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SECTION - A
1
_ 2
1. Iime (L+2%) is equal to
x—0 X
_2 )
1) - (20 (3e-e 4 e
Sol. 4
In(1+2x)
. e—e X
lim—
X—0 X
In(1+2x)_1
—€ {e 2x - 1}
lim
Xx—0 X

In(l+2x)_l

e[e 2x —1} In(Le2
a2 X(HH X)_l]
x> x( 1+ x)_lj 2X

2X

lim_e In(1+2x2)—2x).(1)
x—0 2X
B 2
. 2
lim—= 5
X0 2X
e-4x’
—=e
4x
3/4 l—X
2. The integer Ico{Zcot‘l,/—de is equal to
Ja 1+x
(1) 14 ) 1/2 (3) -1/2 (4) ~1/4
Sol. 4
2
1+x
0
1-x
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€0s20-dx

Now,

D P C— N w

(Zcosze-—l)dx

D P C— N w

f[2004)
j[(l—x)—l]dx

3

4 x2 " 1{9 1} 18 1
:I—xdx: —— | D= | x ===

) 2 2116 16 2716 4

4

1 3
3. Let B= [1 5} and A be a 2 x 2 matrix such that AB*= A1 If BCB*= A and C*+ aC? + 1 = O, then 2B —

is equal to
(1) 8 (2) 16 (3) 10 (4)2
Sol. 3

BCB!=A
BCB!'BCB'=AA
BCICB'=A_.A
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B (BC2BY)B=B'A.AB

C2=B'AAB (D
Now,

AB'=A"

AB'A=A"-A=I
A'ABA=A"]

B'A=A" (2
From equation (1) & (2)
C’=A"-AB

C?=8B

Now, characteristic equation of c? is,
C*—nl|=0

|B=Al|=0

A2 —61+2=0
B2_6B+2=0
C'~6C2+21=0
. o=—6p=2
S0, 2B — o = 10

4. If an unbiased dice is rolled thrice, then the probability of getting a greater number in the i*" roll than the
number obtained in the (i — 1)" roll, I = 2,3, is equal to
(1) 2/54 (2) 5/54 (3) 1/54 (4) 3/54

Sol. 2

Let X1, X2, X3 be the numbers on 1%, 2" & 3' throw respectively.
Given: X1< X2 < X3
.. Favorable cases = C;

Total cases = 6° = 216

6
Pr0b=&:>ﬂzi
216 216 54
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5. Two vertices of a triangle ABC are A(3, —1) and B(-2, 3), and its orthocentre is P(1, 1). If the coordinates of
the point C are (o) and the centre of the of the circle circumscribing the triangle PAB is (h, k), then the
value of (a + B) + 2(h + k) equals

(1) 51 (2) 81 (3)5 (4) 15
Sol. 3
A3, -1)
P
1,1)
-
B(-2,3) C(a, B)

Equation of PC: y—1=%(x-1) ('_'mABz—g)

4y —4=5x-5

S5x—-4y=1 ...(D)

Equation of BC: y—-3=1(x+2) (~-m,, =-1)
X—-y=-5 ...(2)

Solving equation (1) & (2),x =21,y =26
sa=21B3=26= (a+p)=47

Now, equation of L bisector of AP:y —0=1(x-2)

X-y=2 ...(3)
. . 5 1
Equation of L bisector of AB:y—-1= Z(X —Ej .4

Solving equation (3) & (4),

i.e2h=-19,2k=-23
s 2(h+k)=-42
So, (a+B)+2(h+k)=47-42=5
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=1 and the eccentricity

(x-1°  (y-1?
100 7
of the hyperbola H be the reciprocal of the eccentricity of the ellipse E. If the length of the transverse axis of

H is o and the length of its conjugate axis is B, then 3a? + 2B%is equal to

6. Let the foci of a hyperbola H coincide with the foci of the ellipse E:

(1) 242 (2) 225 (3) 237 (4) 205
Sol. 2
£ (x-1° N (y-9° 1
100 75

. 1
Given, e, =—
e

m

. o
Transverse axis= o = a= E

conjugate axis=f = b = %
2
e’ =1+l3—2
o
4o’ =0’ +p° = 30° =p* (D
ae=>5

Y 2=5=0=5
2

From equation (1), B>=75
o302+ 2B2 =75+ 150 = 225

7. Leta,ar, ar ........ be an infinite G.P. If Zar” =57 and Za3r3” =9747 , then a + 18r is equal to
n=0 n=0
(1) 38 (2) 31 (3) 27 (4) 46
Sol. 2
> ar" =57
n=0
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=57 (D

s =974 )

Cubing equation (1)

a3

= (57)° .3
A1) (57) 3)
Now, dividing eq (2) & (3)

aS
(1—r)(1+r+r2) 9747

a®  57x57x57

(1_ r)32

1+r2=2r 1
1+r+r> 19

19+19r2-38r=1+r+r?
18r2-39r+18=0
6r:2—13r+6=0
6r’—9r—-4r+6=0
3r(2r-3)—-2(2r-3)=0
(2r-3)(3r-2)=0

2
Takingr= —
973
. 1
From equation (1) a =57 x 3 =19

2
.'.a+18r=19+18x§ =19+12=31
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T is zero. Then, the maximum value of |z — (6 + 8i)|
+

z-2i

8. Let z be a complex number such that the real part of

is equal to
(1) 8 (2) 12 (3) @ (4) 10
2

Re (Z_2Tj =0
Z+2i

Letz=x+1iy

Sol.

X+1y—2i - x+i(y—2)
X+iy+2i X+i(y+2)

Rationalizing

X+i(y—2) x-i(y+2)
T XAi(y+2) x=i(y+2) " 69

X +(y* —4)+i(xy —2x—xy — 2x)
= X+ (y+2)? (0, 0)

Now, Re(Z_Z!J:O
Z+2i

C Xe+yi -4
X2+ (y+2)?°
x% +y2 =4 (circle)
Maximum value of |z — (6 + 8i)] means Maximum distance of point (6, 8) from the circle x> + y? = 4
Max. distance =OP +r=10+2=12

9. The area (in square units) of the region enclosed by the ellipse x? + 3y? = 18 in the first quadrant below the
liney=xis
(1) V3n+1 @) Br—, (3) 3 (@) B+

Sol. 3
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E:x?+3y’=18&y=x

X2 y2 B

@27 (o)

Solving above two equation

3

X=V=—
=

3 3
Al —,—
%)
Now, Area of region OABCO is = Area of AOAC+ Area of region CABC,

Area = 1>< _[ 18 X:
2

9 1] e
:>Z+— \/18 x? +—sm (—H

32

9 1lon 3n 93
J3l2 2 4

_3 _&} —+\/_n—— = 3

10. Between the following two statements :
Statement | : Let & =f+2]—3l2 and b= 2?+]—I2 . Then the vector F satisfying axF=axb and a-F =0is
of magnitude J10.
Statement 11 : In a triangle ABC, cos2A + cos2B + cos2C > —g :

(1) Statement | is incorrect but Statement Il is correct.

(2) Both Statement I and Statement 1 are incorrect.

(3) Both Statement | and Statement |1 are correct.

(4) Statement | is correct but Statement Il is incorrect.
Sol. 1

Given,

axT =axb
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4

2i+j’—f<—%(i+2]‘—3l§)

3
F==
2

i+£ﬁ
2

|_r’|: 24_32@
N4 4 2

Statement - | is Incorrect
3
Statement -1l cos2A +cos2B +co0s2C < —E .

WhenA+B+C=mnx
We know that,
cos2 A+cos2B+cos2C=-1-4cos AcosBcosC

.. €0s 2A +cos 2B + cos 2C > -1 -4 ><1><1><1 WhenA =B =C ==
2 2 2 3
.3
2
Statement-11 is correct.
11. Let the range of the function f(x) = ! ,XeR be [a, b]. If o and B are respectively the A.M.

2 +5Sin3x + cos3x

and the G.M. of a and b, then % is equal to

@) n )2 3) Jr @) 2
Sol. 4

Mortion EducaTion | 394-Rajeev Gandhi Nagar | ®: 1800-212-1799 | url : www.motion.ac.in




JEE MAIN 2024
SESSION-2

1

f(x)= :
2 +SIn 3X + c0S 3X

We know that,
— 235in3x+cos3xs«/§
2—\/532+sin3x+cos3x32+«/§
1 1 1
<— <
242 " 2+sin3x+c0s3x ~ 2—+/2

1 22
= or
242 2

S . 242
22 2

2—J§+2+J§

o =A Mofa&b= —2 > 2 _q

Joa

22 242 _ 1
2 2 J2

B =G.M0fa&b=\/
.a_ 1 p—
..E_T-JE

2

12. If logey = 3 sin"x, then (1 - x?) y"-—x y'at x = % is equal to

(1) 9e™6 (2) 3e™ (3) 9e™2 (4) 3e™2
Sol. 3

log, y =3sin* x
y= e35in‘1x
differentiating w.r.t

" a3sintx 3

y =€

1—x2

ﬂ . y- _ 3e35in‘1x

Again differentiating w.r.t x
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' 3sin~tx
oy %

J1-x2 B J1-x2

1-x®)y"—xy' =9y (From equation (1))
. 1
Now, from equation (1), at X = >

y= en/Z

oo (1-x3) y" — xy' = 9e™?

9
13.  The sum of the coefficient of x¥3 and x%° in the binomial expansion of (les + %x‘z’sj is
(1) 63/16 (2) 21/4 (3) 19/4 (4) 69/16
Sol. 2

(les n 1 N jg
2
T.,=°C, (Xz/s )g‘r [1 x5 jr

2
_oc (Ej .X18;2r_%
"\ 2

For coeff. of x*°, 20-16r _2
15 3

16r =80
r=5

For coeffi of X 2*, 20-16r -2
15 5

16r =96
r=6

1 1

Sum of coff = °C, x —+°C, —

32 64
63 21 84
o> —t— > —
16 16 16

21
= —
4
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14. If the variance of the frequency distribution

X |c 2C 3c 4c 5¢c 6c
f (2 |1 |1 |1 |1 |1

is 160, then the value of ce N is
7 (2)6 (3)8 (4)5
Sol. 1

DX 22

7

2 fi(x —x)’
2 f

> 225¢° 64c® c¢® 36c® 169¢®  400c?

(%, —X%)":
49 49 49 49 49 49

X =

Now, var(x) =

f: 2 1 1 1 1 1
c? [ 450+ 64 +1+36+169+400
var(x) = —
49 7
2
_ 1120c 160
497
c2=49
c=z7
c=7(-ceN)
15.  Letda=2i+oj+kb=—i+k,c=Bj—k, where o and B are integers and ap = —6. Let the values of the ordered

pair (o, B) for which the area of the parallelogram of diagonals @+b and b+¢ is g be (o1, B1) and (o,

B2). Then o + B —a.,B, is equal to:
(1) 17 () 21 (3) 19 (4) 24
Sol. 3

J21

Area of Parallelogram = % |(@+ 5) X (5 +C) = TN
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i j ok
(@+b)x(b+E) = |1 a 2
-1 B O

— —2B1-2/+(B+ o)k

| (@+b)x(b+¢) |=\/4[32+4+B2+0c2+20c[3 =421

5R2+o2+4-12=21

a?+5p2=29
Also,
off =6
—6
p=—.
o
ohgzzg
(04

o’ —290” +180=0

o' —200” —9a” +180=0
(a*-20) (a’-9)=0
a=3,-3asacel

B=-22

Now, o +BZ —a,fB,

=9+4+6=19

2
16. The value of the integral jloge (x +4/x? +1)dx is

9+4./5 7+45
(1) V5-+/2 +log ( +\/—J (2 \/g—\/zﬂoge(mJ
9+44/5 7+45
(3) V2 -5 +log ( +\/—J 4) ﬁ—ﬁ“@%(m}
Sol. 3
J'_zlloge (x +X? +1)~dx
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I_leoge (x + m)-ldx

1 \
I I
Using by parts,

2X
1+ —(——
/ 2oz 2dx?+1
[Ioge(x+ X2+1).Xj|—1_j_lm.x.dx

(1)

( x2+1)~(x+ x2+1

2loge(2Jm/§)+|0§le(x/§—1)—_[_2l )dx

2 X-dX

(@+B) |

lo
0. 5 }

2_
9445 5 dt putl+x° =t

lo -
% J2+1 ) 224t x-dx:%

9+4\/§ —(\/f)g

log, V241

log, 9\7;;? ~\V5++2
, 9+44/5
..\/5—«/§+IOQ{WJ

17. Let o, B; o > P, be the roots of the equation x° —J2x —\/§= 0.Let P, =a"—B",neN.Then
(113 -10V2}R,, +(114/2 +10)P, ~11P, is equal to

(1) 11+/2 P (2) 104/3 Py (3) 10+/2 Py (4) 11/3 P

Now,

oc”‘z(ocz—\/ioc—\/g)=0 . (D)
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B (B? —V2B—+3) =0 ()
Subtracting equation (1) & (2)

Pn = \/§Pn—2 + \/zpn—l
I:’12 = \/§P10 + \/Epu
P11 = ‘/§P9 + \/Eplo

Now, Given expression,

114/3P,, —10\/2P,, +114/2P,, +10P,, —11P,

114/3P,, —10V2P,, +114/2P,, +10/3P, +10/2P,, —114/3P,, —114/2P,,

= 104/3P,

_[X(IIZ)S (sin (2t"*) +cos(t"° ))dt

18. lim 5 is equal to
X—>— T
2 X ——
( ZJ
512 3n? 9n? 117°
1) — 2) — 3) — 4
M % @ = 3 OEs:

Sol. 3

&, . :
j [sin(2t3)+cos(t3)j.dt

e 2
T
2

Using (‘Hospital Rule)

. —(sin2x +cos x) -3x>
lim

i ox-7]
2

Again using L'Hospitale rule,

(Using lebuitz rule)

lim (—2¢0s 2X +sin X)3x* + 6X(—Ssin 2x —cos X)
X% 2

2

. TCZ L . e
(—2c03n+smn/2)34+6><2(—sm n—coszj _ 2+1)37% +0 _ 9

2 8 8

=
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20.
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J

Consider the line L passing through the points (1, 2, 3) and (2, 3, 5). The distance of the point [

w2

11
3

w|G

3x-11 3y-11 3z-19

from the line L along the line 1 is equal to
(1) 4 23 @3)5 (4)6
2
o E,E,QJ
3 33
L M

Equation in of tine L passing through (1,2,3) & (2,3,5)

Xx-1 y-2 z-3
1 1 2

=\

MA+1,A+2,2A+3)

3L-8 3A-5 6A-10

DR's of PM: ) '
3 3 3
. 212
DR's of given line: —,—,—
333
3L-8 3r-5 6A-10
2 1 2
3Lx-8=61-10
n=Z.
3
(325
333

AB = /36+2+36 _3

Let J'Jl—(y'(t))zdt =jy(t)dt,0s x<3,y>0,y(0)=0.Thenatx =2,y" +y+ 1isequal to
0 0

@) V2 )1 (3)2 (4) 12
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Sol. 2

jox./l—(y' () -dt= [Fy(-dt

Differentiating both sides w.r.t x.

1-(y'())" -1=y(x)-1
1-(y'()” = (y(x))?
y'(X) =1-y*(X)

sinly=x+c¢
atx=0,y=0

sint(0)=0+c=c=0

y =sin X
y' = cos X
y" = —sin X

Now,y"+y+1=-sinx+sinx+1=1

21. Let A, B and C be three points on the parabola y? = 6x and let the line segment AB meet the line L through C
parallel to the x—axis at the point D. Let M and N respectively be the feet of the perpendiculars from A and B

AM.BN

2
on L. Then ( j is equal to
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Sol. 36
A A %
t
B
< / t2 -
L L
D
(o, 2ats) (at %-tlz, 2ats)
Vv
MaB = Map

2 2a(t,-t,)
t,+t, at’—a

= atf —a=aft] -t +tt, ~t,t;}
= o = a(tits + tots — titp)

AM =[2a (. - ts), BN = |2a(t, - ts)],
CD= |at —a|

CD =] at?—a(tits + tots — tat) |

= a| ti— tats — tots + ity

=alts (h—ti—t (t3— )]

CD=al(ts —t) (t3—t1)

(MJZ :{Za(tl—t3)~2a(t2 —ts)}2

CD a(t,—t,)(t;—t,)

16a° =16><%:36

22. Consider the circle C : x2 + y? = 4 and the parabola P : y? = 8x. If the set of all values of a, for which three
chords of the circle C on three distinct lines passing through the point (a., 0) are bisected by the parabola P is
the interval (p, g), then (2q — p)? is equal to
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Sol. 80
Y1)
(a, 0)
y2 =89x
a=2
T= Sl

XX1 + Yy1= Xi2 + Y12

It passes through (a., 0)

SoOXL = Xi? Y

a(2t?) = 4t* + 16 t? (1= 2t% y1 = 41)
a=2t>+8

a—8
2
8

2=

= o>
Also,
4t* + 16 t2 — 4 < 0 (point lies inside the circle)

2=-2++5
a=4+25

s oe(8,4+24/5)
- (29-p)*=80

23. Let A={(x,y): 2x +3y =23, X,y € N} and B = {x : (X, y) € A}. Then the number of one-one functions from
AtoBisequalto .

Sol. 24
2X + 3y = 23, X, yeN
A={1,7, 4,5), (7, 3), (10, 1)}
B={1,4,7, 10}

then no. of one-one f"=41=24
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24. The square of the distance of the image of the point (6, 1, 5) in the line XT_l = > = % , from the origin is

Sol. 62

Pe (6, 1,5)

Image of point (6,1,5) in the line

-1 y_z-2_,
3 2 4

X=3A+1,y=2%z=40+2

M(3A + 1, 24, 4% + 2)

PM = (8L —5)i++(2h—1)j+ (4L —3)k

Now, PM L to line L
PM-(31+2j+4k)=0

O\ -15+4X-2+16%-12=0

20L=29=>1=1

M(4,2.,6)

P'(2,3,7) —» Image of P

Square of distance of P' from origin is equal to

(\/(2—0)2 +(3=0)2+(7-0)? )2

=4+9+49=62

25. The number of integers, between 100 and 1000 having the sum of their digits equals to 14, is

Sol. 70
X1+ Xo+x3=14, where 1 <x;<9,0<xp, X3<9
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Coefficient of X} in = (XX +x2 + ... X%) (X° + x} + X2 + ... + X°)?

SXA+X+. X)L +x+x2+ .. x9)?

1-x2) (1-x° Y
=X -

=X1-x° (1-x¥92, (1-x)3

= X(1-x°) (1 =23+ x*) (1 -%)°3

= X.(1— 2x10+ X0 — x4+ 2x19— x2) (1 - x)3

= X(1-2x0=x+ . ) (1-%)7 {ignoring higher power}
No. of integer = 3*133-1Cy3— 2(3*3-1C3) — (34~ 1Cy)

= 15C13— 2 (5C3) — 8C4=> 105 - 20 — 15 = 70

1 1 1 1 1 1 1 1 .
If| —+—+...... + | —+t—+—+...... + = , then o is equal to
a+l o+?2 a+1012 21 4-3 65 2024-2023) 2024

1 1 1 1 1 1 1 1
.t | =t ——+——+....+ =
a+l a+2 o+1012 21 4.3 6-5 2024-2023) 2024

2
Letitbez
Considering,
z=+t 1 1, T
21 43 6.5 2024.2023
z=q- 14,1 1,1 1, 1 1
2 3 4 5 6 2023 2024

1 11 1
i t—
2 4 6 2024
Z= 1+1+1+...L _ 1 1+l+1+----L
3 5 2023 2 2 3 2012

11 1
Adding & subtracting (EJFZ-I_MJ

111 1 1 11 1 1 11 1
Z= [l+=+=-4+—+.— |- = |+ =+ =+, — |- = |1+=+=+..——
2 3 4 2023) 2 2 3 2012 2 2 3 2011
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11 1 11 1 1
Z= |44+ |- | I+ttt |- —
2 3 2023 2 3 2011) 2024

1,1 1 1

T 1012 1013 2023 2024

Now, put z’ in equation (1)

1 1 1 1 1 1 1
+ +... - + +. + -
a+l a+2 a+10/2 1012 1013 2023 ) 2024
Now, comparing above equation with equation (1)

o =1011

2 -5 20 X
Consider the matrices : A= {3 " } ,B= { m} and X = {y} . Let the set of all m, for which the system of

b
equation AX = B has a negative solution (i.e., x <0 and y < 0), be the interval (a, b). Then 8f|A|dm is equal to

450
Ax=B
x=A1lB

1 [m 5][20
X =
2m+15|-3 2| |m

1 [ 25m
~ 2m+15 | 2m - 60

(= _25m _ 2m-60
2m+15" 2m+15

Now, x<0andy <0

25M g o0g 2m=30) _ g
2m+15 2m+15
+ - + and + - +
15 0 15 30

15
M e [?,OJ M e [_2’30)
2
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28.

Sol.

b
Now,8I|A|.dm

0
8 j (2m+15).dm
15

2

8 [m’+ 15m]01V
2

225 225 225
—8| - | =>-8x|-——| =450
4 2 4

JEE MAIN 2024
SESSION-2

Let the set of all values of p, for which f(x) = (p?> — 6p + 8) (sin? 2x — cos? 2x) + 2(2 — p) X + 7 does not have

any critical point, be the interval (a, b). Then 16 ab is equal to

252
f(X) =(F)2 —6p+8)(sin2 2X —cos? 2x)+2(2_p)x+7
f(X)=(P* —6P+8)(—cos4x)+2(2-p)x+7

f'(x)=4sindx(p* —6p+8)+2(2—p)=0

sin4x # 2(p—2)
4(p-2)(p-4)
(pP-2) p-
>lor <-1 ,(p#2)
2(p-2)(p-4)  2(p-2)(p-4)
1
——-1>0o0r +1<0
2p-8 p-—
1-2p+8 1+2p-8
>0 or <0
(p-4) 2(p-4)
a-2p >0 or 2p— <0
2(p-4) 2(p-4)
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JEE MAIN 2024

.'.16ab=16><z><g:252
2 2

29. Let the inverse trigonometric functions take principal values. The number of real solutions of the equation
. 2n .
2sint x + 3costx = ?n is

Sol. 0

- _ _ 2%
2sint x +2cos ™ x + cos 1x=?

Z(E) +oostx =28
2 5

-1 21
COS X=——T
5

1 -3n
COS "X=——
5

But cos™ x €[0, ]

.. No real value of x

No solution

30. For a differentiable function f R — R , suppose f '(x) = 3f (x) + a,, where o e R, f(0) =1 and limf(x)=7.

Then 9f (-loge3) isequal to .
Sol. 61

fi(x) = 3f(x) + &

d—y=3y+oc

dx
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dy dx

3y+oc:

Integrating both the sides

dy _
-[3y+oc_-[dx

%In|3y+oc|=x+c

In|3y+a|=3x+3c
|3y+(X|= e3x+30
When X >—0 y=7

3y+a=0
1
§In|3y—21|=x+c

Now, when x=0,y=1
lIn18=c
3

lIn |3y—21|=x+lln18
3 3

61
:_
9

2
9
2
-7-=
Y 9

.'.9f(—ln3)=9><%1=61

JEE MAIN 2024
SESSION-2
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