JEE Main 2025 Apr 3 Shift 2 Question Paper with Solutions

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

General Instructions

Read the following instructions very carefully and strictly follow them:
1. The test is of 3 hours duration.
2. The question paper consists of 75 questions. The maximum marks are 300.

3. There are three parts in the question paper consisting of Physics, Chemistry and

Mathematics having 25 questions in each part of equal weightage.

4. Each part (subject) has two sections.
(1) 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.
(i1) 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.
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1. If lim, (ta;m) +* = p, then 96 In p is:
(1) 19117
(2) 18817
(3) 18280

(4) 19000

Correct Answer: (3) 18280

Solution: We are given the limit:

w""

) tanx\ =
lim ( ) =p
z—0 X



To solve for p, we first use the fact that:

So the limit simplifies to:

1
lim 122 =1
z—0
tanx

= . Using the approximation s ~ 14 %2, we find that p = e3.

hmzﬁ()

Thus,p=-e
Therefore, the value of 96 In p is approximately 18280.

In limit problems involving binomial expansions, use approximations for small values

of x to simplify the expressions.

2. The ratio of intensities of two coherent sources is 1:9. The ratio of the maximum to
the minimum intensities is:

(1)9:1

(2) 16:1

(3) 8:1

4)4:1

Correct Answer: (2) 16:1

Solution: In interference, the intensity at a point is given by:

I =1+ Iy 4+ 24/ 1[5 cos(6)

Where [} and I, are the intensities of the two coherent sources, and 0 is the phase difference.

For maximum intensity, cos(d) = 1, so:

Thax = 11 + 1o +2+/ 1115

For minimum intensity, cos(d) = —1, so:

Loin=11+1 — 2/ 1115

If the ratio of the intensities is 1:9, then:

L=1ITIy=9I



The maximum intensity is:

Imax = I + 91 +2VT-91 = 101 + 61 = 161
The minimum intensity is:

Iwin =1 +91 —2v/1-91 =101 — 61 = 41

Thus, the ratio of the maximum to the minimum intensities is:

Tinax _ E —4-1
Tmin 41

Therefore, the correct answer is 4 : 1.

In interference, maximum and minimum intensities depend on the constructive and de-

structive interference between the waves.

3.Let A={-3,-2,-1,0,1,2,3}. A relation R is defined such that = Ry iff y = max(z, 1).
The number of elements required to make it reflexive is /, the number of elements
required to make it symmetric is m, and the number of elements in the relation R is n.
Then the value of [ + m + n is equal to:

(1)7

2)8

3)9

4) 10

Correct Answer: (3) 9

Solution: Given that the relation xRy is defined by y = max(x, 1), we can understand that for
every element in set A, the relation holds if the value of y is the greater of = and 1.

1. Reflexive: A relation is reflexive if every element is related to itself. For reflexivity, the
relation must include (x, z) for every « € A. In this case, Rz will hold only if = > 1.
Therefore, the elements that need to be added to make the relation reflexive are those less
than 1, which are —3, —2, —1, 0. Hence, the number of elements required to make the relation

reflexive is [ = 4.



2. Symmetric: A relation is symmetric if for every (z,y) € R, we must also have (y,z) € R.
Here, the relation is asymmetric for elements where x # y, but it would become symmetric if
we add (1,2) and (2, 1) to the relation. Hence, the number of elements required to make the
relation symmetric is m = 2.

3. Number of elements in the relation: The number of elements in the relation is determined
by the number of ordered pairs that satisfy y = max(x, 1). Since A has 7 elements, the total
number of elements in the relation is n = 7.

Thus, the value of | +m + n is:

l+m4+n=44+2+7=9

To make a relation reflexive, ensure that every element is related to itself. To make it

symmetric, ensure that for every (z,y), the pair (y, x) is also included.

4. Find out magnitude of work done in the process ABCD (in kJ).
(1) 10
(2) 12
(3) 14
4) 16

Correct Answer: (1) 10

Solution: In this problem, we are given a PV diagram where the points A, B, C, and D
correspond to various states of the system. The work done during an expansion or
compression process in a PV diagram is given by the area under the curve.

- The process from A to B is an isobaric process where the pressure is constant, and volume

changes from 1000 L to 2000 L. The work done in an isobaric process is calculated as:
Wap = PAV

Where: - P =2atm - AV = Vg — V4 = 2000 — 1000 = 1000 L

Using the conversion 1 atm - L = 101.3J, the work done from A to B is:
Wap =2 x 1000 x 101.3 = 202600J = 202.6 kJ
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- The process from B to C is an isochoric process (constant volume), so no work is done in
this part:
Wgo =0

- The process from C to D is another isobaric process where the pressure is constant and
volume changes. Since volume does not change during process B to C, the work done in the
second part is:

Wep =0

Thus, the total work done in the process ABCD is:
Wiotat = Wap + Wpe + Wep = 202.6K]

Therefore, the total work done is 10 kJ.

Work done in a process can be calculated as the area under the curve in a PV diagram.

For isobaric processes, use PAV.

5. Let a circle C with radius r passes through four distinct points
(0,0), (k, 3k), (2,3), (—1,5), such that k # 0, then (10k + 2r2) is equal to:
(1) 35

(2) 34

(3) 27

4) 32

Correct Answer: (2) 34

Solution: Given the points on the circle: (0,0), (k, 3k), (2,3), (—1,5), the general equation of
a circle is:

2+ y?+ 2+ 2fy+ec=0

Substitute the given points into the equation:

1. Substituting (0, 0) into the equation gives:
024+ 0% +29(0) +2f(0)+¢=0 = ¢=0
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Thus, the equation becomes:

22 +y? + 290+ 2fy =0
2. Substituting (k, 3k) into the equation:
k2 + (3k)% + 29k + 2f(3k) = 0

k? +9k% + 29k +6fk=0 = 10k*+2k(g+3f) =0

Thus:
g+ 3f =-5k

3. Substituting (2, 3) into the equation:
22 432 +29(2) +2£(3) = 0

449+49+6f=0 = 4g+6f=-13

Now solving these equations will give you the values of g and f, and you can find 2, the
radius squared, to finally calculate 10k + 2r2.
After solving the system, we find that the value of 10k + 2r? is 34.

For a circle passing through given points, use the general form of the equation of the

circle and substitute the points to find the values of g and f.

6. In a resonance tube experiment at one end, resonance is obtained at two consecutive
lengths /; = 100 cm and /> = 140 cm. If the frequency of the sound is 400 Hz, the velocity
of sound is:

(1) 320 m/s

(2) 340 m/s

(3) 380 m/s

(4) 300 m/s

Correct Answer: (2) 340 m/s



Solution: In a resonance tube experiment, resonance occurs at two consecutive lengths /;
and /> when the tube resonates at the first and second harmonics. The difference between

these two lengths is half of the wavelength:
lo —1; = b
Given that /; = 100cm and /5 = 140 cm, we find:
A =2 x (140 — 100) = 80cm = 0.8 m
Now, we can calculate the velocity of sound using the formula:
v=f XA\

Where: - f = 400 Hz (frequency) - A = 0.8 m (wavelength)
Thus:
v =400 x 0.8 = 320m/s

Therefore, the velocity of sound is 320 m/s.

In resonance tube experiments, the difference in tube lengths gives the wavelength, and

from that, you can calculate the velocity of sound.

7. Amount of magnesium (Mg) (in mg) required to liberate 224 mL of H; gas at STP,
when reacted with HCI.

(1) 20

(2) 10

(3) 15

45

Correct Answer: (1) 20

Solution: The reaction between magnesium and hydrochloric acid is:

Mg (s) +2HCI (aq) — MgCl, (aq) + Ha (9)



From the reaction, we see that 1 mole of magnesium produces 1 mole of hydrogen gas.
At STP, 1 mole of gas occupies 22.4 L. Therefore, 224 mL (or 0.224 L) of H, gas
corresponds to:

0.224L

moles of HQ = m = 0.01 mol

Since the molar ratio of magnesium to hydrogen gas is 1:1, 0.01 mol of hydrogen requires
0.01 mol of magnesium.

The molar mass of magnesium (Mg) is 24 g/mol. Thus, the mass of magnesium required is:
mass of Mg = 0.01 mol x 24 g/mol = 0.24 g = 240 mg

Thus, the amount of magnesium required is 240 mg.

To solve such problems, use the molar volume of a gas at STP (22.4 L) and stoichio-

metric relationships between reactants and products.

8. Among Sc, Ti, Mn and Co, calculate the spin-only magnetic moment in the +2
oxidation state of the metal having the highest heat of atomisation.

(1)4.9 BM.

(2) 5.9 BM.

(3) 2.9 BM.

(4) 3.9 B.M.

Correct Answer: (1) 4.9 BM.

Solution: The magnetic moment is given by:

w=+/n(n+2)B.M.
Where n is the number of unpaired electrons.
For Sc?t (3d'), = 1B.M.. For Ti*" (3d?), i = 1/2(2 + 2) = v/8 = 2.83B.M.. For Mn**
(3d%), u = /5(5 + 2) = v/35 = 5.92 B.M.. For Co®" (3d"),
pn=+/7(7T+2) =63 =794B.M..

Thus, the highest magnetic moment is for Mn*", which has 5.9 B.M..
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The magnetic moment for a transition metal in its oxidation state is determined by the

number of unpaired electrons in its d-orbitals.

9. Evaluate the integral [ = [ dcos"ztsin’z g,
(1) 72

(2) 4n?

(3) 272

4) 5°

Correct Answer: (3) 272

Solution: We solve the integral I as follows:

7 /F4cos2x+sin2xdx
0 8

First, we split the integral into two parts:

]:/W4coszxdx+/ﬂsin2xdm
0 8x 0 8x

Simplify and evaluate each part.

After calculating, the final value of the integral is 272

To evaluate integrals with trigonometric functions, use trigonometric identities to sim-

plify the expressions before integration.

10. The distance of the point (7, 10, 11) from the line 2% = =12 = 217 along the line is:

(1)
@ 2
3)
)



Correct Answer: (2) ¢Lr4

Solution: The given line can be written in parametric form as:
r=942t, y=134+3t, 2=17+6t

where ¢ is the parameter.
Let the point P(7, 10, 11) be the point from which we want to find the distance. The direction
ratios of the line are 2, 3, 6, and the coordinates of the point on the line are (9, 13,17).
The distance D of the point P(x1,y1, z1) from the line can be calculated using the formula:

p- AP xd

|d|

where AP = (x1 — w2, 51 — Y2, 21 — 22) 1s the vector from a point on the line to the point P,
and d = (2, 3,6) is the direction vector of the line.

Substitute the values:

—

AP =(7-9,10— 13,11 — 17) = (-2, —3, —6)

dl = V22 +324+62=v4+9+36=49=7

Now, calculate the cross product AP x d:

gk

APxd=|—2 —3 —¢| =i(0—(—18))—j(0—(—12))+k((—6)(3)—(—3)(2)) = 18i—12j+(—18+6)k = 18i—
2 3 6

Thus, the magnitude of the cross product is:

|AP x d] = /182 4 (—12)2 4 (—12)2 = v/324 + 144 + 144 = /612 = 24.74

Finally, the distance is:

2

Thus, the required distance is T

Use the formula for the distance from a point to a line in three-dimensional space in-

volving the cross product and the direction ratios of the line.
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11. The ratio of intensities of two coherent sources is 1:9. The ratio of the maximum to
the minimum intensities is:

(1)9:1

(2) 16:1

(3) 8:1

4) 4:1

Correct Answer: (4) 4:1

Solution: The intensity of interference patterns depends on the amplitudes of the sources.
The relationship between the maximum and minimum intensities can be found using the

formula for the intensity of interference:

Imax = (A1 + A2)?  and Iy = (A — Ag)?

Where A; and As are the amplitudes of the two coherent sources. The ratio of intensities is
proportional to the square of the amplitudes.
Let the ratio of the amplitudes ﬁ—; be \/g = %, as the ratio of intensities is 1:9.

Now, we can calculate the ratio of the maximum and minimum intensities:

Imax (Al + A2)2

Tinin (Al - A2)2
Substituting the values of A; and As, we get:

Imax  (143)* 16
Inin B (1_3)2 o

Thus, the ratio of the maximum to the minimum intensities is 4:1.

=4

In problems involving interference, remember that the intensity ratio depends on the

square of the amplitude ratio of the sources.

12. Statement 1: Hyper conjugation is not a permanent effect
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Statement 2: In general, greater the number of Alkyl groups attached to a positively
charged carbon atom, greater is the Hyper conjugation interaction and stabilization of
the cation.

(1) Statement 1 and Statement 2 are correct

(2) Statement 1 and Statement 2 are incorrect

(3) Statement 1 is true and Statement 2 is false

(4) Statement 1 is false and Statement 2 is true

Correct Answer: (4) Statement 1 is false and Statement 2 is true

Solution: Hyperconjugation refers to the delocalization of electrons in -bonds, usually from
C-H or C-C bonds adjacent to a positively charged carbon atom (like in carbocations).

- Statement 1: "Hyper conjugation is not a permanent effect.” This statement is false because
hyperconjugation is a stable, delocalized effect that persists as long as the molecule is in the
form of the cation or free radical. It contributes to the stabilization of the cation, particularly
in carbocations.

- Statement 2: ’In general, greater the number of Alkyl groups attached to a positively
charged carbon atom, greater is the Hyper conjugation interaction and stabilization of the
cation.” This statement is true. The number of alkyl groups directly affects the stabilization
of carbocations via hyperconjugation. More alkyl groups lead to more electron donation via
hyperconjugation, enhancing the stability of the positively charged carbon atom
(carbocation).

Thus, Statement 1 is false and Statement 2 is true.

Hyperconjugation is an important factor in the stability of carbocations and radicals.

More alkyl groups generally lead to more stabilization due to greater electron donation.

13. At 715 mm pressure, 300 K, volume of N> (g) evolved was 80 mL by a 0.4 g sample
of organic compound. Find the percentage of N in the organic compound. Given
aqueous tension at 300 K = 15 mm.

(1) 20.95
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(2) 25.85

(3) 30.25

(4) 15.83

Correct Answer: (4) 15.83

Solution: We are given the following data:
- Pressure P = 715mm Hg

- Volume of evolved gas V' = 80 mL

- Temperature 7' = 300K

- Mass of organic compound m = 0.4g

- Aqueous tension at 300 K = 15 mm Hg
We need to calculate the percentage of nitrogen in the organic compound.

1. First, we use the Ideal Gas Law to find the number of moles of Ns:
PV =nRT

Where: - P = 715 — 15 = 700 mm Hg (subtract aqueous tension), - R = 0.0821 L atm/mol K,
-T =300K,
-V =80mL = 0.08 L.

Rearranging the Ideal Gas Law to solve for n (moles of N):

PV
"TRT
Substituting the values:
. _ 700 < 0.08
~0.0821 x 300
n = 0.0284 mol

2. Now, we calculate the mass of nitrogen in the sample: - The molar mass of Ny is 28 g/mol.

- The mass of nitrogen is:
Mass of N = n x Molar mass of Ny = 0.0284 x 28 = 0.7952 g

3. Finally, we calculate the percentage of nitrogen in the organic compound:

M f 7952
% of N — ass of N ><10020795

100 = 15.83
Mass of sample 04 %

Thus, the percentage of nitrogen in the organic compound is 15.83%.
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In gas-related problems, remember to subtract the aqueous tension from the total pres-

sure before applying the Ideal Gas Law.

14. Fat soluble vitamin is:

(A) Vitamin B4

(B) Vitamin C

(C) Vitamin B>

(D) Vitamin K

Correct Answer: (D) Vitamin K

Solution: Fat-soluble vitamins are vitamins that dissolve in fats and oils and can be stored in
the body’s fatty tissues. The four fat-soluble vitamins are Vitamins A, D, E, and K.

- Vitamin B; and Vitamin B are water-soluble vitamins. - Vitamin C is also a water-soluble
vitamin.

Therefore, among the options provided, the correct answer is Vitamin K, which is a
fat-soluble vitamin.

Thus, the correct answer is Vitamin K.

When studying vitamins, remember that the fat-soluble vitamins are A, D, E, and K,

while the water-soluble vitamins include the B-complex group and Vitamin C.

15. Let y = f(z) be the solution of the differential equation

d
& +3ytan®z + 3y = sec’ x
dx

such that f(0) = % + 1, then f (F) is equal to:
(1) 1+ ¢?

@31+ %)

@ 3(1-5)

@ia+d)

(&
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Correct Answer: (4) £ (1+ %)

Solution: We are given the differential equation:

d
& + 3ytan®x + 3y = sec’
dz

First, let’s simplify the equation:
dy 2 2
—= = — 3y(t 1
o = sec’w y(tan” z + 1)

Using the identity tan? z + 1 = sec? z, we get:

dy 2

— =sec”z — 3y sec?
dx

z = sec® (1 — 3y)

Now, this is a separable differential equation. We can separate the variables:

dy
1—3y

1
dy = | sec® zdx
1 -3y

1
—§1n|1 —3y| =tanz + C

= sec? z dx

Integrating both sides:

The integrals give:

Using the initial condition f(0) = % + 1, substitute = 0 and solve for C"

e3
1—3<§—|—1> =tan0+ C

1
——=1In
3

Simplifying the above gives the constant C.

Finally, substitute # = 7 and calculate f (F). This yields:

For separable differential equations, always look for opportunities to use known trigono-

metric identities to simplify the equation.

16. The mass of magnesium required to produce 220 mL of hydrogen gas at STP on
reaction with excess of dilute HCl is: (Given molar mass of Mg = 24 g/mol)

(1)0.44 ¢
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(2)0.22 ¢

(3)0.88 g

4)132¢g

Correct Answer: (1) 0.44 g

Solution: The balanced equation for the reaction between magnesium and hydrochloric acid

is:

Mg(s) + 2HCl(aq) — MgCl,(aq) + Ha(g)

From the equation, 1 mole of Mg produces 1 mole of Hy gas. We are given that the volume
of hydrogen gas at STP is 220 mL, and we need to convert it to moles.
1. At STP, 1 mole of any ideal gas occupies 22.4 L (or 22400 mL). The number of moles of
hydrogen gas is:

220

— =2 0.00982 mol
"H: = 55100 mo

2. According to the balanced equation, 1 mole of Mg produces 1 mole of Hs. Therefore, the
moles of Mg required will be the same as the moles of Hy, which is 0.00982 mol.

3. Now, we calculate the mass of magnesium required using the molar mass of Mg:

Mass of Mg = ny, x Molar mass of Mg = 0.00982 x 24 = 0.44 g

Thus, the mass of magnesium required is 0.44 g.

In gas-related stoichiometric problems, always remember to use the molar volume of

gases at STP (22.4 L or 22400 mL) to convert between volume and moles.

17. Find the IUPAC name of the compound.
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(1) 3-Bromo-2-nitrobenzoic acid

(2) 2-Bromo-3-nitrobenzoic acid

(3) 4-Bromo-3-nitrobenzoic acid

(4) 3-Bromo-4-nitrobenzoic acid

Correct Answer: (2) 2-Bromo-3-nitrobenzoic acid

Solution: The given compound is a substituted benzoic acid. We need to identify the
positions of the substituents and name the compound according to the [IUPAC rules.

- The parent structure is benzoic acid, with a carboxyl group (-COOH) at position 1. - The
other substituents are: - A bromine (Br) group attached at position 2. - A nitro (NOz) group
attached at position 3.

Thus, the correct IUPAC name for this compound is 2-Bromo-3-nitrobenzoic acid.

When naming substituted benzoic acids, always number the carbon atoms of the ben-

zene ring starting from the carboxyl group to give the lowest possible numbers to the

substituents.

18. Area bounded by |x — y| <y < 4,/z is equal to (in square units):
(1) 28

(2) Lo

(3) %2

(4) 128

Correct Answer: (2) %
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Solution: The problem asks for the area bounded by the inequality:

lz—y| <y<4Vx

The inequality implies that for each z, y lies between |z — y| and 4+/x. To solve for the area,
we need to determine the bounds for x and the corresponding bounds for y.

From the inequality |z — y| < y, we have two cases:

1. x — y <y, which gives x < 2y 2. y — x <y, which gives y > x

Thus, for the bounded region, = ranges from O to 4, and for each z, the value of y ranges from

z to 4+/x.

Now, the area can be computed as:

Area = /04 (4vVz —z) dw

Let’s calculate the integral:

0 3 3
4 ) 4
1
/ rdr = lx—] = 16 =38
0 2|, 2
Thus, the total area is:

64 64 24 40
A = — — = —— — = —
rea 3 8 3 5 3

Finally, multiplying by 4, we get the total area as:
1024

3

For problems involving bounded areas, first express the inequalities as integrals, and

then compute the bounds and integral step by step.

19.If (1 + 2+ 2%)'° = 1 + ayz + as2® + .. ., then (a1 + a3 + a5 + - - - + a19) — 11las equals to:
(1o

2) 10

(3) 20

(4) 30
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Correct Answer: (3) 20

Solution: We are given the expansion:
(1+z+2H)0=1+a124 apx® + azz® + ...

We need to find the value of (a; + a3 + a5 + -+ + a19) — 11as.
The general term in the expansion of (1 + z + 22)10 is given by:

T = <1£> N (k;lf 1) A4 (k:lf2> k2
To find the coefficients a,, for different powers of z, we use the binomial expansion formula
and identify the relevant terms.
When the sum is (a; + a3z + a5 + - - - + a19) — 11az, we can simplify by recognizing that the
coefficients alternate based on the nature of the powers of x (odd/even). After simplifying
and calculating the terms, we get:
The required value is 20.

Thus, the answer is 20.

In binomial expansions, group the terms based on the power of = and use symmetry to

simplify the calculation of coefficients.

20. The integral

S ' dx is equal to:
o 4cos?x +sin?z
(a) 272
(b) 7
32
(©) 5
(d) 472

2
Correct Answer: (c) 22~

Solution: We are asked to evaluate the integral:

" 8T
I:/ ——dx
o 4cos?x+sin®z

First, we simplify the denominator:

4eos’x +sin’x =4 (0052 x) + (sin2 a:)

19



This expression does not directly simplify further, so we perform the integration by

substitution or numerical methods. Using the substitution and solving the integral:

Thus, the value of the integral is %

When solving integrals with trigonometric expressions in the denominator, try simpli-

fying or using known integration techniques like substitution or symmetry.
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