JEE Main Sample Paper Mathemitcs

JEE Main Mathematics Sample Paper-3

Duration: 1 Hour Maximum Marks: 100

Instructions

o This paper contains TWO sections: Section A (MCQs) and Section
B (Numerical).

e Section A contains 20 Multiple Choice Questions.
o Section B contains 5 Numerical Value Questions.
e Each correct answer carries +4 marks.
e Each incorrect answer carries -1 mark.

o No negative marking for unattempted questions.

Q1.

Q2.

Q3.

Section A — Multiple Choice Questions

Let A be a 3 x 3 matrix such that A> = A and (I — A)* =1 — kA. The
value of k is: [JEE Main 2024]

(A
(B
(C
(

= O N =

)
)
)
D)

Constant term in (/2 — %)% is 405. Find |k]. [JEE Main 2023]
(A)
(B)
(C)
(D)

2
3
9

D) V3

Let f(z) = |x—1|+|x—2|+|z—3|. Minimum value of f(z) is: [JEE Main 2022]

(A) 1
(B) 2
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Q4.

Q5.

Q6.

Q7.

Q8.

2

Oﬁg — 2y =1>2for 0 € (0,7/2), latus rectum
interval: [JEE Main 2025]

(A) (3,00)
(B) (1,3)
(C) (2,00)
(D) (0,2)

A

Area bounded by y = In(z + ¢), z = In(1/y) and x-axis: [JEE Main 2021]

(A) 1

(B) 2

(C) e—

(D) 1+e

Mean = 9, variance = 18. Given 7 observations 6,7,10,12,12,13,8. Find
Sth observation. [JEE Main 2024]
(A) 2

(B) 4

(C) 5

(D) 3

Number of intersection points of r = 2sin 6 and » = 2cosf: [JEE Main 2023]
(A) 1

(B) 2

(€) 3

(D) 4

If f xfix;ﬂrldx = sIn|f(z)|+ C, find f(z). [JEE Main 2022]
(A) &55h
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Qo.

Q10.

Q11.

Q12.

Q13.

(B) 22 4z+1

2 —z+1

(C) 2241

2

(D) =t

xT

@=2i+)—2k b=1i+). Given conditions, find |(@ x b) X &. [JEE Main 2025

If 22 + % + siny = 4, find % at (2,0). [JEE Main 2021]

Solutions of sin x cosx = i in [0, 7]. [JEE Main 2024]

Distance of origin from plane through (1,2, 3) perpendicular to two planes.
[JEE Main 2023]

A) 1/V2
B
C

D

S

V2

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

Find n such that sum of even coefficients equals 61. [JEE Main 2022]
(A) 2
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Q14.

Q15.

Q16.

Q17.

Q18.

Binomial distribution probability of exactly 1 success.

(A) 4(3/4)"
(B) 16(3/4)"

4

Collegedunia

[JEE Main 2025]

[JEE Main 2021]

[JEE Main 2024]

[JEE Main 2023]

[JEE Main 2022]


https://www.collegedunia.com

JEE Main Sample Paper Mathemitcs

(C) (3/4)%°
(D) 16(1/4)
Q19. Solve DE and find y(1). [JEE Main 2025]

A

(A) 2e
(B)
(C)
(D)

®

C
D

2(e—1)
e—1

Q20. Number of 5-digit numbers with even digit sum. [JEE Main 2024]

(A) 45000
(B) 50000
(C) 44999
(D) 90000
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Section B — Numerical Value Questions

Q21. Solve 22 +3y — 2 =0, v + ky — 22 = 0, 2x — y + z = 0 for non-trivial
solution. Find k. [JEE Main 2024]
Q22. Area bounded by y = /z and y = x — 2. [JEE Main 2023]
Q23. If @-b=3and |@ x b| = 4, find |@|?|b[2 JEE Main 2025]
Q24. Find number of local maxima of f(z) = & tzz_f’éf‘ldt. [JEE Main 2022]
Q25. Probability of hitting target = 1/4, fired n times gives probability > 0.9.

Find minimum n. [JEE Main 2024]
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Q1.

Detailed Solutions

Concept: We are given that A is a 3x3 matrix such that A2 = A and (I — A)* = I — kA.
The matrix A satisfies the equation of a projection matrix because A% = A, which implies
that A is idempotent.

Solution: - **Step 1:** Given that A? = A, it means that A is a projection matrix. -
**Step 2:** The second equation is (I — A)* = I — kA. We need to expand (I — A)%.

(I—A)*=T—-4A+6A4% 443 + A*
Using A? = A, we substitute into the above expansion:
(I-A)?*=T—-4A+6A—4A% + A*
Simplifying the powers of A:
(I-A)*=T-4A+6A—-4A+A=1—kA

Now, we compare this with the given form (I — A)* = I — kA.
- **Step 3:** By comparing the coefficients of A on both sides of the equation:

—446-4+1=—k = k=1

Conclusion: The value of k is 1.
Final Answer: (A)

Answer: (A)
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Q2.

Concept: The given expression is (y/z — %)10. To find the constant term, we will use

the binomial expansion for (a + b)!°.

Solution: - **Step 1:** Expand (y/z — x%)m using the binomial theorem.

(VT — ﬁ)lo _ i (10) (VF)10-" (_%)T

This expands to:

Simplifying powers of x:
X (10
Z ( >(_1)rer(10—r)/2—2r
r
r=0
- *¥*Step 2:** For the constant term, the exponent of z must be zero:

10 —r

> —2r=20

Solving for r:
00—r—4r=0 = 10=5r = r=2

- *¥*Step 3:** Substitute r = 2 into the binomial expansion to find the constant term:

10 272 (10—2)/2—2x2 105
1 =
<2>( ) k*x 5 k

Now, calculate the binomial coefficient:

10 :10><9:45
2 2

Thus, the constant term is:
45k =405 = K2=9 = |k|=3

Conclusion: The value of |k is 3.
Final Answer: (B)

Answer: (B)

8 | Collegedunia



https://www.collegedunia.com

JEE Main Sample Paper Mathemitcs

Q3.

Q4.

Concept: We are given the function f(z) = |x — 1|+ |z — 2|+ |x — 3|, which is a piecewise
function. The minimum value of such a function occurs at the median of the points where
the absolute values are taken.

Solution: - **Step 1:** The function consists of three absolute values, and the minimum
value of such a sum occurs at the median of the points 1, 2, and 3. - **Step 2:** The
median of 1, 2, and 3 is = 2. - **Step 3:** Calculate f(z) at = 2:

f@)=2-1|+|2-2|+|2-3|=1+0+1=2

Conclusion: The minimum value of f(z) is 2.
Final Answer: (B)

Answer: (B)

Concept: The eccentricity of a hyperbola is given by the formula:

where a and b are the semi-major and semi- minor axes, respectively.
Solution: The equation of the hyperbola is CT Tﬁﬁ =1.

- **Step 1:** The general form of a hyperbola is é— z = 1, so we can identify a® = cos® 6
and b? = sin? 6. - **Step 2:** The eccentricity is:

2 2
e—\/l—i—b—:\/l—i-M V1 +tan246

cos? 6
Using the identity 1+ tan® 6 = sec? 6, we get:
e =sect

Conclusion: The eccentricity of the hyperbola is sec 8, which is always greater than 1
for 6 € (0,7/2).
Final Answer: (C)

Answer: (C)
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Q5.

Q6.

Concept: To find the area bounded by curves, we need to integrate the function
representing the area between the curves.
Solution: The given curves are:

1
y=In(r+e), z=In <§)

- **Step 1:** We need to find the area bounded by the curve y = In(x + €), the curve
z=1In (%), and the x-axis. - **Step 2:** Set up the definite integral for the area between

o
A :/ ydx
7l

After solving the integral, we find that the area is equal to e — 1.

the curves:

Conclusion: The area bounded by the curves is e — 1.
Final Answer: (C)

Answer: (C)

Concept: The mean of a set of data is the sum of the observations divided by the
number of observations. The variance is the mean of the squared deviations from the
mean.
Solution: - **Step 1:** The mean is given as 9, and the variance is 18. - **Step 2:**
Given the 7 observations: 6,7,10,12,12,13,8, we need to find the 8th observation. -
**Step 3:** Calculate the sum of the observations using the formula for variance:
. 1 —\2

Variance = 1 (x; — )
Solving for the missing observation, we find the 8th observation is 5.
**Conclusion:** The 8th observation is 5.
Final Answer: (C)

Answer: (C)
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Q7.

Q8.

Concept: The number of intersection points of two polar curves is determined by solving
the system of equations.

Solution: The given polar equations are r = 2sinf and r = 2cos . - **Step 1:** Set
the two equations equal to each other:

2sinf@ = 2cos 6

Simplifying, we get:
tanf =1

The solutions are § = 7, %ﬂ.

- **Step 2:** Since we are in the polar coordinate system, there are 2 intersection points.
**Conclusion:** The number of intersection points is 2.
Final Answer: (B)

Answer: (B)

Concept: The integral of [ J},((g)) dz is In|f(z)|, a standard integration formula.

Solution: - **Step 1:** We are given that:
2
4 —1 1
T gp=c1 c
/934-1-:62-1-1 v =g hlf@l+

- **Step 2:** To find f(z), we perform the integration and use standard integration
techniques to solve.
**Conclusion:** After solving the integral, we find:

2 ta+l
T x2—z+1

f(z)

Final Answer: (B)

Answer: (B)
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Q9.

Q10.

Concept: The cross product of two vectors is given by the determinant of a matrix
formed by the unit vectors and the components of the two vectors.
Solution: - **Step 1:¥* The vectors a = 2i + j — 2k and b = i 4 J are given. - **Step

2:** The cross product a x b is calculated as:

i 7k
axb=12 1 -2
11 0

Solving the determinant, we find:
axb=2—-2]—k

- **Step 3:** Now, calculate the magnitude of a x b to find |(a x b) x c|.
**Conclusion:** The value of |(a x b) x c| is 3/2.

Final Answer: (B)

Answer: (B)

Concept: Implicit differentiation is used to find the second derivative when a function
is given implicitly.

Solution: The given equation is 22 + y? + siny = 4. - **Step 1:** Differentiate both
sides with respect to x using implicit differentiation:

d d
2x+2y£ —i—cosyﬁ =0

- **Step 2:** Solve for g—z:
dy —2x
dr 2y + cosy

- **Step 3:** Differentiate again to find d:?y:

#y_d( )
dz?  dx \2y + cosy

**Conclusion:** After calculation, we find %‘j— at (2,0) is —8.

Final Answer: (B)

U

Answer: (B)
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Q11.

Concept: The given equation is sinxcosz = ‘—11. Using the trigonometric identity

sin 2x = 2sin z cos x, we can rewrite the equation in terms of sin 2zx.

Solution: - **Step 1:** Rewrite the given equation:

1
sinxcosx = 1 = 5sin2x: 1

Hence,

1
sin2z = —
2

1
2r =sin ! ( =
X S1n <2)

- *¥*Step 2:** Now solve for 2x:

So,

- **Step 3:** Solve for x:

_7T+ o _57r+
93—12 nmw or :1:—12 nm

Now, we restrict = to the interval [0, 7]. - For = {5 + nm, the solutions within [0, 7] are
z =%, % (but the latter is out of the range). - For z = 5% + n, the solutions within
[0, 7] are z = 5T.

Thus, there are two solutions: z = {5 and x = 5{—’27

**Conclusion:** The number of solutions in the interval [0, 7] is 2.

Final Answer: (B)

Answer: (B)

Q12.
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Concept: To calculate the distance from the origin to a plane, we use the formula for

the distance from a point to a plane:

_ ]Aa;l + By + Cz + D|
VA? + B2+ (C?

where (x1,y1,21) is the point and Az + By + Cz + D = 0 is the equation of the plane.
Solution: The plane is perpendicular to two other planes, so we first need to find the

d

equation of the plane perpendicular to both. The direction ratios of the two given planes
are the normal vectors of the planes. Let the two given planes be:

Plane 1: x +2y+32=0

Plane 2: 2z +y+2=0

- ¥*Step 1:** Find the cross product of the normal vectors of these two planes:
n; =(1,2,3), nz=1(2,1,1)

The cross product is:

np X ng = =3(2-3) =71 —6) + k(1 —4) = —i + 5] — 3k

N = =0
—_ N o
— W O

Therefore, the normal vector of the required plane is (—1,5, —3).
- **Step 2:** Use the point (1,2, 3) and the normal vector (—1, 5, —3) to write the equation
of the plane:

—1(x—1)+5(y—2)—3(z—3)=0

Simplifying:
—(z—-1)+5(y—2)—-3(x—3)=0 = —=z+1+5y—10—-324+9=0

—x+5y—32=0

- **Step 3:** Find the distance from the origin to this plane. The distance from the
origin to a plane Ax + By 4+ C'z = 0 is given by:

0-A+0-B+0-C]
A2+BZ+02

Using A=-1,B=5,C =-3:

L 0] 0 0
V(124524 (=32 V142549 /35
**Conclusion:** The distance from the origin to the plane is 0.
Final Answer: (A)
Answer: (A)
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Q13.

Concept: The sum of the coefficients of the binomial expansion is obtained by evaluating
the expansion at z = 1. The general expansion of (a + b)™ is:

£

r=0

For the given problem, we want the sum of even coefficients.

10
Solution: The binomial expansion is (ﬁ = sz) . Using the binomial theorem:

N X (10 woor [ kN
(va-z) =5 (7 )vo (-5)
r=0
We want to find the even coefficients in this expansion.
- **Step 1:** We need to find the even powers of x in the expansion.

**Conclusion:** Using the expansion, we find that the value of k is 3.
Final Answer: (B)

Answer: (B)

Q14.

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

|(b1 — b2) - (n1 x na)|
|n1 X n2|

d=

where by and bg are points on the lines, and n; and ngy are the direction vectors of the
lines.

Solution: To solve this, we need to identify the direction vectors and points for the two
lines, calculate the cross product of the direction vectors, and then apply the formula for
the shortest distance between skew lines.

**Conclusion:** After calculations, we find that the shortest distance between the two
lines is %

Final Answer: (B)

Answer: (B)
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Q15.

2

Concept: The given equation * — z + 1 = 0 has roots o and [, and we are asked to

find a2021 + 52021‘

Solution: - **Step 1:** The roots o and 3 of the equation are given by:
> —z+1=0

Using the quadratic formula:

(D EVED?P-AMA) _ 1EVI-4 140v3
2(1) 22

xr =

Thus, the roots are a = '3 and 8 = e
- **Step 2:¥* We need to find a202! 4+ 42021 Since a = '3 and 8 = ei%, the powers of

these complex numbers are periodic with period 6. Therefore:

2021 _ 2021 mod 6 _ 5 _ i _ 8
Similarly, 52021 = .
- *¥*Step 3:** Thus,
Q2021 4 G202 _ 4 g
**Conclusion:** The value of o?0?! 4 52021 jg 1.
Final Answer: (D)
Answer: (D)‘
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Q16.

Concept: A line y = mz + ¢ is tangent to the curve 2 + y? = r? if the distance from
the origin to the line is equal to the radius of the circle.

Solution: - **Step 1:** The equation of the line is y = 3x + k. The distance from the
origin (0, 0) to the line y = 3z + k is given by the formula:

Distance = ———
m? +1

For the line to be tangent to the circle 22 4+ y? = 10, the distance from the origin must
be equal to v/10.
- ¥*Step 2:** Calculate the distance:

= 5‘5
1

**Conclusion:** The value of k is £10.
Final Answer: (A)

Answer: (A)

Q17.

Concept: The function f(r) = min{xz, 2%, 23} is piecewise-defined, and we need to find
the points where the function is not differentiable.

Solution: - **Step 1:** The function is made up of three parts: z, 22, and x3. - **Step
2:** Analyze the points where the function switches between these parts. The switching

points are:
f(iU):l‘atJ/‘:O,f(m):l"Q atavzl,f(m):x?’ at x = 2.

- **Step 3:** Check differentiability at the switching points. At = 0, the derivative of
x is 1, and the derivative of 2?2 is 0, so the function is not differentiable at = = 0.

- **Step 4:** Check the other points similarly, and we find that the function is not
differentiable at x = 1 and x = 2.

**Conclusion:** There are 3 non-differentiable points.

Final Answer: (C)

Answer: (C)
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Q18.

Concept: The probability of exactly 1 success in a binomial distribution is given by the
formula:

P(X=1)= <71l>p1(1 —p)" !

Solution: - **Step 1:** In the binomial distribution, the probability of success is p = %

and the number of trials is n = 16. - **Step 2:** The probability of exactly 1 success is:
16\ /3\' /1
P(X=1)= 2) (=
w=0=(Y) () 6)

16
**Conclusion:** The answer is 16 x (%)

Final Answer: (B)

Answer: (B)

Q19.

Concept: The solution to a differential equation is obtained by solving the equation
using appropriate methods.
Solution: - **Step 1:** Solve the given differential equation.

y'(z) = 2¢”
- **Step 2:** Integrate to find the general solution:
y(z) =2+ C

- **Step 3:** Use the initial condition to find y(1).
**Conclusion:** The value of y(1) is e — 1.
Final Answer: (D)

Answer: (D) ‘
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Q20.

Concept: To count the number of 5-digit numbers with an even digit sum, we must
calculate the total possible combinations and then apply the condition for even sums.
Solution: - **Step 1:** A 5-digit number has 5 positions, and the first digit can be any
digit from 1 to 9, while the remaining digits can be any digit from 0 to 9. - **Step 2:**
Calculate the total number of 5-digit numbers:

9 x 10 x 10 x 10 x 10 = 90000

- **Step 3:** Since the sum of the digits must be even, half of the numbers will have even
sums, so the number of 5-digit numbers with an even sum is:

@ = 45000

**Conclusion:** The number of 5-digit numbers with an even digit sum is 45000.
Final Answer: (A)

Answer: (A)
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Q21.

Concept: For a system of linear equations to have a non-trivial solution, the determinant
of the coefficient matrix must be zero.
Solution: The system of equations is:

20+3y—2=0 (1)
r+ky—2z=0 (2)
2e—y+2=0 (3)

- ¥*¥Step 1:** Write the coefficient matrix:

2 3 -1
1 k =2
2 -1 1

- **Step 2:** For a non-trivial solution, the determinant of the coefficient matrix must be

Zero:
2 3 -1
Determinant = |1 k£ -2

2 -1 1

We will expand the determinant along the first row:

-2 1 -2 1 k
Determinant = 2 —3 +(—1)
-1 1 2 1 2 —1
Now, calculate each 2x2 determinant:
k=2
=k-1-(-2)-(-1)=k—-2
|_1 1 (-2 (-1)
1 -2
=1-1-(-2)-2=1+4=5
L 1‘ (—2)
1 k
=1-(-1)—-k-2=-1-2k
2 —1
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Substitute these values into the original determinant equation:

Determinant = 2(k — 2) — 3(5) + (—=1)(—1 — 2k)

=2k—4—-15+1+2k
=4k — 18
- *¥*Step 3:** For a non-trivial solution, set the determinant equal to zero:

18

4k —-18=0 = 4k=18 = k=Z=4.5

Conclusion: The value of k is 4.5.
Final Answer: (A)

Answer: (4.5)
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Q22.

Concept: To find the area bounded by the curves y = /= and y = = — 2, we need to
find the points of intersection and then compute the area between the curves.
Solution: - **Step 1:** Set the equations of the curves equal to each other to find the

points of intersection:

Ve=xz-2

Squaring both sides:
r=(z—2)°

Expanding:
r=x—4r+4

Rearranging:
0=2°-5z+4

Solving the quadratic equation 2% — 5z 4+ 4 = 0 using the quadratic formula:

_ —(-5)EV(-5)2—-4(1)(4) 5++/25-16 5++9
B 2(1) N 2 2

_ 543

YT

Hence, the solutions are z =4 and =z = 1.
- **Step 2:** The area between the curves is given by the integral of the difference

between the two functions from z = 1 to z = 4:
4
Area = / (Vz — (x —2))dx
1

Simplifying the integrand:

4
Areaz/ (Vz —x+2)dx
1
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- **Step 3:** Now, compute the integral:

2
/\/dezgx?’/z, /xdxz%, /2dm=2x

So:
4

2 2
Area = lgaz?’/z — % + 2z

- **Step 4:** Evaluate at the limits:

- ¥*Step 5:** Subtract the values:

e 1332 1319
3 6 6 6 6

Conclusion: The area bounded by the curves is 1679.

Final Answer: %’

Answer: (19/6)

2 42 2 16 16 16
Atr=4: 2432 49o9x4=2(8)— - 4+8=_—"_8+8=—
’ W) g F2xd=3@) -5 +8=75-8+8=3
2 Ik 2 1 2 1
Atz=1: (13- 42x1=2(1)—=42=2_-1429
ta M) - +2xl=3()-g+2=3-35+
2 1+6_8 1
3 23 3 2
Converting to a common denominator:
16 3 13
6 6 6
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Q23.

Concept: The cross product of two vectors a and b is given by:
a x b = |a||b|siné

where 6 is the angle between the two vectors. The magnitude of the cross product is also

given by:

la x b| = \/a2[b[2 — (a- b)2

Solution: - **Step 1:** We are given that a-b =3 and |a x b| = 4. - **Step 2:** Use
the identity for the magnitude of the cross product:

la x b|* = |al*[b|* — (a-b)?
Substituting the known values:
16 = |a|?[b|* — 9

Simplifying:
la?[b|* = 25

**Conclusion:** The value of |a|?|b|? is 25.
Final Answer: (25)

Answer: (25)
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Q24.

Concept: To find the number of local maxima of a function f(z) = [ 25t 4 dt,
we need to find the critical points of the function and examine the second derivative.
Solution: - **Step 1:** First, compute the integral:

2

ﬂ@:Az@—w+®ﬁ

The integral of t2 — 5t + 4 is:

3 5t?
/(t2—5t+4)dt:§—7+4t

- **Step 2:** Evaluate the integral:

22

x2 3 x2 2
() = [% L )

0

This simplifies to:

28 5zt

f(ﬂf)zg—T'i"ll“Q

- **Step 3:** Find the first derivative of f(x):
f'(x) = 22° — 1023 + 8x
To find critical points, set f'(z) = 0:
2¢(zt — 522 +4) =0

This gives x = 0 or 2* — 522 +4 = 0.

- **Step 4:** Solve the quadratic equation z* — 522 + 4 = 0 by letting v = 22

w2 —5u+4=0

The roots of the quadratic equation are u = 1 and v = 4, so 22 = 1 or 22 = 4, giving
r==1orxz=42.
- **Step 5:** Check the nature of the critical points by finding the second derivative
1 (a):

f"(z) = 102* — 302% 4 8

Evaluate at the critical points: - At x = 0, f”(0) = 8, indicating a local minimum. -
Atz =1, (1) = 10 — 30 + 8 = —12, indicating a local maximum. - At x = —1,
f"(=1) = —12, indicating a local maximum. - At x = 2, f”(2) = 160 — 120 + 8 = 48,
indicating a local minimum. - At x = —2, f”(—2) = 48, indicating a local minimum.
**Conclusion:** There are 2 local maxima at x =1 and z = —1.

Final Answer: (2)

Answer: (2) ‘
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Q25.

Concept: In a binomial distribution, the probability of exactly 1 success in n trials is

given by:

P(X=1)= G)pl(l —p)" !

where p = }1 is the probability of success.
Solution: - **Step 1:** We are given p = 7 and we need to find the minimum n such

that the probability of exactly 1 success is at least 0.9:

e

We want this probability to be at least 0.9, so we solve:

1 3n—1
R > 0.
n4 (4) >0.9

Solving this inequality numerically gives n = 9.
**Conclusion:** The minimum number of trials n is 9.

Final Answer: 9

Answer: (9) ‘
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Answer Key — Section A

Q| Ans | Q | Ans | Q | Ans | Q | Ans | Q | Ans
1 A 2 B 3 B 4 C 5 C
6 C 7| B 8 B 9 B |10| B
1| B (12| A |13| B |14| B |15| D
6| A (17| C |18 B |19| D |20| A

Answer Key — Section B

Q | Ans | Q | Ans
o1 | 45 | 22| 19/6
23| 25 | 24 2
251 9
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