JEE Main 2023 6 April Shift 2 Maths Question Paper with Solutions

Time Allowed :3 Hours

Maximum Marks :300

Total Questions :90

General Instructions

for wrong answer.

Read the following instructions very carefully and strictly follow them:
1. The test is of 3 hours duration.

2. The question paper consists of 90 questions, out of which 75 are to attempted.

The maximum marks are 300.

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

Mathematics having 30 questions in each part of equal weightage.

4. 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

(i1) Section-B: This section contains 10 questions. In Section-B, attempt any five
questions out of 10. 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

1. If ged (m,n) =1 and

MATHEMATICS

Section-A

12— 22 132 — 4% 1 ... 4 (2022)% — (2023)? = 1012m?n

then m? — n? is equal to:
(1) 180
(2) 220
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(3) 200
(4) 240

Correct Answer: (4) 240

Solution:

(1—=2)(142)+ (3—4)(3+4)+---+ (2021 — 2022)(2021 + 2022) + (2023)* = (1012) m*n
= (—1)[1+2+3+4+--+2022] + (2023)* = (1012)m*n
= (2023)[2023 — 1011] = (1012)m?n
= (2023)(1012) = (1012)m>n
= m?n = 2023
= m’n=(17)%*x7
m=17,n=7

m? —n? = (17)? — 7% = 289 — 49 = 240

Quick Tip

When solving for values in number theory, look for patterns in terms and simplify step

by step. Break down complicated equations into smaller parts and solve them sequen-

tially.

2. The area bounded by the curves y = |z — 1| + |z — 2| and y = 3 is equal to:
(5

(2)4

(3)6

4)3
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Correct Answer: (2) 4

Solution:
The given equation for y is y = |z — 1| 4+ |z — 2|. The graph of y intersects the line y = 3 at

certain points, forming a bounded area.
&

| 2 3

The area can be calculated by finding the points of intersection of the curves and calculating

the area between them. After calculating, we find the area is 4 square units.

Quick Tip

To calculate areas between curves involving absolute values, break the integral into
parts corresponding to the intervals where the expressions inside the absolute values are

positive or negative.

3. For the system of equations

X+y+z=6
X+2y+z=10
x+3y+5z=p

which one of the following is NOT true:

(1) System has a unique solution for o = 3, # 14
(2) System has a unique solution for « = —3, 5 = 14
(3) System has no solution fora« = 3,5 = 24

(4) System has infinitely many solutions for a = 3, 8 = 14

Correct Answer: (1)

Solution:
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Given the system of equations, we need to analyze the determinant of the coefficient matrix
to determine the nature of the solution.

The system is represented by:

111
1 21
1 35

The determinant of this matrix is calculated as:

111
A=11 2 1
1 35

A =6(10 — 3a) — (50 — a13) + (30 — 20)

=40 — 18a + a8 — 28

For infinite solutions, we get A = 0, and after solving:

A=0, Az =Ay=Az=0

The value of « = 3 and g = 14.
For a unique solution, « # 3.

Thus, the correct answer is Option 1.

Quick Tip
For systems of equations, the determinant of the coefficient matrix indicates whether

the system has a unique solution (non-zero determinant) or infinitely many solutions

(zero determinant).

4. Among the statements:
(S1): (¢ = ¢)V (—¢ = 1) is a tautology.

(S2): (v = ¢) = (—¢ = 1) is a contradiction.
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Choose the correct answer from the options given below:
(1) Only (S2) is True
(2) Only (S1) 1s True
(3) Neither (S1) nor (S2) is True
(4) Both (S1) and (S2) are True

Correct Answer: (3)

Solution:

51
P Q ~p_| -p"q | p=q | (p=q) v (-p"q)
T T F F T T
T F F F F F
F T T T T T
F F T F T T

52
P Q |gq=p| -p | (-P"q]| (g=p) = (~-p"q)
T T T F F F
T F T F F F
F T F T T T
F F T T F F

For statement (S1), the logical expression (¢ = 1)V (-¢ = ) is a tautology because
it always holds true for any truth values of ¢ and ¢. For statement (S2), (v — ¢) —
(m¢ = ) is indeed a contradiction because it does not hold true in any case. Hence,

neither (S1) nor (S2) is true, so the correct answer is option (3).

To identify tautologies and contradictions, construct truth tables for logical expressions

and check the validity of the statements.

5.1im, o {(515) (52555) -+ (5791 ) is equal to:

M %
2) V2
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3)1
40

Correct Answer: (4) 0

Solution:

We are given the product of terms:

by 1 1 1
_ninéo{(ﬁ —23> (22 —25> <22 —22n+1)

First, we analyze the behavior of each term in the product. The smallest term in the product

is:

1

and the largest term is 52— 92n+1

22_23

The product is bounded as:

1 " 1 "
(=) =< (z=pm)

The sequence is bounded between 0 and 1. Therefore, the limit of the product as n — oo is

Thus, the final answer is:

For infinite products, analyze the smallest and largest terms to determine the behavior

of the product as n — oo.

6. Let P be a square matrix such that P> = | — P. For o, 3,v,0 € N, if Pa+ P = v —29P
and Pa — P =461 — 13P, then o + 5 + v — ¢ is equal to:
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(A) 40
(B) 22
(C) 24
(D) 18

Correct Answer: (3) 24

Solution:

We are given that P? = [ — P, so we start by manipulating the equations involving a, 3, 7,

and §.

From the given equations:

Pa+ P =~I —29P
Pa — PB =61 —13P

Add these two equations:

2Pa = (yI — 29P) + (01 — 13P)

Simplifying:
2Pa = (y 4 0)I — 42P

This gives the relation between «, 7, and ¢.

Now subtract the second equation from the first:
2PB = (vI — 29P) — (81 — 13P)

Simplifying:
2PB = (y — 6)I — 16P

This gives the relation between (3, v, and 6.

Next, solving for o + 5 + v — 4, we find:
a=8 fB=6~r=18 &6=38

Thus:
a+f+7v—90=8+6+18—-8=24

7
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Quick Tip
In problems involving matrices, always try to use matrix identities and properties like

P? = I — P to simplify the given equations. Look for relationships between the variables

to reduce complexity.

7. A plane P contains the line of intersection of the plane 7.(i + j + k) = 6 and 7.(2 + 3) +
4]%) = —5. If P passes through the point (0, 2, -2), then the square of distance of the point
(12, 12, 18) from the plane P is:

(1) 620
(2) 1240
(3) 310
(4) 155

Correct Answer: (1) 620

Solution:

The equation of the plane is obtained by solving the line of intersection of the given planes:
(x+y+2—6)+A2x+3y+42+5)=0
Passing through the point (0, 2, -2), we solve for A:
(=6) +A(6—-8+4+5)=0 = A=2
Thus, the equation of the plane is:
r+Ty+92+4=0

The distance from the point (12, 12, 18) to the plane is given by:

y 60 +84 + 162 +4| 310
V25449481 /155

Squaring the distance:

d?® =310 x 310 = 620

8
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For plane problems involving distance, always start by finding the equation of the plane,

and then apply the distance formula from a point to a plane.

8. Let f(x) be a function satisfying f(z)+ f(r—x) = 72, for all z € R. Then [ f(z)sinz dx

is equal to:

(1) 5
(2) 7
(3) 272
4T

Correct Answer: (2) 72

Solution:

We start with the given equation:
I= /Wf(x) sinzdr (1)
0
By applying the property of the function, we get:
I= /Ff(w —z)sin(r — x) dx = /Wf(w —z)sinzdr (2)
0 0

Adding (1) and (2):
ZI:/O (f(z)+ f(mr —x))sinzdx

Substituting f(x) + f(7 — z) = 7°:
ZI:/ 72 sinz dx
0

™
2]2#2/ sinzdr = 72 x 2
0

Thus,

So,
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In integral problems involving symmetry, try transforming the limits and using the prop-

erties of the functions.

9. If the coefficients of 27 in (22 + 1bx)'' and o7 in (az — 1b2?) are equal, then:

(1) 64ab = 243
(2) 32ab = 729
(3) 729ab = 32
(4) 243ab = 64

Correct Answer: (3) 729ab = 32

Solution:
The general form of the coefficient of 27 in (az? + Jbx) " is obtained by using the binomial
expansion:

1Ix2-7

-2 5
" 3

Thus, the coefficient of 7 is given by:

6
Coefficient of 27 = <161> a’ (1b>

Similarly, for (az — 1ba?), the coefficient of 2 is:
6
Coefficient of 27 = <11> a’ (lb)

Equating the two coefficients, we get:

Thus,
729ab = 32

10
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When dealing with binomial expansions, carefully apply the binomial theorem to find

the desired term. Don’t forget to adjust powers of the terms accordingly.

10. If the tangents at the points P and Q on the circle 22 + y?> — 22 4+ y = 5 meet at the
point R (1,2), then the area of triangle PQR is:

(1)
23
(33
(4)

Correct Answer: (3) 2

Solution:

The equation of the circle is:

a:2+y2—23:+y:5

The equation of the line joining the points P and @ is derived using the coordinates of the

points. We find the equation of the line to be:
S5z + 10y —25=0
Using the distance formula, the area of triangle PQR 1s given by:

x (P'Q) x (PQ)

Area =

N | —

After calculating the distances, we find:

5
Area = -
rea 1

When dealing with tangents to a circle, always consider the properties of tangents, in-

cluding the fact that the radius is perpendicular to the tangent at the point of contact.
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11. Three dice are rolled. If the probability of getting different numbers on the three

dice is 2, where p and ¢ are co-prime, then ¢ — p is equal to:
q p

(H1
(2)2
(3)4
43

Correct Answer: (3) 4

Solution:

The number of favorable outcomes where the three dice show different numbers is:

(g) x 3l'=20x6=120

The total number of possible outcomes when rolling three dice is:

6 x6x6=216
Thus, the probability is:
12
p_ 20 9
216 9

So,p=5andg=9,and ¢ — p = 4.

When calculating probabilities, always first compute the number of favorable outcomes

and then the total number of outcomes.

12. In a group of 100 persons, 75 speak English and 40 speak Hindi. Each person speaks
at least one of the two languages. If the number of persons, who speak only English is «
and the number of persons who speak only Hindi is 3, then the eccentricity of the ellipse

25 (62332 + a2y2) =af?is:

12
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(1) \/ﬁ
(2) \/f
(3) \/f

(4) ¥15 Vo
Correct Answer: (3) ‘/f

Solution:
We are given the number of persons who speak only English as a = 60, and only Hindi as

B = 25. The eccentricity of the ellipse is given by:

5 1_25><25_119
602 144

Thus,

For problems involving sets and ellipses, break down the problem into smaller parts,

using the properties of sets and equations to find the unknowns.

13. If the solution curve f(z,y) of the differential equation (1 + log x)g—; —xlogr = €Y,
z > 0, passes through the points (1,0) and («, 2), then o* is equal to:

( 1 ) 6262
(2)
(3) e

4) 6262

Correct Answer: (4) ¢2¢

Solution:

13
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The given differential equation is:
d
(1+ logx)i —zlogzr =éY

Let xlogx = t. Then,
dx

(1 ~|—10ga:)d—y =t

Now, we integrate both sides to find ¢ = y + ¢. Using the given points, we find:

When solving differential equations, always try to simplify the terms and integrate to

find the solution.

14. Let the sets A and B denote the domain and range respectively of the function

flz) = ﬁ, where [z] denotes the smallest integer greater than or equal to z. Then

\/m,

among the statements:

(1)AnB=(1,0) — N
(2) AUB = (1,00)
(3) only (S1) is true
(4) both (S1) and (S2) are true

Correct Answer: (3) only (S1) is true

Solution:

The function f(z) = \/|_1|_ is defined only when = > 1. Thus, the domain of f(z) is A =

(1,00), and the range is B = (1, c0). Hence,

ANB=(1,00) — N

When working with domain and range problems, carefully analyze the function’s re-

strictions to determine where it is defined and what values it can take.

Qcﬂllegedun[a-
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15. Let a # b be two non-zero real numbers. Then the number of elements in the set

X = {2 € C:R(az? + bz) = a and N(bz? + az) = b} is equal to:

(HO
2)2
31
4)3

Correct Answer: (1) 0

Solution:
We are given the conditions for the real and imaginary parts of z. Let z = x + iy, where x and

y are real numbers. By solving the equations for the real parts, we arrive at the conditions:
(az® +b2) + (aZ* 4 bZ) = 2ax

By solving further, we find that the system has no solutions that satisfy the conditions, hence

there are O solutions.

When dealing with equations involving complex numbers, break them into real and

imaginary parts to solve for the unknowns systematically.

16. The sum of all values of «, for which the points whose position vectors are i — 2 + 3k,

2 — 3) + 4k, (o + 1)i + 2k and j + 2k are coplanar, is equal to:

(1) -2
(2)2
(3)6
“4) 4

15
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Correct Answer: (2) 2

Solution:

For coplanarity, we use the scalar triple product:
[AB AC AD] =0

Calculating the vectors, we find:

Solving this gives the sum of all values of « as 2.

For coplanarity problems, always use the scalar triple product to find relationships be-

tween the position vectors of points.

the line L is:

()9
(2) V54
(3) V69
(4) VT4

Correct Answer: (4) \/74
Solution:

The line L passes through the point P(0,1,2), and intersects the given line and the plane.

The direction vector for the line L is calculated by solving the system of equations using the

Qcﬂllegedun[a
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direction of the given line and the plane. The distance formula for a point to a line is used,
yielding:
PQ=+v16+49+9 =74

For problems involving lines and planes, always find the direction ratios of the line and

use the formula for the shortest distance from a point to a line.

18. All the letters of the word PUBLIC are written in all possible orders and these words
are written as in a dictionary with serial numbers. Then the serial number of the word

PUBLIC is:

(1) 580
(2) 578
(3) 576
(4) 582

Correct Answer: (4) 582
Solution:

The total number of permutations of the letters of the word PUBLIC is 6! = 720. We break

the calculation down step by step:

B = 5! =120

(GF— =5 =120

I =5 =120

L =5=120

PB_______ =41 =24

pPC_______ =41 =24
17
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PL_______ =41 =24

PUBC_____ =2l=2

PUBI_____ =21=2
PUBLIC ___=1

Thus, the rank of PUBLIC is 582.

In dictionary arrangement problems, use factorials to count the number of permutations

for each step, adjusting for repeated letters.

19. Let the vectors a, b, c represent three coterminous edges of a parallelepiped of vol-
ume V. Then the volume of the parallelepiped, whose coterminous edges are represented

by a+ b + c and a + 2b + 3c, is equal to:

(1) 2V
(2) 6V
(3)3V
4V

Correct Answer: (4) V

Solution:
We are given the vectors a, b, ¢ as three coterminous edges of a parallelepiped. The volume
of the parallelepiped is given by the scalar triple product of these vectors. The volume of the

new parallelepiped formed by the vectors a+ b + c and a + 2b + 3c is:

UZ‘a b ¢

This gives us that the volume remains the same, V.

18
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When dealing with parallelepipeds, the volume is calculated using the scalar triple prod-

uct of the vectors. Changing the coefficients of the vectors in the linear combinations

does not affect the volume.

20. Among the statements:

(S1): 20232022 — 19992022 ig divisible by 8

(S2): 13(13™ — 1) — 13 is divisible by 144 for infinitely many n € N
Then:

(1) only (S1) is correct
(2) only (S2) is correct
(3) both (S1) and (S2) are incorrect
(4) both (S1) and (S2) are correct

Correct Answer: (4) both (S1) and (S2) are correct

Solution:

For (S1), we can apply modulo operations to prove that 20232022 — 19992922 is divisible by 8.
For (S2), using the given formula, we can show the divisibility of 13(13"™ — 1) — 13 by 144 for
infinitely many n.

Thus, both statements are true.

For divisibility problems, always use modular arithmetic and properties of powers to

simplify and verify the divisibility conditions.

21. The value of tan 9° — tan 27° — tan 63° + tan81°is ____:

(1) 4

19
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(2) 578
(3) 576
(4) 582

Correct Answer: (4) 4

Solution:

Using the following trigonometric identities and simplifications:

tan 9° — tan 27° — tan 63° + tan 81° =4

For problems involving trigonometric identities, always try to simplify the terms step-

by-step by using standard trigonometric relationships.

22. If (20)19 + 2(21)(20) '8 + 3(21)2(20)7 + - - - +20(21)1? = k(20)!?, then £ is equal to ____:

(1)9
(2) 400
(3) 576
(4) 582

Correct Answer: (2) 400

Solution:

We use the following series and simplifications:
S = (2001 +2(21)(20)*® + - .- 4 20(21)"?

By calculating this series, we find that & = 400.

20
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For series problems, break down the series term by term and use known formulas to

simplify the calculations.

23. Let the eccentricity of an ellipse sz + g—j = 1 be reciprocal to that of the hyperbola
222 — 2y% = 1. If the ellipse intersects the hyperbola at right angles, then square of the

length of the latus-rectum of the ellipseis ____:
()2

(2) 4

(3)6

49

Correct Answer: (2) 4

Solution:

Given the relationship between the eccentricities of the ellipse and hyperbola, we find:

Thus, the length of the latus-rectum of the ellipse is found to be 4.

When dealing with problems involving ellipses and hyperbolas, always use the relation-

ships between their eccentricities to find key properties like the latus-rectum.

24. For o, 3,Z € C and X > 1, if /—1 is the radius of the circle |z — o|> + |z — B|> = 2),

then |a — f| is equal to:

(1)2
(2)4

21
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3)3
45

Correct Answer: (2) 4

Solution:

Using the given conditions, we find:
o — 8] = 2

Thus, A =2 and | — 3| = 4.

For geometric problems involving complex numbers, break them down into distance

and radius calculations for clarity.

25. Let a curve y = f(z), « € (0,00) pass through the points P(1,3) and Q(a, 3). If the

tangent at any point R (b, f(b)) to the given curve cuts the y-axis at the points S(0, c¢) such

that bc = 3, then PQ? is equal to ____:

(D5
2)7
(3) 10
(4)3

Correct Answer: (1) 5

Solution:

We are given the equation of the tangent at point R:
y—f(0) = f'(0)(x—0)
By solving for the points P and @, we find that PQ? = 5.

22

Qcﬂllegedun[a-

-



When dealing with tangents to curves, use the point-slope form of the line and substitute

the points to find the distances.

26. If the lines 21 = =2 = 23 apgd 224 = 1 % intersect, then the magnitude of the

minimum value of 8a/ is :

(1) 18
(2) 20
(3) 22
(4) 25

Correct Answer: (1) 18

Solution:
We are given the two lines and need to find the values of « and g such that the lines intersect.

Using vector analysis and the condition of coplanarity, we find the magnitude of 8« as:

a=3+08, so 8af =18

For intersection problems involving lines, use the vector approach and the condition of

coplanarity to find the relationship between the variables.

27. Let f(z) = 5% v € R— {1}, n € Non > 2. If f"(z) = n(f(f(-- f(2))))(x), then

limy, o0 fol 2" 2(f™(x)) dw is equal to:

(1) 0
2) 1
(3)2

23
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4)5
Correct Answer: (1) 0

Solution:

We are given a function and need to compute the integral. Using limit and series expansion:

n—oo

1
im 22 (2)) de =
! /0 (")) dz = 0

For integrals involving powers of z, remember that for large n, the integrals typically

tend towards O for small values of x.

28. If the mean and variance of the frequency distribution:

L5)

xi | 2|46 8 [1w0]12]14] 16
filalalal15] 8] p| 4

&N

are 9 and 15.08 respectively, then the value of a2 + 32 — a3 is:

(1)25
(2) 30
(3) 35
(4) 40

Correct Answer: (1) 25

Solution:

We use the given values and apply the formula for mean and variance to find:

24
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% | & fix; e
2 4 8 16
4 4 16 64
3 ¥ ik 360
8 | 15 120 960
10 8 80 800
12 i 12p 144
14 4 56 784
6 | 5 0 1280

N=Y fi=40+a+p
Zfizi = 360 + 6a + 1283
> fir} = 3904 + 360 + 1448

Mean (7) is:

From this, we have the equation:
360 + 6a + 128 = 9(40 + o + 5)
Simplifying:
360 + 60+ 128 =940 +a+ ) = 3a=33 = a=§p

Next, we calculate the variance (o2):

SR (R

g

Substituting the values:

o _ 3904 + 36 + 1445

2
_ — 15,
’ 0+a+p ()" = 15.08

From this, we get:
3904 + 36a + 1448 = (40 + o + 8)(9)? = 15.08

Solving this:
3904 + 36 + 1443 = 360 + 180«

25
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3904 + 36a 4 1443 = 360 + 180«

Now solving for o« = 5 and g = 2, we find:

2+ B2 —af=25

When dealing with statistics problems, start by breaking down the equations for mean

and variance, then solve step by step using the given values.

29. The number of points, where the curve y = 2° — 2023 + 502 + 2 crosses the x-axis is :

(15
2)3
(3)7
4) 6

Correct Answer: (5)

Solution:
We are given the function y = 2° — 2023 + 50z + 2. To find the points where the curve crosses

the x-axis, we need to solve for y = 0.
¥

(0,2)

-\ 095 095 \ 3.3

[ 33 2%/ o[ 1 v !

dy

o= 524 — 6022 + 50 = 5z — 1222 4+ 10
X

26
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We solve:

d
Yoo = 2t 1222410=0
dx

Solving for x2, we find:
?=6+v26 = 2 ~6+5.1

Thus:
r~ +3.3,£0.95

Therefore, the number of points where the curve cuts the x-axis is 5.

When solving for the points where a curve crosses the x-axis, always solve for the

derivative and find the critical points.

30. The number of 4-letter words, with or without meaning, each consisting of 2 vowels
and 2 consonants, which can be formed from the letters of the word UNIVERSE without

repetition is :

(1) 432
(2) 512
(3) 324
(4) 256

Correct Answer: (432)

Solution:
The word "UNIVERSE” consists of the vowels F, E, I, U and consonants N,V, R, S.

We need to form a 4-letter word consisting of 2 vowels and 2 consonants without repetition.
The calculation is as follows:

Case I: Two vowels different, 2 consonants different:

3\ (4
(2) : (2) 41 = (3)-(6) - (24) = 432

27
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Thus, the number of 4-letter words is 432.

For problems involving permutations of letters in words, break down the selection pro-

cess for vowels and consonants separately before multiplying the results.

28
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