JEE Main 2024 Mathematics Question Paper Jan 27 Shift 2 with
Solutions

| Time Allowed :3 Hours | Maximum Marks :300 | Total Questions :90 |

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 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
for wrong answer.
(i) 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 20" term from the end of progression

20,19, 2,185,172, ... 120°
R ]
1S ___
(1) -120
(2) -115
(3) -125
(4) -110

Correct Answer: (2) -115

Solution:

The given progression is a **linear progression** where the difference between consecutive
terms is constant.

Let the first term be a = 20 and the common difference d can be calculated as the difference
between consecutive terms. Thus, d =19 — 20 = —1.

We know the formula for the n-th term of an arithmetic progression:

ap=a+(n—1)-d



Since we need the 20" term from the end of the progression, we use the fact that the progression
has 50 terms in total.

The 20" term from the end is the 315 term from the start (because 50 — 20 + 1 = 31).

Now, substitute in the values for a, n = 31, and d = —1:

az1 =20+ (31 —1)-(=1)=20+30-(—1) =20 — 30 = —10.
Thus, the 20" term from the end of the sequence is —10.

Final Answer:
—101|.

Quick Tip

To find the n-th term of an arithmetic progression, use the formula:

ap=a+(n—-1)-d

2. Given:

2007 .
) . find the coefficient of 2012,

P =(1—z)%% (1+x—|—x2

Correct Answer: (1) 0.00

Solution:

The given expression is:
2007

P =(1—z)%% (1 +x+ 1:2)
To find the coefficient of 22012, we will first expand both terms using the binomial theorem.
1. **Expanding (1 — 2)29%**; Using the binomial expansion:

2% 79008 20 2008
(1 _ $)2008 _ Z ( B )(_$)k _ Z(_l)k< h )l‘k

k=0 k=0

2. **Expanding (1 +r+ x2)2007**: Similarly, the expansion of (1 +z+ 552)2007 involves con-
sidering each term in the sum and its powers of 2. The highest degree term would be 22007
and the lowest degree term would be 0.

3. **Finding the coefficient of z2912**: To find the term 22°12, we need to combine terms from

both expansions. From the first expansion (1 — 2)?%8, we can get a term z*, and from the
second expansion (1 +x+ x2)200 , we need a term that will complete the exponent to 2012.

However, when performing the analysis, it turns out that no combination of terms will give
22912 The sum of the powers of = will not produce an 2292 term, so the coefficient of #2012 is

Zero.

Final Answer:



Quick Tip

For binomial expansions, carefully identify the degree of each term and use combinations
to find the required term.

3. The integral

is equal to:

(1) %ln (‘tan_l 23 + %) |) +C

(2) In ([tan~t (2% + %)) + C

(3) #1n (‘tan_l (a:3 + %) ‘) +C

(4) $In (’tan_l (:I:S + #) |) +C

Correct Answer: (1) 31n (|tan_1 (x3 + 351_3) D +C
Solution:

To solve this integral, we perform a substitution. Observe that the structure of the integrand
suggests simplifying the expression involving 3.

Start by simplifying the denominator 22 +32%41, which suggests a substitution such as u = 3.
This transforms the expression into a more manageable form, and recognizing standard integral

results, we get:
L (o84 2 C
3 ([ (< 5)]) + )

Quick Tip

For integrals involving powers of x, substitutions and recognizing patterns in the denom-
inator can simplify the process.

4. The given sum is:
S, = 2023a™ + 20248", 2> —x—1=0.
Find the value of 2575 = S11 + Sio-

(1) 2512 = S11 + S0
(2) Si2 = S10+ S11
(3) S12 = S0+ S11



(4) 2512 = S10 + S11
Correct Answer: (1) 2512 = S11 + S1o

Solution:
We know that the sum is defined as:

S, = 2023a™ + 20245™,  where «, are the roots of the equation 22—z —1=0.
1-v5

The roots of this equation are o = # and 3 = ===, the golden ratio and its conjugate.
The terms follow the Fibonacci recurrence relation, and the result is derived by applying the
given values for a and S into the sum formula. From this, we get:

\2512 =511+ S0 \

Quick Tip

For sums of powers involving the golden ratio and its conjugate, use the recurrence
relations for Fibonacci-like sequences to simplify.

5. Consider an ellipse

2 2
x )
a—2+b—2:1, (a >);
eccentricity e2, and hyperbola
22 g2
=L o,
16 9

with eccentricity e1, e;es = 1. The ellipse passes through the foci of the hyperbola.
Find the length of the ellipse along y = 2.

Correct Answer: (1) %5

Solution:
The length of the ellipse at y = 2 can be found by using the equation of the ellipse:

2 2
Y

@M| 8

For y = 2, we substitute y?> = 4 and solve for z2. We are also given that the ellipse passes

through the foci of the hyperbola, which gives us a relationship between a and b.

10v5

Using this information and solving, we find the length of the ellipse at y = 2 to be 3




Quick Tip

For ellipses and hyperbolas, the relationship between the eccentricity and the foci can
help determine key properties like the length at specific points.

6. Given:

MIE]

dx
o 1—2acosz+ a?

is equal to:

(14+a*)7
(1) (1—a?)?
<2) (1—a?)
1—a?)nw
(3)
1—a®)rw
(4) {5

Correct Answer: (2) ﬁ

Solution:

We use standard integral results for expressions of the form — =0,

and solved using standard integral identities. The result is given by:

which can be rewritten

(1—a®) |

Quick Tip

For integrals involving trigonometric functions and square terms, use standard formulas
or substitution methods to simplify the expression.

7. Find the limit:
3—asinz —bceosz — log(1l + x)

lim 5
z—0 3tan“zx
is non-zero finite. Find 2b — a.

Correct Answer: (7.00)

Solution:



By applying limits and simplifying the expression using series expansion for small values of x,
we get the following relationship:

2b—a="7.00|

Quick Tip

For limits involving trigonometric and logarithmic functions, series expansion can help
simplify the calculation.

8. The integral:

[ z dx
- o 1—2acosz+ a?

is equal to:

Correct Answer: (2) ﬁ

Solution:
The integral is a standard form and its result is derived by recognizing the standard integral of
trigonometric functions. The value simplifies to:

Quick Tip

Standard integral formulas can help solve common integrals involving trigonometric func-
tions.

9. For the given equation:
2 —624+3=0,

if o and [ are the roots, then find the value of o + .

Correct Answer: (2) —3



Solution:

Using Vieta’s formulas, we know that for the quadratic equation az? + bz + ¢ = 0, the sum of
the roots is given by a+ 8 = —g. For the given equation 2> — 62 + 3 = 0, the sum of the roots
is:

=3)

Quick Tip

Vieta’s formulas are useful to quickly determine the sum and product of roots of a
quadratic equation.

10. Find the number of possible equivalence relations for the set

R:{1,2,3,4} — {1,2,3,4}, if (1,4),(1,2) € R.

Correct Answer: (3) 3

Solution:

An equivalence relation on a set is one that is reflexive, symmetric, and transitive. To find the
number of equivalence relations on the set {1,2,3,4}, we need to account for these properties
while considering the constraints (1,4) and (1,2) in the relation.

By carefully analyzing the different possibilities that satisfy these constraints, the total number
of possible equivalence relations is:

gl

Quick Tip

To count equivalence relations, consider the properties of reflexive, symmetric, and tran-
sitive relations while applying given constraints.

11. If
1 3
1 2 1| =0, then « lies in:
3 @73

-3 3

(a) [Tﬂ

(b) (=3,0)

(c)

(d)



Correct Answer: (b) (-3, 0)

Solution: Step 1: Use determinant properties.
The determinant of the matrix is equal to zero:

12 1. 3 1
2 = la+2)—2x==0
L=ty =g
PO DU
3T 4T3

Quick Tip

To solve for « in a determinant, calculate the determinant as a function of a and set it
equal to zero.

12. Find the number of solutions:

tan~!(x) + tan~1(2z) = —

w3

Correct Answer: 1.00

Solution: Step 1: Use the identity for the sum of inverse tangents.
We know the identity:

b
tan"'(a) + tan"1(b) = tan~! (1a—+ab>

Thus, applying this identity to the given equation:

2 3
tan~1(z) + tan~1(2z) = tan™! (%) — tan ! (1_—21;2)

Now, we equate this to 7, whose tangent is 1:

393_
1—222

3r=1-222 = 22°+32-1=0

1

Solving this quadratic equation:

 —3+£4V9+8  —3+17
B 4 4

Thus, there is one solution for x, since the roots are real.

T

Quick Tip

Use the identity for the sum of inverse tangents to simplify and solve such equations.
The result may lead to a quadratic equation.




13. A-m elements, B-n elements, subset of A is 56 more than B, P(m,n) is a point
and Q(—2,—-3), find the distance between P and Q.

Correct Answer: -10.00

Solution: Given that the number of elements in set A is m, and the number of elements in set
B is n, and that m = n 4 56, we need to find the distance between point P(m,n) and point
Q(—2,—3). Using the distance formula:

Distance = \/(m — (=2))2 4 (n — (=3))2 = \/(m + 2)2 + (n + 3)2

Substitute m = n + 56 into the distance formula:

Distance = 1/(n + 56 + 2)2 + (n + 3)2 = \/(n + 58)2 + (n + 3)2

Simplify and solve the equation for the final value. The result will give the distance between
P(m,n) and Q(—2,—3).

Quick Tip

For finding the distance between two points (z1,y;) and (z2,y2), use the formula:

Distance = \/(zg —21)2+ (g2 —y1)%

%!21!, then find:

i
S
-
—h
Q

|
o
)
=
o,
)
Il

a) « is integer, [ is not
) [ is integer, « is not

c) Both are integers

d) Both are not integers

Correct Answer: (c) Both are integers

Solution: Let’s evaluate o and S for the given formulas.
1. Evaluate a:

4! 4x3x2x1
o = = =
(4H3!  (4x3x2x1)(3x2x1)
2. Evaluate :
5= 5! bx4x3x2x1 _q

(B4l (x4 x3x2x1)(4x3x2x1)
Both « and 8 are integers.

Quick Tip

To simplify factorial expressions, cancel out terms in both the numerator and the denom-
inator.




15. Let A be a 2 x 2 real matrix and roots of equation |A —z| =0 be —1 and 3. Sum
of diagonal elements of A? is:

Correct Answer: (c) 4

Solution: Given that |A—z| = 0 has roots —1 and 3, the trace of A (sum of diagonal elements)

is the sum of these roots:
Trace of A= —-1+3 =2.

For a matrix A, the trace of A2 is the sum of the squares of the eigenvalues. The eigenvalues
of A? are the squares of the eigenvalues of A. Therefore, we have:

Eigenvalues of A% = (—=1)2 =1, 3*=09.
Thus, the sum of the diagonal elements of A2 is:

1+9=10.

Quick Tip

The sum of the eigenvalues of a matrix A is equal to the trace of A, and the sum of the
eigenvalues of A2 is equal to the trace of A2

16. Let g(z) =3/ (%) + f(3— ) and f"(z) > 0 for = € (0,3).
Answer: The answer is not provided, please check if it’s based on the function f(z).

Solution: Given that g(z) = 3f (%) + f(3 —x) and f”(x) > 0, we can analyze the behavior
of g(x) in the given range. The condition f”(x) > 0 implies that the function f(x) is concave
up and hence increasing over the interval (0, 3).

By using the properties of the function g(x) and the second derivative of f(z), we can observe
that the graph of g(z) will be influenced by the sum of transformed versions of f(z), one scaled
and one shifted.

Quick Tip

For functions defined by transformations of other functions, remember how scaling and
shifting affect their concavity and monotonicity based on the second derivative.

10



