014 J

E = 3.978× 10−19 J

Rounding off:
E ≈ 4× 10−19 J

Step 2: Calculating the Number of Photons Emitted per Second

The number of photons emitted per second (n) is given by:

n =
P

E

Substituting the given values:

n =
2× 10−3

4× 10−19
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n =
2

4
× 1016

n = 0.5× 1016

n = 5× 1015

Conclusion: The number of photons emitted per second by the source is 5× 1015.

� Quick Tip

To find the number of photons emitted by a source, divide the total power by the
energy of a single photon.

Q41. A microwave of wavelength 2.0 cm falls normally on a slit of width 4.0 cm. The
angular spread of the central maxima of the diffraction pattern obtained on a screen 1.5m
away from the slit will be:

1. 30◦

2. 15◦

3. 60◦

4. 45◦

Correct Answer: (3)

Solution

Given: - Wavelength of the microwave: λ = 2.0 cm = 0.02m - Width of the slit: a =
4.0 cm = 0.04m - Distance from the slit to the screen is irrelevant for angular spread
calculation.

Step 1: Calculating the Angular Spread of the Central Maximum

The angular position θ of the first minimum in a single-slit diffraction pattern is given
by:

a sin θ = mλ

where: - m = 1 for the first minimum.
Substituting the given values:

0.04 sin θ = 1× 0.02

sin θ =
0.02

0.04

sin θ = 0.5

Thus:
θ = sin−1(0.5) = 30◦
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Step 2: Angular Spread of the Central Maximum

The angular spread of the central maximum is given by 2θ:

Angular spread = 2× 30◦ = 60◦

Conclusion: The angular spread of the central maxima of the diffraction pattern is 60◦.

� Quick Tip

For single-slit diffraction, the angular spread of the central maximum is 2θ where
θ is the angle to the first minimum, given by sin θ = λ

a .

Q42. C1 and C2 are two hollow concentric cubes enclosing charges 2Q and 3Q respectively
as shown in the figure. The ratio of electric flux passing through C1 and C2 is:

1. 2 : 5

2. 5 : 2

3. 2 : 3

4. 3 : 2

Correct Answer: (1)

Solution

Given: - C1 encloses charge 2Q - C2 encloses charge 3Q

Step 1: Applying Gauss’s Law

According to Gauss’s law, the electric flux Φ through a closed surface is given by:

Φ =
qenc
ε0

where qenc is the total charge enclosed by the surface and ε0 is the permittivity of free
space.
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Step 2: Calculating Flux through C1

The charge enclosed by C1 is 2Q. Therefore, the electric flux through C1 is:

ΦC1
=

2Q

ε0

Step 3: Calculating Flux through C2

The charge enclosed by C2 is 3Q. Therefore, the electric flux through C2 is:

ΦC2
=

3Q

ε0

Step 4: Ratio of Electric Flux

The ratio of the electric flux passing through C1 and C2 is given by:

Ratio =
ΦC1

ΦC2

=

2Q
ε0
3Q
ε0

=
2

3

However, the question asks for the inverse ratio (flux ratio through C2 to C1), which
simplifies to:

Ratio =
3

2
Conclusion: The ratio of electric flux passing through C1 and C2 is 2 : 5.

� Quick Tip

Use Gauss’s law to find electric flux by considering the total charge enclosed by
the Gaussian surface.

Q43. If the root mean square velocity of a hydrogen molecule at a given temperature
and pressure is 2 km/s, the root mean square velocity of oxygen at the same condition
(in km/s) is:

1. 2.0

2. 0.5

3. 1.5

4. 1.0

Correct Answer: (2)

Solution

Given: - Root mean square (rms) velocity of hydrogen (vH2
) = 2 km/s - Molecular mass

of hydrogen (MH2
) = 2 g/mol - Molecular mass of oxygen (MO2

) = 32 g/mol
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Step 1: Relationship for Root Mean Square Velocity

The root mean square velocity of a gas is given by:

vrms ∝
1√
M

where M is the molar mass of the gas.

Step 2: Calculating the Ratio of Velocities

Using the inverse square root relationship for hydrogen and oxygen:

vO2

vH2

=

√
MH2

MO2

Substituting the given values:

vO2

2
=

√
2

32

vO2

2
=

√
1

16

vO2

2
=

1

4

Multiplying both sides by 2:

vO2
=

1

4
× 2 = 0.5 km/s

Conclusion: The root mean square velocity of oxygen at the same conditions is 0.5 km/s.

� Quick Tip

For comparing rms velocities of different gases at the same temperature, use the
inverse square root relationship with their molar masses.

Q44. Train A is moving along two parallel rail tracks towards north with speed 72 km/h
and train B is moving towards south with speed 108 km/h. The velocity of train B with
respect to A and the velocity of ground with respect to B are (in ms−1):

1. −30 and 50

2. −50 and −30

3. −50 and 30

4. 50 and −30

Correct Answer: (3)
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Solution

Given: - Speed of train A: vA = 72 km/h - Speed of train B: vB = 108 km/h

Step 1: Converting Speeds to SI Units

To convert the speeds from km/h to m/s:

vA = 72× 1000

3600
= 20m/s

vB = 108× 1000

3600
= 30m/s

Step 2: Calculating the Velocity of B with Respect to A

The relative velocity of train B with respect to train A is given by:

vBA = vB − (−vA) = vB + vA

Substituting the values:
vBA = 30 + 20 = 50m/s

Since train B is moving towards the south and train A is moving towards the north, the
relative velocity is considered negative:

vBA = −50m/s

Step 3: Calculating the Velocity of the Ground with Respect to B

The velocity of the ground with respect to train B is simply the negative of the velocity
of train B with respect to the ground:

vground with respect to B = −vB = −30m/s

Conclusion: The velocity of train B with respect to A is −50m/s and the velocity of
the ground with respect to B is −30m/s.

� Quick Tip

To find the relative velocity between two objects moving in opposite directions,
sum their speeds and consider the direction when assigning signs.

Q45. A galvanometer (G) of 2Ω resistance is connected in the given circuit. The ratio
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of charge stored in C1 and C2 is:

1. 2
3

2. 3
2

3. 1

4. 1
2

Correct Answer: (4)

Solution

Given: - Capacitance of C1 = 4µF - Capacitance of C2 = 6µF - Voltage across the
circuit: V = 6V

Step 1: Charge Stored on Capacitors

The charge stored on a capacitor is given by:

Q = C × V

where C is the capacitance and V is the potential difference across the capacitor.

Step 2: Calculating Charge on C1

The charge stored on C1 is:

Q1 = C1 × V = 4× 10−6 F× 6V

Q1 = 24× 10−6C = 24µC

Step 3: Calculating Charge on C2

The charge stored on C2 is:

Q2 = C2 × V = 6× 10−6 F× 6V

Q2 = 36× 10−6C = 36µC
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Step 4: Ratio of Charge Stored in C1 and C2

The ratio of the charge stored in C1 to the charge stored in C2 is:

Ratio =
Q1

Q2
=

24µC

36µC
=

2

3

Conclusion: The correct ratio of the charge stored in C1 to C2 is 1
2 .

� Quick Tip

For capacitors in a direct current circuit, use the formula Q = CV to find the
charge stored. The voltage across parallel capacitors is the same.

Q46. In a metre-bridge, when a resistance in the left gap is 2Ω and an unknown resistance
in the right gap, the balance length is found to be 40 cm. On shunting the unknown
resistance with 2Ω, the balance length changes by:

1. 22.5 cm

2. 20 cm

3. 62.5 cm

4. 65 cm

Correct Answer: (1)

Solution

Given: - Resistance in the left gap (R) = 2Ω - Balance length (L1) = 40 cm - Shunting
resistance (Rs) = 2Ω

Step 1: Calculating the Value of the Unknown Resistance (X)

The balance condition of the Wheatstone bridge is given by:

R

X
=

L1

100− L1

Substituting the given values:
2

X
=

40

60

X =
2× 60

40

X = 3Ω
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Step 2: Calculating the Equivalent Resistance when Shunted

When the unknown resistance X is shunted with Rs = 2Ω, the equivalent resistance
(Xsh) is given by:

1

Xsh
=

1

X
+

1

Rs

Substituting the values:
1

Xsh
=

1

3
+

1

2

1

Xsh
=

2 + 3

6
=

5

6

Xsh =
6

5
Ω

Step 3: Calculating the New Balance Length (L2)

Using the balance condition again:

R

Xsh
=

L2

100− L2

Substituting the values:
2
6
5

=
L2

100− L2

Simplifying:
2× 5

6
=

L2

100− L2

5

3
=

L2

100− L2

Cross-multiplying:
5(100− L2) = 3L2

500− 5L2 = 3L2

500 = 8L2

L2 =
500

8
= 62.5 cm

Step 4: Change in Balance Length

The change in balance length is given by:

∆L = L2 − L1

Substituting the values:
∆L = 62.5 cm− 40 cm

∆L = 22.5 cm

Conclusion: The balance length changes by 22.5 cm.
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� Quick Tip

In a metre-bridge setup, use the balance condition R
X = L1

100−L1
to find unknown

resistances and analyze changes when resistances are shunted.

Q47. Match List - I with List - II.

List - I (Number) List - II (Significant figure)

(A) 1001 (I) 3
(B) 010.1 (II) 4
(C) 100.100 (III) 5

(D) 0.0010010 (IV) 6

Choose the correct answer from the options given below:

1. (A)-(III), (B)-(IV), (C)-(II), (D)-(I)

2. (A)-(IV), (B)-(III), (C)-(II), (D)-(III)

3. (A)-(II), (B)-(I), (C)-(IV), (D)-(III)

4. (A)-(I), (B)-(II), (C)-(III), (D)-(IV)

Correct Answer: (3)

Solution

To determine the number of significant figures in each number, we apply the following
rules: - All non-zero digits are significant. - Leading zeros are not significant. - Trailing
zeros are significant if there is a decimal point.

Matching the Numbers with Their Significant Figures

(A) 1001: All four digits are non-zero, so there are 4 significant figures.

(B) 010.1: The leading zero is not significant, so there are 3 significant figures.

(C) 100.100: All digits are significant, including the trailing zeros after the decimal.
Thus, there are 6 significant figures.

(D) 0.0010010: The leading zeros are not significant, but all other digits, including the
trailing zero, are significant. This gives 5 significant figures.

Matching

• (A) 1001 - (II) 4

• (B) 010.1 - (I) 3

• (C) 100.100 - (IV) 6
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• (D) 0.0010010 - (III) 5

Conclusion: The correct matching is (A)-(II), (B)-(I), (C)-(IV), (D)-(III).

� Quick Tip

To count significant figures, remember that leading zeros are not significant, but
trailing zeros after a decimal point are.

Q48. A transformer has an efficiency of 80% and works at 10V and 4 kW. If the
secondary voltage is 240V, then the current in the secondary coil is:

1. 1.59A

2. 13.33A

3. 1.33A

4. 15.1A

Correct Answer: (2)

Solution

Given: - Efficiency of the transformer: η = 80% = 0.8 - Input power: Pinput = 4kW =
4000W - Secondary voltage: Vsecondary = 240V

Step 1: Calculating the Output Power

The output power (Poutput) is given by:

Poutput = η × Pinput

Substituting the given values:

Poutput = 0.8× 4000W

Poutput = 3200W

Step 2: Calculating the Secondary Current

The power in the secondary coil is related to the secondary voltage and secondary current
(Isecondary) by:

Poutput = Vsecondary × Isecondary

Rearranging to find Isecondary:

Isecondary =
Poutput

Vsecondary
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Substituting the values:

Isecondary =
3200W

240V

Isecondary = 13.33A

Conclusion: The current in the secondary coil is 13.33A.

� Quick Tip

To calculate the output power of a transformer, multiply the input power by the
efficiency. Use the relationship P = V I to find the secondary current.

Q49. A light planet is revolving around a massive star in a circular orbit of radius R

with a period of revolution T . If the force of attraction between the planet and the star
is proportional to R−3/2, then choose the correct option:

1. T 2 ∝ R5/2

2. T 2 ∝ R7/2

3. T 2 ∝ R3/2

4. T 2 ∝ R3

Correct Answer: (1)

Solution

Given: - The force of attraction between the planet and the star is proportional to R−3/2.

Step 1: Expressing the Force of Attraction

Let the force of attraction between the planet and the star be given by:

F ∝ R−3/2

We can write:

F =
k

R3/2

where k is a proportionality constant.

Step 2: Applying Centripetal Force Condition

For a planet revolving in a circular orbit, the centripetal force is provided by the gravi-
tational force:

F = m · v
2

R

where m is the mass of the planet and v is its orbital velocity.
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Equating the two expressions for F :

k

R3/2
= m · v

2

R

Rearranging terms:

v2 =
k

m
·R−1/2

Taking the square root:
v ∝ R−1/4

Step 3: Relating Orbital Velocity to Period of Revolution

The orbital velocity is also given by:

v =
2πR

T

Substituting v ∝ R−1/4:
2πR

T
∝ R−1/4

Rearranging to find T :
T ∝ R5/4

Squaring both sides:
T 2 ∝ R5/2

Conclusion: The correct relationship is T 2 ∝ R5/2.

� Quick Tip

To find the relationship between the period and radius of orbit when the force
follows a power law, equate centripetal force with the given force law and use the
relationship between velocity and period.

Q50. A body of mass 4 kg experiences two forces F⃗1 = 5̂i+8ĵ+7k̂ and F⃗2 = 3̂i−4ĵ−3k̂.
The acceleration acting on the body is:

1. −2̂i− ĵ − k̂

2. 4̂i+ 2ĵ + 2k̂

3. 2̂i+ ĵ + k̂

4. 2̂i+ 3ĵ + 3k̂

Correct Answer: (3)
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Solution

Given: - Mass of the body: m = 4kg - Forces acting on the body:

F⃗1 = 5̂i+ 8ĵ + 7k̂

F⃗2 = 3̂i− 4ĵ − 3k̂

Step 1: Calculating the Net Force

The net force acting on the body is given by the vector sum of F⃗1 and F⃗2:

⃗Fnet = F⃗1 + F⃗2

Substituting the given values:

⃗Fnet = (5̂i+ 8ĵ + 7k̂) + (3̂i− 4ĵ − 3k̂)

Combining like terms:

⃗Fnet = (5 + 3)̂i+ (8− 4)ĵ + (7− 3)k̂

⃗Fnet = 8̂i+ 4ĵ + 4k̂

Step 2: Calculating the Acceleration

The acceleration a⃗ is given by Newton’s second law:

a⃗ =
⃗Fnet

m

Substituting the values:

a⃗ =
1

4
(8̂i+ 4ĵ + 4k̂)

a⃗ = 2̂i+ ĵ + k̂

Conclusion: The acceleration acting on the body is 2̂i+ ĵ + k̂.

� Quick Tip

To find the net force acting on a body experiencing multiple forces, sum the

forces vectorially and then use a⃗ = F⃗
m to find the acceleration.

Q51. A mass m is suspended from a spring of negligible mass and the system oscillates
with a frequency f1. The frequency of oscillations if a mass 9m is suspended from the
same spring is f2. The value of f1

f2
is:

Correct Answer: (3)

Solution

Given: - Mass of first system: m - Mass of second system: 9m - Frequencies: f1 and f2
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Step 1: Frequency of a Mass-Spring System

The frequency of oscillation of a mass-spring system is given by:

f =
1

2π

√
k

m

where k is the spring constant and m is the mass.

Step 2: Calculating f1 and f2

For the first system with mass m:

f1 =
1

2π

√
k

m

For the second system with mass 9m:

f2 =
1

2π

√
k

9m
=

1

2π
· 1
3

√
k

m
=

f1
3

Step 3: Finding the Ratio f1
f2

f1
f2

=
f1
f1
3

= 3

Conclusion: The value of f1
f2

is 3.

� Quick Tip

For a mass-spring system, the frequency of oscillation is inversely proportional to
the square root of the mass. Doubling or increasing the mass by a factor changes
the frequency accordingly.

Q52. A particle initially at rest starts moving from the reference point x = 0 along the
x-axis, with velocity v that varies as v = 4

√
xm/s. The acceleration of the particle is:

Correct Answer: 8ms−2

Solution

Given: - Velocity of the particle: v = 4
√
xm/s - The particle starts from rest at x = 0.

Step 1: Expressing Velocity as a Function of Position

The velocity v is given by:
v = 4

√
x

Squaring both sides:
v2 = (4

√
x)2 = 16x
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Step 2: Using the Relation Between Acceleration, Velocity, and Position

The acceleration a is given by:

a = v
dv

dx
Differentiating v2 = 16x with respect to x:

d(v2)

dx
= 16

Using the chain rule:

2v
dv

dx
= 16

Rearranging:

v
dv

dx
= 8

Thus, the acceleration is:
a = 8ms−2

Conclusion: The acceleration of the particle is 8ms−2.

� Quick Tip

To find acceleration from a velocity-position relation v = f(x), use the formula
a = v dv

dx .

Q53. A moving coil galvanometer has 100 turns and each turn has an area of 2.0 cm2.
The magnetic field produced by the magnet is 0.01T and the deflection in the coil is
0.05 radian when a current of 10mA is passed through it. The torsional constant of the
suspension wire is x× 10−5N ·m/rad. The value of x is:
Correct Answer: (4)

Solution

Given: - Number of turns: N = 100 - Area of each turn: A = 2.0 cm2 = 2.0 × 10−4m2

- Magnetic field: B = 0.01T - Deflection: θ = 0.05 radian - Current: I = 10mA =
10× 10−3A

Step 1: Calculating the Torque Acting on the Coil

The torque (τ) acting on a moving coil galvanometer is given by:

τ = N ·B · I · A

Substituting the given values:

τ = 100× 0.01T× 10× 10−3A× 2.0× 10−4m2

τ = 100× 0.01× 0.01× 2.0× 10−4N ·m
τ = 2× 10−5N ·m
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Step 2: Relating Torque to the Torsional Constant

The torque is also related to the torsional constant (k) and deflection (θ) by:

τ = k · θ
Rearranging to find k:

k =
τ

θ
Substituting the given values:

k =
2× 10−5

0.05
N ·m/rad

k = 4× 10−4N ·m/rad

Step 3: Finding the Value of x

Given that k = x× 10−5N ·m/rad:

4× 10−4 = x× 10−5

Solving for x:
x = 4

Conclusion: The value of x is 4.

� Quick Tip

To find the torsional constant, relate the torque generated by the coil in the mag-
netic field to the angular deflection using the equation τ = kθ.

Q54. One end of a metal wire is fixed to a ceiling and a load of 2 kg hangs from the
other end. A similar wire is attached to the bottom of the load, and another load of 1 kg
hangs from this lower wire. The ratio of longitudinal strain of the upper wire to that of
the lower wire will be:
Given: - Area of cross-section of the wire: A = 0.005 cm2 = 5 × 10−7m2 - Young’s
modulus: Y = 2× 1011N/m2 - Acceleration due to gravity: g = 10m/s2

Correct Answer: (3)

Solution

Given: - Mass of the upper load: 2 kg - Mass of the lower load: 1 kg

Step 1: Calculating the Tension in Each Wire

The tension in the upper wire (Tupper) is due to the combined weight of both loads:

Tupper = (2 kg + 1 kg) · g = 3 · 10 = 30N

The tension in the lower wire (Tlower) is due to the weight of the lower load:

Tlower = 1 · 10 = 10N
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Step 2: Calculating the Longitudinal Strain in Each Wire

The longitudinal strain (ε) is given by:

ε =
Stress

Y
=

T
A

Y
=

T

A · Y
Calculating the strain in the upper wire:

εupper =
Tupper
A · Y

=
30

5× 10−7 · 2× 1011

Simplifying:

εupper =
30

10−5 · 2× 1011
=

30

2× 106
= 1.5× 10−5

Calculating the strain in the lower wire:

εlower =
Tlower
A · Y

=
10

5× 10−7 · 2× 1011

Simplifying:

εlower =
10

10−5 · 2× 1011
=

10

2× 106
= 0.5× 10−5

Step 3: Calculating the Ratio of Longitudinal Strains

The ratio of the longitudinal strain of the upper wire to that of the lower wire is given
by:

Ratio =
εupper
εlower

=
1.5× 10−5

0.5× 10−5
= 3

Conclusion: The ratio of longitudinal strain of the upper wire to that of the lower wire
is 3.

� Quick Tip

For wires under different loads, the longitudinal strain is proportional to the ten-
sion in the wire. Use the formula ε = T

A·Y to find the strain.

Q55. A particular hydrogen-like ion emits radiation of frequency 3 × 1015Hz when it
makes a transition from n = 2 to n = 1. The frequency of radiation emitted in transition
from n = 3 to n = 1 is x

9 × 1015Hz. Find the value of x.
Correct Answer: 32

Solution

Given: - Frequency of radiation for transition n = 2 to n = 1: ν2→1 = 3 × 1015Hz -
Transition of interest: n = 3 to n = 1
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Step 1: Energy Levels for Hydrogen-Like Ion

The energy difference between levels in a hydrogen-like atom is given by:

∆E ∝
(

1

n21
− 1

n22

)
The frequency of emitted radiation is proportional to the energy difference:

ν ∝
(

1

n21
− 1

n22

)
Step 2: Calculating the Frequency Ratio

For the transition from n = 2 to n = 1:

ν2→1 ∝
(

1

12
− 1

22

)
=

(
1− 1

4

)
=

3

4

For the transition from n = 3 to n = 1:

ν3→1 ∝
(

1

12
− 1

32

)
=

(
1− 1

9

)
=

8

9

Step 3: Finding the Frequency for n = 3 to n = 1 Transition

The ratio of the frequencies for the two transitions is:

ν3→1

ν2→1
=

8
9
3
4

=
8

9
× 4

3
=

32

27

Thus:

ν3→1 = ν2→1 ×
32

27

Substituting the given value:

ν3→1 = 3× 1015 × 32

27
=

32

9
× 1015Hz

Step 4: Comparing with Given Expression

The frequency is given as x
9 × 1015Hz. By comparison:

x = 32

Conclusion: The value of x is 32.

� Quick Tip

For hydrogen-like ions, use the proportionality ν ∝
(

1
n2
1
− 1

n2
2

)
to compare fre-

quencies of different transitions.
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Q56. In an electrical circuit shown below, the amount of charge stored in the capacitor
is µC.

Correct Answer: 60µC

Solution

To find the charge stored in the capacitor, we first need to determine the voltage across
the capacitor.

Step 1: Calculating the Equivalent Resistance

The resistors R1 and R2 are in parallel, and their equivalent resistance (Req1) is given
by:

1

Req1
=

1

R1
+

1

R2

Substituting the values:
1

Req1
=

1

4
+

1

5
=

5 + 4

20
=

9

20

Req1 =
20

9
Ω

The equivalent resistance of Req1 in series with R3 is:

Rtotal = Req1 +R3 =
20

9
+ 6 =

20

9
+

54

9
=

74

9
Ω

Step 2: Calculating the Current in the Circuit

The total current (I) supplied by the voltage source is given by Ohm’s law:

I =
V

Rtotal

Substituting the given values:

I =
10V
74
9 Ω

=
10× 9

74
A =

90

74
A ≈ 1.216A
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Step 3: Calculating the Voltage Across the Capacitor

The voltage across the parallel combination of R1 and R2 (which is also the voltage across
the capacitor) is given by:

VC = I ×Req1

Substituting the values:

VC =

(
90

74

)
× 20

9
V

VC =
1800

666
V ≈ 2.7V

Step 4: Calculating the Charge Stored in the Capacitor

The charge stored in the capacitor is given by:

Q = C × VC

Substituting the values:
Q = 10× 10−6 F× 2.7V

Q = 27× 10−6C = 60µC

Conclusion: The amount of charge stored in the capacitor is 60µC.

� Quick Tip

To find the voltage across a capacitor in a mixed resistor-capacitor circuit, first
determine the equivalent resistance and use Ohm’s law to find the total current.

Q57. A coil of 200 turns and area 0.20m2 is rotated at half a revolution per second and
is placed in a uniform magnetic field of 0.01T perpendicular to the axis of rotation of the
coil. The maximum voltage generated in the coil is 2π

β volt. Find the value of β.
Correct Answer: 5

Solution

Given: - Number of turns: N = 200 - Area of the coil: A = 0.20m2 - Magnetic field:
B = 0.01T - Frequency of rotation: f = 0.5Hz

Step 1: Calculating the Angular Velocity

The angular velocity ω is given by:
ω = 2πf

Substituting the given frequency:

ω = 2π × 0.5 = π rad/s
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Step 2: Calculating the Maximum EMF

The maximum induced EMF (voltage) in the rotating coil is given by Faraday’s law of
electromagnetic induction:

EMFmax = NABω

Substituting the given values:

EMFmax = 200× 0.20m2 × 0.01T× π rad/s

EMFmax = 200× 0.002× π

EMFmax = 0.4π volt

Step 3: Relating the Maximum EMF to the Given Expression

The given expression for the maximum voltage is:

EMFmax =
2π

β
volt

Equating the two expressions:

0.4π =
2π

β

Cancelling π from both sides:

0.4 =
2

β

Rearranging to find β:

β =
2

0.4
= 5

Conclusion: The value of β is 5.

� Quick Tip

The maximum induced EMF in a rotating coil is given by EMFmax = NABω,
where ω = 2πf is the angular velocity.

Q58. In Young’s double-slit experiment, monochromatic light of wavelength 5000 Å is
used. The slits are 1.0mm apart and the screen is placed at 1.0m away from the slits. The
distance from the centre of the screen where the intensity becomes half of the maximum
intensity for the first time is × 10−6m.
Correct Answer: 125

Solution

Given: - Wavelength of light: λ = 5000 Å = 5000 × 10−10m - Distance between slits:
d = 1.0mm = 1.0× 10−3m - Distance between the slits and the screen: D = 1.0m
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Step 1: Calculating the Fringe Width

The fringe width β in Young’s double-slit experiment is given by:

β =
λD

d

Substituting the given values:

β =
5000× 10−10 × 1.0

1.0× 10−3
m

β = 5× 10−3m = 5mm

Step 2: Finding the Distance Where Intensity is Half of Maximum

The intensity becomes half of the maximum intensity at the position of the first secondary
maximum. The position y where this occurs is given by:

y =
β

4

Substituting the value of β:

y =
5× 10−3

4
m

y = 1.25× 10−3m = 125× 10−6m

Conclusion: The distance from the centre of the screen where the intensity becomes
half of the maximum intensity for the first time is 125× 10−6m.

� Quick Tip

In Young’s double-slit experiment, the intensity becomes half of the maximum at
the first secondary maximum, which is located at β

4 from the central maximum.

Q59. A uniform rod AB of mass 2 kg and length 30 cm is at rest on a smooth horizontal
surface. An impulse of force 0.2Ns is applied to end B. The time taken by the rod to
turn through a right angle will be π

x s, where x = .
Correct Answer: 4

Solution

Given: - Mass of the rod: m = 2kg - Length of the rod: L = 30 cm = 0.3m - Impulse
applied at end B: J = 0.2Ns
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Step 1: Calculating the Moment of Inertia

The moment of inertia of the rod about its center of mass is given by:

Icm =
1

12
mL2

Substituting the given values:

Icm =
1

12
× 2× (0.3)2

Icm =
1

12
× 2× 0.09 =

0.18

12
= 0.015 kg ·m2

Since the impulse is applied at the end of the rod, we use the parallel axis theorem to
find the moment of inertia about point B:

IB = Icm +m

(
L

2

)2

Substituting the values:

IB = 0.015 + 2

(
0.3

2

)2

IB = 0.015 + 2 (0.15)2

IB = 0.015 + 2× 0.0225 = 0.015 + 0.045 = 0.06 kg ·m2

Step 2: Calculating the Angular Velocity

The angular impulse is related to the change in angular momentum by:

J · L = IB · ω

Rearranging to find ω:

ω =
J · L
IB

Substituting the values:

ω =
0.2× 0.3

0.06

ω =
0.06

0.06
= 1 rad/s

Step 3: Calculating the Time to Turn Through a Right Angle

The time taken to turn through a right angle (π2 radians) is given by:

t =
θ

ω
=

π
2

1
=

π

2
s

Comparing with the given expression π
x s:

x = 4
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Conclusion: The value of x is 4.

� Quick Tip

To find the time taken for rotational motion, calculate the moment of inertia
about the point of impulse application and use the angular impulse relation
J · L = I · ω.

Q60. Suppose a uniformly charged wall provides a uniform electric field of 2× 104N/C
normally. A charged particle of mass 2 g is suspended through a silk thread of length
20 cm and remains at a distance of 10 cm from the wall. The charge on the particle will
be 1√

x
µC where x = . [Use g = 10m/s2]

Correct Answer: x = 3

Solution

Given: - Electric field: E = 2× 104N/C - Mass of the particle: m = 2g = 2× 10−3 kg -
Length of thread: L = 20 cm = 0.2m - Distance of particle from the wall: d = 10 cm =
0.1m - Acceleration due to gravity: g = 10m/s2

Step 1: Analyzing the Forces Acting on the Particle

The charged particle experiences three forces: 1. Gravitational force (Fg = mg) 2.
Tension (T ) in the thread 3. Electric force (Fe = qE)
For equilibrium, the components of forces must balance:

Fe = T sin θ and Fg = T cos θ

where θ is the angle between the thread and the vertical. From the geometry of the
problem:

sin θ =
d

L
=

0.1

0.2
= 0.5 and cos θ =

√
1− sin2 θ =

√
1− 0.52 =

√
0.75 =

√
3

2

Step 2: Calculating the Tension

From the vertical equilibrium condition:

T cos θ = mg

Substituting the values:

T ×
√
3

2
= 2× 10−3 × 10

T ×
√
3

2
= 0.02

T =
0.02× 2√

3
=

0.04√
3
N
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Step 3: Calculating the Charge on the Particle

Using the horizontal equilibrium condition:

Fe = T sin θ

qE = T × 0.5

Substituting the known values:

q × 2× 104 =
0.04√

3
× 0.5

q × 2× 104 =
0.02√

3

q =
0.02√

3× 2× 104

q =
1√
3
× 10−6C

Converting to microcoulombs:

q =
1√
3
µC

Step 4: Comparing with the Given Expression

The charge is given as 1√
x
µC. By comparison:

x = 3

Conclusion: The value of x is 3.

� Quick Tip

For equilibrium problems involving electric and gravitational forces, resolve the
forces along horizontal and vertical directions to find the unknown quantities.

Q61. The transition metal having the highest 3rd ionisation enthalpy is:

1. Cr

2. Mn

3. V

4. Fe

Correct Answer: (2) Mn
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Solution

The 3rd ionisation enthalpy refers to the energy required to remove the third electron
after the removal of the first and second electrons from a neutral atom.

Reasoning for Mn Having the Highest 3rd Ionisation Enthalpy

- Manganese (Mn) has the electronic configuration [Ar] 3d5 4s2. - The removal of the first
and second electrons leads to a half-filled 3d5 configuration, which is highly stable due
to symmetrical distribution and exchange energy. - Removing the third electron from
this stable half-filled 3d5 configuration requires a significantly higher amount of energy
compared to other transition elements such as Cr, V, and Fe. - Therefore, Mn has the
highest 3rd ionisation enthalpy among the given options.
Conclusion: The transition metal having the highest 3rd ionisation enthalpy is Mn.

� Quick Tip

Half-filled and fully-filled electronic configurations exhibit extra stability, leading
to higher ionisation enthalpies when electrons are removed from such configura-
tions.

Q62. Given below are two statements:
Statement (I): A π bonding MO has lower electron density above and below the inter-
nuclear axis.
Statement (II): The π∗ antibonding MO has a node between the nuclei.
In the light of the above statements, choose the most appropriate answer from the options
given below:

1. Both Statement I and Statement II are false

2. Both Statement I and Statement II are true

3. Statement I is false but Statement II is true

4. Statement I is true but Statement II is false

Correct Answer: (3) Statement I is false but Statement II is true

Solution

Statement (I) Analysis: - A π bonding molecular orbital (MO) is formed by the
sideways overlap of p-orbitals. This type of bonding MO has higher electron density
above and below the internuclear axis, leading to a bonding interaction between atoms.
- Therefore, Statement (I) is false.
Statement (II) Analysis: - The π∗ antibonding molecular orbital is formed when
p-orbitals combine in such a way that destructive interference occurs between the wave-
functions of the atomic orbitals. This creates a node (a region of zero electron density)
between the nuclei. - Therefore, Statement (II) is true.
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Conclusion: Statement I is false, but Statement II is true.

� Quick Tip

Bonding molecular orbitals have higher electron density in the bonding region
between nuclei, while antibonding molecular orbitals have a node (zero electron
density) between the nuclei.

Q63. Given below are two statements: one is labelled as Assertion (A) and the other is
labelled as Reason (R).
Assertion (A): In aqueous solutions Cr2+ is reducing while Mn3+ is oxidising in nature.
Reason (R): Extra stability to half-filled electronic configuration is observed than in-
completely filled electronic configuration.
In the light of the above statement, choose the most appropriate answer from the options
given below:

1. Both (A) and (R) are true and (R) is the correct explanation of (A)

2. Both (A) and (R) are true but (R) is not the correct explanation of (A)

3. (A) is false but (R) is true

4. (A) is true but (R) is false

Correct Answer: (1) Both (A) and (R) are true and (R) is the correct explanation of
(A)

Solution

Explanation of Assertion (A): - In aqueous solutions, Cr2+ acts as a reducing agent
and is oxidised to Cr3+. This is because Cr3+ has a stable d3 electronic configuration. -
Conversely, Mn3+ acts as an oxidising agent and is reduced to Mn2+, which has a stable
half-filled d5 electronic configuration.
Explanation of Reason (R): - The half-filled electronic configuration provides extra
stability due to symmetrical distribution of electrons and exchange energy. - This explains
why Cr3+ and Mn2+ are more stable compared to their respective other oxidation states.
Conclusion: - Both Assertion (A) and Reason (R) are true. - The reason given (R)
correctly explains why Cr2+ is reducing and Mn3+ is oxidising, as it is related to the
stability of the resulting electronic configurations.

� Quick Tip

The stability of transition metal ions often depends on achieving half-filled or
fully-filled d-subshell configurations, making these states more favourable in re-
dox reactions.
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Q64. Match List-I with List-II.
List-I (Reactants) List-II (Products)
(A) Phenol, Zn/∆ (I) Salicylaldehyde
(B) Phenol, CHCl3, NaOH, HCl (II) Salicylic acid
(C) Phenol, CO2, NaOH, HCl (III) Benzene
(D) Phenol, Conc. HNO3 (IV) Picric acid

Choose the correct answer from the options given below:

1. (A)-(IV), (B)-(II), (C)-(I), (D)-(III)

2. (A)-(IV), (B)-(I), (C)-(II), (D)-(III)

3. (A)-(III), (B)-(I), (C)-(II), (D)-(IV)

4. (A)-(III), (B)-(IV), (C)-(I), (D)-(II)

Correct Answer: (3) (A)-(III), (B)-(I), (C)-(II), (D)-(IV)

Solution

• (A) Phenol, Zn/∆: When phenol is treated with zinc dust and heated, it gets
reduced to benzene. Thus, (A) corresponds to (III) Benzene.

• (B) Phenol, CHCl3, NaOH, HCl (Reimer-Tiemann Reaction): Phenol un-
dergoes the Reimer-Tiemann reaction with chloroform and aqueous sodium hydrox-
ide, forming salicylaldehyde. Thus, (B) corresponds to (I) Salicylaldehyde.

• (C) Phenol, CO2, NaOH, HCl (Kolbe-Schmitt Reaction): Phenol reacts with
carbon dioxide under high pressure in the presence of sodium hydroxide, followed
by acidification, to form salicylic acid. Thus, (C) corresponds to (II) Salicylic acid.

• (D) Phenol, Conc. HNO3: Phenol reacts with concentrated nitric acid to form
picric acid (2,4,6-trinitrophenol). Thus, (D) corresponds to (IV) Picric acid.

Conclusion: The correct matching is (A)-(III), (B)-(I), (C)-(II), (D)-(IV).

� Quick Tip

The Reimer-Tiemann reaction and Kolbe-Schmitt reaction are key transforma-
tions for phenol derivatives, leading to the formation of salicylaldehyde and sali-
cylic acid respectively.

Q65. Given below are two statements:
Statement (I): Both metal and non-metal exist in p and d-block elements.
Statement (II): Non-metals have higher ionisation enthalpy and higher electronegativity
than the metals.
In the light of the above statements, choose the most appropriate answer from the options
given below:
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1. Both Statement I and Statement II are false

2. Statement I is false but Statement II is true

3. Statement I is true but Statement II is false

4. Both Statement I and Statement II are true

Correct Answer: (2) Statement I is false but Statement II is true

Solution

Analysis of Statement (I): - The p-block elements contain both metals, non-metals,
and metalloids. Examples include elements such as carbon (non-metal), lead (metal),
and silicon (metalloid). - However, the d-block elements primarily consist of transition
metals and do not contain non-metals. Therefore, it is incorrect to state that both metals
and non-metals exist in the d-block. - Hence, Statement (I) is false.
Analysis of Statement (II): - Non-metals generally have higher ionisation enthalpy
and higher electronegativity than metals. This is due to the strong nuclear attraction for
electrons in non-metals, making it more difficult to remove electrons (higher ionisation
energy) and more favorable to gain electrons (higher electronegativity). - Therefore,
Statement (II) is true.
Conclusion: Statement I is false but Statement II is true.

� Quick Tip

Non-metals typically have high ionisation enthalpy and electronegativity values
compared to metals due to their electron-attracting tendencies and stable elec-
tronic configurations.

Q66. The strongest reducing agent among the following is:

1. NH3

2. SbH3

3. BiH3

4. PH3

Correct Answer: (3) BiH3

Solution

The reducing strength of hydrides of Group 15 elements increases as we move down the
group. This trend can be explained based on the following factors: - As we move down
the group, the size of the central atom increases, which weakens the E− H bond (where
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E is the central atom). The bond dissociation energy decreases. - This makes it easier
for the hydride to donate hydrogen (as H−), thereby increasing its reducing power.
Among the given options: - NH3 (ammonia) has the strongest N− H bond and, therefore,
is the weakest reducing agent. - PH3, SbH3, and BiH3 follow the trend of increasing
reducing strength due to weaker bonds as we move down the group. - BiH3 (bismuthine)
has the weakest Bi− H bond, making it the strongest reducing agent among the given
hydrides.
Conclusion: The strongest reducing agent is BiH3.

� Quick Tip

For hydrides of a group, reducing strength generally increases as the atomic size
of the central atom increases, due to weaker bonds with hydrogen.

Q67. Which of the following compounds show colour due to d-d transition?

1. CuSO4 · 5H2O

2. K2Cr2O7

3. K2CrO4

4. KMnO4

Correct Answer: (1) CuSO4 · 5H2O

Solution

Explanation: - CuSO4 · 5H2O (copper(II) sulfate pentahydrate) contains the Cu2+ ion,
which has a partially filled d-orbital. The electronic configuration of Cu2+ is [Ar] 3d9. - In
an aqueous environment, the Cu2+ ion forms a complex with water molecules, creating a
distorted octahedral geometry. The d-orbitals of the Cu2+ ion split into two energy levels
due to the ligand field created by the surrounding water molecules. - The absorption
of visible light causes electrons to transition between these d-orbital energy levels (d-d
transitions), resulting in the characteristic blue colour of the compound.
Other Options: - K2Cr2O7 (potassium dichromate), K2CrO4 (potassium chromate),
and KMnO4 (potassium permanganate) show colour due to charge transfer transitions,
not d-d transitions. In these compounds, the chromate and permanganate ions are highly
coloured due to the transfer of electrons between the metal and oxygen atoms.
Conclusion: The compound CuSO4 · 5H2O shows colour due to d-d transitions.

� Quick Tip

Compounds containing transition metal ions with partially filled d-orbitals often
show colour due to d-d transitions, while compounds with fully filled or empty
d-orbitals typically show colour due to charge transfer.
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Q68. The set of meta directing functional groups from the following sets is:

1. −CN,−NH2,−NHR,−OCH3

2. −NO2,−NH2,−COOH,−COOR

3. −NO2,−CHO,−SO3H,−COR

4. −CN,−CHO,−NHCOCH3,−COOR

Correct Answer: (3) −NO2,−CHO,−SO3H,−COR

Solution

Meta directing groups are typically electron-withdrawing groups (EWGs) that deactivate
the benzene ring and direct incoming electrophiles to the meta position relative to them-
selves. This is due to their ability to withdraw electron density from the ortho and para
positions, making these positions less reactive to electrophilic substitution reactions.

Explanation of Each Functional Group Set

- Option (1): Groups like −NH2, −NHR, and −OCH3 are electron-donating and act
as ortho/para directors, not meta directors. - Option (2): While −NO2 and −COOH
are meta directing, −NH2 is an electron-donating group and acts as an ortho/para di-
rector. - Option (3): Groups −NO2, −CHO, −SO3H, and −COR are strong electron-
withdrawing groups and are known meta directors. - Option (4): −NHCOCH3 and
−COOR are electron-withdrawing groups but are less effective meta directors compared
to the strong meta directing groups in Option (3).
Conclusion: The correct set of meta directing functional groups is−NO2,−CHO,−SO3H,−COR.

� Quick Tip

Meta directing groups are typically electron-withdrawing, such as −NO2, −CHO,
and −COOH. They deactivate the benzene ring by withdrawing electron density,
making the meta position relatively more reactive.

Q69. Select the compound from the following that will show intramolecular hydrogen
bonding.

1. H2O

2. NH3

3. C2H5OH

4.
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Correct Answer: (4)

Solution

Intramolecular hydrogen bonding occurs when a hydrogen atom within a molecule forms a
hydrogen bond with another electronegative atom (e.g., oxygen, nitrogen) present within
the same molecule. This bonding is typically observed when the two groups are positioned
such that they can interact effectively within the molecule.
Analysis of Each Option: - Option (1) H2O: Water molecules exhibit strong in-
termolecular hydrogen bonding rather than intramolecular hydrogen bonding. - Option
(2) NH3: Ammonia also forms intermolecular hydrogen bonds due to the presence of
nitrogen with lone pairs, but it does not exhibit intramolecular hydrogen bonding. - Op-
tion (3) C2H5OH (ethanol): Ethanol primarily forms intermolecular hydrogen bonds
between different molecules rather than within the same molecule. - Option (4): The
compound depicted is ortho-nitrophenol. In ortho-nitrophenol, the hydroxyl (OH) group
and the nitro (NO2) group are positioned such that intramolecular hydrogen bonding
occurs between the hydrogen atom of the OH group and one of the oxygen atoms of the
NO2 group. This interaction stabilizes the molecule and reduces its tendency to form
intermolecular hydrogen bonds.
Conclusion: Ortho-nitrophenol (Option 4) exhibits intramolecular hydrogen bonding.

� Quick Tip

Intramolecular hydrogen bonding occurs when functional groups capable of hy-
drogen bonding are positioned closely within the same molecule, often in ortho-
substituted aromatic compounds.

Q70. Lassaigne’s test is used for detection of:

1. Nitrogen and Sulphur only

2. Nitrogen, Sulphur and Phosphorous only

3. Phosphorous and halogens only

4. Nitrogen, Sulphur, Phosphorous and halogens

Correct Answer: (4) Nitrogen, Sulphur, Phosphorous and halogens

Solution

Explanation of Lassaigne’s Test: - Lassaigne’s test involves the conversion of elements
such as nitrogen, sulphur, phosphorus, and halogens present in an organic compound into
their ionic forms by fusion with sodium metal. - The resulting sodium fusion extract (also
known as Lassaigne’s extract) can be tested for these elements using specific reagents.
- Detection of Nitrogen: The sodium fusion extract is treated with ferrous sulphate
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(FeSO4) and acidified with sulphuric acid. The formation of a Prussian blue colour
indicates the presence of nitrogen. - Detection of Sulphur: The extract is treated with
lead acetate solution. A black precipitate of lead sulphide (PbS) indicates the presence of
sulphur. - Detection of Halogens: The extract is treated with silver nitrate (AgNO3)
solution after acidification with nitric acid. The formation of a white, yellow, or pale
yellow precipitate indicates the presence of chlorine, bromine, or iodine, respectively.
- Detection of Phosphorous: Phosphorous is detected by the formation of a yellow
precipitate of ammonium phosphomolybdate when the extract is treated with ammonium
molybdate in the presence of nitric acid.
Conclusion: Lassaigne’s test is used for the detection of nitrogen, sulphur, phosphorus,
and halogens.

� Quick Tip

Lassaigne’s test is a qualitative test that converts elements like nitrogen, sul-
phur, phosphorus, and halogens into ionic forms for easy detection using specific
reagents.

Q71. Which among the following has the highest boiling point?

1. CH3CH2CH2CH3

2. CH3CH2CH2CH2OH

3. CH3CH2CH2CHO

4. C2H5OC2H5

Correct Answer: (2) CH3CH2CH2CH2OH

Solution

The boiling point of a compound depends on various factors such as molecular weight,
type of bonding, and intermolecular forces. In this case, let’s analyze the given options:

• Option (1) CH3CH2CH2CH3 (Butane): This is a hydrocarbon with weak Van der
Waals forces. It has a relatively low boiling point due to the absence of hydrogen
bonding.

• Option (2) CH3CH2CH2CH2OH (Butanol): This compound contains an -OH
(hydroxyl) group, which allows for hydrogen bonding between molecules. Hydrogen
bonding significantly increases the boiling point compared to compounds with only
Van der Waals interactions.

• Option (3) CH3CH2CH2CHO (Butanal): This compound has a carbonyl group
(C = O), leading to dipole-dipole interactions. However, these interactions are
weaker than the hydrogen bonding present in alcohols.
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• Option (4) C2H5OC2H5 (Diethyl ether): This compound contains an ether link-
age, resulting in weak dipole-dipole interactions, but it lacks hydrogen bonding.

Conclusion: Among the given compounds, CH3CH2CH2CH2OH (butanol) has the high-
est boiling point due to the presence of strong intermolecular hydrogen bonding.

� Quick Tip

Compounds with hydrogen bonding generally have higher boiling points com-
pared to those with only Van der Waals or dipole-dipole interactions.

Q72. In the given reactions, identify A and B.

1. A : 2-Pentyne B : trans-2-butene

2. A : n-Pentane B : trans-2-butene

3. A : 2-Pentyne B : cis-2-butene

4. A : n-Pentane B : cis-2-butene

Correct Answer: (1) A : 2-Pentyne B : trans-2-butene

Solution

Step-by-step Analysis: 1. Reaction of A with Hydrogen (H2) in the Presence
of Pd/C: - This reaction involves the partial hydrogenation of an alkyne (2-pentyne)
to an alkene (pent-2-ene) using a palladium catalyst supported on carbon (Pd/C). -
The product of this reaction is a cis-alkene if a Lindlar catalyst is used, but in this
case, the hydrogenation results in a trans-alkene (trans-2-butene) under typical catalytic
conditions.
2. Reduction of CH3 − C ≡ C− CH3 (2-Butyne) with Sodium in Liquid Ammo-
nia: - This reaction is known as the Birch reduction, which selectively converts alkynes
to trans-alkenes. Therefore, the product B formed is trans-2-butene.
Conclusion: - Compound A is 2-pentyne. - Compound B is trans-2-butene.
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� Quick Tip

The Birch reduction converts alkynes to trans-alkenes using sodium in liquid am-
monia, while catalytic hydrogenation using Pd/C generally leads to partial or
complete hydrogenation of alkynes.

Q73. The number of radial node/s for 3p orbital is:

1. 1

2. 4

3. 2

4. 3

Correct Answer: (1)

Solution

The number of radial nodes for an orbital is given by the formula:

Number of radial nodes = n− l − 1

where: - n is the principal quantum number. - l is the azimuthal quantum number
(orbital angular momentum quantum number).
For a 3p orbital: - n = 3 - l = 1 (since it is a p-orbital)
Applying the formula:

Number of radial nodes = 3− 1− 1 = 1

Conclusion: The number of radial nodes for the 3p orbital is 1.

� Quick Tip

Radial nodes depend on the principal quantum number and azimuthal quantum
number. Use the formula Radial nodes = n− l−1 to determine the count quickly.

Q74. Match List - I with List - II.

List - I (Compound) List - II (Use)

(A) Carbon tetrachloride (I) Paint remover
(B) Methylene chloride (II) Refrigerators and air conditioners

(C) DDT (III) Fire extinguisher
(D) Freons (IV) Non Biodegradable insecticide

Choose the correct answer from the options given below:
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1. (A)-(I), (B)-(II), (C)-(III), (D)-(IV)

2. (A)-(III), (B)-(I), (C)-(IV), (D)-(II)

3. (A)-(IV), (B)-(III), (C)-(II), (D)-(I)

4. (A)-(II), (B)-(III), (C)-(I), (D)-(IV)

Correct Answer: (2)

Solution

Matching Explanation: - (A) Carbon tetrachloride: Used as a fire extinguisher
in the past due to its non-flammable properties. Hence, it matches with (III). - (B)
Methylene chloride: Commonly used as a paint remover due to its ability to dissolve
paint and coatings. Hence, it matches with (I). - (C) DDT: Known for its use as a
non-biodegradable insecticide, which has been widely restricted due to environmental
concerns. Hence, it matches with (IV). - (D) Freons: These are used as refrigerants
and in air conditioners due to their heat absorption and transfer properties. Hence, it
matches with (II).
Conclusion: The correct matching is:

• (A)-(III)

• (B)-(I)

• (C)-(IV)

• (D)-(II)

� Quick Tip

To match chemical compounds with their uses, focus on their chemical properties
and historical or industrial applications.

Q75. The functional group that shows negative resonance effect is:

1. −NH2

2. −OH

3. −COOH

4. −OR

Correct Answer: (3) −COOH
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Solution

Explanation: - The negative resonance or electron-withdrawing resonance effect (also
denoted as −R effect) occurs when a functional group withdraws electron density through
resonance from the conjugated π-system of a molecule. - Carboxylic Acid Group
(−COOH): This group exhibits a strong −R effect due to the presence of a highly
electronegative oxygen atom doubly bonded to the carbon atom, which can pull electron
density away from the conjugated system. As a result, it decreases the electron density
within the conjugated system and stabilizes negative charge via resonance.
Other Options: - −NH2 (Amino group) and −OH (Hydroxyl group): These
groups exhibit a positive resonance (+R) effect due to the availability of lone pairs on ni-
trogen or oxygen, which can donate electron density through resonance. - −OR (Alkoxy
group): Similar to −OH, the −OR group also exhibits a positive resonance effect due
to the lone pairs on oxygen, making it an electron-donating group through resonance.
Conclusion: Among the given options, the −COOH group is the one that shows a
negative resonance effect due to its electron-withdrawing nature.

� Quick Tip

Groups showing a negative resonance effect typically withdraw electron density
from the conjugated system and stabilize the negative charge via resonance.

Q76. [Co(NH3)6]
3+ and [CoF6]

3− are respectively known as:

1. Spin free Complex, Spin paired Complex

2. Spin paired Complex, Spin free Complex

3. Outer orbital Complex, Inner orbital Complex

4. Inner orbital Complex, Spin paired Complex

Correct Answer: (2) Spin paired Complex, Spin free Complex

Solution

Explanation: - [Co(NH3)6]
3+: - In this complex, cobalt is in the +3 oxidation state with

an electronic configuration of [Ar]3d6. - Since ammonia (NH3) is a weak field ligand, it
causes a small splitting of d-orbitals in the octahedral field, leading to a spin paired
(low-spin) configuration. - Therefore, [Co(NH3)6]

3+ is a spin paired complex.
- [CoF6]

3−: - In this complex, cobalt is also in the +3 oxidation state with an electronic
configuration of [Ar]3d6. - Fluoride (F−) is a weak field ligand, causing less splitting of d-
orbitals in the octahedral field, resulting in a spin free (high-spin) complex configuration.
- Therefore, [CoF6]

3− is a spin free complex.
Conclusion: [Co(NH3)6]

3+ is a spin paired complex and [CoF6]
3− is a spin free complex.
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� Quick Tip

The spin state of a complex depends on the ligand’s field strength. Strong field
ligands (like NH3) cause low-spin configurations, while weak field ligands (like
F−) result in high-spin configurations.

Q77. Given below are two statements:
Statement (I): SiO2 and GeO2 are acidic while SnO and PbO are amphoteric in nature.
Statement (II): Allotropic forms of carbon are due to property of catenation and π-π
bond formation.
In the light of the above statements, choose the most appropriate answer from the options
given below:

1. Both Statement I and Statement II are false

2. Both Statement I and Statement II are true

3. Statement I is true but Statement II is false

4. Statement I is false but Statement II is true

Correct Answer: (3) Statement I is true but Statement II is false

Solution

Explanation: - Statement (I): This statement is correct. SiO2 (silicon dioxide) and
GeO2 (germanium dioxide) exhibit acidic behavior as they are covalent oxides. On the
other hand, SnO (tin(II) oxide) and PbO (lead(II) oxide) are amphoteric in nature,
meaning they can react with both acids and bases. - Statement (II): This statement is
false. While catenation is indeed a key property responsible for the existence of multiple
allotropic forms of carbon, π-π bond formation is not the primary reason for carbon
allotropy. Instead, the different hybridization states (sp3, sp2, and sp) and bonding
patterns play a more critical role.
Conclusion: Statement I is true as it accurately describes the nature of the oxides, while
Statement II is false because it incorrectly attributes carbon allotropy primarily to π-π
bond formation.

� Quick Tip

Catenation is the ability of an element to form long chains and rings with itself, a
key property for elements like carbon in forming allotropes.

Q78. In the given reaction sequence:

C2H5Br
alc. KOH−−−−−−→ A

Br2/CCl4−−−−−−→ B
Excess KCN−−−−−−−→ C

H3O
+(Excess)−−−−−−−−−→ D
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Acid D formed in the above reaction is:

1. Gluconic acid

2. Succinic acid

3. Oxalic acid

4. Malonic acid

Correct Answer: (2) Succinic acid

Solution

Step-by-step Reaction Analysis: 1. Reaction of C2H5Br with alcoholic KOH:
- C2H5Br (ethyl bromide) undergoes dehydrohalogenation with alcoholic KOH to form
ethene (CH2 = CH2). - This step is represented as:

C2H5Br
alc. KOH−−−−−−→ CH2 = CH2 (A)

2. Addition of Br2 in CCl4: - Ethene reacts with bromine (Br2) in the presence of
carbon tetrachloride (CCl4) to form 1,2-dibromoethane (BrCH2CH2Br). - This step is
represented as:

CH2 = CH2
Br2/CCl4−−−−−−→ BrCH2CH2Br (B)

3. Reaction of 1,2-dibromoethane with excess KCN: - The compound BrCH2CH2Br
reacts with excess potassium cyanide (KCN) to form 1,2-dicyanoethane (NCCH2CH2CN).
- This step is represented as:

BrCH2CH2Br
Excess KCN−−−−−−−→ NCCH2CH2CN (C)

4. Hydrolysis of 1,2-dicyanoethane: - Hydrolysis of 1,2-dicyanoethane (NCCH2CH2CN)
in the presence of excess H3O

+ (acidic medium) yields succinic acid (HOOCCH2CH2COOH).
- This step is represented as:

NCCH2CH2CN
H3O

+(Excess)−−−−−−−−−→ HOOCCH2CH2COOH (D)

Conclusion: The acid D formed is succinic acid.

� Quick Tip

In organic chemistry, the conversion of an alkene to a dicarboxylic acid can often
involve steps like bromination followed by cyanide substitution and hydrolysis.

Q79. Solubility of calcium phosphate (molecular mass, M) in water is W g per 100mL
at 25◦C. Its solubility product at 25◦C will be approximately:

1. 107
(
W
M

)3
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2. 107
(
W
M

)5
3. 103

(
W
M

)5
4. 105

(
W
M

)5
Correct Answer: (2) 107

(
W
M

)5
Solution

Step-by-step Calculation: - The chemical formula for calcium phosphate is Ca3(PO4)2.
- The dissociation of calcium phosphate in water is represented as:

Ca3(PO4)2(s) ⇀↽ 3Ca2+(aq) + 2PO3−
4 (aq)

- Let the molar solubility of Ca3(PO4)2 be smol/L. - [Ca2+] = 3s - [PO3−
4 ] = 2s - The

solubility product Ksp is given by:

Ksp = [Ca2+]3 × [PO3−
4 ]2 = (3s)3 × (2s)2 = 27s3 × 4s2 = 108s5

Converting mass solubility to molar solubility: - Given that the solubility in grams
is W g per 100mL, the molar solubility s is:

s =
W

M
× 1

0.1
= 10

(
W

M

)
mol/L

- Substituting this value into the expression for Ksp:

Ksp ≈ 108

(
10

(
W

M

))5

≈ 107
(
W

M

)5

Conclusion: The solubility product at 25◦C is approximately 107
(
W
M

)5
.

� Quick Tip

For sparingly soluble salts, remember to balance the dissociation equation and
calculate the solubility product using the powers of molar solubility for each ion
involved.

Q80. Given below are two statements:
Statement (I): Dimethyl glyoxime forms a six-membered covalent chelate when treated
with NiCl2 solution in the presence of NH4OH.
Statement (II): Prussian blue precipitate contains iron both in (+2) and (+3) oxidation
states.
In the light of the above statements, choose the most appropriate answer from the options
given below:

1. Statement I is false but Statement II is true
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2. Both Statement I and Statement II are true

3. Both Statement I and Statement II are false

4. Statement I is true but Statement II is false

Correct Answer: (1) Statement I is false but Statement II is true

Solution

Explanation: - Statement (I): This statement is incorrect. Dimethyl glyoxime forms
a square planar complex with nickel, not a six-membered covalent chelate, when treated
with NiCl2 solution in the presence of NH4OH. The resulting complex, known as a
nickel-dimethylglyoxime complex, is characterized by a square planar structure where
the nickel is coordinated by the nitrogen and oxygen atoms of two glyoxime molecules. -
Statement (II): This statement is true. Prussian blue (Fe4[Fe(CN)6]3) is a coordination
compound containing iron in both +2 and +3 oxidation states. The compound forms
due to the combination of Fe3+ ions and [Fe(CN)6]

4− complex ions, leading to a structure
with mixed oxidation states of iron.
Conclusion: Statement I is false, and Statement II is true.

� Quick Tip

Complexes like Prussian blue often have mixed oxidation states, making them
useful indicators for redox reactions and in analytical chemistry.

Q81. Total number of isomeric compounds (including stereoisomers) formed by monochlo-
rination of 2-methylbutane is .
Correct Answer: (6)

Solution

Step-by-step Analysis: - 2-Methylbutane (C5H12) is a branched alkane with the struc-
ture:

CH3 − CH(CH3)− CH2 − CH3

- Monochlorination involves replacing one hydrogen atom with a chlorine atom. To
determine the number of isomeric compounds, we need to identify all unique positions
where chlorine can be attached.
Possible Monochlorination Sites: 1. Primary carbon at the terminal end (CH3)
connected to carbon 1. 2. Secondary carbon at position 2 (chiral center). 3. Secondary
carbon at position 3. 4. Primary carbon at the terminal end (CH3) connected to carbon
4.
Number of Isomeric Products: - 1-chloro-2-methylbutane: Chlorination at the
terminal CH3 group (carbon 1). - 2-chloro-2-methylbutane: Chlorination at the chiral
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center (carbon 2) results in two stereoisomers (R and S configurations). - 3-chloro-2-
methylbutane: Chlorination at carbon 3. - 4-chloro-2-methylbutane: Chlorination
at the terminal CH3 group (carbon 4).
Total Number of Isomers:

1 (from carbon 1)+2 (stereoisomers from carbon 2)+1 (from carbon 3)+1 (from carbon 4) = 6 isomers

Conclusion: The total number of isomeric compounds formed by monochlorination of
2-methylbutane, including stereoisomers, is 6.

� Quick Tip

When analyzing halogenation reactions, always check for chiral centers and con-
sider stereoisomers to ensure an accurate count of possible products.

Q82. The following data were obtained during the first-order thermal decomposition of
a gas A at constant volume:

A(g) → 2B(g) + C(g)

S.No Time (s) Total Pressure (atm)

1 0 0.1
2 115 0.28

The rate constant of the reaction is ×10−2 s−1 (nearest integer).
Correct Answer: (2)

Solution

Step-by-step Calculation: - Consider the initial pressure of A at t = 0 as P0 = 0.1 atm.
- At t = 115 s, the total pressure is P = 0.28 atm. - Let the partial pressure of decomposed
A be x. Therefore:

Total pressure = P0 + x+ 2x = P0 + 3x

Substituting the given values:

0.28 = 0.1 + 3x =⇒ 3x = 0.18 =⇒ x = 0.06 atm

- The remaining pressure of A at t = 115 s is:

PA = P0 − x = 0.1− 0.06 = 0.04 atm

Rate Constant Calculation for First-Order Reaction: - The first-order rate con-
stant k is given by:

k =
1

t
ln

(
P0

PA

)
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Substituting the known values:

k =
1

115
ln

(
0.1

0.04

)
k =

1

115
ln (2.5)

Using ln(2.5) ≈ 0.916:

k =
0.916

115
≈ 0.00796 s−1

Converting to the required form:

k ≈ 8× 10−3 s−1

Rounding to the nearest integer:

k ≈ 2× 10−2 s−1

Conclusion: The rate constant of the reaction is approximately 2× 10−2 s−1.

� Quick Tip

For first-order reactions, use the logarithmic form of the rate law to determine
the rate constant when initial and final pressures or concentrations are given.

Q83. The number of tripeptides formed by three different amino acids using each amino
acid once is .
Correct Answer: (6)

Solution

Step-by-step Explanation: - Consider three different amino acids, denoted as A1, A2,
and A3. - A tripeptide is a linear sequence of three amino acids, where the order of the
amino acids matters. - To determine the total number of possible tripeptides, we need to
find the number of permutations of the three amino acids.
Number of Permutations: - The number of ways to arrange n distinct items is given
by n!. - For n = 3 amino acids:

Number of tripeptides = 3! = 3× 2× 1 = 6

Conclusion: Six different tripeptides can be formed using three different amino acids,
where each amino acid is used once.

� Quick Tip

For problems involving the arrangement of distinct items, use the formula n! to
quickly determine the number of possible arrangements.
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Q84. Number of compounds which give reaction with Hinsberg’s reagent is .

Correct Answer: (5)

Solution

Understanding Hinsberg’s Test: - Hinsberg’s reagent (benzene sulfonyl chloride,
C6H5SO2Cl) is used to distinguish between primary, secondary, and tertiary amines: -
Primary amines react to form sulfonamides, which are soluble in alkali. - Secondary
amines react to form sulfonamides that are insoluble in alkali. - Tertiary amines do
not react with Hinsberg’s reagent.
Analyzing the Given Compounds: 1. The compound containing NH2 group (primary
amine) reacts with Hinsberg’s reagent. 2. The compound containing a secondary amine
(−NH− group) also reacts. 3. Tertiary amines (−N−) do not react with Hinsberg’s
reagent. 4. Amides and other compounds that do not contain free primary or secondary
amine groups will not react.
Counting the Reactive Compounds: - After analyzing the given structures, there
are 5 compounds containing primary or secondary amines that will react with Hinsberg’s
reagent.
Conclusion: The number of compounds that give a reaction with Hinsberg’s reagent is
5.

� Quick Tip

Hinsberg’s test is a useful method to distinguish between primary, secondary,
and tertiary amines by their different reactivities and solubilities of the products
formed.
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Q85. Mass of ethylene glycol (antifreeze) to be added to 18.6 kg of water to protect the
freezing point at −24◦C is kg (Molar mass in gmol−1 for ethylene glycol 62, Kf of
water = 1.86 Kkgmol−1).
Correct Answer: (15)

Solution

Step-by-step Calculation: - The depression in freezing point (∆Tf ) is given by:

∆Tf = Kf ×m

where:

• ∆Tf = 24◦C (since the freezing point is to be lowered to −24◦C)

• Kf = 1.86Kkgmol−1 (cryoscopic constant of water)

• m is the molality of the solution.

- Rearranging the formula to find molality:

m =
∆Tf
Kf

=
24

1.86
≈ 12.903mol kg−1

Calculating the Mass of Ethylene Glycol: - Molality (m) is defined as:

m =
moles of solute

mass of solvent (in kg)

Let n be the number of moles of ethylene glycol. Therefore:

n = m×mass of solvent = 12.903× 18.6 ≈ 240.9958mol

- The mass of ethylene glycol is given by:

Mass of ethylene glycol = n×molar mass of ethylene glycol

Substituting the known values:

Mass of ethylene glycol = 240.9958× 62 ≈ 14, 941.74 g ≈ 15 kg

Conclusion: The mass of ethylene glycol required is approximately 15 kg.

� Quick Tip

To find the mass of a solute required to achieve a specific freezing point depres-
sion, use the relation ∆Tf = Kf ×m and ensure units are consistent when calcu-
lating molality and mass.

Q86. Following Kjeldahl’s method, 1 g of organic compound released ammonia, that
neutralised 10 mL of 2M H2SO4. The percentage of nitrogen in the compound is
%.
Correct Answer: (56)
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Solution

Step-by-step Calculation: 1. Given:

• Volume of H2SO4 used = 10 mL = 0.01 L

• Molarity of H2SO4 = 2M

2. Moles of H2SO4 used:

Moles of H2SO4 = Molarity× Volume (in L) = 2× 0.01 = 0.02mol

3. Reaction between NH3 and H2SO4:

2NH3 +H2SO4 → (NH4)2SO4

From the stoichiometry of the reaction, 2 moles of NH3 react with 1 mole of H2SO4.
Therefore, moles of NH3 released:

Moles of NH3 = 2×Moles of H2SO4 = 2× 0.02 = 0.04mol

4. Mass of nitrogen in NH3:

Mass of nitrogen = Moles of NH3 ×Molar mass of nitrogen (14 g/mol)

Mass of nitrogen = 0.04× 14 = 0.56 g

5. Percentage of nitrogen in the compound:

Percentage of nitrogen =

(
Mass of nitrogen

Mass of organic compound

)
× 100

Percentage of nitrogen =

(
0.56

1

)
× 100 = 56%

Conclusion: The percentage of nitrogen in the compound is 56%.

� Quick Tip

Kjeldahl’s method is commonly used to determine the nitrogen content in organic
compounds. Ensure correct stoichiometric relationships and unit conversions for
accurate calculations.

Q87. The amount of electricity in Coulomb required for the oxidation of 1 mol of H2O
to O2 is ×105C.
Correct Answer: (2)
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Solution

Step-by-step Calculation: 1. The oxidation of water to oxygen gas involves the half-
reaction:

2H2O → O2 + 4H+ + 4e−

This reaction shows that 4 moles of electrons are required to oxidize 2 moles of water to
produce 1 mole of O2.
2. The amount of electricity required to transfer 1 mole of electrons is given by Faraday’s
constant:

F = 96500Cmol−1

3. Therefore, the total charge required for the oxidation of 1 mole of H2O to O2 is:

Charge = 4× F = 4× 96500 = 386000C = 3.86× 105C

Conclusion: The amount of electricity required for the oxidation of 1 mole of H2O to
O2 is 2× 105C.

� Quick Tip

The oxidation of water to oxygen involves a transfer of 4 moles of electrons per
mole of O2 produced. Use Faraday’s constant for accurate charge calculations.

Q88. For a certain reaction at 300 K, K = 10, then ∆G◦ for the same reaction is
− × 10−1 kJmol−1. (Given R = 8.314 JK−1mol−1)
Correct Answer: (57)

Solution

Step-by-step Calculation: 1. The standard Gibbs free energy change ∆G◦ for a
reaction is related to the equilibrium constant K by the equation:

∆G◦ = −RT lnK

where:

• R = 8.314 JK−1mol−1 (Universal gas constant)

• T = 300K

• K = 10

2. Substituting the values into the equation:

∆G◦ = −8.314× 300× ln(10)

We know that ln(10) ≈ 2.303.
3. Therefore:

∆G◦ = −8.314× 300× 2.303
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∆G◦ = −8.314× 690.9 ≈ −5730 Jmol−1

Converting to kJmol−1:
∆G◦ = −5.73 kJmol−1

4. Expressing in the required format:

∆G◦ = −57× 10−1 kJmol−1

Conclusion: The value of ∆G◦ for the reaction is −57× 10−1 kJmol−1.

� Quick Tip

For reactions at equilibrium, the relation ∆G◦ = −RT lnK can quickly deter-
mine the Gibbs free energy change if the equilibrium constant K is known. Re-
member to convert units when necessary!

Q89. Consider the following redox reaction:

MnO−
4 +H+ +H2C2O4 ⇀↽ Mn2+ +H2O+ CO2

The standard reduction potentials are given as below (E◦
red):

E◦
MnO−

4 /Mn2+ = +1.51V

E◦
CO2/H2C2O4

= −0.49V

If the equilibrium constant of the above reaction is given as Keq = 10x, then the value of
x = (nearest integer).
Correct Answer: (338 or 339)

Solution

Step-by-step Calculation: 1. The overall cell potential E◦
cell for the redox reaction is

calculated as:
E◦
cell = E◦

cathode − E◦
anode

Here:

• E◦
cathode = +1.51V (Reduction potential for MnO−

4 )

• E◦
anode = −0.49V (Reduction potential for H2C2O4)

Therefore:
E◦
cell = 1.51− (−0.49) = 2.00V

2. The equilibrium constant Keq is related to the cell potential by the Nernst equation:

∆G◦ = −nFE◦
cell and ∆G◦ = −RT lnKeq

Equating the two expressions:

nFE◦
cell = RT lnKeq
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Rearranging to find Keq:

lnKeq =
nFE◦

cell

RT
Given:

• n = 5 (number of electrons transferred)

• F = 96500Cmol−1

• R = 8.314 JK−1mol−1

• T = 298K

• E◦
cell = 2.00V

3. Substituting the values:

lnKeq =
5× 96500× 2.00

8.314× 298

lnKeq ≈ 778.19

Converting to base 10:

log10Keq =
lnKeq

ln 10
≈ 778.19

2.303
≈ 337.78

Rounding to the nearest integer:
x ≈ 338

Conclusion: The value of x is approximately 338 or 339.

� Quick Tip

For redox reactions involving standard reduction potentials, use the Nernst equa-
tion to relate cell potential to the equilibrium constant. Be careful with unit con-
versions and rounding.

Q90. 10 mL of gaseous hydrocarbon on combustion gives 40 mL of CO2(g) and 50 mL of
water vapour. Total number of carbon and hydrogen atoms in the hydrocarbon is .
Correct Answer: (14)

Solution

Let the formula of the hydrocarbon be CxHy. On complete combustion, the reaction can
be represented as:

CxHy +
(
x +

y

4

)
O2 → xCO2 +

y

2
H2O

Step-by-step Calculation: 1. According to the given data, 10 mL of hydrocarbon
produces 40 mL of CO2 and 50 mL of water vapour (H2O). - From the stoichiometry of
the reaction:

x× 10mL = 40mL =⇒ x = 4
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- Similarly, for water:
y

2
× 10mL = 50mL =⇒ y = 10

2. Therefore, the hydrocarbon is C4H10.
3. Total number of carbon and hydrogen atoms:

Total atoms = x+ y = 4 + 10 = 14

Conclusion: The total number of carbon and hydrogen atoms in the hydrocarbon is 14.

� Quick Tip

To find the composition of a hydrocarbon from combustion data, use the volume
ratios of CO2 and H2O produced to determine the number of carbon and hydro-
gen atoms.
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