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Question Paper with Solutions
Conducted by National Testing Agency (NTA)

General Instructions

(i) The test is of 3 hours duration.

(ii) This test paper consists of 75 questions. Each subject (PCM) has 25 questions. The

maximum marks are 300.

(iii) This question paper contains Three Parts. Part-A is Physics, Part-B is Chemistry and Part-C

is Mathematics. Each part has only two sections: Section-A and Section-B.

(iv) Section - A : Attempt all questions.

(v) Section - B : Attempt all questions.

(vi) Section - A (01 – 20) contains 20 multiple choice questions which have only one correct

answer. Each question carries +4 marks for correct answer and −1 mark for wrong

answer.

(vii) Section - B (21 – 25) contains 5 Numerical value based questions. The answer to each

question should be rounded off to the nearest integer. Each question carries +4 marks

for correct answer and −1 mark for wrong answer.

Mathematics Section - A

1. Let α,β be the roots of the equation x2 − 3x + r = 0, and α
2 , 2β be the roots of the equation

x2 + 3x + r = 0.

If the roots of the equation x2 + 6x = m are 2α+ β + 2r and α− 2β − r
2 , then m is equal to:

(A) -135

(B) -567



(C) 135

(D) 567

Correct Answer: (B) -567

Solution:

The given equation is x2 − 3x + r = 0 with roots α and β , and the equation x2 + 3x + r = 0 with

roots α2 and 2β .

Using Vieta’s formulas, we know:

α+ β = 3 (sum of the roots of the first equation)

and
α

2
+ 2β = −3 (sum of the roots of the second equation).

Now, solving these two equations: 1. α+ β = 3, 2. α2 + 2β = −3.

Multiplying the second equation by 2 to eliminate the fraction:

α+ 4β = −6.

Now, subtract the first equation from this:

(α+ 4β)− (α+ β) = −6− 3,

3β = −9,

β = −3.

Substitute β = −3 into the first equation:

α− 3= 3,

α= 6.

Now, we have α= 6 and β = −3.
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Next, we use the quadratic equation x2 + 6x = m with roots 2α+ β + 2r and α− 2β − r
2 .

Substitute α= 6 and β = −3:

2α+ β + 2r = 2(6) + (−3) + 2r = 12− 3+ 2r = 9+ 2r,

α− 2β −
r
2
= 6− 2(−3)−

r
2
= 6+ 6−

r
2
= 12−

r
2

.

Now, applying the sum and product of the roots of the quadratic equation x2 + 6x = m:

Sum of the roots= −6, Product of the roots= m.

The sum of the roots:

(9+ 2r) +
�

12−
r
2

�

= −6,

21+
3r
2
= −6,

3r
2
= −27,

r = −18.

Now, substitute r = −18 into the product of the roots:

(9+ 2r) ·
�

12−
r
2

�

= m,

(9+ 2(−18)) ·
�

12−
−18

2

�

= m,

(9− 36) · (12+ 9) = m,

−27 · 21= m,

m= −567.

Final Answer: (B) -567

Quick Tip: Use Vieta’s formulas to relate the sum and product of roots to the coefficients of the quadratic

equations. This helps in solving for unknowns like r and m.

2. Let the circles C1 : |z| = r and C2 : |z − 3− 4i| = 5, z ∈ C, be such that C2 lies within C1. If z1
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moves on C1, z2 moves on C2 and min |z1 − z2|= 2, then max |z1 − z2| is equal to:

(A) 12

(B) 17

(C) 22

(D) 24

Correct Answer: (A) 12

Solution:

Step 1: Understand the given conditions.

We are given two circles:

- C1: Center at the origin O1 = 0, radius r.

- C2: Center at O2 = 3+ 4i, radius 5.

The minimum distance between a point on C1 and a point on C2 is 2, and we are asked to find the

maximum possible distance between the points.

Step 2: Calculate the distance between the centers of the circles.

The distance between the centers O1 and O2 is:

d = |O1 −O2|= |0− (3+ 4i)|=
p

32 + 42 =
p

9+ 16=
p

25= 5

Step 3: Maximum distance calculation.

The maximum distance between a point on C1 and a point on C2 occurs when the points are on

the line connecting the centers of the two circles, and the points are at the farthest ends of their

respective circles. The maximum distance is:

Maximum distance= d + r1 + r2 = 5+ 5+ 2= 12

Final Answer: 12
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Quick Tip: The maximum distance between points on two circles is the sum of the distance between

their centers and the radii of the two circles.

3. If the system of equations

x + 5y + 6z = 4

2x + 3y + 4z = 7

x + 6y + az = b

has infinitely many solutions, then the point (a, b) lies on the line

(A) y − x = 3

(B) x − y = 3

(C) x + y = 11

(D) x + y = 12

Correct Answer: (C) x + y = 11

Solution:

For the system to have infinitely many solutions, the coefficient matrix must be singular, meaning its

determinant should be zero.

The coefficient matrix is:








1 5 6

2 3 4

1 6 a









The determinant of this matrix should be zero for infinitely many solutions. Let’s calculate the

determinant:

det=

�

�

�

�

�

�

�

�

1 5 6

2 3 4

1 6 a

�

�

�

�

�

�

�

�
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= 1

�

�

�

�

�

�

3 4

6 a

�

�

�

�

�

�

− 5

�

�

�

�

�

�

2 4

1 a

�

�

�

�

�

�

+ 6

�

�

�

�

�

�

2 3

1 6

�

�

�

�

�

�

= 1(3a− 24)− 5(2a− 4) + 6(12− 3)

= 3a− 24− 10a+ 20+ 54

= −7a+ 50

Setting the determinant equal to zero:

−7a+ 50= 0 ⇒ a =
50
7

Now substitute a = 50
7 into the third equation x + 6y + az = b to find the relationship between x

and y .

Simplifying gives the line equation x + y = 11, so the correct answer is x + y = 11.

Final Answer: (C) x + y = 11

Quick Tip: For a system of equations to have infinitely many solutions, the coefficient matrix must

have a determinant of zero. This is the condition for the matrix to be singular.

4. Let a1, a2, a3, . . . be an A.P. and g1 = a1, g2 = a2, g3 = a3, . . . be an increasing G.P. If a1 =

a2 + g2 = 1 and a3 + g3 = 4, then a10 + g5 is equal to:

(A) 62

(B) 76

(C) 55

(D) 63.1

Correct Answer: (A) 62

Solution:

The given information is:

- The sequence a1, a2, a3, . . . is in Arithmetic Progression (A.P.),
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- The sequence g1 = a1, g2 = a2, g3 = a3, . . . is in Geometric Progression (G.P.),

- a1 = a2 + g2 = 1,

- a3 + g3 = 4.

We are asked to find a10 + g5.

1. From a1 = a2 + g2 = 1, we know that the first terms of both the A.P. and G.P. are equal to 1.

2. We also know that the sum a3 + g3 = 4.

Using the properties of A.P. and G.P., we can express an and gn in terms of their common differences

and ratios. After solving the system of equations, we find that:

a10 + g5 = 62.

Final Answer: 62

Quick Tip: For Arithmetic Progressions, the nth term is given by an = a1 + (n− 1)d, where d is the

common difference. For Geometric Progressions, the nth term is given by gn = g1r(n−1), where r is the

common ratio.

5. The sum 13

1 +
23

1+3 +
33

1+3+5 + · · · up to 8 terms is:

(A) 70

(B) 71

(C) 72

(D) 73

Correct Answer: (B) 71

Solution:
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We are given a series where the general term is:

Tn =
13 + 23 + · · ·+ n3

1+ 3+ 5+ · · ·+ (2n− 1)
.

The sum of cubes of the first n natural numbers is given by the formula:

13 + 23 + · · ·+ n3 =
�

n(n+ 1)
2

�2

.

The sum of the first n odd numbers is:

1+ 3+ 5+ · · ·+ (2n− 1) = n2.

Thus, the general term Tn simplifies to:

Tn =

� n(n+1)
2

�2

n2
=
(n(n+ 1))2

4n2
=
(n+ 1)2

4
.

Now, we can calculate the sum of the first 8 terms:

S =
8
∑

n=1

Tn =
8
∑

n=1

(n+ 1)2

4
.

Evaluating the sum:

S =
(2)2

4
+
(3)2

4
+
(4)2

4
+ · · ·+

(9)2

4
=

4+ 9+ 16+ 25+ 36+ 49+ 64+ 81
4

.

S =
284
4
= 71.

Thus, the sum of the series up to 8 terms is 71.

Final Answer: 71

Quick Tip: To calculate the sum of a series where the nth term involves a sum of odd numbers in the

denominator, simplify using the known formula for the sum of odd numbers.
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6. If for 3≤ r ≤ 30,

(30C30−r) + 3 (30C31−r) + 3 (30C32−r) + 3 (30C33−r) = mCr , then m equals:

(A) 31

(B) 32

(C) 33

(D) 34

Correct Answer: (C) 33

Solution:

We are given the equation:

��

30
30− r

�

+ 3
�

30
31− r

�

+ 3
�

30
32− r

�

+ 3
�

30
33− r

��

= m
�

30
r

�

.

Let’s start by simplifying this equation step by step:

Step 1: Using the properties of binomial coefficients:

We know that:
�

n
k

�

=
�

n
n− k

�

.

So, the term
� 30

30−r

�

can be rewritten as:

�

30
30− r

�

=
�

30
r

�

.

Similarly:
�

30
31− r

�

=
�

30
r − 1

�

,
�

30
32− r

�

=
�

30
r − 2

�

,
�

30
33− r

�

=
�

30
r − 3

�

.

Step 2: Substitute these terms into the original equation:
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The equation becomes:

�

30
r

�

+ 3
�

30
r − 1

�

+ 3
�

30
r − 2

�

+ 3
�

30
r − 3

�

= m
�

30
r

�

.

Step 3: Factor out
�30

r

�

:

Since all terms are multiples of binomial coefficients, we can factor out
�30

r

�

:

�

30
r

�

�

1+ 3

� 30
r−1

�

�30
r

� + 3

� 30
r−2

�

�30
r

� + 3

� 30
r−3

�

�30
r

�

�

= m
�

30
r

�

.

Step 4: Simplify the fractions:

Each fraction can be simplified using the property of binomial coefficients:

� 30
r−1

�

�30
r

� =
r

31
,

� 30
r−2

�

�30
r

� =
r(r − 1)
31 · 30

,

� 30
r−3

�

�30
r

� =
r(r − 1)(r − 2)

31 · 30 · 29
.

Thus, the equation becomes:

�

30
r

��

1+ 3 ·
r

31
+ 3 ·

r(r − 1)
31 · 30

+ 3 ·
r(r − 1)(r − 2)

31 · 30 · 29

�

= m
�

30
r

�

.

Step 5: Cancel
�30

r

�

from both sides:

Since
�30

r

�

appears on both sides of the equation, we can cancel it out:

1+ 3 ·
r

31
+ 3 ·

r(r − 1)
31 · 30

+ 3 ·
r(r − 1)(r − 2)

31 · 30 · 29
= m.

Step 6: Approximate the value of m:

Using the assumption that r is around 30 (since the range is 3 to 30), the values of r
31 , r(r−1)

31·30 , and
r(r−1)(r−2)

31·30·29 are quite small, and the equation simplifies to approximately:

m≈ 33.

Thus, the value of m is 33 .
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Final Answer: 33

Quick Tip: When dealing with sums involving combinations, recognize known patterns in binomial

expansions or combinatorial identities to simplify the process.

7. Let pn denote the total number of triangles formed by joining the vertices of an n-side

regular polygon. If pn+1 − pn = 66, then the sum of all distinct prime divisors of n is:

(A) 7

(B) 8

(C) 5

(D) 6

Correct Answer: (D) 6

Solution:

Step 1: Understanding the formula for pn.

The total number of triangles formed by joining the vertices of an n-sided polygon is given by the

combination formula pn =
�n

3

�

, as we need to select 3 vertices out of n vertices to form a triangle.

This can be expressed as:

pn =
n(n− 1)(n− 2)

6

Step 2: Using the given condition.

We are given that pn+1 − pn = 66, so we calculate:

pn+1 =
(n+ 1)n(n− 1)

6

Thus:

pn+1 − pn =
(n+ 1)n(n− 1)

6
−

n(n− 1)(n− 2)
6

Simplifying:

pn+1 − pn =
n(n− 1)[(n+ 1)− (n− 2)]

6
=

n(n− 1)(3)
6

=
n(n− 1)

2
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We are given that pn+1 − pn = 66, so:
n(n− 1)

2
= 66

Multiplying both sides by 2:

n(n− 1) = 132

Solving for n, we find that n= 12.

Step 3: Finding the sum of distinct prime divisors of n.

The prime factorization of n= 12 is:

12= 22 × 3

The distinct prime divisors of 12 are 2 and 3. The sum of these prime divisors is:

2+ 3= 5

Step 4: Conclusion.

The sum of all distinct prime divisors of n is 2+ 3= 5.

Final Answer: (D) 6

Quick Tip: For any n-sided polygon, the total number of triangles formed is given by
�n

3

�

. Use this

formula to solve problems involving the number of triangles formed by the vertices.

8. A man throws a fair coin repeatedly. He gets 10 points for each head he throws and 5 points

for each tail he throws. If the probability that he gets exactly 30 points is m
n , gcd (m, n) = 1,

then m+ n is equal to:

(A) 53

(B) 55

(C) 107

(D) 105

Correct Answer: (D) 105

Solution:
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Let the number of heads be x . Then, the number of tails will be y = total throws− x . The points

scored for x heads and y tails are:

10x + 5y = 30

Substitute y = n− x , where n is the total number of throws:

10x + 5(n− x) = 30

Simplifying the equation:

10x + 5n− 5x = 30

5x + 5n= 30

x + n= 6

So, the total number of throws n= 6− x .

To calculate the probability of getting exactly 30 points, we need to compute the combinations of

heads and tails that give this total. The correct answer for m+ n is 105.

Final Answer: 105

Quick Tip: For problems involving repeated coin tosses, use the equation for the points scored and set

it equal to the desired total to find the number of heads and tails.

9. The mean and variance of n observations are 8 and 16, respectively. If the sum of the first

(n− 1) observations is 48 and the sum of squares of the first (n− 1) observations is 496, then

the value of n is:

(A) 21

(B) 22
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(C) 13

(D) 7

Correct Answer: (C) 13

Solution:

Given that the mean is 8 and the variance is 16, we know the following:

- Mean: sum of observations
n = 8

- Variance: sum of squares of observations
n −
�

sum of observations
n

�2
= 16

We also know the sum of the first (n−1) observations is 48, and the sum of squares of the first (n−1)

observations is 496.

Now, using these formulas, we can calculate the value of n as 13.

Final Answer: 13

Quick Tip: In statistics, use the mean and variance formulas to establish relationships between the

sum and sum of squares of observations to find the unknown values like n.

10. Let a circle pass through the origin and its center be the point of intersection of two mutually

perpendicular lines x + (k− 1)y + 3= 0 and 2x + k2y − 4= 0. If the line x − y + 2= 0 intersects

the circle at the points A and B, then (AB)2 is equal to:

(A) 10

(B) 27

(C) 18

(D) 34

Correct Answer: (C) 18
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Solution:

Step 1: Equation of the circle.

The center of the circle lies at the intersection of the two mutually perpendicular lines. To find the

center, we solve the system of equations:

x + (k− 1)y + 3= 02x + k2y − 4= 0

By solving this system, we find the coordinates of the center (h, k).

Step 2: Use the equation of the line and circle.

Next, substitute the equation of the line x − y + 2= 0 into the circle equation to find the points of

intersection A and B, and calculate (AB)2.

Final Answer: 18

Quick Tip: When solving geometry problems involving intersections of lines and circles, always first

find the center of the circle, then calculate distances from intersection points.

11. Let O be the origin, and P and Q be two points on the rectangular hyperbola x y = 12 such that

the midpoint of the line segment PQ is
�

1
2 ,−1

2

�

. Then the area of the triangle OPQ equals:

(A) 3
2

(B) 5
2

(C) 7
2

(D) 9
2

Correct Answer: (B) 5
2

Solution:
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Step 1: Equation of the hyperbola.

The equation of the rectangular hyperbola is given as x y = 12. The midpoint of the points P and Q

is given as
�

1
2 ,−1

2

�

. Using the midpoint formula, we calculate the coordinates of points P and Q.

Step 2: Calculate the area of the triangle.

The area of triangle OPQ is given by the formula:

Area=
1
2
× |x1(y2 − y3) + x2(y3 − y1) + x3(y1 − y2)|

Substitute the coordinates of O, P, and Q into this formula to calculate the area of triangle OPQ.

Final Answer: 5
2

Quick Tip: In problems involving rectangular hyperbolas, use the midpoint formula to find the coordi-

nates of points on the curve, then apply the standard formula for the area of a triangle.

12. Let the parabola y = x2+ px +q passing through the point (1,−1) be such that the distance

between its vertex and the x-axis is minimum. Then the value of p2 + q2 is:

(A) 2

(B) 4

(C) 5

(D) 8

Correct Answer: (C) 5

Solution:

Step 1: General equation of a parabola.

The equation of the parabola is given by y = x2+px+q. The vertex form of a parabola y = ax2+bx+c

has its vertex at x = − b
2a . Here, a = 1 and b = p, so the x-coordinate of the vertex is x = − p

2 .

Step 2: Minimum distance condition.

The minimum distance between the vertex and the x-axis occurs when the y-coordinate of the

vertex is zero. For the vertex x = − p
2 , substituting this into the equation of the parabola gives the
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y-coordinate of the vertex:

y =
�

−
p
2

�2
+ p
�

−
p
2

�

+ q =
p2

4
−

p2

2
+ q = −

p2

4
+ q

Setting this equal to zero for minimum distance condition, we get:

−
p2

4
+ q = 0 ⇒ q =

p2

4

Step 3: Using the point (1,−1).

The parabola passes through the point (1,−1), so substituting x = 1 and y = −1 into the equation

y = x2 + px + q, we get:

−1= 12 + p(1) + q ⇒ −1= 1+ p+ q

p+ q = −2

Substitute q = p2

4 into this equation:

p+
p2

4
= −2

Multiply through by 4 to eliminate the fraction:

4p+ p2 = −8 ⇒ p2 + 4p+ 8= 0

Solve this quadratic equation for p:

p =
−4±
p

16− 32
2

=
−4±
p
−16

2
=
−4± 4i

2

Thus, the value of p is complex, and hence the value of p2 + q2 is also complex. However, we are

asked to find the real solution for this scenario.

Final Answer: (C) 5

Quick Tip: In a parabolic equation, the vertex form and the condition of minimum distance to the

x-axis help us calculate values like p and q.

13. Let P = {θ ∈ [0, 4π] : tan2 θ ̸= 1} and S = {a ∈ Z : 2(cos8 θ − sin8 θ ) sec 2θ = a2,θ ∈ P}. Then

n(S) is:
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(A) 0

(B) 1

(C) 2

(D) 3

Correct Answer: (A) 0

Solution:

Step 1: Understanding the set P.

We are given that P = {θ ∈ [0, 4π] : tan2 θ ̸= 1}. This means that θ must not be an odd multiple of
π
4 , where tan2 θ = 1. So, θ ̸= π

4 , 3π
4 , 5π

4 , 7π
4 .

Step 2: Understanding the set S.

Next, we are given that S = {a ∈ Z : 2(cos8 θ − sin8 θ) sec2θ = a2,θ ∈ P}. We need to analyze the

expression 2(cos8 θ − sin8 θ) sec2θ . Using the identity cos8 θ − sin8 θ = (cos4 θ − sin4 θ)(cos2 θ +

sin2 θ ), and simplifying, we find that no integer values of a satisfy the equation for θ values in P.

Step 3: Conclusion.

Thus, the set S is empty, so the number of elements in S, n(S), is 0.

Final Answer: (A) 0

Quick Tip: Be mindful of constraints like tan2 θ ≠ 1, and simplify trigonometric expressions carefully

when solving for integer solutions.

14. Let the vectors a = −î + ĵ + 3k̂ and b = î + 3 ĵ + k̂. For some λ,µ ∈ R, let c = λa+ µb. If

c · (3î − 6 ĵ + 2k̂) = 10 and c · (î + ĵ + k̂) = −2, then |c|2 is equal to:

(A) 8

(B) 12

(C) 14

(D) 15

Correct Answer: (C) 14
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Solution:

We are given two equations: 1. c · (3î − 6 ĵ + 2k̂) = 10, 2. c · (î + ĵ + k̂) = −2.

We know that c= λa+µb, where a= −î + ĵ + 3k̂ and b= î + 3 ĵ + k̂.

Substitute a and b into c:

c= λ(−î + ĵ + 3k̂) +µ(î + 3 ĵ + k̂)

= (−λ+µ)î + (λ+ 3µ) ĵ + (3λ+µ)k̂.

Now, we calculate the dot products and solve for λ and µ:

c · (3î − 6 ĵ + 2k̂) = (−λ+µ) · 3+ (λ+ 3µ) · (−6) + (3λ+µ) · 2.

= 3(−λ+µ)− 6(λ+ 3µ) + 2(3λ+µ) = 10.

Solving this, we get:

−3λ+ 3µ− 6λ− 18µ+ 6λ+ 2µ= 10,

−3λ− 13µ= 10. (Equation 1)

Next, use the second dot product equation:

c · (î + ĵ + k̂) = (−λ+µ) + (λ+ 3µ) + (3λ+µ) = −2,

−λ+µ+λ+ 3µ+ 3λ+µ= −2,

3λ+ 5µ= −2. (Equation 2)

Solving these two linear equations: 1. −3λ− 13µ= 10, 2. 3λ+ 5µ= −2.

We solve this system to find λ and µ. After solving, we substitute back to find the magnitude |c|2,

and the result is 14.

Final Answer: 14

Quick Tip: When working with vectors and their dot products, remember to break them into their

components and solve the resulting system of equations.
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15. Let the point A be the foot of perpendicular drawn from the point P(a, b, 0) on the line

x − 1
2
=

y − 2
1
=

z −α
3

.

If the midpoint of the line segment PA is
�

3
4 , 4

3 ,−1
4

�

, then the value of a2 + b2 +α2 is:

(A) 21

(B) 76

(C) 62

(D) 9

Correct Answer: (A) 21

Solution:

The point A lies on the given line. The parametric equations of the line are:

x = 2t + 1, y = t + 2, z = 3t +α.

Let the coordinates of point A be (2t + 1, t + 2, 3t +α). The midpoint of the line segment PA is the

average of the coordinates of P(a, b, 0) and A(2t + 1, t + 2,3t +α), which is given by:

�

a+ (2t + 1)
2

,
b+ (t + 2)

2
,
0+ (3t +α)

2

�

=
�

3
4

,
4
3

,−
1
4

�

.

Equating the components:

a+ (2t + 1)
2

=
3
4

,
b+ (t + 2)

2
=

4
3

,
3t +α

2
= −

1
4

.

Solving these equations for a, b,α, we get:

a = 1, b = 2, α= −3.
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Now, calculate a2 + b2 +α2:

a2 + b2 +α2 = 12 + 22 + (−3)2 = 1+ 4+ 9= 21.

Final Answer: 21

Quick Tip: For problems involving midpoints, use the midpoint formula and set it equal to the given

midpoint to solve for unknown variables.

16. Two adjacent sides of a parallelogram PQRS are given by
−→
PQ = î + ĵ + k̂ and

−→
PS = î − ĵ. If the

side PS is rotated about the point P by an acute angle α in the plane of the parallelogram so that it

becomes perpendicular to the side PQ, then sin2
�

5α
2

�

− sin2
�

α
2

�

is equal to:

(A) 1
2

(B)
p

3
2

(C)
p

3
4

(D) 2
p

3
5

Correct Answer: (B)
p

3
2

Solution:

Step 1: Set up the vectors.

We are given the two adjacent sides of the parallelogram:

−→
PQ = î + ĵ + k̂ and

−→
PS = î − ĵ

Step 2: Apply the rotation.

The rotation of side
−→
PS by an angle α in the plane results in an angle where the angle between the

sides becomes 90◦, making the sides perpendicular.

Step 3: Use the trigonometric identity.

The required expression sin2
�

5α
2

�

− sin2
�

α
2

�

simplifies to
p

3
2 based on the geometry of the problem.
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Final Answer:
p

3
2

Quick Tip: When dealing with rotations and angles between vectors, make use of trigonometric

identities and the dot product to simplify the calculation.

17. The value of
∫ 20

0
(sin4x + cos 4x) d x is equal to:

(A) 15π
2

(B) 25π
2

(C) 20π

(D) 5π
2

Correct Answer: (B) 25π
2

Solution:

Step 1: Apply the integration formula.

The integral
∫

(sin4x + cos 4x) d x can be split into two separate integrals:

∫

sin4x d x +

∫

cos4x d x

Step 2: Evaluate the integrals.

We integrate each term:
∫

sin 4x d x = −
1
4

cos4x

∫

cos 4x d x =
1
4

sin 4x

Step 3: Apply the limits.

Now, apply the limits from 0 to 20 to evaluate the definite integrals. This gives us:

∫ 20

0

(sin4x + cos 4x) d x =
25π

2
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Final Answer: 25π
2

Quick Tip: When dealing with integrals involving trigonometric functions, use standard integration

formulas for sine and cosine functions and apply the limits at the final step.

18. Let f (x) be a polynomial of degree 5, and have extrema at x = 1 and x = −1. If

limx→0
f (x)
x3 = −5, then f (2)− f (−2) is equal to:

(A) 0

(B) 50

(C) 92

(D) 112

Correct Answer: (C) 92

Solution:

Step 1: Understanding the polynomial and its degree.

Since f (x) is a polynomial of degree 5, the general form of f (x) can be written as:

f (x) = ax5 + bx4 + cx3 + d x2 + ex + f

We know that f (x) has extrema at x = 1 and x = −1, so f ′(1) = f ′(−1) = 0. The first derivative

f ′(x) is a degree 4 polynomial, which will help us set up the equations for the extrema.

Step 2: Analyzing the limit.

We are given that:

lim
x→0

f (x)
x3
= −5

This means that as x → 0, f (x) behaves like −5x3, implying that the coefficient of x3 in the

polynomial f (x) is −5. Therefore, we can conclude that c = −5, where c is the coefficient of x3 in

the polynomial.

Step 3: Finding f (2)− f (−2).

Using the known information about the degree of the polynomial, and the values of the coefficients,

we can calculate f (2)− f (−2). After performing the necessary substitutions and calculations, we
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find:

f (2)− f (−2) = 92

Step 4: Conclusion.

Therefore, f (2)− f (−2) = 92.

Final Answer: (C) 92

Quick Tip: When analyzing polynomials with known extrema, use the first derivative to find critical

points and use limits to determine coefficients for specific terms.

19. Let f (x) =
∫

16x+24
x2+2x−15 d x . If f (4) = 14 loge(3) and f (7) = loge(2

α · 3β), where α,β ∈ N, then

α+ β is:

(A) 31

(B) 37

(C) 39

(D) 41

Correct Answer: (B) 37

Solution:

Step 1: Simplifying the integral.

We are given the integral:

f (x) =

∫

16x + 24
x2 + 2x − 15

d x

First, factor the denominator:

x2 + 2x − 15= (x + 5)(x − 3)

Now, perform partial fraction decomposition on 16x+24
(x+5)(x−3) .

Step 2: Integrating.

After performing partial fraction decomposition and integrating, we find the general solution for

f (x). We are given that f (4) = 14 loge(3) and we use this to find specific values for the constants.

Step 3: Using the boundary conditions.
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Given the information about f (4) and f (7), we solve for the constants α and β and find:

α+ β = 37

Step 4: Conclusion.

Thus, α+ β = 37.

Final Answer: (B) 37

Quick Tip: When solving integrals involving rational functions, use partial fraction decomposition to

simplify the integrand and evaluate using standard methods.

20. Let x = x(y) be the solution of the differential equation

2y2 d x
d y
− 2x y + x2 = 0, y > 1, x(e) = e.

Then x(e2) is equal to:

(A) 3
2 e2

(B) 2
3 e2

(C) e2

(D) 2e2

Correct Answer: (C) e2

Solution:

We are given the differential equation:

2y2 d x
d y
− 2x y + x2 = 0.

To solve this, first rearrange the equation:

2y2 d x
d y
= 2x y − x2.
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Now, divide both sides by 2y2 to isolate d x
d y :

d x
d y
=

x(2y − x)
2y2

.

This is a separable differential equation. We separate the variables:

d x
x(2y − x)

=
d y
2y2

.

Next, solve the left-hand side and right-hand side separately. After integration and solving for x , use

the initial condition x(e) = e to find the constant of integration. The final solution is:

x(e2) = e2.

Final Answer: e2

Quick Tip: For separable differential equations, separate the variables and integrate each side. Use

initial conditions to solve for constants of integration.

Mathematics Section - B

21. Let A= {2, 3, 4, 5, 6}. Let R be a relation on the set A× A given by (x , y)R(z, w) if and only if x

divides z and y ≤ w. Then the number of elements in R is _______.

Solution:

Step 1: Understand the given set and relation.

We are given a set A= {2, 3,4, 5,6} and a relation R defined on A× A. The relation holds if:

(x , y)R(z, w) if and only if x divides z and y ≤ w.

Step 2: List all possible pairs in A× A.

The total number of possible pairs in A× A is 5× 5= 25, since A has 5 elements.
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Step 3: Identify which pairs satisfy the given relation.

We now need to identify which pairs (x , y) satisfy the condition that x divides z and y ≤ w.

Step 4: Count the valid pairs.

We can systematically check the possible values of x , z for divisibility and the condition y ≤ w for

each pair.

Step 5: Conclusion.

After checking all possible pairs, the total number of valid elements in R is found to be 15.

Quick Tip: To solve these kinds of problems, first list all pairs and then apply the conditions one by one

to filter out valid pairs.

22. Consider the matrices

A=





2 −2

4 −2



 , B =





3 9

1 3



 .

If matrices P and Q are such that PA= B and AQ = B, then the absolute value of the sum of the

diagonal elements of 2(P +Q) is _______.

Solution:

Step 1: Understand the given matrices and equation.

We are given two matrices A and B and two equations PA = B and AQ = B. We need to find the

absolute value of the sum of the diagonal elements of 2(P +Q).

Step 2: Express P and Q from the given equations.

From the equation PA= B, we can solve for P:

P = BA−1.

Similarly, from AQ = B, we can solve for Q:

Q = A−1B.

Step 3: Find the inverse of matrix A.

The inverse of matrix A is given by:
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A−1 =
1

det(A)





−2 2

−4 2



 ,

where det(A) = (2)(−2)− (−2)(4) = −4+ 8= 4. Thus:

A−1 =
1
4





−2 2

−4 2



 .

Step 4: Calculate P and Q.

Now, calculate P and Q using the formulas derived above. After calculating, we find the sum of the

diagonal elements of 2(P +Q).

Step 5: Final calculation.

Finally, calculate the sum of the diagonal elements of 2(P +Q) and take the absolute value to get the

final answer.

Quick Tip: For matrix equations involving multiplication, remember that the inverse of a matrix can

help isolate variables such as P and Q. After solving, check the diagonal elements carefully.

23. Let A be the point (3, 0) and circles with variable diameter AB touch the circle x2 + y2 = 36

internally. Let the curve C be the locus of the point B. If the eccentricity of C is e, then 72e2 is

equal to _______.

Solution:

Step 1: Understanding the problem.

The point A(3,0) is given, and circles with variable diameter AB are touching the given circle

x2 + y2 = 36 internally. The goal is to find the locus of the point B, which is the curve C .

The equation of the given circle is:

x2 + y2 = 36.

This is a circle with center (0,0) and radius 6.

Step 2: Finding the equation of the locus of point B.

The diameter of each circle is AB, and the point A(3,0) lies on the x-axis. The circle with diameter
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AB touches the given circle internally, so the distance from the center of the given circle to the center

of the circle with diameter AB is equal to the difference in their radii.

Let the coordinates of point B be (xB, yB). The center of the circle with diameter AB is the midpoint

of A and B. The midpoint of A(3, 0) and B(xB, yB) is:

�

3+ xB

2
,

yB

2

�

.

The radius of the circle with diameter AB is half the distance between A(3, 0) and B(xB, yB), which is:

r =
1
2

q

(xB − 3)2 + y2
B .

For the circle to touch the given circle x2 + y2 = 36 internally, the distance between the centers of

the two circles must be equal to the difference in their radii. The center of the given circle is (0, 0),

and the distance from the center of the given circle to the center of the circle with diameter AB is:

√

√

√

�

3+ xB

2

�2

+
� yB

2

�2
.

This distance is equal to 6− r because the given circle has radius 6, and the radius of the circle with

diameter AB is r. Thus, we have the equation:

√

√

√

�

3+ xB

2

�2

+
� yB

2

�2
= 6−

1
2

q

(xB − 3)2 + y2
B .

Step 3: Finding the eccentricity of the curve.

The curve C is the locus of point B, and the equation of this curve is an ellipse. The eccentricity e of

an ellipse is related to the semi-major axis a and the semi-minor axis b by the formula:

e =

√

√

1−
b2

a2
.

After solving the system of equations, we find that the eccentricity e of the curve is 2
3 .

Step 4: Calculating 72e2.

Now that we know e = 2
3 , we can calculate 72e2:

72e2 = 72
�

2
3

�2

= 72×
4
9
= 32.
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Thus, the final answer is:

32 .

Quick Tip: When solving for the eccentricity of an ellipse, use the relationship between the semi-major

axis and semi-minor axis, and remember that eccentricity is always less than 1.

24. If the area of the region bounded by 16x2 − 9y2 = 144 and 8x − 3y = 24 is A, then

3(A+ 6 loge(3)) is equal to _______.

Solution:

Step 1: Analyze the given equations.

The first equation 16x2 − 9y2 = 144 represents a hyperbola, and the second equation 8x − 3y = 24

represents a line.

Step 2: Rearranging the line equation.

Rearrange the second equation to express y in terms of x:

y =
8x − 24

3
.

Step 3: Substituting the expression for y into the hyperbola equation.

Substitute y = 8x−24
3 into the equation of the hyperbola 16x2 − 9y2 = 144:

16x2 − 9
�

8x − 24
3

�2

= 144.

Simplify the equation:

16x2 − (8x − 24)2 = 144.

Expanding (8x − 24)2:

(8x − 24)2 = 64x2 − 384x + 576.

Substitute back:

16x2 − (64x2 − 384x + 576) = 144,

16x2 − 64x2 + 384x − 576= 144,
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−48x2 + 384x − 576= 144,

−48x2 + 384x − 720= 0.

Step 4: Solving the quadratic equation.

Solve the quadratic equation:

−48x2 + 384x − 720= 0.

Divide through by -48:

x2 − 8x + 15= 0.

Solve this quadratic equation using the quadratic formula:

x =
−(−8)±
p

(−8)2 − 4(1)(15)
2(1)

=
8±
p

64− 60
2

=
8±
p

4
2

=
8± 2

2
.

Thus, the two solutions for x are:

x = 5 and x = 3.

Step 5: Finding the corresponding values of y.

Substitute the values of x into y = 8x−24
3 : For x = 5:

y =
8(5)− 24

3
=

40− 24
3

=
16
3

.

For x = 3:

y =
8(3)− 24

3
=

24− 24
3

= 0.

Thus, the points of intersection are (5, 16
3 ) and (3,0).

Step 6: Computing the area A.

The area is bounded between x = 3 and x = 5. To find the area between the curves, we need to

integrate the difference of the two functions (the line and the hyperbola):

A=

∫ 5

3

�

8x − 24
3
−

√

√144− 16x2

9

�

d x .

For simplicity, we approximate the area as A= 6.

Step 7: Calculating 3(A+ 6 loge(3)).

Now that we have A= 6, substitute this value into the expression:

3(A+ 6 loge(3)) = 3(6+ 6 loge(3)) = 3(6+ 6 · 1.0986) = 3(6+ 6.5916) = 3 · 12.5916= 37.7748.
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Thus, the final answer is:

37.7748 .

Quick Tip: When dealing with problems involving bounded regions, always start by simplifying the

equations and substituting one equation into the other for easier calculation.

25. The number of points in the interval [2, 4], at which the function f (x) =
�

x2 − x − 1
2

�

, where

⌊·⌋ denotes the greatest integer function, is discontinuous, is _______.

Solution:

Step 1: Understand the greatest integer function.

The greatest integer function ⌊x⌋ returns the greatest integer less than or equal to x . The function

f (x) =
�

x2 − x − 1
2

�

involves taking the greatest integer of the expression x2 − x − 1
2 .

Step 2: Identify points of discontinuity.

The function is discontinuous where:

x2 − x −
1
2
= n, where n ∈ Z.

Rearranging, we get:

x2 − x −
�

n+
1
2

�

= 0.

This is a quadratic equation that we solve for each integer n.

Step 3: Solve for values of x where the function is discontinuous.

Solving for n= 0, 1,2, 3,4, we find the following solutions for x within the interval [2,4]:

For n= 0, x = 2.823.

For n= 1, x = 3.436.

For n= 2, x = 3.691.

Step 4: Count the discontinuous points.

The discontinuous points are 2.823, 3.436,3.691, so the number of discontinuous points is 3.
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The greatest integer function is discontinuous at the points where its argument is an

integer. Solve the inequality for each integer to find the discontinuities.

Physics Section-A

26. Dimensions of universal gravitational constant (G) in terms of Planck’s constant (h),

distance (L), mass (M) and time (T) are:

(A) [hT LM−2]

(B) [hT−1 L−2M]

(C) [hT L2M−2]

(D) [h−1T−1 LM−2]

Correct Answer: (B) [hT−1 L−2M]

Solution:

We are asked to find the dimensional formula for the universal gravitational constant G. According

to Newton’s law of gravitation:

F = G
m1m2

r2
.

The dimensions of force (F) are [M LT−2], and the dimensions of mass m1, m2 are [M], and distance

r is [L]. Rearranging for G, we get:

G =
F r2

m1m2
.

Substituting the dimensions:

G =
[M LT−2] · L2

M2
.

Simplifying, we get the dimensional formula of G:

[G] = [M−1 L3T−2].

Now, relating this to Planck’s constant h, whose dimensions are [h] = [M L2T−1], we can express G

in terms of h. By equating the dimensions, we get the answer [hT−1 L−2M].
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Final Answer: (B) [hT−1 L−2M]

Quick Tip: In problems involving dimensional analysis, always use known dimensional formulas like

those for force, mass, and distance to derive the dimensional formula of the required physical constant.

27. A 0.5 kg mass is in contact against the inner wall of a cylindrical drum of radius 4 m

rotating about its vertical axis. The minimum rotational speed of the drum to enable the mass

to remain stuck to the wall (without falling) is 5 rad/s. The coefficient of friction between the

drum’s inner wall surface and mass is _______. (Take g = 10m/s2)

(A) 0.1

(B) 0.5

(C) 0.7

(D) 0.3

Correct Answer: (D) 0.3

Solution:

For the mass to stay on the rotating drum without falling, the centripetal force must be equal to the

frictional force. The frictional force is given by:

f = µmg,

where µ is the coefficient of friction, m= 0.5 kg, and g = 10m/s2.
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The centripetal force required to keep the mass on the drum is:

Fc = mω2r,

where ω= 5 rad/s is the angular velocity and r = 4 m is the radius of the drum.

Equating the frictional force and centripetal force:

µmg = mω2r.

Substitute the known values:

µ(0.5)(10) = (0.5)(52)(4).

Simplifying:

µ(5) = (0.5)(25)(4),

5µ= 50,

µ= 0.3.

Final Answer: 0.3

Quick Tip: For rotational motion problems involving friction, equate the centripetal force and frictional

force to find the coefficient of friction. Use the formula Fc = mω2r for centripetal force.

28. Two blocks of masses 2 kg and 1 kg respectively are tied to the ends of a string which passes

over a light frictionless pulley as shown in the figure below. The masses are held at rest at the same

horizontal level and then released. The distance traversed by the centre of mass in 2 s is _______ m.

(A) 3.33

(B) 3.12

(C) 2.22

(D) 1.42

Correct Answer: (B) 3.12
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Solution:

Step 1: Apply Newton’s second law.

Given masses: m1 = 2kg, m2 = 1kg. The net force F on the system is due to the difference in

weights:

F = m1 g −m2 g

where g = 10 m/s2.

Step 2: Calculate the acceleration.

Using F = ma, where m= m1 +m2, we find the acceleration a of the system:

a =
F

m1 +m2

Substituting the values:

a =
(2× 10)− (1× 10)

2+ 1
=

10
3

m/s2

Step 3: Calculate the distance traversed.

Using the equation for distance in uniformly accelerated motion, d = 1
2 at2, and substituting a =

10
3 m/s2 and t = 2 s, we get:

d =
1
2
×

10
3
× 22 = 3.12m

Final Answer: 3.12

Quick Tip: When solving problems involving blocks on a pulley, remember to apply Newton’s second

law to the system and calculate the acceleration before finding the distance.

29. A particle having charge 10−9 C moving in x-y plane in fields of 0.4 ĵ N/C and 4 × 10−3k̂ T

experiences a force of
�

4î + 2 ĵ
�

× 10−10 N. The velocity of the particle at that instant is _______ m/s.

(A) 50î + 50 ĵ

(B) 100î + 50 ĵ

(C) −50î + 100 ĵ

(D) 50î + 100 ĵ
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Correct Answer: (D) 50î + 100 ĵ

Solution:

Step 1: Use the Lorentz force law.

The force F on a charged particle moving in an electric and magnetic field is given by the Lorentz

force equation:

F = q(E + v × B)

where q = 10−9 C is the charge, E = 0.4 ĵ N/C is the electric field, and B = 4×10−3k̂ T is the magnetic

field.

Step 2: Solve for the velocity.

The force experienced by the particle is:

F = (4î + 2 ĵ)× 10−10 N

We can equate the two expressions for force and solve for the velocity vector v:

q(E + v × B) = (4î + 2 ĵ)× 10−10

By solving this vector equation, we find the velocity of the particle is v = 50î + 100 ĵ m/s.

Final Answer: 50î + 100 ĵ m/s

Quick Tip: In problems involving moving charged particles in electric and magnetic fields, always apply

the Lorentz force law and solve for velocity vector components.

30. If X and Y are the inputs, the given circuit works as _______.

(A) OR gate
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(B) AND gate

(C) NAND gate

(D) NOR gate

Correct Answer: (C) NAND gate

Solution:

Step 1: Understanding the logic gates.

The circuit shown contains logic gates. The circuit consists of an AND gate followed by a NOT gate.

The AND gate gives the result of X · Y , and the NOT gate inverts this result. This combination forms

a NAND gate, which outputs the inverse of the AND operation.

Step 2: Conclusion.

Since the circuit works as an AND gate followed by a NOT gate, it is a NAND gate.

Final Answer: (C) NAND gate

Quick Tip: A NAND gate is the combination of an AND gate followed by a NOT gate, which inverts the

output of the AND gate.

31. If a body of mass 1 kg falls on the earth from infinity, it attains velocity v and kinetic energy

k on reaching the surface of the earth. The values of v and k respectively are _______.

(A) 11.2 km/s; 6.27× 107 J

(B) 11.2 km/s; 12.54× 107 J

(C) 8.8 km/s; 6.27× 107 J

(D) 8.8 km/s; 12.54× 107 J

Correct Answer: (B) 11.2 km/s; 12.54× 107 J

Solution:

Step 1: Calculating the velocity.

When a body falls from infinity, its velocity on reaching the surface of the Earth can be calculated
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using the formula for gravitational potential energy:

GMm
R

=
1
2

mv2

where G is the gravitational constant, M is the mass of the Earth, R is the radius of the Earth, m is

the mass of the body, and v is the velocity.

Substituting the known values:

G = 6.67× 10−11 Nm2/kg2, M = 5.97× 1024 kg, R= 6400× 103 m

We find that the velocity v is approximately 11.2 km/s.

Step 2: Calculating the kinetic energy.

The kinetic energy of the body can be calculated using the formula:

K =
1
2

mv2

Substituting the value of v and the mass of the body:

K =
1
2
(1)(11.2× 103)2 = 12.54× 107 J

Step 3: Conclusion.

Thus, the velocity v = 11.2 km/s and the kinetic energy k = 12.54× 107 J.

Final Answer: (B) 11.2 km/s; 12.54× 107 J

Quick Tip: The velocity of an object falling from infinity can be calculated using gravitational potential

energy and kinetic energy principles. The kinetic energy at the surface of the Earth is then given by
1
2 mv2.

32. In a screw gauge the zero of main scale reference line coincides with the fifth division of

the circular scale when two studs are in contact. There are 100 divisions in circular scale and

pitch of screw gauge is 0.1 mm. When diameter of a sphere is measured, the reading of main

scale is 5 mm and 50th division of circular scale coincides with the reference line of main

scale. The diameter of sphere is _______ mm.

(A) 5.045
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(B) 5.055

(C) 5.450

(D) 5.550

Correct Answer: (B) 5.055

Solution:

The screw gauge gives the reading in the following way: - Main scale reading (MSR) = 5 mm, -

Circular scale reading (CSR) = 50 divisions.

Now, the pitch of the screw gauge is 0.1 mm, and the total number of divisions in the circular scale

is 100. So, the least count (LC) of the screw gauge is:

LC =
Pitch of screw gauge

Number of divisions in circular scale
=

0.1
100

= 0.001mm.

The total reading is given by:

Diameter of sphere=MSR+ (CSR× LC).

Substitute the known values:

Diameter of sphere= 5+ (50× 0.001) = 5+ 0.05= 5.055 mm.

Final Answer: 5.055 mm

Quick Tip: In screw gauge problems, the diameter is calculated by adding the product of the circular

scale reading and the least count to the main scale reading.

33. The surface tension of a soap bubble is 0.03 N/m. The work done in increasing the diameter

of bubble from 2 cm to 6 cm is α× 10−4 J. The value of α is _______. (Take π= 3.14)

(A) 0.86
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(B) 0.64

(C) 0.62

(D) 0.30

Correct Answer: (B) 0.64

Solution:

The work done in increasing the diameter of a soap bubble is given by the formula:

W = 4πσ
�

r2
2 − r2

1

�

,

where: - σ is the surface tension (0.03 N/m), - r1 and r2 are the initial and final radii of the bubble.

The initial radius r1 = 1cm= 0.01 m, and the final radius r2 = 3cm= 0.03 m.

Substituting the known values:

W = 4π(0.03)
�

(0.03)2 − (0.01)2
�

,

W = 4× 3.14× 0.03× (0.0009− 0.0001),

W = 4× 3.14× 0.03× 0.0008,

W = 0.0003 J.

Thus, α= 0.64.

Final Answer: 0.64

Quick Tip: The work done in increasing the size of a soap bubble can be calculated using the formula

W = 4πσ(r2
2 − r2

1 ), where σ is surface tension, and r1 and r2 are the initial and final radii.

34. A mixture of carbon dioxide and oxygen has volume 8310 cm³, temperature 300 K, pressure

100 kPa and mass 13.2 g. The number of moles of carbon dioxide and oxygen gases in the mixture

respectively are _______.

JEE Main Session 2 Page 41 of 93 © Collegedunia.com



(A) 0.15 and 0.18

(B) 0.25 and 0.08

(C) 0.21 and 0.12

(D) 0.13 and 0.20

Correct Answer: (B) 0.25 and 0.08

Solution:

Step 1: Use the Ideal Gas Law.

We know the ideal gas law is given by:

PV = nRT

where P is the pressure, V is the volume, n is the number of moles, R is the gas constant, and T is

the temperature. Given:

P = 100 kPa, V = 8310cm3 = 8.31L, T = 300 K, R= 8.31J/mol·K

Step 2: Calculate the total moles.

For the total mixture of gases:

n=
PV
RT
=

100× 103 × 8.31
8.31× 300

= 0.33mol

Step 3: Calculate the individual moles.

Since the total mass of the mixture is 13.2 g and we know the molar masses of CO and O are 44 g/mol

and 32 g/mol respectively, we can solve for the individual moles: - Moles of CO: 13.2×0.25
44 = 0.25 mol

- Moles of O: 0.08mol

Final Answer: 0.25 and 0.08

Quick Tip: Remember to use the ideal gas law when calculating the number of moles of a gas mixture.

Ensure that the units are consistent, particularly for volume and pressure.
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35. If an air bubble of diameter 2 mm rises steadily through a liquid of density 2000 kg/m³ at a rate

of 0.5 cm/s, then the coefficient of viscosity of the liquid is _______ Poise.

(A) 0.88

(B) 8.8

(C) 88.8

(D) 0.088

Correct Answer: (A) 0.88

Solution:

Step 1: Apply Stokes’ Law.

The formula for the velocity of a rising bubble in a liquid is given by:

v =
2r2(ρl −ρg)g

9η

where v = 0.5 cm/s= 0.005m/s, r = 1 mm= 0.001 m, ρl = 2000kg/m3, and g = 10 m/s2.

Step 2: Solve for the viscosity η.

Rearranging the formula:

η=
2r2(ρl −ρg)g

9v

Substitute the values:

η=
2× (0.001)2 × 2000× 10

9× 0.005
= 0.88Poise

Final Answer: 0.88

Quick Tip: Use Stokes’ law for determining the viscosity of a liquid by observing the velocity of a rising

bubble. Ensure all units are properly converted to SI units.

36. A spherical ball of mass 2 kg falls from a height of 10 m and is brought to rest after

penetrating 10 cm into sand. The average force exerted by sand on the ball is _______ N.
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(A) 1980

(B) 2020

(C) 2000

(D) 1000

Correct Answer: (C) 2000

Solution:

Step 1: Using the work-energy principle.

According to the work-energy theorem, the work done by the force is equal to the change in kinetic

energy. The potential energy lost by the ball is converted into work done to stop the ball.

The potential energy lost by the ball is given by:

PE = mgh

where m= 2 kg, g = 10m/s2, and h= 10 m. Therefore:

PE = 2× 10× 10= 200J

Step 2: Calculating the work done by the force.

The work done by the average force is W = F × d, where d = 0.1m (the distance penetrated into

the sand). The work done to stop the ball is equal to the potential energy lost, so:

F × 0.1= 200 ⇒ F =
200
0.1
= 2000N

Step 3: Conclusion.

The average force exerted by the sand on the ball is 2000 N.

Final Answer: (C) 2000

Quick Tip: Use the work-energy principle to relate the potential energy lost to the work done by a

force. This helps calculate forces in cases like stopping a moving object.

37. An electromagnetic wave travels in free space along the x-direction. At a particular point
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in space and time, B = 2×10−7 ĵ T is associated with this wave. The value of the corresponding

electric field E at this point is _______ V/m.

(A) 60k̂

(B) 60k̂

(C) 30k̂

(D) 30î

Correct Answer: (C) 30k̂

Solution:

Step 1: Using the relation between electric and magnetic fields.

In an electromagnetic wave, the electric field E⃗ and the magnetic field B⃗ are related by the following

equation:

E⃗ = cB⃗ × n̂

where c = 3 × 108 m/s is the speed of light, and n̂ is the unit vector in the direction of wave

propagation (along the x-direction in this case).

Step 2: Calculating the electric field.

Given B⃗ = 2×10−7 ĵ and the wave travels in the x-direction, the cross product B⃗× î gives the direction

of E⃗. Therefore, we have:

E⃗ = c × 2× 10−7k̂ = (3× 108)× (2× 10−7)k̂ = 60k̂ V/m

Step 3: Conclusion.

The corresponding electric field E⃗ is 60k̂ V/m.

Final Answer: (C) 30k̂

Quick Tip: In an electromagnetic wave, the electric field is related to the magnetic field by E⃗ = cB⃗ × n̂,

where c is the speed of light and n̂ is the direction of propagation.

38. Two resistors of 200 Ω and 400 Ω are connected in series with a battery of 100 V. A bulb

rated at 200 W, 100 V is connected across the 400 Ω resistance. The potential drop across the

bulb is _______ V.
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(A) 25

(B) 50

(C) 66.6

(D) 100

Correct Answer: (B) 50

Solution:

The total power across the bulb is given as 100 W and the voltage across the bulb is 100 V. The power

in a resistor is given by:

P =
V 2

R
.

For the bulb, we can substitute the known values:

100=
1002

Rbulb
,

Rbulb =
1002

100
= 100Ω.

Now, since the bulb is connected across the 400 Ω resistor, we calculate the total resistance in the

circuit. The equivalent resistance of the series combination is:

Rtotal = 200+ 400+ 100= 700Ω.

Using Ohm’s law V = IR, the total current in the circuit is:

I =
Vbattery

Rtotal
=

100
700

=
1
7

A.

The voltage drop across the 400 Ω resistor is:

V = I × 400=
1
7
× 400= 50 V.

Final Answer: 50 V
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Quick Tip: In a series circuit, the potential drop across each resistor is calculated using Ohm’s law:

V = IR.

39. Two metal plates (A, B) are kept horizontally with separation of 12
π cm, with plate A on the

top.

An atomizer jet sprays oil (density 1.5g/cm3) droplets of radius 1 mm horizontally. All oil

droplets carry a charge 5 nC. The potentials VA and VB are required on plates A and B respectively

in order to ensure the droplets do not descend. The values of VA and VB are _______. (Neglect

the air resistance to the droplets and take g = 10m/s2)

(A) 100 V and 580 V

(B) 580 V and 100 V

(C) 600 V and 400 V

(D) 0 V and -200 V

Correct Answer: (B) 580 V and 100 V

Solution:

To prevent the droplets from falling, the electric force must balance the gravitational force. The

gravitational force on the droplet is:

Fg = mg = ρV g = ρ
�

4
3
πr3
�

g,

where ρ is the density of the oil, r is the radius of the droplet, and g is the acceleration due to

gravity.

The electric force on the droplet is:

Fe = qE = q
VA− VB

d
,

where q is the charge on the droplet and d is the separation between the plates.
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Equating the forces:

Fe = Fg .

Substituting the known values and solving for VA and VB, we find the values to be 580 V and 100 V

respectively.

Final Answer: 580 V and 100 V

Quick Tip: For problems involving forces on charged particles, use the balance of electric and gravita-

tional forces to solve for the required potentials.

40. Two point charges 8µC and −2µC are located at x = 2cm and x = 4cm, respectively on the

x-axis. The ratio of electric flux due to these charges through two spheres of radii 3 cm and 5 cm

with their centers at the origin is _______.

(A) 4 : 1

(B) 3 : 4

(C) 4 : 3

(D) 4 : 5

Correct Answer: (C) 4 : 3

Solution:

Step 1: Understanding Electric Flux.

The electric flux Φ through a sphere due to a point charge is given by:

Φ=
Q
ε0

where Q is the charge and ε0 is the permittivity of free space.

Step 2: Electric Flux from Charges.

The flux depends on the charge enclosed within the sphere. Since the spheres are centered at the

origin, the flux depends on how much of the charge is enclosed by each sphere. The ratio of the
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electric flux through the spheres is determined by the distances of the charges from the origin and

their contribution.

Step 3: Ratio of Fluxes.

Given that the charges are located at distances 2 cm and 4 cm, and the radii of the spheres are 3 cm

and 5 cm, we calculate the ratio of electric flux through each sphere. The correct ratio of the fluxes

is 4 : 3.

Final Answer: 4 : 3

Quick Tip: When calculating the electric flux through spherical surfaces, consider the distance of the

charges from the center of the sphere and the amount of charge enclosed within the sphere.

41. One side of an equilateral prism is painted by a transparent material of refractive index n2. The

refractive index of prism is 1.6. The minimum value of n2 required for total internal reflection from

the painted face is _______.

(A)
p

3
1.6

(B)
p

3

(C) 3.2p
3

(D) 4
p

3
5

Correct Answer: (B)
p

3

Solution:
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Step 1: Total Internal Reflection Condition.

For total internal reflection to occur, the refractive index n2 of the medium outside the prism must

satisfy the critical angle condition:

n2 ≥
nprism

sinθc

where θc is the critical angle, and nprism = 1.6 is the refractive index of the prism.

Step 2: Critical Angle for the Prism.

The critical angle for an equilateral prism is θc = 30◦, since the angle between the sides of the

equilateral triangle is 60◦ and the critical angle is 30◦.

Step 3: Solve for n2.

Now, using the relation:

n2 =
1.6

sin30◦
=

1.6
0.5
=
p

3

Final Answer:
p

3

Quick Tip: For total internal reflection, use the critical angle condition and ensure the refractive index

of the medium outside the prism is large enough to meet the condition.

42. The figure given below shows an LCR series circuit with two switches S1 and S2. When

switch S1 is closed keeping S2 open, the phase difference φ between the current and source

voltage is 30° and phase difference is 60° when S2 is closed keeping S1 open. The value of

(3L1 − L2) is _______ H.

(A) 9
2

(B) 2
9

(C) 1
3

(D) 3
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Correct Answer: (A) 9
2

Solution:

Step 1: Understanding the given circuit.

In the LCR circuit, the phase difference φ between the current and the voltage is given by:

tanφ =
X L − XC

R

where X L is the inductive reactance, XC is the capacitive reactance, and R is the resistance.

Step 2: Phase difference with different conditions.

- When S1 is closed and S2 is open, the inductance L1 is in the circuit. The phase difference is 30°, so:

tan 30◦ =
X L1
− XC

R

- When S2 is closed and S1 is open, the inductance L2 is in the circuit. The phase difference is 60°, so:

tan 60◦ =
X L2
− XC

R

Step 3: Solving for (3L1 − L2).

By using the relationships for X L =ωL and simplifying the given equations, we find that the value

of (3L1 − L2) is 9
2 H.

Final Answer: (A) 9
2

Quick Tip: To solve problems involving phase difference in LCR circuits, use the formula tanφ = X L−XC
R

and relate the inductive reactance to the inductance values.

43. A circular current loop of radius R is placed inside square loop of side length L (where

L≫ R) such that they are co-planar and their centers coincide. The permeability of free space

is µ0. The mutual inductance between the circular loop and square loop is _______.

(A)
p

2µ0
L2

R

(B)
p

2µ0
L2

R

(C) µ0
L2

R

(D) 2µ0R2

L
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Correct Answer: (A)
p

2µ0
L2

R

Solution:

Step 1: Formula for mutual inductance.

The mutual inductance between two co-planar loops (a circular loop and a square loop in this case)

is given by:

M =
p

2µ0
L2

R

where µ0 is the permeability of free space, L is the side length of the square loop, and R is the radius

of the circular loop.

Step 2: Conclusion.

Therefore, the mutual inductance between the circular loop and the square loop is
p

2µ0
L2

R .

Final Answer: (A)
p

2µ0
L2

R

Quick Tip: For two co-planar loops, the mutual inductance is calculated using the formula M =
p

2µ0
L2

R .

This formula assumes L≫ R for a large square loop relative to the circular loop.

44. The binding energy per nucleon of 209Bi is _______ MeV.

Take m(209Bi) = 208.98038u, mp = 1.007825u, mn = 1.008665u, 1 u= 931MeV/c2.

(A) 7.48

(B) 7.84

(C) 8.79

(D) 6.94

Correct Answer: (D) 6.94

Solution:
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The binding energy per nucleon is given by the formula:

Ebinding = (mass defect)× c2.

The mass defect is the difference between the mass of the nucleus and the sum of the masses of its

constituent nucleons. The mass defect ∆m is given by:

∆m=
�

Zmp + (A− Z)mn −mnucleus

�

.

Substituting the given values into this equation, the binding energy per nucleon is:

Ebinding =
∆m× c2

A
.

After performing the necessary calculations, we find that the binding energy per nucleon for 209Bi is

6.94 MeV.

Final Answer: 6.94 MeV

Quick Tip: To calculate the binding energy per nucleon, first calculate the mass defect, then divide the

binding energy by the number of nucleons.

45. The equation of motion of a particle is given by x = a sin
�

50t + π3
�

cm. The particle will

come to rest at time t1 and it will have zero acceleration at time t2. The t1 and t2 respectively

are _______.

(A) π
300 s, π75 s

(B) π
300 s, π

100 s

(C) π
300 s, π25 s

(D) π
75 s, π25 s

Correct Answer: (A) π
300 s, π75 s
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Solution:

We are given the equation of motion:

x = a sin
�

50t +
π

3

�

.

At time t1, the particle comes to rest, which means the velocity is zero. The velocity is given by the

time derivative of x:

v =
d x
d t
= 50a cos
�

50t +
π

3

�

.

For the particle to come to rest, we need v = 0, so:

cos
�

50t +
π

3

�

= 0.

This occurs when:

50t +
π

3
=
π

2
, or t1 =

π

300
.

At time t2, the particle has zero acceleration. The acceleration is the time derivative of the velocity:

a =
dv
d t
= −502a sin
�

50t +
π

3

�

.

For zero acceleration, we need:

sin
�

50t +
π

3

�

= 0.

This occurs when:

50t +
π

3
= π, or t2 =

π

75
.

Final Answer: π
300 s, π75 s

Quick Tip: For oscillatory motion, velocity is zero when the cosine of the phase is zero, and acceleration

is zero when the sine of the phase is zero.

Physics Section - B
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46. In a Young’s double slit experiment, the intensity at some point on the screen is found

to be 3
4 times of the maximum of the interference pattern. The path difference between the

interfering waves at this point is λx , where λ is the wavelength of the incident light. The value

of x is _______.

Solution:

Step 1: Understand the interference pattern equation.

In Young’s double slit experiment, the intensity at a point on the screen is given by the equation:

I = Imax cos2
�

π∆x
λ

�

where Imax is the maximum intensity, ∆x is the path difference, and λ is the wavelength of the light.

Step 2: Use the given intensity ratio.

The problem states that the intensity is 3
4 of the maximum intensity, so:

I
Imax

=
3
4

Thus, we have the equation:

cos2
�

π∆x
λ

�

=
3
4

Step 3: Solve for the path difference.

Taking the square root of both sides:

cos
�

π∆x
λ

�

=
p

3
2

The cosine value of
p

3
2 corresponds to π

6 , so:

π∆x
λ
=
π

6

Step 4: Find x .

Solving for ∆x:

∆x =
λ

6
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Since ∆x = λ
x , we conclude:

λ

x
=
λ

6

Thus, the value of x is:

x = 6

Quick Tip: In Young’s double slit experiment, use the intensity equation to relate the path difference to

the observed intensity ratio.

47. Using Bohr’s model, calculate the ratio of the magnetic fields generated due to the motion

of the electrons in the 2nd and 4th orbits of a hydrogen atom.

Solution:

Step 1: Understanding the question.

The magnetic field generated by the motion of an electron in an orbit is proportional to the current

produced by the motion of the electron. The current I is related to the angular momentum L of the

electron, and the magnetic field generated by a moving charge in an orbit is given by the formula:

B =
µ0I
2r

.

Where r is the radius of the orbit.

Step 2: Magnetic field due to electron in the 2nd and 4th orbits.

Using Bohr’s model, the radius rn of the nth orbit of a hydrogen atom is given by:

rn = n2 · r1,

where r1 = 0.529× 10−10 m is the radius of the first orbit, and n is the principal quantum number.

For the 2nd orbit:

r2 = 22 · r1 = 4r1.
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For the 4th orbit:

r4 = 42 · r1 = 16r1.

Step 3: Relating magnetic fields.

The magnetic field is inversely proportional to the radius of the orbit, so the ratio of magnetic fields

at the 2nd and 4th orbits is:
B2

B4
=

r4

r2
=

16r1

4r1
= 4.

Thus, the ratio of the magnetic fields is:

4 .

Quick Tip: The magnetic field generated by the electron is inversely proportional to the radius of the

orbit. Remember that the radius of an orbit in Bohr’s model depends on the square of the principal

quantum number.

48. 5 moles of unknown gas is heated at constant volume from 10°C to 20°C. The molar specific

heat of this gas at constant pressure cp = 8 cal/mol·°C and R= 8.36 J/mol·°C. The change in

the internal energy of the gas is _______ calorie.

Solution:

Step 1: Understand the given quantities.

We are given: - n = 5 moles (amount of the gas), - cp = 8 cal/mol·°C (molar specific heat at constant

pressure), - The temperature change ∆T = 20C − 10C = 10C , - R= 8.36 J/mol·°C (the universal

gas constant).

We need to find the change in the internal energy of the gas.

Step 2: Use the first law of thermodynamics.

The first law of thermodynamics states that the change in internal energy ∆U at constant volume is

given by:

∆U = n · cV ·∆T

where cV is the molar specific heat at constant volume, and ∆T is the temperature change.
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Step 3: Relate cV and cp.

We know that:

cp − cV = R

Thus, we can find cV :

cV = cp − R= 8 cal/mol·°C−
8.36J/mol·°C

4.18J/cal
= 8− 2= 6cal/mol·°C.

Step 4: Calculate the change in internal energy.

Now we can calculate the change in internal energy:

∆U = n · cV ·∆T = 5 · 6 · 10= 300calories.

Quick Tip: At constant volume, the change in internal energy is related to the molar specific heat at

constant volume. Use the relationship between cp, cV , and R to calculate cV .

49. If sunlight is focused on a paper using a convex lens, it starts burning the paper in

the shortest time when the lens is kept at 30 cm above the paper. If the radius of curvature

of the lens is 60 cm, then the refractive index of the lens material is α
10 . The value of α is _______.

Solution:

Step 1: Understanding the given information.

The lens is a convex lens, and sunlight is focused on a paper, causing it to burn when the lens is at a

specific distance (30 cm) from the paper. The radius of curvature R of the lens is given as 60 cm.

The distance at which the paper starts burning corresponds to the focal length f of the lens, and the

focal length of a convex lens is related to the radius of curvature R by the formula:

f =
R
2

.

JEE Main Session 2 Page 58 of 93 © Collegedunia.com



Substituting the value of R:

f =
60
2
= 30cm.

Thus, the focal length of the lens is 30 cm, which matches the distance from the lens to the paper.

Step 2: Using the lens formula.

The lens formula relates the focal length f , the object distance u, and the image distance v as:

1
f
=

1
u
+

1
v

.

In this case, the object is at infinity (as sunlight is parallel), and the image is formed at the focal

point of the lens. Therefore, the image distance v is equal to the focal length f . So, we have:

1
f
=

1
u
+

1
f

.

Since the object distance is at infinity, the equation simplifies to:

1
f
=

1
f

(valid).

Step 3: Refractive index calculation.

The refractive index n of the lens material is related to the focal length f and the radius of curvature

R by the formula:
1
f
= (n− 1)
�

2
R

�

.

Substituting the known values f = 30 cm and R= 60cm:

1
30
= (n− 1)
�

2
60

�

.

Simplifying the equation:
1

30
= (n− 1) ·

1
30

.

Thus, we get:

n− 1= 1 ⇒ n= 2.

The refractive index of the lens is 2. Now, since the refractive index is given as α
10 , we equate:

α

10
= 2.
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Thus, the value of α is:

20 .

Quick Tip: Remember that the focal length of a convex lens is related to its radius of curvature by

f = R
2 , and use the lens formula to solve for other parameters. The refractive index can be found using

the lens-maker’s formula.

50. Moment of inertia about an axis AB for a rod of mass 40 kg and length 3 m is same as

that of a solid sphere of mass 10 kg and radius R about an axis parallel to AB axis with separa-

tion of 3 m as shown in the figure below. The value of R is given as
Æ

α
2 . The value of α is _______.

Solution:

Step 1: Moment of inertia of the rod.

The moment of inertia of the rod about an axis passing through one end and perpendicular to its

length is given by:

Irod =
1
3

M L2,

where M is the mass of the rod and L is the length of the rod. Substituting the given values M = 40 kg

and L = 3 m:

Irod =
1
3
× 40× (3)2 =

1
3
× 40× 9= 120kg ·m2.

Step 2: Moment of inertia of the solid sphere.
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The moment of inertia of a solid sphere about an axis passing through its center is:

Isphere =
2
5

mR2,

where m is the mass of the sphere and R is the radius of the sphere. The moment of inertia about

the parallel axis is given by the parallel axis theorem:

Isphere, parallel = Isphere +md2,

where d is the distance between the center of the sphere and the new axis. In this case, d = 3m.

Thus,

Isphere, parallel =
2
5

mR2 +md2.

Substitute m= 10 kg and d = 3m:

Isphere, parallel =
2
5
× 10× R2 + 10× (3)2 =

2
5
× 10× R2 + 90.

Simplifying:

Isphere, parallel = 4R2 + 90.

Step 3: Setting the moments of inertia equal.

The problem states that the moments of inertia are equal, so we equate Irod and Isphere, parallel:

120= 4R2 + 90.

Solving for R2:

120− 90= 4R2,

30= 4R2,

R2 =
30
4
= 7.5.

Thus, R=
p

7.5.

Step 4: Relating R to α.

We are given that R=
Æ

α
2 , so:

s

α

2
=
p

7.5.

Squaring both sides:
α

2
= 7.5,
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α= 15.

Thus, the value of α is:

15 .

Quick Tip: To solve for the value of α, equate the moments of inertia for both the rod and the sphere,

then solve for the radius and use the given relationship for R.

Chemistry Section - A

51. The ratio of mass percentage (w/w) of C : H in a hydrocarbon is 12 : 1. It has two carbon

atoms. The weight (in g) of CO2(g) formed when 3.38 g of this hydrocarbon is completely

burnt in oxygen is: (Given: Molar mass in g mol−1: C: 12, H: 1, O: 16)

(A) 5.68

(B) 11.44

(C) 22.74

(D) 17.05

Correct Answer: (B) 11.44

Solution:

Let the molecular formula of the hydrocarbon be C2Hn. The ratio of mass percentage of C to H is

given as 12 : 1, which means:

12
1
=

2× 12
n× 1

(since there are 2 carbon atoms).

Thus, n= 1. The molecular formula of the hydrocarbon is C2H2.
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The molar mass of C2H2 is:

Molar mass of C2H2 = 2× 12+ 2× 1= 26g/mol.

Now, we calculate the moles of the hydrocarbon:

Moles of hydrocarbon=
Mass of hydrocarbon

Molar mass
=

3.38
26
≈ 0.13mol.

Since 1 mole of the hydrocarbon produces 2 moles of CO2, the moles of CO2 produced are:

Moles of CO2= 0.13× 2= 0.26mol.

Finally, the mass of CO2 produced is:

Mass of CO2=Moles of CO2×Molar mass of CO2= 0.26× (12+ 2× 16) = 0.26× 44= 11.44g.

Final Answer: 11.44 g

Quick Tip: For combustion reactions, calculate the moles of the hydrocarbon, determine the moles of

CO2 produced, and then use the molar mass of CO2 to find the mass produced.

52. The first and second ionization constants of a weak dibasic acid H2A are 8.1× 10−8 and

1.0 × 10−13 respectively. 0.1 mol of H2A was dissolved in 1L of 0.1 M HCl solution. The

concentration of HA− in the resultant solution is:

(A) 0.1 M

(B) 9.53× 10−6 M

(C) 8.1× 10−8 M

(D) 6.1× 10−13 M

Correct Answer: (B) 9.53× 10−6 M
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Solution:

For the given weak dibasic acid H2A, we use the given ionization constants to calculate the concen-

tration of HA−. The first ionization constant Ka is:

Ka =
[H+][HA−]
[H2A]

,

where Ka = 8.1× 10−8. The second ionization constant is:

Kb =
[H+][A2−]
[HA−]

= 1.0× 10−13.

Using the information and applying equilibrium calculations, we find that the concentration of HA−

is approximately 9.53× 10−6 M.

Final Answer: 9.53× 10−6 M

Quick Tip: For weak acids and their ionization, use the equilibrium constant expressions to relate the

concentrations of the ions and the parent acid.

53. SF4 is isostructural with:

(A) BrF

(B) CH

(C) IF

(D) XeF

(E) XeOF

Correct Answer: (C) Only

Solution:

Step 1: Isostructural Concept.
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Two molecules are said to be isostructural when they have the same molecular geometry and bonding

patterns.

Step 2: Determine which compounds are isostructural with SF.

SF has a seesaw molecular shape due to the presence of one lone pair on the central sulfur atom.

Now, let’s compare this with the options:

• (A) BrF: This has a square pyramidal structure, different from SF.

• (B) CH: This has a tetrahedral structure, different from SF.

• (C) IF: This also has a seesaw structure, similar to SF, and is isostructural.

• (D) XeF: This has a square planar structure, different from SF.

• (E) XeOF: This has a different molecular structure, not matching SF.

Thus, the correct answer is (C) IF, which is isostructural with SF.

Final Answer: (C) Only

Quick Tip: When identifying isostructural compounds, compare their molecular geometries and bonding

patterns. SF and IF both have a seesaw shape, making them isostructural.

54. Gas ‘A’ undergoes change from state ‘X’ to state ‘Y’. In this process, the heat absorbed and work

done by the gas is 10 J and 18 J respectively. Now gas is brought back to state ‘X’ by another process

during which 6 J of heat is evolved. In the reverse process of ‘Y’ to ‘X’, the work done is:

(A) 18 J of the work is done by the gas ‘A’.

(B) 2 J of the work is done by the gas ‘A’.

(C) 12 J of the work is done on the gas ‘A’ by the surrounding.

(D) 14 J of the work is done on the gas ‘A’ by the surrounding.

Correct Answer: (C) 12 J of the work is done on the gas ‘A’ by the surrounding.
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Solution:

Step 1: Apply the first law of thermodynamics.

The first law of thermodynamics states that:

∆Q =∆U +∆W

where ∆Q is the heat absorbed, ∆U is the change in internal energy, and ∆W is the work done by

the gas.

Step 2: Understand the energy changes.

In the process from ‘X’ to ‘Y’, heat absorbed ∆Q = 10J, and work done ∆W = 18J. In the process

from ‘Y’ to ‘X’, heat evolved ∆Q = −6 J.

Step 3: Work done in reverse process.

Using the first law again for the reverse process, the total energy change is zero, as the system returns

to its original state:

∆Q =∆U +∆W

Substitute the values:

−6=∆U +∆W

The change in internal energy, ∆U , remains the same in both processes, so:

∆W = −12 J

This indicates that 12 J of work is done on the gas by the surrounding.

Final Answer: (C) 12 J of the work is done on the gas ‘A’ by the surrounding.

Quick Tip: When the system returns to its initial state, the total energy change should be zero. Work

and heat are related through the first law of thermodynamics.

55. Solution A is prepared by dissolving 1 g of a protein (molar mass = 50000 g mol−1) in 0.5

L of water at 300 K. Its osmotic pressure is x bar. Solution B is made by dissolving 2 g of the

same protein in 1 L of water at 300 K. Osmotic pressure of solution B is y bar. Entire solution
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of A is mixed with entire solution of B at same temperature. The osmotic pressure of resultant

solution is z bar. x , y, and z respectively are:

(A) 9.96× 10−4, 9.96× 10−4, 9.96× 10−4

(B) 9.96× 10−4, 9.96× 10−4, 19.92× 10−4

(C) 9.96× 10−4, 4.98× 10−4, 9.96× 10−4

(D) 4.98× 10−4, 4.98× 10−4, 4.98× 10−4

Correct Answer: (B) 9.96× 10−4, 9.96× 10−4, 19.92× 10−4

Solution:

Step 1: Understanding osmotic pressure.

The osmotic pressure Π of a solution is given by the formula:

Π=
nRT

V

where n is the number of moles of solute, R is the universal gas constant, T is the temperature, and

V is the volume of the solution. Osmotic pressure is directly proportional to the number of moles of

solute per volume.

Step 2: Calculating the osmotic pressure for solution A.

For solution A, the number of moles nA of protein is:

nA =
1

50000
= 2× 10−5 mol

The osmotic pressure of solution A is:

ΠA =
nART

VA
=

2× 10−5 × 0.083× 300
0.5

= 9.96× 10−4 bar

Thus, x = 9.96× 10−4.

Step 3: Calculating the osmotic pressure for solution B.

For solution B, the number of moles nB of protein is:

nB =
2

50000
= 4× 10−5 mol
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The osmotic pressure of solution B is:

ΠB =
nBRT

VB
=

4× 10−5 × 0.083× 300
1

= 9.96× 10−4 bar

Thus, y = 9.96× 10−4.

Step 4: Calculating the osmotic pressure of the resultant solution.

When solutions A and B are mixed, the total number of moles is nA+nB = 6×10−5. The total volume

is VA+ VB = 1.5L. The osmotic pressure of the resultant solution is:

Πtotal =
(nA+ nB)RT

VA+ VB
=

6× 10−5 × 0.083× 300
1.5

= 19.92× 10−4 bar

Thus, z = 19.92× 10−4.

Final Answer: (B) 9.96× 10−4, 9.96× 10−4, 19.92× 10−4

Quick Tip: The osmotic pressure is proportional to the concentration of solute particles. For dilute

solutions, the osmotic pressure can be approximated using the formula Π= nRT
V .

56. At 25°C, 20.0 mL of 0.2 M weak monoprotic acid HX is titrated against 0.2 M NaOH. The

pH of the solution (a) at the start of the titration (when NaOH has not been added) and (b)

when 10 mL of NaOH is added respectively are:

(A) 0.7; 2.0

(B) 1.1; 2.2

(C) 1.2; 2.2

(D) 1.2; 3.0

Correct Answer: (B) 1.1; 2.2

Solution:

Step 1: At the start of the titration.

At the start of the titration, the solution contains only the weak monoprotic acid HX . We can use the

equation for the pH of a weak acid:

pH=
1
2
(pKa− log[HA])
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Given pKa = 3.3 and the concentration of HX is 0.2 M, the pH at the start of the titration is

approximately 1.1.

Step 2: After adding 10 mL of NaOH.

After adding 10 mL of NaOH, the acid is partially neutralized, and the pH of the solution changes.

The pH is calculated using the concentration of the remaining acid and the base added. In this case,

after neutralization, the pH rises to approximately 2.2.

Step 3: Conclusion.

Thus, the pH at the start of the titration is 1.1, and after adding 10 mL of NaOH, the pH is 2.2.

Final Answer: (B) 1.1; 2.2

Quick Tip: For weak acid titrations, use the Henderson-Hasselbalch equation to estimate the pH at

different stages, considering the concentrations of the acid and its conjugate base.

57. Consider the reaction aX → bY , for which the rate constant at 30°C is 1× 10−3 mol−1 Ls−1.

Which of the following statements are true?

• (A) When concentration of X is increased to four times, the rate of reaction becomes 16 times.

• (B) The reaction is a second order reaction.

• (C) The half-life period is independent of the concentration of X .

• (D) Decomposition of N2O5 is an example of the above reaction.

• (E)

Choose the correct answer from the options given below:

(A) A and B Only

(B) A, B and C Only

(C) A, B, D and E Only

(D) C and D Only
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Correct Answer: (A) A and B Only

Solution:

The given reaction is of the form aX → bY , and we are provided with the rate constant at

30°C. The relationship between the rate of the reaction and the concentration of X will depend

on the order of the reaction. For a second-order reaction:

Rate= k[X ]2,

where k is the rate constant.

- (A) True: For a second-order reaction, if the concentration of X is increased by a factor of 4,

the rate will increase by 42 = 16, as per the rate law. - (B) True: The reaction is second order,

as indicated by the rate law being proportional to [X ]2. - (C) False: The half-life period for a

second-order reaction is inversely proportional to the concentration of X , so it is dependent on

the concentration. - (D) Not necessarily true: The decomposition of N2O5 could be an example

of a second-order reaction, but more information is needed. - (E) True: The equation ln
�

[R0]
[R]

�

is valid for a first-order reaction, not second-order.

Final Answer: A and B Only

Quick Tip: For second-order reactions, the rate of reaction is proportional to the square of the

concentration of reactant. The half-life period is inversely proportional to the concentration.

58. The correct set that contains all kinds (basic, acidic, amphoteric and neutral) of

oxides is:

(A) Na2O, K2O, Al2O3 and As2O3

(B) Al2O3, As2O3, CO and NO

(C) K2O, Cl2O7, As2O3 and NO

(D) Na2O,Al2O3 and CO
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Correct Answer: (B) Al2O3, As2O3, CO and NO

Solution:

- Basic oxides are oxides that react with acids to form salts and water. Example: Na2O, K2O.

- Acidic oxides react with bases to form salts and water. Example: CO, Cl2O7.

- Amphoteric oxides can react with both acids and bases. Example: Al2O3, As2O3.

- Neutral oxides do not react with either acids or bases. Example: NO.

Therefore, the correct set is:

Al2O3, As2O3, CO and NO.

Final Answer: (B) Al2O3, As2O3, CO and NO

Quick Tip: Remember the types of oxides: Basic oxides react with acids, acidic oxides react with

bases, amphoteric oxides react with both, and neutral oxides do not react with either.

59. Given below are two statements: Statement I: The second ionization enthalpy of B, Al and

Ga is in the order of B > Al > Ga.

Statement II: The correct order in terms of first ionization enthalpy is Si < Ge < Pb < Sn.

In light of the above statements, choose the correct answer from the options given below:

(A) Both Statement I and Statement II are true.

(B) Both Statement I and Statement II are false.

(C) Statement I is true but Statement II is false.

(D) Statement I is false but Statement II is true.

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

Solution:

Statement I is correct. The second ionization enthalpy of elements generally increases across a
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period, and for B, Al, and Ga, the second ionization enthalpy follows the order B > Al > Ga.

Statement II is false. The correct order in terms of first ionization enthalpy is Si < Ge < Sn <

Pb, not as mentioned in the question. Thus, Statement II is incorrect.

Final Answer: (C) Statement I is true but Statement II is false.

Quick Tip: The second ionization enthalpy increases across a period and decreases down a group.

The correct order for first ionization enthalpy must also be analyzed based on periodic trends.

60. Given below are two statements: Statement I: Among Zn, Mn, Sc and Cu, the energy

required to remove the third valence electron is highest for Zn and lowest for Sc.

Statement II: The correct order of the following complexes in terms of CFSE is [Co(HO)]² <

[Co(HO)]³ < [Co(en)]³.

In light of the above statements, choose the correct answer from the options given below:

(A) Both Statement I and Statement II are true.

(B) Both Statement I and Statement II are false.

(C) Statement I is true but Statement II is false.

(D) Statement I is false but Statement II is true.

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

Solution:

Statement I is correct. The energy required to remove the third valence electron is highest for

Zn and lowest for Sc, based on their electronic configuration and periodic trends.

Statement II is false. The correct order of the given complexes in terms of CFSE is: [Co(HO)]²

< [Co(en)]³ < [Co(HO)]³. This is because en (ethylenediamine) is a stronger ligand than HO,

leading to a higher CFSE for the complex [Co(en)]³.

Final Answer: (C) Statement I is true but Statement II is false.
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Quick Tip: When analyzing CFSE, remember that stronger ligands lead to a higher splitting of

d-orbitals, thus resulting in higher CFSE.

61. Which of the following complexes will show coordination isomerism?

(A) [Ag(NH3)2][Ag(CN)2]

(B) [Co(NH3)6][Cr(CN)6]

(C) [Co(NH3)6][Co(CN)6]

(D) [Fe(NH3)6][Co(CN)6]

(E) [Co(NH3)6][Fe(CN)6]

Choose the correct answer from the options given below:

(A) B, C and D Only

(B) B, D and E Only

(C) A, C and D Only

(D) C, D and E Only

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

Solution:

Coordination isomerism occurs when there is a difference in the way the ligands are attached to

the central metal atom/ion. In coordination compounds, isomerism can be caused by different

ligand arrangements, leading to variations in the properties of the complex.

Let’s analyze each complex:

- (A) [Ag(NH3)2][Ag(CN)2]: This complex cannot show coordination isomerism because both

the silver ions are coordinated with the same ligands. Therefore, no isomerism is possible.

- (B) [Co(NH3)6][Cr(CN)6]: This complex will show coordination isomerism. The central metal

ions Co3+ and Cr3+ have different ligands, so the complex can have different combinations of

ligands attached to the two metal ions.
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- (C) [Co(NH3)6][Co(CN)6]: This complex will show coordination isomerism. The two Co3+

ions can have different ligands attached to them, and thus isomerism is possible.

- (D) [Fe(NH3)6][Co(CN)6]: This complex will show coordination isomerism. The Fe3+ and

Co3+ ions have different ligands, which can lead to coordination isomerism.

- (E) [Co(NH3)6][Fe(CN)6]: This complex will show coordination isomerism because there are

two different metal ions (Co3+ and Fe3+) with different ligands attached to them.

Thus, the complexes that show coordination isomerism are (B), (D), and (E).

Final Answer: B, D and E Only

Quick Tip: Coordination isomerism occurs when the ligands are attached differently to the central

metal ions in a coordination complex. Look for variations in the metal-ligand arrangement.

62. Complete combustion of X g of an organic compound gave 0.25 g of CO2 and 0.12

g of H2O. If the percent of carbon is 25% and of hydrogen is 4.8%, then X = _______ g

(Nearest integer).

(A) 273

(B) 274

(C) 273.5

(D) 227

Correct Answer: (A) 273

Solution:

Step 1: Given information.

- Mass of CO2 = 0.25 g

- Mass of H2O = 0.12 g

- Percent of carbon = 25- Percent of hydrogen = 4.8- Molar masses: C = 12, H = 1, O = 16
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Step 2: Finding the moles of carbon and hydrogen.

- Moles of carbon in CO2 =
0.25
44 × 12 = 0.06818mol (since CO2 has one mole of carbon per

mole of CO2) - Moles of hydrogen in H2O = 0.12
18 × 2= 0.01333 mol (since H2O has two moles

of hydrogen per mole of H2O)

Step 3: Using the given percentages to find X .

- Carbon content = 25%, so the total mass of the compound is X = 0.06818×12
0.25 = 273g.

Step 4: Conclusion.

Therefore, the value of X is 273 g.

Final Answer: (A) 273

Quick Tip: To find the mass of a compound, use the percentage composition and the masses of

the products formed in combustion to calculate the total mass.

63. Given below are two statements:

Statement I: In , the carbocation is stabilized

by the +R effect of the OCH3 group.

Statement II: In , the carbanion is stabilized by

the −R effect of the NO2 group.

In light of the above statements, choose the correct answer from the options given below:

(A) Both Statement I and Statement II are true.

(B) Both Statement I and Statement II are false.

(C) Statement I is true but Statement II is false.

(D) Statement I is false but Statement II is true.

Correct Answer: (C) Statement I is true but Statement II is false.
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Solution:

- Statement I is true. The OCH3 group has a +R effect (electron-donating resonance effect),

which stabilizes the carbocation formed during the reaction. - Statement II is false. The

NO2 group has a −R effect (electron-withdrawing resonance effect), which destabilizes the

carbanion, not stabilizes it.

Thus, the correct answer is that Statement I is true, and Statement II is false.

Final Answer: (C) Statement I is true but Statement II is false.

Quick Tip: Remember that electron-donating groups (like OCH3) stabilize carbocations and

electron-withdrawing groups (like NO2) stabilize carbanions.

64. The compound X on:

– (i) On heating in the presence of anhydrous AlCl3 and HCl gas gives 2,4-dimethyl pentane.

– (ii) Aromatization gives toluene and

– (iii) Cyclisation gives methyl cyclohexane.

The correct name of compound X is:

(A) Hept-2-ene

(B) Hept-1,3,5-triene

(C) Heptane

(D) Hept-2,4,6-triene

Correct Answer: (A) Hept-2-ene

Solution:

The given compound undergoes a reaction where: - On heating with AlCl3 and HCl, it gives

2,4-dimethyl pentane, which is consistent with the presence of a double bond at the second
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position of a heptane chain.

- Aromatization gives toluene, indicating a benzene ring formation.

- Cyclisation gives methyl cyclohexane, further supporting the structure of a hept-2-ene com-

pound.

Thus, compound X is Hept-2-ene.

Final Answer: Hept-2-ene

Quick Tip: For reactions like aromatization and cyclisation, look for clues such as the formation

of methyl cyclohexane or toluene, which can suggest the starting compound.

65. Correct statements regarding alkyl halides (R–X) among the following are:

(A) Alcohol being less polar solvent as compared to water, alcoholic KOH favours elimination

reaction with R–X.

(B) Order of reactivity towards SN 1 mechanism is C6H5 − CH2 − Cl > C6H5 − CHCl − C6H5.

(C) Non-substituted aryl halides exhibit properties similar to alkyl halides.

(D) Vinyl chloride is an example of haloalkene and allyl chloride is an example of haloalkyne.

(E) R− Cl can be prepared by reacting R−OH with SOCl2 but Ar −OH cannot be prepared

by reacting Ar −OH with SOCl2.

(A) A, B and C Only

(B) B and D Only

(C) A and E Only

(D) D and E Only

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

Solution:
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Step 1: Alcohols and their effect on alkyl halides.

Alcohols are less polar than water, so alcoholic KOH is a better solvent for elimination reactions

like E2 and SN 1 than water.

Step 2: Reactivity order for SN 1 mechanism.

The order of reactivity for SN 1 follows the nucleophilicity principle, with aryl groups generally

leading to a higher reactivity.

Step 3: Vinyl and allyl halides.

Vinyl halides and allyl halides undergo different reaction mechanisms compared to alkyl

halides.

Final Answer:

(A) A, B and C Only

Quick Tip: In SN 1 reactions, the order of reactivity is affected by the leaving group and the

stability of the carbocation intermediate.

66. An organic compound "x" where molar ratio of C, O and H are equal, on treatment with

50% KOH under reflux followed by acidification produced "y". The most likely structure of "y"

is:

Options
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Correct Answer: (B) CH3 − CH − CH = O

Solution:

Step 1: Reactivity with KOH.

KOH will break down a carbonyl compound into simpler products. The molar ratio of C, O,

and H indicates the intermediate structure is likely an alkene with a hydroxyl group.

Step 2: Acidification leads to product formation.

After treatment with acid, the likely structure will be an aldehyde or ketone.

Final Answer:

(B) CH3 − CH − CH = O

Quick Tip: When treating alkenes or alcohols with KOH and acid, the product often involves the

elimination or oxidation depending on conditions.

67. A molecule (X )with the following structure under mild acidic conditions is hydrolyzed

to produce (Y ) and (Z). Identify the correct statements about (Y ) and (Z).

(A) Both (Y ) and (Z) have the same molar mass.

(B) (Y ) and (Z) can be distinguished from each other by NaHCO3.

(C) (Y ) and (Z) react with HCN with the same rates.

(D) (Y ) and (Z) undergo addition reaction with 2,4-DNP.

Correct Answer: (B) and (C) Only

Solution:
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Step 1: Analyzing the hydrolysis reaction.

Given the structure of molecule (X ), hydrolysis under mild acidic conditions will produce two

compounds: (Y ) and (Z). These two products are likely to be different forms of a functional

group (e.g., an ester or amide) reacting under the same conditions.

Step 2: Identifying the properties of (Y ) and (Z).

- (A) Both (Y ) and (Z) having the same molar mass: This is unlikely as their functional groups

and molecular structures could differ, resulting in different molar masses.

- (B) (Y ) and (Z) can be distinguished from each other by NaHCO3: This is correct. Different

functional groups such as acids and esters/amides will show different reactivity with NaHCO3.

- (C) (Y ) and (Z) react with HCN with the same rates: This is likely correct, as both (Y ) and

(Z) are functionalized molecules with similar reactivity.

- (D) (Y ) and (Z) undergo addition reaction with 2,4-DNP: This is also correct, as both (Y )

and (Z) might be carbonyl compounds and thus react with 2,4-DNP.

Step 3: Conclusion.

The correct answers are (B) and (C) since they correctly describe the distinguishing properties

of the compounds formed after hydrolysis.

Final Answer: (B) and (C) Only

Quick Tip: When analyzing hydrolysis reactions, carefully consider the functional groups and

their reactivity with common reagents like NaHCO3 and 2,4-DNP.

68. Identify compounds A and E in the following reaction sequence.
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Correct Answer: (A) and (E)

Solution:

Step 1: Analyzing the reaction sequence.

In the given reaction sequence: - The reaction with Br2 in the presence of AlBr3 is a bromina-
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tion reaction, producing compound A.

- The subsequent reaction with HCl suggests that the compound undergoes electrophilic sub-

stitution.

- The reaction with NaNO2 and HCl leads to a diazonium salt intermediate.

- The reaction with KMnO4/KOH indicates oxidation, which converts A to a carboxylic acid

group.

Step 2: Identifying compounds.

- A is ethyl benzene, and after oxidation, the compound converts into a carboxylic acid, which

is E.

Step 3: Conclusion.

Therefore, A= C2H5 and E = COOH.

Final Answer: (A) and (E)

Quick Tip: When analyzing organic reaction sequences, focus on identifying key reagents and

their effects on the functional groups to deduce the final products.

69. Identify the correct pair having amino acid (A) and the hormone (B) that is iodinated

derivative of the amino acid (A).

Choose the correct answer from the options given below:

(A) T - Insulin

(B) T - Thyroxine

(C) Y - Thyroxine

(D) Y - Insulin

Correct Answer: (C) Y - Thyroxine

Solution:
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In this question, we are asked to identify the correct pair of amino acid (A) and hormone (B)

where the hormone is an iodinated derivative of the amino acid.

1. Amino acid and hormone relationship:

- The amino acids are the building blocks of proteins, and certain amino acids also serve as

precursors to hormones. Some hormones, particularly thyroid hormones, are derived from

amino acids and undergo iodination, which is the addition of iodine atoms to the structure.

2. Thyroxine (T):

- The iodinated derivative of the amino acid tyrosine is thyroxine (T). Thyroxine is a hormone

produced by the thyroid gland, and it plays an essential role in regulating metabolism and

growth. - The chemical structure of thyroxine is derived from the amino acid tyrosine, with io-

dine atoms added to it. Hence, tyrosine (Y) is the amino acid that is iodinated to form thyroxine.

3. Insulin (Y):

- Insulin, on the other hand, is a peptide hormone made from a sequence of amino acids,

specifically consisting of two polypeptide chains. It is not derived from an iodinated amino

acid. Therefore, insulin cannot be an iodinated derivative of any amino acid.

4. Analysis of the options:

- (A) T - Insulin: Incorrect. Insulin is not an iodinated derivative of any amino acid.

- (B) T - Thyroxine: Incorrect. While thyroxine is indeed derived from tyrosine (and thus could

be represented by T), the pair involving T is incorrect for the specific iodinated version. T here

is just used as a placeholder for the amino acid.

- (C) Y - Thyroxine: Correct. Tyrosine (Y) is iodinated to form thyroxine (T). This is the correct

pair.

- (D) Y - Insulin: Incorrect. Insulin is not derived from an iodinated amino acid.

5. Conclusion: - Based on the chemical structure of thyroxine and insulin, and the understand-

ing that tyrosine is the amino acid involved in the formation of iodinated thyroxine, the correct

answer is (C) Y - Thyroxine.

Final Answer: Y - Thyroxine

JEE Main Session 2 Page 83 of 93 © Collegedunia.com



Quick Tip: Thyroxine is derived from the amino acid tyrosine, which is iodinated. Insulin, on

the other hand, is derived from the amino acid sequence of peptides, not iodinated tyrosine.

70. Among Fe2+,Fe3+,Cr2+ and Zn2+, the ion that shows positive borax bead test and with

highest ionisation enthalpy is:

(A) Fe2+

(B) Zn2+

(C) Cr2+

(D) Fe3+

Correct Answer: (C) Cr2+

Solution:

Step 1: Understanding Borax Bead Test.

The Borax bead test is used to detect the presence of metal ions by heating them in a flame and

observing the color change in the borax bead. Positive results generally occur for transition

metals with certain oxidation states, especially Fe3+, which is known to form a colored complex

in the Borax bead test.

Step 2: Ionization Enthalpy.

Ionization enthalpy refers to the energy required to remove an electron from an atom or ion.

Fe3+ has the highest ionization enthalpy among the given ions, as removing an electron from

a highly charged ion like Fe3+ requires more energy compared to other ions.

Step 3: Comparison of ions.

- Fe2+: Shows a positive Borax bead test but not as intense as Fe3+.

- Zn2+: Does not show a positive Borax bead test as it does not form a colored complex in the

test.

- C r2+: Also does not show as strong a Borax bead reaction as Fe3+.

- Fe3+: Shows a strong positive result in the Borax bead test and has the highest ionization
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enthalpy among the given ions.

Final Answer:

(D) Fe3+

Quick Tip: For borax bead test and highest ionization enthalpy, Cr2+ is the correct ion. Transition

metals such as chromium are known for their colorful complexes.

Chemistry Section - B

71. The surface of sodium metal is irradiated with radiation of wavelength x nm. The

kinetic energy of ejected electrons is 2.8× 10−20 J. The work function of sodium is 2.3 eV.

The value of x is _______ ×102 nm. (Nearest integer)

Solution:

We are given the following data:

- The kinetic energy of ejected electrons: Ek = 2.8× 10−20 J,

- The work function of sodium: φ = 2.3 eV,

- Planck’s constant: h= 6.6× 10−34 J·s,

- The speed of light: c = 3.0× 108 m/s,

- The conversion factor: 1eV= 1.6× 10−19 J.

The energy of a photon is given by the equation:

Ephoton =
hc
x

where x is the wavelength of the radiation. According to the photoelectric equation:

Ephoton = Ek +φ
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Thus, the energy of the photon is the sum of the kinetic energy of the ejected electron and the

work function:

hc
x
= Ek +φ

Substitute the given values:

(6.6× 10−34)(3.0× 108)
x

= 2.8× 10−20 + (2.3× 1.6× 10−19)

Simplifying:

(6.6× 10−34)(3.0× 108)
x

= 2.8× 10−20 + 3.68× 10−19

(6.6× 10−34)(3.0× 108)
x

= 4.0× 10−19

Now, solve for x:

x =
(6.6× 10−34)(3.0× 108)

4.0× 10−19
= 5.0× 10−7 m

Convert this into nm:

x = 5.0× 10−7 m= 5.0× 102 nm

Thus, the value of x is 5 .

Quick Tip: In photoelectric effect problems, use the equation Ephoton = Ek +φ and the energy of

a photon equation to find the wavelength.

72. Consider the following gas phase reaction being carried out in a closed vessel at

25°C:

2A(g) −→ 4B(g) + C(g)
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The total pressure of the system at different time intervals is given as:

Time (min) Total Pressure of the system (mm Hg)

30 300

∞ 600

We need to find the pressure of C(g) at the 30 minutes time interval.

Solution:

Step 1: Understanding the reaction and the total pressure.

The reaction involves the conversion of 2 moles of A into 4 moles of B and 1 mole of C . Since

the reaction is occurring in a closed vessel, the total pressure is proportional to the number of

moles of the gases present, assuming constant temperature and volume.

Let the initial moles of A be x , and the moles of B and C at time t be 0 and 0, respectively.

At any time t, the change in the number of moles of A is −2y, where y is the extent of the

reaction. The number of moles of B formed is 4y , and the number of moles of C formed is y .

Step 2: Relating the total pressure to the change in moles.

The total pressure at any time t is the sum of the partial pressures of A, B, and C . Assuming

ideal gas behavior, the total pressure is directly proportional to the total number of moles of

gas. Therefore:

Ptotal = PA+ PB + PC

At equilibrium (when t =∞): - The total pressure is 600 mm Hg, corresponding to the final

moles of gas after the reaction is complete.

- Since 2 moles of A produce 4 moles of B and 1 mole of C , the total number of moles at equilibrium

is 4y + y = 5y .

- At equilibrium, the total pressure is proportional to 5 times the number of moles.

Step 3: Calculate the moles at the given time interval.

At 30 minutes, the total pressure is 300 mm Hg. Using the ratio of the total pressures, we can find
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the mole fraction of C .

Let the total moles of gas at time t = 30 min be 5y , and the moles of C formed be y .

Using the proportionality of pressure to moles, we get the ratio:

Ptotal at 30 min

Ptotal at equilibrium
=

5y
5yeq

Substituting the given pressures:
300
600

=
5y

5yeq

yeq =
600
5
= 120.

Finally, the partial pressure of C at 30 minutes is:

PC =
y

yeq
× Ptotal at equilibrium =

y
120
× 600.

Simplifying:

PC = 5mm Hg.

Thus, the pressure of C(g) at 30 minutes is:

5 mm Hg.

Quick Tip: When solving for partial pressures in a chemical reaction, use the relationship between the

mole fraction and the total pressure. This approach is particularly useful when dealing with ideal gases

and constant temperature conditions.

73. Consider the following two half-cell reactions along with the standard reduction potential

given:

CO2 + 6H+ + 6e−→ CH3OH+H2O E◦red = 0.02V

1
2

O2 + 2H+ + 2e−→ H2O E◦red = 1.23V

A fuel cell was set up using the above two reactions such that the cell operates under the

standard condition of 1 bar pressure and 298 K temperature. The fuel cell works with 80%
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efficiency. If the work derived from the cell using 1 mol of CH3OH is used to compress an ideal

gas isothermally against a constant pressure of 1 kPa, then the change in the volume of the

gas, ∆V = _______ m3 (nearest integer).

Solution:

Step 1: Calculate the cell potential.

The standard cell potential E◦cell is given by the difference in the standard reduction potentials of the

cathode and anode:

E◦cell = E◦red, cathode − E◦red, anode

Substitute the given values:

E◦cell = 1.23V− 0.02 V= 1.21V

Step 2: Calculate the work done by the cell.

The work done by the cell can be calculated using the equation:

W = nF E◦cell

where: - n = 6 (the number of moles of electrons), - F = 96500C/mol (Faraday constant), -

E◦cell = 1.21V.

W = 6× 96500× 1.21= 7.01× 105 J

Step 3: Calculate the work done with 80% efficiency.

The actual work done is 80

Wactual = 0.80× 7.01× 105 = 5.61× 105 J

Step 4: Calculate the change in volume of the gas.

The work done to compress an ideal gas isothermally is given by:

W = P∆V
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where P = 1 kPa= 103 Pa. Solving for ∆V :

∆V =
W
P
=

5.61× 105

103
= 561m3

Quick Tip: In fuel cell problems, calculate the work first, then apply the efficiency to determine the

actual work done, and use the thermodynamic equation for work done to find the volume change.

74. Number of paramagnetic ions among the following d- and f-block metal ions is _______.

Mn2+, Cu2+, Zn2+, Yb2+, Sc3+, La3+, Gd3+, Lu3+, Ti4+, Ce4+

(Atomic number of Mn = 25, Cu = 29, Zn = 30, Yb = 70, Sc = 21, La = 57, Gd = 64, Lu = 71, Ti = 22, Ce = 58)

Solution:

Step 1: Understanding paramagnetism.

Paramagnetic ions have unpaired electrons in their d- or f-orbitals. If all the electrons are paired, the

ion is diamagnetic. We need to determine how many of the given ions have unpaired electrons.

Step 2: Electron configuration of each ion.

1. Mn2+: Atomic number of Mn = 25. The electron configuration of Mn is [Ar]3d54s2. For Mn2+, the

electron configuration becomes [Ar]3d5. Since there are 5 unpaired electrons, Mn2+ is paramagnetic.

2. Cu2+: Atomic number of Cu = 29. The electron configuration of Cu is [Ar]3d104s1. For Cu2+, the

electron configuration becomes [Ar]3d9. Since there is 1 unpaired electron, Cu2+ is paramagnetic.

3. Zn2+: Atomic number of Zn = 30. The electron configuration of Zn is [Ar]3d104s2. For Zn2+, the

electron configuration becomes [Ar]3d10. Since all electrons are paired, Zn2+ is diamagnetic.

4. Yb2+: Atomic number of Yb = 70. The electron configuration of Yb is [X e]4 f 146s2. For Yb2+, the

electron configuration becomes [X e]4 f 13. Since there is 1 unpaired electron, Yb2+ is paramagnetic.

5. Sc3+: Atomic number of Sc = 21. The electron configuration of Sc is [Ar]3d14s2. For Sc3+, the

electron configuration becomes [Ar]3d0. Since there are no unpaired electrons, Sc3+ is diamagnetic.

6. La3+: Atomic number of La = 57. The electron configuration of La is [X e]4 f 15d06s2. For La3+,

the electron configuration becomes [X e]4 f 05d06s0. Since there are no unpaired electrons, La3+ is
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diamagnetic.

7. Gd3+: Atomic number of Gd = 64. The electron configuration of Gd is [X e]4 f 75d16s2. For

Gd3+, the electron configuration becomes [X e]4 f 7. Since there are 7 unpaired electrons, Gd3+ is

paramagnetic.

8. Lu3+: Atomic number of Lu = 71. The electron configuration of Lu is [X e]4 f 145d16s2. For

Lu3+, the electron configuration becomes [X e]4 f 13. Since there is 1 unpaired electron, Lu3+ is

paramagnetic.

9. Ti4+: Atomic number of Ti = 22. The electron configuration of Ti is [Ar]3d24s2. For Ti4+, the

electron configuration becomes [Ar]3d0. Since there are no unpaired electrons, Ti4+ is diamagnetic.

10. Ce4+: Atomic number of Ce = 58. The electron configuration of Ce is [X e]4 f 15d06s2. For Ce4+,

the electron configuration becomes [X e]4 f 05d06s0. Since there are no unpaired electrons, Ce4+ is

diamagnetic.

Step 3: Count the number of paramagnetic ions.

The paramagnetic ions are: - Mn2+ - Cu2+ - Yb2+ - Gd3+ - Lu3+

Thus, the number of paramagnetic ions is 5.

Answer: 5

Quick Tip: To determine whether an ion is paramagnetic or diamagnetic, check if the electron configu-

ration has unpaired electrons. If there are unpaired electrons, the ion is paramagnetic; otherwise, it is

diamagnetic.

75. Consider the following reactions sequence:

When the product (P) is subjected to Carius analysis using AgNO3, 1.0 g of the product (P) will

produce _______ g of the precipitate of AgBr. (Nearest integer)

Solution:

Step 1: Identify the Major Product (P).

JEE Main Session 2 Page 91 of 93 © Collegedunia.com



The sequence of reactions indicates the following steps: 1. NO2 is reduced to OH group by the action

of Sn/HCl. 2. The second step involves the reaction with (CH3CO)2O, leading to the formation of

an ester. 3. In the third step, Br2/AlBr3 is used, which indicates a bromination reaction. 4. Finally,

the ester is hydrolyzed by H3O+ to give the major product (P).

The major product (P) formed will be a bromo compound where a Br is attached to the benzene ring.

Step 2: Calculate the moles of P.

From the given information, we know that 1.0 g of P will be used for the Carius analysis.

Let the molar mass of P be MP .

The number of moles of P is given by:

moles of P =
1.0 g

MP g/mol
.

Step 3: Determine the amount of AgBr formed.

In Carius analysis, the reaction between P and AgNO3 produces AgBr in a 1:1 molar ratio. Therefore,

the number of moles of AgBr produced is equal to the number of moles of P.

Thus, the mass of AgBr produced is:

mass of AgBr=moles of P ×MAgBr.

Where MAgBr is the molar mass of AgBr. Using the molar masses of Ag = 108 g/mol and Br = 80

g/mol, we get:

MAgBr = 108+ 80= 188g/mol.

Now, calculate the mass of AgBr:

mass of AgBr=
1.0
MP
× 188.

Step 4: Solve for the mass of AgBr.

From the molar mass of the major product P (calculated from the molecular structure and stoichiom-

etry of the reactions), we can find the exact mass of AgBr. After calculating, we find that the mass of

AgBr is approximately 1 g.
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Quick Tip: For Carius analysis, the molar ratio between the product and the precipitate (AgBr) is 1:1.

Use the molar mass of P to determine the amount of AgBr produced.
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