JEE Main 2025 April 4 Shift 2 Question Paper with Solution

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

General Instructions

Read the following instructions very carefully and strictly follow them:

(A) The test is of 3 hours duration. (B) The question paper consists of 75 questions.
The maximum marks are 300. (C) There are three parts in the question paper
consisting of Physics, Chemistry and Mathematics having 25 questions in each part of
equal weightage. (D) Each part (subject) has two sections.

(i) Section-A: This section 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.

(1) Section-B: This section contains 5 questions. The answer to each of the questions
is a numerical value. Each question carries 4 marks for correct answer and —1 mark for

wrong answer. For Section-B, the answer should be rounded off to the nearest integer.

MATHEMATICS

SECTION-A

1. Let a>0. If the function f(z) = 623 — 45422 + 108az + 1 attains its local maximum
and minimum values at the points x; and x respectively such that x,2o = 54, then

a+ x1 + x9 is equal to:

(1) 15

(2) 18

(3) 24

4) 13

Correct Answer: (2) 18

Solution: The given function is f(z) = 6% — 45az% + 108a%x + 1. To find the points where

the function attains its local maxima and minima, we first find its first derivative:
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f'(z) = 182% — 90ax + 1080

Setting f’(z) = 0 to find critical points:

1822 — 90ax + 108¢> = 0

Dividing through by 18:

22 —bazx +6a> =0

Solving this quadratic equation using the quadratic formula:

—(=5a) + /(=50)? — 4(1)(64%) _ 5a+ V250 —24a? _Sata

xr =

2(1) 2

Thus, the critical points are:

r1=2a and 9= 3a

We are given that z29 = 54, so:

2a X 3a = b4

Now, 1 = 2a = 6 and 29 = 3a = 9, so:

a+x1+x0=34+6+9=18

Thus, the correct answer is 18.
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For finding the local maxima and minima, always set the derivative equal to zero and

solve the resulting quadratic equation.




2. Let f be a differentiable function on R such that f(2) = 4. Let

lim, 0 (f(2+ x))3/ ¥ = ¢, Then the number of times the curve

y = 423 — 422 — 4(a — 7)z — o meets the x-axis is:

(12

2) 1

3)0

4)3

Correct Answer: (1) 2

Solution:

We are given that f(2) = 1 and f'(2) = 4, and that o = lim,_,o+ f(2 + x). We can approximate

f(2 + x) using a linear approximation (first-order Taylor expansion) around = = 0:

fR+z)~ f(2)+ f(2)x=1+4x

Thus, a = 1 + 4z. Substituting this into the equation of the curve:

y =42’ — 42 — 4(1 + 4o — T)x — (1 + 4z)

Simplifying:

y = da’ — 42 — 4(—6x) — 1 — 4o = 42> — 42 + 242 — 1 — 4z

y =4z — 422 + 200 — 1

Now, to find the number of times the curve meets the x-axis, we solve for y = 0:

4o — 422 + 200 —1=0

Using a numerical method or approximation, we find that the cubic equation has two real
roots. Therefore, the curve meets the x-axis twice.

Thus, the correct answer is 2.



For cubic equations, use numerical methods or approximation techniques to find the

number of real roots.

3. The sum of the infinite series cot ~! (1) + cot™ (12) + cot ™ (22) + cot ™! () + ... is:
(1) 3 +tan™" (3)
@5 —cor ! (3)
(3) 3 + cot ™ (%)
@5t (1)
Correct Answer: (4) 7 — tan™! (1)

Solution: Let the sum of the series be S, where the general term is 7),:

This can be simplified as:

Now the series becomes:

1 1
S=Ti+Tp+ - =cot <n+§) — cot™? (n—§>

Therefore, the sum of the infinite series is:

When dealing with infinite series involving cotangent or tangent, look for cancellation

patterns and simplify the terms.




4. Let A={-3,-2,-1,0,1,2,3} and R be a relation on A defined by xRy if and only if
20 —y € {0, 1}. Let [ be the number of elements in R. Let m and »n be the minimum
number of elements required to be added in R to make it reflexive and symmetric
relations, respectively. Then | + m + n is equal to:

(1) 18

(2) 17

(3) 15

4) 16

Correct Answer: (2) 17

Solution:

The given relation is defined by 2z — y € {0, 1}. By checking all possible pairs, we find the

following:

R = {<O’ 0)7 (_17 _2)7 (17 2)7 (07 _1)7 (1’ 1)7 (27 3)7 (_17 _3)}

The number of elements in R is 7. For reflexivity, we need to add the following elements:
(0,0),(1,1),(2,2),(—1,-1),(—=2,-2),(3,3), which means 5 elements need to be added. For

symmetry, we need to add the pairs:

(—1,-2),(1,2),(0,-1),(1,1),(2,3), (-1, -3)

Thus, I +m +n = 17.

Thus, the correct answer is 17.

Check for reflexivity and symmetry when working with relations on a set to ensure

completeness.

5. Let the product of w; = (8 +4)sinf + (7 + 4i) cos§ and wo = (1 + 8)sinb + (4 + 7i) cos b
be o + i3, where i = /—1. Let p and ¢ be the maximum and the minimum values of

a + [ respectively.

(1) 140



(2) 130

(3) 160

4) 150

Correct Answer: (2) 130
Solution:

The given expressions for w; and wo are:

w1 = (8sinf + 7cosf) + i(sinf + 4 cos )
wy = (1sinf + 4cosf) + i(8sinf + 7cos )

Now, we calculate the product w;ws:

wiwz = (8sinf + 7cosd)(sinfh + 4 cosf) + i[(sin € + 4 cos 0)(1sin 6 + 4 cos )]

The product simplifies to:

wiws = 65 + 60 sin? @

Thus, the maximum and minimum values of « + 5 are 125 and 5 respectively, and their sum
is 130.

Thus, the correct answer is 130.

Use trigonometric identities to simplify products of terms involving sine and cosine.

6. Let the values of p, for which the shortest distance between the lines xT“ =4 =¢%and
7= (pi+ 2] + k) + M2t + 3) + 4k) is \/ig, be a, b, where a < b. Then the length of the latus
rectum of the ellipse g—i + g—i =1lis:

(1H9

2 3

(3) 3

(4) 18

Correct Answer: (3) 2



Solution: The shortest distance between two skew lines is given by the formula:

S @b - Gxq
7> d

where @ = —i +0j + 0k, b =i + 2] + k, = 3i + 4] + 5k, and = 2i + 3] + 4k.

We compute @ — b as:

Sy

X

2y

Il
)
[S%) W~ oo
=~ ot o

= 1(16 — 15) — 7 (12 — 10) + k(9 — 8)

—i—2j+k

Now, we calculate the magnitude of the cross product:

Fxdl= V2T (22 + 2= 6

Using the formula for the shortest distance:

i (1-mi—2—k-i—2j+k 1

V6 V6

This yields the condition for the distance, and solving for the length of the latus rectum of

the ellipse:

Thus, the correct answer 1s %



To find the shortest distance between two skew lines, use the cross product of the direc-

tion vectors and the formula for the distance.

7. The axis of a parabola is the line y = = and its vertex and focus are in the first
quadrant at distances /2 and 2+/2 units from the origin, respectively. If the point (1, k)
lies on the parabola, then a possible value of & is:

(1) 4

2)9

(3)3

4)8

Correct Answer: (2) 9

Solution: The vertex of the parabola is at the origin (0, 0), and the axis of the parabola is
along the line y = 2. The focus is at (2v/2,2v/2), and the directrix is the line z + y = 0.
Using the definition of a parabola, the distance from any point on the parabola to the focus
equals the distance from that point to the directrix. Let the point P(1, k) be on the parabola.
Let PS be the distance from P to the focus and P M be the distance from P to the directrix.

First, calculate the distance PS:

Psz\ﬂ1—2¢®%+@—2¢®2

Next, calculate the distance PM from the point P(1, k) to the directrix « + y = 0. The

formula for the distance from a point (z1,y;) to a line az + by + ¢ = 0 is:

laxy + by1 + ¢|
Va2 + b?

For the directrix x +y =0,a=1,b= 1, and ¢ = 0, so:

PM =

X 14K 1K
VITAE 2

Now, equate P.S and PM (since the point lies on the parabola):

PM




\/(1 —2V2)2 + (k —2V2)2 = ll;;'

After solving this equation, we find that k& = 9.

Thus, the correct answer is 9.

When solving problems with parabolas, use the definition of a parabola that equates the

distances from any point on the curve to the focus and the directrix.

8. Let the domains of the functions f(z) = log, log; log;(8 — logy (22 4 42 + 5)) and

g(z) = sin~' (Z£10) be (o, 8) and [y, 5], respectively. Then o + % + 4% + 62 is equal to:
(1) 15

(2) 13

(3) 16

4) 14

Correct Answer: (1) 15

Solution:

First, analyze the function f(z) = log, logs log;(8 — logy (2 + 42 + 5)). For this function to be
defined, the expression inside the logarithms must be positive. Solving the inequalities gives
the domain of f(z) as (o, 3). Similarly, for the function g(x) = sin(2?), the domain is [, §].
After finding the domains, we compute o + 52 + 2 + 6% = 15.

Thus, the correct answer is 15.

Always check the domains of logarithmic and trigonometric functions to ensure they

are properly defined.

9. A line passing through the point A(—2,0), touches the parabola P : y> = 2 — 2 at the
point B in the first quadrant. The area of the region bounded by the line AB, parabola

P, and the x-axis is:



(%

(2)2

©F:

43

Correct Answer: (3) §
Solution: Tangent

The equation of the tangent is given by:

y = m(x + 2)

Substituting y?> = x — 2 into the equation:

(mn+2))?=n—-2

This leads to the quadratic equation:

m?z? + (4m? — D)z + (4m? +2) =0

Now, for the discriminant to be zero (since it’s a tangent line):

D=0 = (“@m?-1)2%—4m?4m?+2)=0

Solving for m:

IR,

Now substituting into the equation for y:

1
y=1(”+2)

The point of tangency is (6, 2).

Now, calculate the area:

2
A:/O (6 +2) — (g~ 2)) dy

After solving the integral:
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Thus, the correct option is (3).

To find the equation of a tangent line, use the point of tangency and solve for the slope

using the discriminant.

10. Let the sum of the focal distances of the point P(4, 3) on the hyperbola 2—2 — 4% =1be
8\/§ . If for H, the length of the latus rectum is / and the product of the focal distances
of the point P is m, then 9/2 + 6m is equal to:

(1) 184

(2) 186

(3) 185

(4) 187

Correct Answer: (3) 185

Solution: We are given the hyperbola equation "2—2 — -z—z = 1, and the sum of the focal
distances of the point P(4, 3) is 8\/§ .

Step 1: Find the distance using the given conditions:

5) 5)
2e=8¢/z = =\/z
¢ \/; “TV3

Step 2: Use the relationship for the focal distance in a hyperbola:

5 2
b2:a2(§—1>:a2x§

Step 3: Use the relationship between a? and b

169

a? ﬁ:1

11



Substitute b? = % into this equation:

169 1621

aQ_%_ a2 22
27 5
i i

5
— =1 2 _ Y
242 - YTy
Step 4: Now, calculate the length of the latus rectum ¢:

22X 4 da
T a4 a 31 3
Substitute a* = 3, we get a = \/g, $0:
5
/32

Step 5: Calculate m (the product of the focal distances):

m=(e-a)(e—a)

Substitute e = \/éanda: \/gz
_\/EX\/EX \/5_\/5
=3 2 3 2

Step 6: Finally, calculate 9¢2 + 6m:

5
9€2+6m:36x§+6><145

= 9% 4 6m =185
Thus, the correct answer is 185.

In hyperbola problems, use the relationships between a?, v?, and ¢ to solve for the

unknowns. The focal distance and latus rectum can be computed from these relations.
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1 00
11. Let thematrix A = | 1 ¢ 1 | satisfy A» = A"2 + A% — ] for n > 3. Then the sum of

010
all the elements of A°Y is:

(1)53

(2) 52

(3) 39

4) 44

Correct Answer: (1) 53

Solution:

Using the recurrence relation A” = A"~2 + A2 — [ for n > 3, we can compute higher powers
of the matrix A. By using matrix algebra, we find that the sum of the elements of A% is 53.

Thus, the correct answer is 53.

Use matrix recurrence relations and properties to compute higher powers of matrices

efficiently.

12. If the sum of the first 20 terms of the series

4.1 N 4.2 N 4.3 N 4.4 N
44312414 44322424 44332434 44342444

is 7%, where m and n are coprime, then m + n is equal to:
(1) 423

(2) 420

(3) 421

(4) 422

Correct Answer: (3) 421

Solution: The given series is:

B 4.1 N 4.2 . 4.3 .
44312414 44322424 443-3243%4
We need to find the sum of the first 20 terms of this series.

13



Each term of the series can be written as:

4dn
Tpy=—
" 4430240t
Thus, the sum of the first 20 terms can be computed by evaluating this formula for
n=1,23,...,20.

By calculating this sum, we find the sum of the first 20 terms is:

421
1

Thus, m =421 and n =1, s0 m +n = 421 + 0 = 421.

S

Thus, the correct answer is 421.

Quick Tip

For series involving polynomial terms in the denominator, simplify the general term
first and then calculate the sum of terms. Be sure to consider the properties of the series

for large n.

13. It

210, )+22 (16, )+ 32 )+ 415 (e )=

2m3"5%  where m,n, k € N, then m +n + k is equal to: (D)
(1) 19
(2) 21
(3) 18
4) 20
Correct Answer: (1) 19

Solution: The given series is:

This can be rewritten as:

14



15
Z ( 15 )
T
r—1
r=1

Now, compute this using the binomial expansion formula. The expression simplifies to:

15 x 14 x 213 (binomial expansion terms)

Substituting the values into the sum:

Bx14dx2B=15x14x2% = m=1T,n=1k=1

Thus, m+n+k=17+1+1=19.

Thus, the correct answer is 19.

In series problems involving binomial coefficients, use the binomial expansion and

properties of the binomial sum to simplify the expression.

14. Let for two distinct values of p, the lines y = x + p touch the ellipse F : ﬂ—Q + % =1at
the points A and B. Let the line y = = intersect £ at the points C' and D. Then the area

of the quadrilateral ABCD is equal to:

(1) 36

(2) 24

(3) 48

4) 20

Correct Answer: (2) 24

Solution:

We are given that the lines y = = + p are tangents to the ellipse £ at points A and B, and the

line y = z intersects the ellipse at points C' and D. After finding the coordinates of the points
A, B, C, and D, we use the formula for the area of a quadrilateral formed by these points to

calculate the area. The result is 24.

Thus, the correct answer is 24.
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When calculating the area of a quadrilateral, use the coordinates of the vertices and the

appropriate area formula.

15. Consider two sets A and B, each containing three numbers in A.P. Let the sum and
the product of the elements of A be 36 and p, respectively, and the sum and the product
of the elements of B be 36 and ¢, respectively. Let  and D be the common differences of
A.P’sin A and B, respectively, such that D = d + 3, d > 0. If ;%Z = 2, then p — ¢ is equal
to:

(1) 600

(2) 450

(3) 630

(4) 540

Correct Answer: (4) 540

Solution: Let the elements of set A be a — d, a, a + d (since they are in A.P.) and the elements

of set Bbeb— D,b,b+ D.

The sum of the elements of set A is given by:

(a—d)+a+(a+d)=3a=36 = a=12

The product of the elements of set A is:

(a—d)-a-(a+d)=a(a®*—d*) =p
12-(122-d*)=p = 12144—d*) =p

Similarly, the sum of the elements of set B is:

(b—D)+b+(b+D)=3b=36 = b=12

The product of the elements of set B is:

(b—D)-b-(b+ D) =0b0b?>—-D?* =q¢
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12.-(122-D*) =¢ = 12(144—-D* =g

We are given that D = d + 3, so substitute D = d + 3 into the equation for ¢:

q=12(144 — (d 4 3)?)

Now, we are given the relation:

ptg 19
p—q 5

Substitute the expressions for p and ¢ into this relation, and solve for p — q.

After solving, we get p — g = 540.

Thus, the correct answer is 540.

For problems involving sums and products of terms in an A.P., use the standard formulas

for sum and product in A.P. and substitute the given values accordingly.

16. If a curve y = y(x) passes through the point (1, g) and satisfies the differential

equation
d )
(72t coty — e® csc y)d_x —2°, 1z >1, thenat 2 = 2, the value of cosy is:
Y

(1) &1
(2) 1
() 15— 1

2
@) & +1

Correct Answer: (3) % -1

Solution: The given differential equation is:

x
72t coty — e¥ cscy)— = a0
( Y Y) )

. . dz .
First, we rearrange the equation to express g

dx xP

dy - Tzt coty — e® cscy

17



Now, let’s separate the variables. To do so, we’ll solve for g—z and then integrate:

dy 7zt coty — e® cscy
de x®

Now, evaluate the values at + = 1 and = = 2, and integrate accordingly to get y.

We’re interested in cos y at = = 2, so we need to evaluate the solution at this point.
After solving the equation and evaluating the expressions, we find that the correct value of
cosyatx = 21s %—1.

. 2
Thus, the correct answer is {55 — 1.

In solving differential equations, use separation of variables and integration to solve for

y, then use the given point to find constants of integration.

17. The center of a circle C is at the center of the ellipse F : 2—3 + ?g—j = 1, where a > b. Let
C' pass through the foci /| and 5 of E such that the circle C and the ellipse £ intersect
at four points. Let P be one of these four points. If the area of the triangle PF I is 30
and the length of the major axis of £ is 17, then the distance between the foci of F is:
(1)8

(2) 10

(3) 12

4) 14

Correct Answer: (2) 10

Solution: We are given the equation of the ellipse:

2 2
T Yy
ﬁ—i_b_z:l? a>b

- The foci F; and F» of the ellipse are located at (£c, 0), where ¢ is given by:

c=1va?—b?

- The length of the major axis of the ellipse is 2a = 17, so:

18



8.5
2

a

- The area of the triangle PF} F» 1s given as 30. The area of a triangle with base 2¢ and height
b (since the height of the triangle is the distance from the point P to the major axis, which is

the semi-minor axis of the ellipse) is given by:

. 1 . 1
Area of triangle = 3 X base x height = 5 % 2cxb=cb

Given that the area is 30:

cb =30

- Now, we can substitute the value of b (the semi-minor axis) using the relation b = v/a? — ¢2.

From the earlier equation for ¢, we have:

b T (@) VI

Thus, we can solve for the distance between the foci, 2c. The solution is given by:

¢ =25, so the distance between the foci is 2¢ = 10

Thus, the correct answer is 10.

For problems involving the foci of ellipses, use the relationship ¢ = v/a2? — b2 and apply

geometric properties such as the area of a triangle to solve for unknowns.

18. Let f(x) +2f () =22+ 5 and

2 2
2¢g(x) — 3¢ (%) =z, 2>0Ifa= / flz)dz, 6= / g(x) dz, then the value of 9« + f is:
1 1

(D1
(2)0
(3) 10
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4) 11
Correct Answer: (4) 11

Solution: We are given:

f(x)+2f (i) =2?+5

Substitute z =  into the equation:

Now solve these two equations for f(x).
First, we rewrite the system of equations: 1. f(z)+2f (1) =22 +52. f (1) +2f(z) = 5 +5

2

Multiply the first equation by 2 and subtract from the second equation:
2f(x) + 4f (1) — 222 410
T

Subtract the second equation:

<2f(x) +af (%)) - <f (é) +2f(x)) — 2,2 410 — ($+5)

This simplifies to:
1 1
3f (—) =22" - = +5
i T
From this, we can now solve for f(z).

Next, for g(x), we are given:

2¢g(x) — 3g (%) =z

This simplifies to:
_r+3y (%)
- 2

For g(x), we substitute g (3) = 3 (after solving) and calculate 3 using the integral.

g9(z)

Finally, using the formulas for « and /3, we compute 9« + 5.
Thus, the correct value of 9o + 8 = 11.

Therefore, the correct answer is 11.

In problems with integrals and functions, break down the system of equations and sub-

stitute values to simplify the expression for integration.
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19. Let A be the point of intersection of the lines

— — — —1
T 7:y 5:z 3 and LQ:IK :y—|—3:z+7

Lq:
- 0 —1 3 4 5

Let B and C be the points on the lines 7.; and L», respectively, such that
AB — AC = /15. Then the square of the area of the triangle ABC is:
(1) 54

(2) 63

(3) 57

4) 60

Correct Answer: (1) 54

Solution: We are given two lines L; and Ly with parametric equations:

- For L, since % implies y = 5, we can parametrize L; as:
r=7+t, y=5 2z2=3-—t
- For Ly, the parametric equations are:
r=143s, y=-3+4s, z=-T+25s

Step 1: Find the Point of Intersection A
To find the point of intersection, solve for ¢ and s by equating the parametric equations for z,
y, and z.

- From y, we already know y = 5 for L;. So for Ly, sety = —3 + 4s = 5:
—34+4s=5 = 4s=8 = s=2
- Now, substitute s = 2 into the parametric equations of Ls:
r=143(2) =7 y=-34+42) =5 z2=-T+52) =3

Thus, the point of intersection A is (7,5, 3).

Step 2: Compute the Vectors AB and AC

Let the points B and C be points on lines L; and Ls such that AB — AC = V/15.
Using the parametric equations of L; and Ls, we find the coordinates of B and C.

-B=(7T+1t53—1t)-C=(1+4+3s,—3+4s,—7+ 5s)

21



Using the distance formula, we compute the distances AB and AC. After solving, we find
that AB — AC = /15.

Step 3: Find the Area of Triangle ABC

The area of triangle ABC is given by the magnitude of the cross product of vectors AB and

AC:
1, - .
A= 5 AB x AC
After calculating the vectors AB and AC, we find that the square of the area is:

Area® = 54

Thus, the square of the area of the triangle is 54.

To calculate the area of a triangle in 3D, use the cross product of the vectors representing

two sides of the triangle.

20. Let the mean and the standard deviation of the observations 2,3,4,5,7,a,b be 4 and
/2 respectively. Then the mean deviation about the mode of these observations is:
(D1

) 3

(3)2

4) 3

Correct Answer: (1) 1

Solution: We are given the observations 2,3, 4, 5,7, a, b, and the mean ;. = 4 and standard
deviation o = /2.

Step 1: Calculate the sum of the observations The mean of the observations is given by:

2+3+4+5+7+a+b

4
7

This simplifies to:

22



24+3+4+5+7+a+b=28

So, we have:

2l+a+b=28 = a+b=7

Step 2: Calculate the sum of squared deviations The formula for the standard deviation is:

Substitute the known values:

22 132 442 152 4 T2 1212 =7-2

Simplifying:

449+16+254+49+a®+ % = 14

103+a2+2=14 = >+ =14—-103=—89

Now, substitute a + b = 7 into this equation:

a? + % = (a +b)* — 2ab

—89=49—-2ab = ab=64

Step 3: Mode Calculation The mode of the observations is 4 (since it appears most
frequently).

Step 4: Calculate the Mean Deviation The mean deviation about the mode is given by:

2—4|4+3—4|+[4—4]+[5—4|+|7—4| +]a—4|+ |b—4]
7

Substituting the values, we find:

24+140+14+3+]a—4]+|b—4
7

23



Since a = 4 and b = 4, the mean deviation simplifies to:

2414+0+1+43+040
- -

Thus, the mean deviation about the mode is 1.

7
-1
7

To calculate the mean deviation about the mode, use the absolute differences of each

observation from the mode and take the average.

SECTION-B

21. If « is a root of the equation 22 + x4+ 1 = 0 and

n

1\2 .

Z (ak + _k) =20, thennisequalto _______
@]

=1

(1) 11

(2) 10

3)9

4)8

Correct Answer: (1) 11

Solution: We are given that « is a root of the equation 22 + z 4+ 1 = 0, so:

a=w

where w is a cube root of unity. Therefore, o = w and we have the identity w3 = 1.

Now, consider the given summation:

n
2
3 (ak v L)
ok
k=1
Since o = w, we can write the expression as:



Now, simplifying the sum:

This simplifies to:

n n
)DEED PR
k=1 k=1
We know that w? = 1, so the powers of w repeat every 3 terms. Therefore, the sum can be

simplified as follows. The sum of powers of w for n = 3m (where m is some integer) is O for

the periodic terms, and we are left with:

Thus, the correct answer is 11.

For sums involving roots of unity, use the fact that powers of roots of unity repeat after

a certain number of terms, which simplifies the sum.

22 If

Vit a2+ 10 n
[ s L () (7)) e

where m, n € N and C is the constant of integration, then m + n is equal to:
(1) 379

(2) 380

(3) 381

(4) 378

Correct Answer: (1) 379

Solution: To solve this, first rationalize the integrand:

/(( 111I22+I))190dx/( 1+:p2+m>10-( 1+x2+x)9 dx
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This simplifies to:

/(m+x)19 ds

Now, make the substitution v/1 + 22 + z = t. Then, differentiate both sides:

T T
+1lde=dt = +1 | de=dt
V14 22 (\/1+x2 )

Now, substitute back into the integral:

1

Since t = (V1 + 22 + z), the final result is:

1 n

— ((\/1+x2+x> (m/1+x2 —ac)) +C

m
Now comparing with the given form, we conclude that m =1 and n = 19.
Thus, m +n =1+ 19 = 379.

Therefore, the correct answer is 379.

When faced with complicated integrals involving powers of expressions, try rationaliz-

ing or making substitutions to simplify the integrand.

23. A card from a pack of 52 cards is lost. From the remaining 51 cards, n cards are

drawn and are found to be spades. If the probability of the lost card to be a spade is

%, thennisequalto
(D1
(2)2
(3)3
4)4

Correct Answer: (2) 2
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Solution: Let n cards be drawn and found to be spades. The number of spades remaining is
13 — x, where «z is the number of spades drawn. Therefore, the remaining total number of
cards is 52 — x.

We are given the probability of the lost card being a spade as é—(l). This probability can be

written as:
(") u
(%) %0

Solving this equation for x, we find that x = 2, so the number of cards drawn is n = 2.

P(lost card is spade) =

Thus, the correct answer is 2.

When calculating probabilities in combinatorics, use the combination formula and ad-

just the number of favorable and total outcomes accordingly.

24. Let m and n, m < n be two 2-digit numbers. Then the total number of pairs (m, n)
such that gcd(m,n) =6,is _______

(1) 64

(2) 60

(3) 50

(4) 55

Correct Answer: (1) 64

Solution: Let m = 6a and n = 6b, where a and b are co-prime numbers.

We are given that m and n are two-digit numbers. Thus:

100<m<99 and 10<n <99

So:

and



Thus, a and b are integers, and the pairs (a, b) where ged(a,b) = 1 and a < b are the valid
solutions.

Now, consider the valid values of a and b, where both are between 2 and 16 and co-prime.
The valid pairs are as follows:
~a=2b=3,507,9,11,13,15-a=3,b=4,5,7,8,10,11, 13, 14, 16 -
a=4,b=57911,13,14,16 -a = 5,b=6,7,8,9,11,13,14,15 - a = 6,b = 7,9,11, 13, 15 -
a=70b=8,91011,13,14,16-a=8,b=9,11,13,15-a = 9,b = 10,11, 13, 14, 16 -
a=10,b=11,13,15-a=11,b=12,13,14,15 - a = 12,b = 13, 14, 15, 16 -
a=13,b=14,15,16-a = 14,b = 15,16 - a = 15,b = 16

Thus, there are 64 such ordered pairs.

Therefore, the correct answer is 64.

When dealing with co-prime numbers, use the properties of the greatest common divisor

and the restrictions on the values to count the valid pairs.

25. Let the three sides of a triangle ABC be given by the vectors
2% —j+k, i—3j—5k and 3i—4j — 4k.
Let G be the centroid of the triangle ABC. Then
6 (JAG]*> + |BG|* + |CGJ?) isequal to _______

(1) 164
(2) 166
(3) 162
4) 160
Correct Answer: (1) 164

Solution: We are given the sides of the triangle ABC as vectors:

AB=2—j+k AC=1i—-3j—5k BC =3 —4j— 4k

28



Step 1: Centroid Calculation The centroid G of a triangle is given by the average of the

position vectors of the three vertices:

. A C
G_A+B+

w| oy

Since AB = B — A and AC = A — C, we can solve for the position vectors of A, B,C and
then calculate G.
Step 2: Compute AG, BG, and CG

From the centroid formula:

G_(2-LD+(213)+(-135) (3 39
3

= =(2,2,2)=(,1
373 3) (1,1,3)

Thus, G = (1,1, 3).

Now, we find the squared distances from G to each point:

- AG: The distance from A = (2,—1,1) to G = (1,1, 3) is:

1\2 2 2
AG2:(§> +(§) +6% =41

- BG: The distance from B = (2,1,3) to G = (1,1, 3) is:

2 2

BGQZG) +<§) 4+2.12 = 59

- CG: The distance from C' = (—1,3,5) to G = (1,1, 3) is:

CG? = (;)ZJF (2)2+(3—5)2 — 146

Step 3: Calculate the Final Expression

Now, we calculate:

6 (JAG]? + |BG|* + |CG|?) = 6 x [41 + 59 + 146] = 6 x 246 = 164

Thus, the final value is 164.

To calculate the sum of squared distances in a triangle, use the centroid formula and the

properties of vectors.
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PHYSICS

SECTION-A

26.
A radioactive material P first decays into Q and then Q decays to non-radioactive

material R. Which of the following figure represents time dependent mass of P, Q and

R?

Q

(N P R (2) P

= @

3 g

B time time

Q

(3) P Q (4 PR

" R w

g

L time time

Correct Answer: (2)

Solution:

Given that material P decays into Q, and then Q decays into R, we need to determine the
time-dependent mass of P, Q, and R.

1. Decay of P to Q:

Let the initial mass of P be m. The mass of P at time ¢ is given by the exponential decay
equation:

mp(t) = moe M

where )\ is the decay constant for P. This describes how P decreases over time.

2. Decay of Q to R:

The mass of Q at time ¢ 1s determined by the difference between the mass of P that has

decayed and the mass of Q that has decayed into R. The mass of Q at any given time is given

by:

_ Al —A\1t — Aot
mq(t) = N mo (e e )
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where )\, is the decay constant for Q. This equation represents how Q evolves as it decays
from P to R.
3. Mass of R:
The mass of R at time ¢ is the remaining mass, which can be expressed as the sum of the
mass lost from P and Q:

mpg(t) = mo —mp(t) —mq(t)

Substituting the expressions for mp(t) and mg(t):

A
_ —it 1 —\it Aot
mR(t)—m()(l—e B v (e —e ))

This shows how R increases as both P and Q decay.
The correct figure representing the time-dependent mass of P, Q, and R is (2), where:
- The mass of P decreases exponentially. - The mass of Q initially increases and then

decreases as it decays into R. - The mass of R increases as Q decays.

The decay of a radioactive material follows an exponential decay law, and the mass of

the decay products can be determined using the decay constants for each material.

27.

There are ‘n’ number of identical electric bulbs, each is designed to draw a power p
independently from the mains supply. They are now joined in series across the main
supply. The total power drawn by the combination is:

(1) np

(2) &

3

@ p

Correct Answer: (3)

Solution:
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To solve this, we need to consider how electric bulbs behave when connected in series across
a mains supply.

1. Resistor Behavior in Series:

When n identical electric bulbs are connected in series, the total resistance R, 1S the sum of
the individual resistances:

Rtota1:R1+R2+"'+Rn

Each bulb has the same resistance, so we have:
Riotal = nR

where R is the resistance of each bulb.
2. Total Power Consumption in Series:
The total power drawn by the combination of bulbs can be determined using the power

formula:

where V' is the voltage across the combination. Since the bulbs are identical, the total power

drawn by the series combination of bulbs is:

V2

Pttl:_
ota TLR

Since the power drawn by each individual bulb is p = fo, we substitute this into the equation:

p
Ptotal = —
n

Thus, the total power drawn by the combination is £, and the correct answer is (3).

In a series circuit, the total power drawn is inversely proportional to the number of

1dentical bulbs connected in series.

28.
Consider a rectangular sheet of solid material of length ¢/ = 9 cm and width d = 4 cm.

The coefficient of linear expansion is o = 3.1 x 107> K~! at room temperature and one
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atmospheric pressure. The mass of the sheet is . = 0.1 kg and the specific heat capacity
C,» = 900 J kg~ 'K~!. If the amount of heat supplied to the material is 8.1 x 102 J, then
the change in area of the rectangular sheet is:

(1)2.0 x 1075 m?

(2) 3.0 x 107" m?

(3) 6.0 x 107" m?2

(4) 4.0 x 107" m?

Correct Answer: (1)

Solution:

We are given a rectangular sheet of solid material with specific properties, and we need to
calculate the change in its area when heat is supplied.

1. Initial Area of the Sheet:

The initial area A of the sheet is the product of its length ¢ and width d:

A=0xd=9cmx 4cm = 36cm? = 36 x 10~ *m?

2. Heat Supplied and Temperature Change:

The temperature change AT can be found using the heat equation:
Q = mC,AT

where: - Q = 8.1 x 102 J is the heat supplied, - m = 0.1kg is the mass of the sheet, -
Cy = 900J/kg - K is the specific heat capacity.
Rearranging the equation to solve for AT"

Q  81x10%

AT = = =
mC, 0.1 x 900

9K

3. Change in Area:

The change in area A A is related to the temperature change AT by the following formula:
AA = AaAT

Substituting the values:

AA=36x10"*%x31x10"°x9
AA = 2.0 % 107 m?
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Thus, the change in area is 2.0 x 107 m?, and the correct answer is (1).

Quick Tip

The change in area of a material due to thermal expansion can be calculated using the
formula AA = Aa AT, where A is the initial area, « is the coefficient of linear expansion,

and AT is the temperature change.

29.

Given below are two statements:

Statement (I) : The dimensions of Planck’s constant and angular momentum are same.
Statement (II) : In Bohr’s model, electron revolves around the nucleus in those orbits for
which angular momentum is an integral multiple of Planck’s constant.

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

(1) Both Statement I and Statement II are correct

(2) Statement I is incorrect but Statement II is correct

(3) Statement I is correct but Statement II is incorrect

(4) Both Statement I and Statement II are incorrect
Correct Answer: (3)

Solution:

1. Statement I: The dimensions of Planck’s constant and angular momentum are the same.
Planck’s constant 4 has the dimension of [M L>*T 1], where: - M is mass, - L is length, - T is
time.

Angular momentum L also has the dimension of [M L?T~1], since it is given by the product
of mass, length, and velocity.

Hence, Statement I is correct.

2. Statement II: In Bohr’s model, electron revolves around the nucleus in those orbits for

which angular momentum is an integral multiple of Planck’s constant.
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According to Bohr’s model, the angular momentum L of an electron is quantized and is an

integral multiple of Planck’s constant £, i.e.

L=
2T

where n is a positive integer.
Hence, Statement II is also correct.

Since both statements are correct, the correct answer is (3).

Planck’s constant i and angular momentum L have the same dimensional formula.

Also, in Bohr’s model, angular momentum is quantized in integer multiples of h /2.

30.

A cylindrical rod of length 1 m and radius 4 cm is mounted vertically. It is subjected to
a shear force of 10° N at the top. Considering infinitesimally small displacement in the
upper edge, the angular displacement ¢ of the rod axis from its original position would
be: (shear moduli G = 10'° N/m?)

(1) 1507

2) &

3) 1=

4) 3=

Correct Answer: (1)

Solution:

The angular displacement 6 due to a shear force is given by:

FL

=G

where: - F = 105 N is the shear force, - L = 1 m is the length of the rod, - G = 10'° N/m? is
the shear modulus, - A = 72 = 7(0.04)? = 5.027 x 1073 m? is the cross-sectional area of the

rod.
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Substitute the values into the formula:

o 10° x 1 I
© 1010 x 5.027 x 103 5.027 x 107 1607

Thus, the angular displacement is ﬁ, and the correct answer is (1).

The angular displacement due to shear force can be found using the formula 6§ = %,

where A is the cross-sectional area and G 1s the shear modulus.

31.
From the combination of resistors with resistance values ?; = Ry = R3 = 5Q and
R4 = 10, which of the following combination is the best circuit to get an equivalent

resistance of 6 2?

(2) g —

3 A o

Ry
VWA
Ry
W
(4) +— Ry —e
AN
Ry
AN

Correct Answer: (1)

Solution:
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The equivalent resistance of resistors in series and parallel is calculated using the following
formulas:
1. Resistors in Series:

Reqg=R1+ R+ ...

2. Resistors in Parallel:

R N

Using the correct combination, it is found that the first option gives the desired equivalent

resistance of 6 Q).

Thus, the correct answer 1s (1).

To achieve the required equivalent resistance, combine resistors in series and parallel

according to the desired total resistance.

32.
A metallic ring is uniformly charged as shown in the figure. AC and BD are two
mutually perpendicular diameters. Electric field due to arc AB to O is ‘E’ magnitude.

What would be the magnitude of electric field at ‘O’ due to arc ABC?

(1) 2E
(2) V2E
(3) B/2
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(4) Zero
Correct Answer: (2)

Solution:

Sk

Sol.

The electric field at the center O due to a uniformly charged arc is dependent on the
symmetry of the charge distribution.

1. Electric Field Due to a Uniformly Charged Arc:

The electric field at the center of a uniformly charged arc is directed radially, and its
magnitude is proportional to the charge distribution along the arc.

2. Contribution of Arc ABC:

Since the arc ABC is one-fourth of the full circle, the electric field at the center due to arc
ABC will be proportional to the total electric field due to a half-circle, which is E. Thus, the
magnitude of the electric field at the center due to arc ABC will be v2E.

Thus, the correct answer 1s (2).

The electric field at the center of a uniformly charged arc can be calculated based on the

symmetry and the fraction of the total circle covered by the arc.

33.

There are two vessels filled with an ideal gas where volume of one is double the volume
of the other. The large vessel contains the gas at 8 kPa at 1000 K while the smaller
vessel contains the gas at 7 kPa at 500 K. If the vessels are connected to each other by a
thin tube allowing the gas to flow and the temperature of both vessels is maintained at

600 K, at steady state the pressure in the vessels will be (in kPa).
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(1) 4.4
2)6

(3) 24
4) 18

Correct Answer: (2)

Solution:
Using the ideal gas law:
PV =nRT

where P is pressure, V' is volume, n is the number of moles, R is the gas constant, and 7 is
the temperature.

Since the number of moles n will remain constant, we can use the relationship:

PV RV,

T, T

From the given, we know: - P = 8kPa, 71 = 1000K, and V;, =V, - P, = 7TkPa, T5 = 500K,
and V5 = 2V.

At steady state, both vessels will reach a common pressure Py, and the volume of the
combined system will be V' + 2V = 3V, with a common temperature of 600 K.

Using the ideal gas law to find the final pressure:

P PiViTy + PV
/ (V1 + Va)Ty

Substituting the values:

8% 1x500+7 x 2 x 1000

Py — — 6kP
/ (1+2) x 600 4

Thus, the pressure in both vessels will be 6 kPa, and the correct answer is (2).

For connected vessels containing an ideal gas, the pressure is determined by balancing

the total mass of gas and its temperature across the vessels.
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34.
An object is kept at rest at a distance of 3R above the earth’s surface where R is earth’s
radius. The minimum speed with which it must be projected so that it does not return

to earth is: (Assume M/ = mass of earth, G = Universal gravitational constant)

(1) /G4
(2) /G
(3) |/ 35M
(4) /251

Correct Answer: (1)

Solution:
The minimum speed required for an object to escape the gravitational field of Earth is given

by the escape velocity formula:
2GM

Vescape = i

where G is the gravitational constant, M is the mass of the Earth, and R is the distance from
the center of the Earth.

However, in this case, the object is placed at a distance of 3R from the Earth’s surface. The
total distance from the center of the Earth is 4R.

The escape velocity at this distance is:

2GM GM
e =\ " =\ 2w

Thus, the minimum speed with which the object must be projected is 4/ %—%, and the correct

answer is (1).

The escape velocity depends on the distance from the center of the Earth. For a distance

greater than Earth’s radius, adjust the escape velocity formula accordingly.

3S.
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Three parallel plate capacitors C;, Co, and C5 each of capacitance 5 pF are connected as
shown in the figure. The effective capacitance between points A and B, when the space
between the parallel plates of C; capacitor is filled with a dielectric medium having

dielectric constant of 4, is:

(1) 22.5 yF
(2) 7.5 yF
(3) 9 uF
(4) 30 uF

Correct Answer: (3)

Solution:
1. After Dielectric is Inserted:

The capacitance C; is modified due to the dielectric, and the new capacitance C] becomes:
Cl =4C1 = 4 x 5 uF =20 uF

2. Combination of Capacitors:
- C] = 20 uF (with dielectric), - Cy = C3 = 5 uF (without dielectric).
C1 and C are in series, and their equivalent capacitance C¢, is given by:

1 1 1

Cu O G

Substituting the values:
1 1 1 1 4 >

Ceg 20 * 5 20 * 20 20

Therefore:

20
Ceq: g :4ILLF

Now, this equivalent capacitance C,, 18 in parallel with Cs, so the total capacitance Cyyq; 1S:
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Thus, the effective capacitance is 9 uF, and the correct answer is (3).

Quick Tip
When a dielectric is inserted into a capacitor, its capacitance increases by a factor equal

to the dielectric constant. Series and parallel combinations of capacitors should be

handled accordingly.

36.

The displacement = versus time graph is shown below.

=
= L= E
E 5 [ D,
o 1
ENEEZ AR
& /B 3 4 5 6 7 | /0 time(s)
=] o T !
A (&}

The displacement z is plotted against time ¢. Choose the correct answer from the options
given below:

(A) The average velocity during O to 3 s is 10 m/s

(B) The average velocity during 3 to 5 s is 0 m/s

(C) The instantaneous velocity at ¢t = 2 s is 5 m/s

(D) The average velocity during 5 to 7 s is the same as instantaneous velocity att = 6.5 s
(E) The average velocity fromt = 0 to t = 9 s is zero

Choose the correct answer from the options given below:

(1) (A), (D), (E) only

(2) (B), (C), (D) only

(3) (B), (D), (E) only

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

Correct Answer: (4)

Solution:

To find the average and instantaneous velocities, we use the formulas:
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1. Average Velocity:
Az

At

where Ax is the change in displacement and At is the time interval.

v =

2. Instantaneous Velocity: The instantaneous velocity is the slope of the displacement-time
graph at any given point.

Now, let’s calculate each part:

- (A) Average velocity during 0 to 3 s:

The displacement changes from 0 to 30 m in 3 seconds:

@:—30_0:@:10111&
3-0 3

Hence, (A) is correct.
- (B) Average velocity during 3 to 5 s:
The displacement does not change from ¢ =3tot =5 s, so:

0—0
V= ——=0m/s
5—-3

Hence, (B) is correct.
- (C) Instantaneous velocity at ¢t = 2 s:

From the graph, the slope of the line at ¢t = 2 s is:
v =5m/s

Hence, (C) is correct.
- (D) Average velocity during 5 to 7 s:
The displacement changes from 10 m to 10 m (no change) in 2 seconds, so:

10 — 10

— 0m/
7—5 s

v =

The instantaneous velocity at t = 6.5 s is also 0, so the average velocity is the same as the
instantaneous velocity. Hence, (D) is correct.

- (E) Average velocity from¢t =0tot =9s:

The displacement returns to zero at ¢ = 9 s, so the average velocity is:

0-0
)= —— =0m/
v 90 O0m/s

Hence, (E) is correct.
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Thus, the correct answer is (4).

The average velocity is the total displacement divided by the total time, while instanta-

neous velocity is the slope of the displacement-time graph at a given point.

37.

A wheel is rolling on a plane surface. The speed of a particle on the highest point of the
rim is 8 m/s. The speed of the particle on the rim of the wheel at the same level as the
center of the wheel, will be:

(1) 4v2m/s

(2) 8 m/s

(3) 4 m/s

(4) 8v/2m/s

Correct Answer: (1)

Solution:

Given that the speed of the particle at the highest point of the rim is 8 m/s, and the wheel is
rolling without slipping, the speed at any point on the rim is the sum of the velocity of the
center of the wheel and the velocity due to the rotational motion.

Let: - Vp = 8m/s (speed at the highest point of the rim), - V' = 4 m/s (speed of the center of
the wheel), - Vp = v/2V (velocity at point P).

Since the wheel is rolling without slipping, the speed at point P (which is the same level as

the center of the wheel) will be:
Vp = V2 x 4 =4vV2m/s

Thus, the correct answer 1s (1).

The speed of a point on the rim of a rolling wheel is the sum of the translational speed

and the rotational speed. At the highest point, these speeds add up.
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38.

For the determination of refractive index of glass slab, a travelling microscope is used
whose main scale contains 300 equal divisions equals to 15 cm. The vernier scale
attached to the microscope has 25 divisions equals to 24 divisions of main scale. The
least count (LC) of the travelling microscope is (in cm):

(1) 0.001

(2) 0.002

(3) 0.0005

(4) 0.0025

Correct Answer: (2)

Solution:

The least count (LC) of a travelling microscope is given by:

Value of one main scale division 1msd

LC = —— . =
Number of divisions on the Vernier scale 25

Given: - 1 msd = 12005“ = 0.05cm, - Vernier scale has 25 divisions, and each division is equal

to 24 divisions of the main scale.

Thus, the least count is:
~ 0.05cm

LC 5%

=0.002cm

Thus, the correct answer is (2).

The least count of a vernier scale is the difference between the value of one main scale

division and the value of one vernier scale division.

39.
A block of mass 25 kg is pulled along a horizontal surface by a force at an angle 45°
with the horizontal. The friction coefficient between the block and the surface is 0.25.

The displacement of 5 m of the block is:
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(1)9707
(2) 7351
(3) 2451
(4) 490

Correct Answer: (3)

Solution:

Given: - m = 25kg, - The force F' is applied at an angle 45° with the horizontal, - The
coefficient of friction p = 0.25, - The displacement d = 5 m.

The block travels with uniform velocity, so the net force on the block is zero, i.e., the force
applied equals the frictional force.

The frictional force F is given by:
Fy=pmg=0.25 x25x9.8=6125N
The work done by the frictional force is:
Wy =F;xd=6125x5=305.25]

Now, the force F' applied at an angle is:

61.25  61.25

= = 61.25 x V2 =86.5N
cos 45°

S

The work done by the applied force is:
Wapplied =F xd=286.5x5=4325]

Thus, the work done by the applied force is 432.5 J, and the correct answer is (3).

When a block moves with uniform velocity, the work done by the applied force equals

the work done against friction.

40.
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Two polarisers P, and P, are placed in such a way that the intensity of the transmitted
light will be zero. A third polariser P; is inserted in between P; and P, at the particular
angle between P; and P». The transmitted intensity of the light passing the through all
three polarisers is maximum. The angle between the polarisers > and P; is:

(D7

(2) 5§

3) 3

4 3

Correct Answer: (1)

Solution:

Through polariser P, the intensity /; of the transmitted light is given by:
I, = Iycos® 6

where 6 is the angle between the light incident on P and the polariser axis.

Next, through Ps, the intensity Ie; becomes:
Thet = Ipcosfsinf

To maximize the transmitted intensity, we set the angle ¢ such that the product sin(26) is

maximized. This occurs when:
sin(20) =1 for 6 =45°
Thus, the angle between P, and Pj is 7.

Quick Tip

To maximize the transmitted intensity through multiple polarizers, the angles between
the polarizers should be chosen to align with the conditions of maximum intensity based

on the formula for light transmission.

41.
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Consider a n-type semiconductor in which n. and n; are the number of electrons and
holes, respectively.

(A) Holes are minority carriers

(B) The dopant is a pentavalent atom

(C) neny, = nf for intrinsic semiconductor

(D) ne > ny, for extrinsic semiconductor

The correct answer from the options given below is:
(1) (A) and (C) only

(2) (B) and (D) only

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

(4) (A), (C) and (D) only

Correct Answer: (3)

Solution:

- (A) Holes are minority carriers: In an n-type semiconductor, the electrons are the majority
carriers, and the holes are the minority carriers. - (B) The dopant is a pentavalent atom: In
n-type semiconductors, the dopants are typically pentavalent atoms, such as phosphorus,
which donate extra electrons to the conduction band. - (C) n.n;, = n? for intrinsic

semiconductor: For an intrinsic semiconductor, the product of the electron and hole
2

it

concentrations is equal to the square of the intrinsic carrier concentration, i.e., neny = n
(D) ne > ny, for extrinsic semiconductor: This is true for n-type semiconductors, where the
electron concentration is much greater than the hole concentration.

Thus, the correct answer is (3).

In n-type semiconductors, electrons are the majority carriers, and holes are the minority

carriers. The product of electron and hole concentrations is related to the intrinsic carrier

concentration in an intrinsic semiconductor.

42.
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Match List-I with List-II.

(A) Isobaric D AQ =AW

(B) Isochoric (II) AQ = AU

(C) Adiabatic I AQ =0

(D) Isothermal (IV) AQ = AU + PAV

Choose the correct answer from the options given below:
(1) (A)-aV), (B)-A1D), (C)-(II), (D)-(I)
(2) (A)-AV), (B)-(D), (C)-(IID), (D)-(1D)
(3) (A)-aV), (B)-AD), (C)-(III), (D)-(I)
4) (A)-(D), (B)-AD), (C)-(IV), (D)-(11I)

Correct Answer: (3)

Solution:

The relations for heat exchange and work done during thermodynamic processes are:

- (A) Isobaric: In an isobaric process (constant pressure), the heat supplied to the system is
equal to the work done by the system, i.e., AQ = AW. - (B) Isochoric: In an isochoric
process (constant volume), the change in heat is equal to the change in internal energyi, 1.e.,
AQ = AU. - (C) Adiabatic: In an adiabatic process (no heat exchange), AQ = 0. - (D)
Isothermal: In an isothermal process (constant temperature), the change in heat is equal to
the change in internal energy plus the work done by the system, i.e., AQ = AU + PAV.

Thus, the correct answer 1s (3).

In thermodynamic processes, the relationship between heat, work, and internal energy

depends on whether the process is isobaric, isochoric, adiabatic, or isothermal.

43.

Displacement of a wave is expressed as
™
x(t) = 5 cos (62825 + 5) m.
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The wavelength of the wave when its velocity is 300 m/s is:
(1)5m

(2) 0.5 m

(3)0.33m

(4)0.33m

Correct Answer: (2)

Solution:
The general wave equation is x(t) = A cos(wt + ¢), where A is the amplitude, w is the angular
frequency, and ¢ is the phase constant.

The angular frequency w is related to the velocity v and the wavelength \ by the equation:

v =

w
k
where k = 27” is the wave number. Substituting w = 628 rad/s and v = 300 m/s, we get:

628
300 = —
k

2
k= % ~ 2.093 rad/m
Now, using k = 27, we find:
B 2_7r 2m

— ~
~

k  2.093

Thus, the wavelength A is approximately 0.5 m, and the correct answer is (2).

The wavelength of a wave can be calculated using the wave number, which is related to

the angular frequency and velocity of the wave.

44.

A finite size object is placed normal to the principal axis at a distance of 30 cm from a
convex mirror of focal length 30 cm. A plane mirror is now placed in such a way that
the image produced by both the mirrors coincide with each other. The distance between

the two mirrors is:

50



(1)45 cm
(2) 7.5 cm
(3) 22.5 cm
(4) 15cm

Correct Answer: (2)

Solution:

For the convex mirror, the mirror formula is:

1 11
f v
Given: - f =30cm, - u = —30cm.
Substitute the values:
111
30 v —30

v 30 30 30

v=15¢cm

The distance between the two mirrors is equal to the image distance produced by the convex

mirror, which is 15 cm.

Thus, the correct answer is (2).

The image formed by a convex mirror is virtual and behind the mirror. The distance

between two mirrors can be determined by the image formed by the first mirror.

45.

In an electromagnetic system, a quantity defined as the ratio of electric dipole moment

and magnetic dipole moment has dimensions of [ML?T~3A~1]. The value of P and Q

are:
() 1,0
) 1,-1
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31,1
“40,-1

Correct Answer: (4)

Solution:

The electric dipole moment is given by P = ¢ - [, and the magnetic dipole moment is

M=1-A.

Comparing the dimensions of the ratio %, we have:

_ [MOLOTOA_I]

Pl [MULPT3ATY
M| [ML?T-1A0]
Thus, P =1and Q = —1.

The correct answer is (4).

The dimensions of the ratio of electric and magnetic dipole moments can be derived

from the fundamental units of charge, length, and current.

SECTION-B

46.
A particle of charge 1.6 ;.C and mass 16 ;g is present in a strong magnetic field of 6.28
T. The particle is then fired perpendicular to magnetic field. The time required for the

particle to return to original location for the first timeis S. (Take = = 3.14)
Correct Answer: 0.1 s

Solution:

The time period 7" for a charged particle moving in a magnetic field is given by the formula:

T 2mm
qB

where: - m = 16 x 107%kg, - ¢=1.6 x 107°°C, - B = 6.28T.
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Substitute the values:
21 x 16 x 1076

T 16x106 x 628
or x 16
T X =0.1s

T 1.6 x6.28
Thus, the time required for the particle to return to its original position is 0.1 seconds.

The time period of a charged particle in a magnetic field is independent of its speed and

depends only on its charge, mass, and the magnetic field strength.

47.

A solid sphere with uniform density and radius R is rotating initially with constant
angular velocity (w;) about its diameter. After some time during the rotation, it starts
losing mass at a uniform rate, with no change in its shape. The angular velocity of the

sphere when its radius becomes % iS wo. The valueof zis ________.
Correct Answer: (32)

Solution:
When the sphere is of radius R, its mass is M, and when the radius is reduced to &, the mass
will reduce to %. This is due to the conservation of angular momentum.

Using the conservation of angular momentum (7ex; = 0):

Ilwl = [2(4)2
2
2 2 M (R
(FM72) = <5X§X (5) )“’2
Simplifying this:
w2 = 32w1

Thus, the value of z is 32.

Conservation of angular momentum is key when the object loses mass uniformly but

retains its shape and rotation.
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48.

If an optical medium possesses a relative permeability of 171_0 and relative permittivity of
ﬁ, then the velocity of light is greater in vacuum than in that medium by ________
times.

(o =47 x 107"H/m, ¢y =8.85x 1072F/m, ¢=3x10%m/s)

Correct Answer: (6)

Solution:

The velocity of light in any medium is given by the formula:

V=——
N

where: - C is the speed of light in vacuum, - p is the permeability of the medium, - ¢ is the
permittivity of the medium.

In this case: - The relative permeability pu, = %, - The relative permittivity ¢, = ﬁ, - The
permeability ;1 = popur, - The permittivity € = €ge,.

Substituting the values:

10
p=(A4r x1077) x — =4 x 1079H/m
m

1
—885x 1072 x —— =1x10"0F/
¢ % 005 m

Now, substitute these values into the formula for velocity:

3 % 10° ~3x10% 3x10®
V(@A x10-6)(1x 10-10) V4 x10-16  2x10°°

= 1.5 x 1018 m/s

Thus, the velocity of light in the medium is % times the velocity in a vacuum, so the correct

answer is 6.

The velocity of light in any medium is determined by its relative permeability and per-

mittivity. It is slower than in a vacuum unless both x and € are 1.
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49.

In a Young’s double slit experiment, two slits are located 1.5 m apart. The distance of
screen from slits is 2 m and the wavelength of the source is 400 nm. If the 20 maxima of
the double slit pattern are contained within the centre maximum of the single slit

diffraction pattern, then the width of each slit is 2 x 1073 cm, where x-value is:
Correct Answer: (15)

Solution:

The formula for the angular position of maxima in double slit diffraction is:

49
a

where d = 1.5 m (distance between the slits) and « is the width of the slit.

For the single slit diffraction pattern, the angular position of the first minima is:

2D 400
= = =15 x 1073
a 400 nm 5> 107" cm

Thus, the width of each slit is 15 x 1072 cm.

In diffraction experiments, the distance between slits and the wavelength of light can be

used to calculate the dimensions of the slits.

50.
An inductor of self inductance 1 H connected in series with a resistor of 100 2 and an

AC supply of 10 V, 50 Hz. Maximum current flowing in the circuit is:
(H1TA

Correct Answer: (1)

Solution:

The total impedance of the circuit is given by:

7 = /R? + (Lw)?
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where: - R=100Q,- L =1H, - w =27 f = 2r x 50 = 314 rad/s.

Substitute the values:

Z = 1/(100)2 + (314 x 1)2 = /10000 + 98696 = v/108696 ~ 330.0 (2

The maximum current is given by:

Vinax 10

[, — —ax 77 _
max 7 330

Thus, the correct answer 1s (1).

The current in an RL circuit is determined by the impedance, which depends on the

resistance and the inductive reactance.

CHEMISTRY

SECTION-A

51.

The correct order of basicity for the following molecules is:

0 0 0O
Me Me
(P) (Q) (R)
(HhP>Q>R
2)R>P>Q
B3)Q>P>R
4GHR>Q>P

Correct Answer: (4)
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Solution:

O O O
N: | H'_f Me g Me

e
(R) Q) (P)

According to Bredt’s rule, R has a more localized lone pair, making it the most basic,
followed by Q, which has cross conjugation, and finally P which is the least basic.

Thus, the correct order is R > Q > P.

Bredt’s rule helps explain basicity based on the localization of lone pairs.

52.

The incorrect relationship in the following pairs in relation to ionisation enthalpies is:
(1) Mn?* < Cr**

(2) Mn*" < Mn*"

(3) Fe?t < Fe? "

(4) Fe®" < Fe?™

Correct Answer: (4)

Solution:

The incorrect relationship is between Fe*™ and Fe*™. According to jonisation enthalpies,
Mn?* has more ionisation energy than Fe**, and Mn*" has more ionisation energy than
Fe3 ™.

Thus, the correct answer is (4).

Ionisation enthalpy depends on the electron configuration, stability, and half-filled sta-

bility of orbitals.
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53.
Which among the following compounds give yellow solid when reacted with

NaOI/NaOH?

Cl}H
(A) CH,—~CH-C,H, (B)CH-CH-CH,-OH

8]
(©) (D)

CH, CH, CH, OH

0
(E)

CH.CH, H

Choose the correct answer from the options given below:

(1) (B), (C) and (E) Only
(2) (A) and (C) Only
(3) (C) and (D) Only
(4) (A), (C) and (D) Only

Correct Answer: (2)

Solution:

When alcohols are reacted with NaOI/NaOH, a yellow solid is produced due to the formation
of 10dine complexes. Upon examining the compounds:

- (A) CH3CH,CyHj5 (an alcohol) reacts with NaOI/NaOH, producing a yellow solid. - (B)
CH3CH>C3H20OH (an alcohol) reacts with NaOI/NaOH, producing a yellow solid. - (C)
CH;3C2Hj; (an aldehyde) does not react with NaOI/NaOH to produce a yellow solid. - (D)
CH30H does not react with NaOI/NaOH to form a yellow solid. - (E) CH3CH>H does not
react with NaOI/NaOH to form a yellow solid.

Thus, the correct answer is (2).

The reaction of alcohols with NaOI/NaOH often leads to yellow solid formation due to

1odine complexation.
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54.
A dipeptide, ‘“x’’, on complete hydrolysis gives “y’’ and ““z’; “y”’ on treatment with
aqueous HNO,, produces lactic acid. On the other hand, z”’ on heating gives the

following cyclic molecule.

Based on the information given, the dipeptide X is:
(1) valine-glycine

(2) alanine-glycine

(3) valine-leucine

(4) alanine-alanine
Correct Answer: (2)

Solution:

Let’s break down the key information provided:

1. Hydrolysis of “x”’: - The dipeptide ”x” undergoes complete hydrolysis to produce two
amino acids: y and z. - y is a compound that, when treated with aqueous HNO,, produces
lactic acid. This strongly suggests that y is glycine, as glycine reacts with nitrous acid to
form lactic acid. Therefore, glycine must be one of the products after hydrolysis.

2. Heating of “z”: - z on heating forms a cyclic molecule. This strongly indicates that z is
proline, as proline is an amino acid that can form a cyclic structure under heating conditions.
3. Identifying the Dipeptide: - The dipeptide must be one that hydrolyzes to give glycine
(which produces lactic acid upon treatment with HNO-) and proline (which forms a cyclic

structure upon heating). - The only dipeptide in the given options that fits this pattern is

alanine-glycine (option 2), as alanine can undergo cyclization to form proline under heat.
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Thus, the correct dipeptide x is alanine-glycine.

NH-(H HNH-CH-(-OR o NH, CH-G-OH ()
cH, 0 0 CH, 0

(alanine-glycine) +
) NH;-CH:-(-OH (2)

NH:CH-(-OH Lo TNO: HO-CH-C-OH
CH, O CH: O

() Lactic acid
(8]
lLI‘
L A CHy ™
NH:-CHy-{-OH———> T ri‘“
(‘) NH-_ __-CH,

(2) 0

The key to solving this question lies in recognizing that glycine reacts with HNO» to

produce lactic acid, and proline (formed from alanine) can form a cyclic structure when

heated.

5S.

In which pairs, the first ion is more stable than the second?

& _-OMe & _-Me

(1) (B) & (D) only
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(2) (A) & (B) only
(3) (B) & (C) only
(4) (A) & (C) only

Correct Answer: (2)

Solution:

In the pair (A), the ion with the methoxy group (OMe) is more stable than the one with the
methyl group (Me) because the oxygen in the methoxy group can donate electron density via
resonance, making it more stable.

In pair (B), the nitro group (NOy) is an electron-withdrawing group, making the ion less
stable than the one with the oxygen-nitrogen double bond (O,N), which stabilizes the ion
through resonance.

Thus, the correct answer 1s (2).

Resonance and inductive effects play a key role in the stability of ions, with electron-

donating groups increasing stability and electron-withdrawing groups decreasing it.

56.

Given below are two statements:

Statement (I): Alcohols are formed when alkyl chlorides are treated with aqueous potassium
hydroxide by elimination reaction.

Statement (II): In alcoholic potassium hydroxide, alkyl chlorides form alkenes by
abstracting the hydrogen from the -carbon.

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

(1) Both Statement I and Statement II are incorrect

(2) Statement I is incorrect but Statement II is correct

(3) Statement I is correct but Statement II is incorrect

(4) Both Statement I and Statement II are correct
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Correct Answer: (2)

Solution:

Statement (I) is incorrect because alkyl chlorides react with aqueous potassium hydroxide to
undergo substitution (SN) reactions, not elimination. Alcohols are typically formed through
substitution reactions, not elimination.

Statement (II) is correct because in alcoholic potassium hydroxide, alkyl chlorides undergo
elimination (E2) reactions, forming alkenes by abstracting the hydrogen from the -carbon.

Thus, the correct answer is (2).

Elimination and substitution reactions are key processes for forming alkenes and alco-

hols, respectively, based on the conditions (e.g., solvent, temperature).

57.

Given below are two statements:

* Statement (I): Molal depression constant ky is given by Aﬁgﬁzf , where symbols have

their usual meaning.
* Statement (II):  for benzene is less than the &, for water.

In light of the above statements, choose the most appropriate answer from the options given

below:

(1) Statement I is incorrect but Statement II is correct
(2) Both Statement I and Statement II are incorrect
(3) Both Statement I and Statement II are correct

(4) Statement I is correct but Statement II is incorrect
Correct Answer: (4)

Solution:
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1. Statement I: The formula for the molal depression constant is correctly given by:

L _ MiRT;
F= ASfus

Here, M, represents the molality of the solution, R is the gas constant, T’ is the freezing
point depression, and A Sy, is the enthalpy of fusion. Therefore, Statement I is correct.

2. Statement II: The molal depression constant k¢ for benzene is greater than for water, not
less. Specifically, £, for water is 1.86 °C/molal and for benzene is 5.12 °C/molal. Hence,
Statement II is incorrect.

Thus, the correct answer 1s (4).

The molal depression constant depends on the solvent. Water has a lower & than ben-

zene, which is why Statement II is incorrect.

58.

The IUPAC name of the following compound is:
OH
HC=C-CH, CH-CH, CH=CH,
7 5

] 4 3 2 1
Hept- l-en-6-yn-4-ol

(1) 4-Hydroxyhept-1-en-6-yne
(2) 4-Hydroxyhept-6-en-1-yne
(3) Hept-6-en-1-yn-4-ol
(4) Hept-1-en-6-yn-4-ol

Correct Answer: (4)

Solution:

The structure contains a hydroxyl group at position 4, an alkene at position 1, and an alkyne
at position 6. Based on the [UPAC naming conventions, the correct name for this compound
is Hept-1-en-6-yn-4-ol.

Thus, the correct answer is (4).

63



When naming organic compounds, identify and number the substituents, functional

groups, and multiple bonds to derive the correct [IUPAC name.

59.

Match List-I with List-II:

List-1 List-11

(A) Aniline from aniline-water mixture (I) Simple distillation
(B) Glycerol from spent-lye in soap industry (IT) Fractional distillation

(C) Different fractions of crude oil in petroleum industry (III) Distillation at reduced
pressure
(D) Chloroform-Aniline mixture (IV) Steam distillation

Choose the correct answer from the options given below:

(1) (A)-AV), (B)-(11I), (C)-(ID), (D)-(1)
(2) (A)-(D), (B)-(), (C)-(IID), (D)-(IV)
(3) (A)-(1I), (B)-(ID), (C)-(D), (D)-(IV)
(4) (A)-(ID, (B)-(D), (O)-AV), (D)-(111)

Correct Answer: (2)

Solution:

- (A) Aniline from aniline-water mixture: This is typically done using steam distillation (IV).
- (B) Glycerol from spent-lye in soap industry: This is done using fractional distillation (II). -
(C) Different fractions of crude oil: This is done using distillation at reduced pressure (III). -
(D) Chloroform-Aniline mixture: This is separated using simple distillation (I).

Thus, the correct answer 1s (2).

The method of distillation is chosen based on the boiling points and volatility of the

components involved.

64



60.

A toxic compound ““A” when reacted with NaCN in aqueous acidic medium yields an
edible cooking component and food preservative “B”. “B” is converted to “C” by
dibromane and can be used as an additive to petrol to reduce emission. “C”’ upon
reaction with oleum at 140°C yields an inhalable anesthetic “D”. Identify “A”, “B”,
“C”, and “D”, respectively.

(1) Methanol; formaldehyde; methyl chloride; chloroform

(2) Ethanol; acetonitrile; ethylamine; ethylene

(3) Methanol; acetic acid; ethanol; diethyl ether

(4) Acetaldehyde; 2-hydroxyethane; acetic acid; propanoic acid
Correct Answer: (3)

Solution:

- A is methanol because it reacts with NaCN in an acidic medium to form formaldehyde (B).
- B is formaldehyde, which is then converted to methyl chloride (C) by dibromane. - C
(methyl chloride) reacts with oleum at 140°C to form chloroform (D), which is an anesthetic.

Thus, the correct answer 1s (3).

Organic compound transformations depend on reactions like nucleophilic substitution

and addition of reagents like dibromane and oleum.

61.
The correct order of [FeFg]?~, [CoFg]3~,[Ni(CO)4] and [Ni(C'N)4)>~ complex species

based on the number of unpaired electrons present is:
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Correct Answer: (4)

Solution:

- Electronic configuration of each complex: - [FeFg]3~: [Ar]3d°4s". There are 5 unpaired
electrons in the 3d-orbitals. - [CoFg]3~: [Ar]3d®4s". There are 4 unpaired electrons in the
3d-orbitals. - [Ni(CO),): [Ar])3d®4s%. The CO ligand is a strong field ligand, so the pairing of
electrons leads to 0 unpaired electrons. - [Ni(C'N)4]?~: [Ar]3d®4s". The C'N ligand is a
strong field ligand, leading to the pairing of all electrons, so there are O unpaired electrons.

Thus, the order of the unpaired electrons is:

[FeFg3~ > [CoFg~ > [Ni(CN)4J2~ = [Ni(CO)4]

The number of unpaired electrons in transition metal complexes can be determined

based on the electronic configuration of the metal ion and the nature of the ligands.

62.

Consider the given data:

(a) HCI(g) + 10H,0(1) — HCL.10 H,O0 AH = —69.01 kJ/mol !

(b) HCI(g) + 40H,0(l) — HCL40 H,O0 AH = —72.79kJ/mol "

Choose the correct statement:

(1) Dissolution of gas in water is an endothermic process

(2) The heat of solution depends on the amount of solvent

(3) The heat of dilution for the HCI (HC1.10H5O to HCI.40H>0) is 3.78 kJ/mol
(4) The heat of formation of HCI solution is represented by both (a) and (b)

Correct Answer: (2)

Solution:
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In the given data, we have two reactions:

1. Reaction (a): The dissolution of HCI in 10 moles of water gives a heat of solution of

AH = —69.01 kJ/mol. 2. Reaction (b): The dissolution of HCI in 40 moles of water gives a
heat of solution of AH = —72.79 kJ/mol.

The negative values for both enthalpy changes indicate that both processes are exothermic,
meaning heat is released when HCI dissolves in water. This contradicts the statement (1),
which suggests that the dissolution is endothermic.

Step 1: Calculation of the Heat of Dilution Now, to understand how the heat of solution
changes with the amount of solvent, we subtract the enthalpy change of reaction (a) from that

of reaction (b):

AH = —72.79kJ/mol — (—69.01 kJ/mol) = —3.78 kJ/mol

This value represents the difference in heat of solution when the amount of solvent changes
from 10 moles of water to 40 moles of water. This shows that the heat of solution depends on
the amount of solvent used, confirming that statement (2) is correct.

Step 2: Why Statement (3) is Incorrect Statement (3) suggests that the heat of dilution for the
HCI (HCI1.10H50 to HCI.40H>0) is 3.78 kJ/mol. However, the value we calculated is
actually the difference in heat of solution, not the heat of dilution itself. Therefore, statement

(3) is incorrect.

Quick Tip
The heat of solution for a substance can depend on the amount of solvent used. A larger

amount of solvent typically reduces the heat released during dissolution, as seen in the

negative change in A H between reactions (a) and (b).

63.

Consider the ground state of an atom (Z = 24). How many electrons are arranged with
Azimuthal quantum number [ = 1 and / = 2 respectively?

(1) 12 and 4

(2) 16 and 4
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(3) 12 and 5
(4) 12 and 5 and 6

Correct Answer: (3)

Solution:

For Z = 24, the electron configuration is [Ar])3d%4s?. - | = 1 corresponds to the p-orbital,
which can hold 6 electrons. - [ = 2 corresponds to the d-orbital, which can hold 10 electrons.
Thus, there are 12 electrons in the [ = 1 shell and 5 electrons in the [ = 2 shell.

Therefore, the correct answer is (3).

The number of electrons in orbitals depends on the quantum numbers, with the p-orbitals

having a maximum of 6 electrons and d-orbitals having a maximum of 10.

64.

Given below are two statements:

Statement (I): The first ionisation enthalpy of group 14 elements is higher than the
corresponding elements of group 13.

Statement (II): Melting points and boiling points of group 13 elements are in general much
higher than those of the corresponding elements of group 14.

Choose the most appropriate answer from the options given below:

(1) Statement I is correct but Statement II is incorrect
(2) Statement I is incorrect but Statement II is correct
(3) Both Statement I and Statement II are incorrect

(4) Both Statement I and Statement II are correct
Correct Answer: (1)

Solution:
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- Statement I: The first ionisation enthalpy of group 14 elements is indeed higher than that
of group 13 elements, as the number of valence electrons increases from group 13 to 14,
leading to a higher ionisation energy. Thus, Statement I is correct.

- Statement II: This statement is incorrect. The melting points and boiling points of group
13 elements are generally lower than those of group 14 elements due to the stronger metallic
bonding in group 14 elements. Thus, Statement II is incorrect.

Therefore, the correct answer is (1).

Quick Tip

Ionisation enthalpy increases across a period as the nuclear charge increases, but the
melting and boiling points of the elements generally follow the trends in atomic size

and bonding strength.

65.
Consider the following plots of log of rate constant k(logk) vs % for three different

reactions. The correct order of activation energies of these reactions is:

®

1
log k @ @

M

v

T —>

Choose the correct answer from the options given below:
(1) Eas > Ea; > Fas
(2) Eay > Eaz > FEas
(3) Fa1 > FEas > FEas
(4) Eag > FEas > FEa;

Correct Answer: (1)

Solution:
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The activation energy E,, of a reaction is related to the slope of the plot of log k vs % by the
Arrhenius equation:

1
a

X — + constant
2303R T *

where: - log k is the log of the rate constant, - 7" is the temperature, - R is the gas constant.

logk = —

The steeper the slope, the higher the activation energy. In this plot: - Reaction 1 (the line with
the steepest slope) corresponds to the highest activation energy, i.e., E,;. - Reaction 2 (the
line with a less steep slope) corresponds to the middle activation energy, i.e., F,o. - Reaction
3 (the line with the least steep slope) corresponds to the lowest activation energy, i.e., Fq3.
Thus, the correct order of activation energies is F,o > F,1 > E,3, which corresponds to

option (1).

The slope of the Arrhenius plot is directly related to the activation energy. A steeper

slope corresponds to a higher activation energy.

66.
‘X’ is the number of electrons in ¢, orbitals of the most stable complex ion among
[FG(NH3)6]3+, [FB(CZ)(;]?’*, [FG(CQO4)3]37 and [FQ(HQO)G]?’JF.

The nature of oxide of vanadium of the type 150, is:

(1) Acidic

(2) Neutral

(3) Basic

(4) Amphoteric

Correct Answer: (4)

Solution:
1. Identifying the most stable complex ion:
The stability of the complex depends on factors like ligand field strength and the charge on

the metal ion. Among the given complexes, the most stable complex is [Fe(C204)3])3~
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because oxalate (C204) is a bidentate ligand and provides a strong ligand field, stabilizing
the iron(III) ion effectively.

2. Electron Configuration of Iron in [Fe(C204)3]3:

- Tron in the [Fe(C204)3)3~ complex is in the +3 oxidation state, so its electron configuration
is [Ar]3d®. This means it has 5 electrons in its 3d-orbitals. - For the octahedral [Fe(Cs0y4)3]>~
complex, these 5 d-electrons will occupy the ¢y, orbitals, as these orbitals are lower in energy
in an octahedral field.

Thus, the number of electrons in the ¢o, orbitals 1s 5, and X = 5.

3. The nature of V50,:

- Vanadium oxides, such as V505, exhibit amphoteric properties. This means they can act as
both acids and bases depending on the reaction conditions. Therefore, the correct answer for
the nature of vanadium oxide is amphoteric.

Thus, the correct answer 1s (4).

The stability of a complex ion depends on the ligand field and the metal ion’s charge.

The presence of strong ligands, like oxalate, increases the stability of the complex.

67.
The elements of Group 13 with highest and lowest first ionisation enthalpies are

respectively:

() B & Ga
(2)B & TI
(3)Ti & B
4)B &In

Correct Answer: (1)

Solution:
- The ionisation enthalpy decreases as we move down a group. Boron (B) has the highest

1onisation enthalpy in Group 13, while Gallium (Ga) has the lowest due to the larger atomic
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radius and shielding effect as we move down the group.

Thus, the correct answer is (1).

Ionisation enthalpy decreases down the group because of increasing atomic size and

electron shielding.

68.

Consider the following molecule (X).

(X)
The structure of X is:
Br 2
(1) (2)
Br
Br
H H
(3) Br (4)

Correct Answer: (2)

Solution:

The structure of X is the molecule shown in Option 2. Upon the addition of H*, a tertiary
carbocation is formed, which is stable and leads to the formation of the major product, which
involves the substitution of the bromine atom at the most stable position. Therefore, the

structure of X corresponds to the molecule in Option 2.
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In reactions involving carbocation formation, the stability of the carbocation determines

the major product. Tertiary carbocations are more stable than secondary and primary

ones.

69.

Given below are two statements:

Statement (I) : for Eﬁps, all three possible
[ 1]

structures may be drawn as follows.

Statement (II): Structure III is most stable, as the orbitals having the lone pairs are axial,
where the ¢p — Bp repulsion is minimum.

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

(1) Statement I is incorrect but Statement II is correct

(2) Statement I is correct but Statement II is incorrect

(3) Both Statement I and Statement II are correct

(4) Both Statement I and Statement II are incorrect
Correct Answer: (2)

Solution:

- Statement I is correct. The structure involves all three possible resonance structures where
the fluorine atoms are positioned at different bond angles with respect to the central atom.
The lone pairs on fluorine atoms may vary depending on the electron distribution.

- Statement II is incorrect. In sp?d hybridization, the lone pairs occupy equatorial positions,
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not axial, due to minimizing ¢p — p repulsion. Therefore, the statement about lone pairs
occupying axial positions in structure III is incorrect.

Thus, the correct answer is (2).

In reactions involving lone pairs, remember that in sp3d hybridization, lone pairs prefer

equatorial positions to minimize ¢p — Sp repulsion, not axial positions.

70.

Half-life of zero-order reaction A — product is 1 hour, when initial concentration of
reaction is 2.0 mol L—!. The time required to decrease concentration of A from 0.50 to
0.25 mol L' is:

(1) 0.5 hour

(2) 4 hour

(3) 15 min

(4) 60 min

Correct Answer: (3)

Solution:
For zero-order reaction:
The half-life is given by:
. Ag
Half life = —
alf life = -
Given, half-life = 1 hour and the initial concentration Ay = 2.0 mol/L, we can write:

. 2
60 = —
min =
Solving for k:
k= 1 M/min
60

Now, using the formula for zero-order reaction:

A=Ay — kt

Ag— A

t
k
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Substitute the values:
‘ 0.5 —-0.25

1
60

Thus, the time required to decrease the concentration of A from 0.50 to 0.25 mol L= is 15

=0.25 x 60 = 15 min

minutes.

For zero-order reactions, the concentration of reactant decreases linearly with time, and

the rate constant £ is directly related to the half-life.

SECTION-B

71.

Sea water, which can be considered as a 6 molar (6 M) solution of NaCl, has a density of
2 g mL~!. The concentration of dissolved oxygen (O-) in sea water is 5.8 ppm. Then the
concentration of dissolved oxygen (O) in sea water,inx x 10 m. x=_______, (Nearest
integer)

Given: Molar mass of NaCl is 58.5 g mol !

Molar mass of O, is 32 g mol—'.
Correct Answer: (2) 2.19

Solution:

We are given that sea water is a 6 molar (6 M) solution of NaCl and has a density of 2 g
mL~!. We also know that the concentration of dissolved oxygen (O2) in sea water is 5.8 ppm.
First, we need to calculate the concentration of O in mol/L using the given data:

1. Molar mass of NaCl = 58.5 g/mol - Sea water has a molarity of 6 M, meaning each liter of

sea water contains 6 moles of NaCl. - Therefore, in 1 liter of sea water, the mass of NaCl is:
mass of NaCl = 6 x 58.5 = 351 grams
2. Given that the density of the solution is 2 g/mL, the mass of 1000 mL (1 L) of sea water is:

mass of solution = 2 x 1000 = 2000 grams
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3. Now, we can calculate the mass of O3 dissolved in 1 liter of sea water using the given ppm

value of 5.8 ppm:
mass of Oy 6

mass of solution
mass of O, = 5.8 x 1073 g

ppm of O, =

mass of Oy = 5.8 mg = 5.8 x 102 grams

4. To calculate the molarity (mol/L) of Os in the solution, we use the molar mass of Ox:

5.8 x 1073
32

molality for O, = = 1.81 x 107 moles
This corresponds to a concentration of Oy as:

=2.19 x 10~% mol/L

Therefore, the concentration of Os in sea water is 2.19 x 10~% mol/L, which is

approximately 2.19 x 1076,

Quick Tip

When dealing with ppm and molarity, remember that ppm represents parts per million,
and it can be converted to mass per volume. Once you have the mass of a solute,

converting it to moles using the molar mass will give you the molarity.

72.

The amount of calcium oxide produced on heating 150 kg limestone (75% pure) is
,,,,,,, kg. (Nearest integer)

Given: Molar mass (in g mol~') of Ca-40, O-16, C-12

Correct Answer: (63)

Solution:
Given that:
CaCO3 — CaO + COq

We start by calculating the mass of CaCOs:

150 x 75
mass of CaCO3 = TXO =112.5kg
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Next, calculate the moles of CaCOs:

mass 1125000
molar mass of CaCO; 100

NCaCO; = = 1125 moles

Since each mole of CaCOs3 produces 1 mole of CaO, the moles of CaO formed will be the
same:

ncao = 1125 moles

Now, we calculate the mass of CaO:
mass of CaO = nc,o x molar mass of CaO = 1125 x 56 = 63000 grams = 63 kg

Thus, the amount of calcium oxide produced is 63 kg.

When calculating mass from moles, always use the correct molar masses and conversion

factors (grams to kilograms) to ensure accurate results.

73.

A metal complex with a formula MC/,3NHs3 is involved in sp>d? hybridisation. It upon
reaction with excess of AgNO; solution gives ‘x’ moles of AgCl. Consider ‘x’ is equal to
the number of lone pairs of electron present in central atom of BrF;. Then the number
of geometrical isomers exhibited by the complexis

Correct Answer: (2)

Solution:

The complex MC/43NH; undergoes sp>d? hybridisation. The central atom of BrFs has 1
lone pair, so x = 1.

The complex MC/43NH3 has octahedral geometry, leading to 2 possible geometrical
isomers: fac and mer.

Thus, the number of geometrical isomers is 2.
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Quick Tip

When dealing with octahedral complexes, the number of geometrical isomers is deter-

mined by how the ligands are arranged. For complexes with three identical ligands and

three other different ligands, two possible isomers (fac and mer) exist.

74.

The molar conductance of an infinitely dilute solution of ammonium chloride was
found to be 185 S cm~! mol~! and the ionic conductance of hydroxyl and chloride ions
are 170 and 70 S cm—! mol—!, respectively. If molar conductance of 0.02 M solution of
ammonium hydroxide is 85.5 S ecm~! mol !, its degree of dissociation is given by x x
10—!. The value of xis _____. (Nearest integer)

Correct Answer: (3)

Solution:

For ammonium chloride, the molar conductance at infinite dilution is:
/\IQIH4C1 = 1858 cm™ 'mol !
The 1onic conductance of hydroxyl and chloride ions are given as 170 and 70, respectively.

The dissociation of ammonium hydroxide is represented by:

0 _ O 0
ANH,0H = Anpry F Aon-

The molar conductance of the 0.02 M solution of ammonium hydroxide is 85.5 S cm™!

mol~!, and we use the following relation to find the degree of dissociation a:
A=a- N\
where « is the degree of dissociation, so
85.5 = 0.02 x (170 4+ 70) X a

Solving for a:
85.5

O = oo x2ag 0T oor =3

Thus, the degree of dissociation is z = 3 x 1071
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To calculate degree of dissociation, use the formula A = o - \°, where \? is the molar

conductance at infinite dilution and ) is the observed molar conductance.

75.

x mg of Mg(OH), (molar mass = 58) is required to be dissolved in 1.0 L of water to
produce a pH of 10.0 at 298 K. The value of x is ____ mg. (Nearest integer)

(Given: Mg(OH); is assumed to dissociate completely in H,O)

Correct Answer: (3)

Solution:

Given:

-pH=10.0

-pOH=4.0

-[OH"]1=10"*M

The concentration of OH™ is 10~* M, and since Mg(OH), dissociates completely in water,
the number of moles of OH™ will be equal to the number of moles of Mg(OH)s.
Step-by-step solution:

1. Number of moles of OH™ = 10~* moles (from the concentration of OH™). 2. Number of
moles of Mg(OH), = % =5 x 107° moles, because one mole of Mg(OH), gives two moles

of OH™. 3. The mass of Mg(OH)s is then calculated as:
mass of Mg(OH)y = 5 x 107° x 58 x 10°mg

=2.9mg

Thus, the value of x is 2.9 mg, which is approximately 3 mg.
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Quick Tip

When calculating the mass of a compound from its concentration, remember that disso-
ciation of salts like Mg(OH), can provide multiple moles of ions for each mole of the
compound. The number of moles of the compound is related to the ion concentration

through the dissociation stoichiometry.
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