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JEE(ADVANCED)-2024 (EXAMINATION)
(Held On Sunday 26th MAY, 2024)

MATHEMATICS TEST PAPER WITH ANSWER AND SOLUTION

PAPER-2

SECTION-1 : (Maximum Marks : 12)
®  This section contains FOUR (04) questions.
®  Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the

correct answer.

®  For each question, choose the option corresponding to the correct answer.

®  Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+3 If ONLY the correct option is chosen;
Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered);
Negative Marks :—1 In all other cases.
1. Considering only the principal values of the inverse trigonometric functions, the value of
tan| sin”' (éj —2cos” (ij
5 J5
is
7 -7
A) — B) —
) 24 ®) 24
-5 5
C) — D) —
© 24 ®) 24
Ans. (B)

Sol. tan| tan™ (2) —2tan”’ (lD
4 2

3 2% 1

tan| tan™' (Z) —tan”'| —2

tan| tan™' (3 —tan”! (iD
4 3
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2. LetS={(x,y)) eR x R :x >0,y > 0,) < 4x, Sl2—2xand3y+\/§xs 5\/§}.Iftheareaof

the region S is a\/z , then o is equal to

17 17
A) — B) —
(A) 5 (B) 3
17 17
C) — D) —
©) 2 (D) s
Ans. (B)
Sol. 5
=4
zﬁx z )
221
é y2=12 — 4x
0 2 56

Point of intersection of all curves is (2,2\/5 )

Area= A+ A,
2
aﬁ:j2x/;dx+%x3x2\/§
0

2
+3\/5

0

3
2
oc\/i=2 X

3

2
a\/—:#

2
3. Let k € R.If lim(sin(sin kx) +cos x +x)* =e¢°, then the value of k is
x—0"
(A1l (B) 2 ©)3 (D)4
Ans. (B)

Sol. lin(}z(sin(sinkx) +cosx+x—1)=6
x—0 X

. sin(sinkx).sin kx . 1l—cosx
lim - Kk+1-1lim -
x—0 (sm kX) kx x—0 X

k+1=3 = [k=2]

x=3
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4.

Ans.

Sol.

OVERSEAS

Letf: R — R be a function defined by
x” sin (lj, ifx#0,
f(x)= X2
0, ifx=0.

Then which of the following statements is TRUE ?

(A) f(x) = 0 has infinitely many solutions in the interval [m%,ooj.

(B) f(x) = 0 has no solutions in the interval {l,ooj.
T

(C) The set of solutions of ' (x) = 0 in the interval (0, 10%) is finite.

(D) f(x) = 0 has more than 25 solutions in the interval (%, %j

(D)

Option-A : f(x)=x> sinl2
X

fix)=0 :>sin£2:0:>£2=nn,n eN
X X

=lox=

n Jn

1 1

—>

=10 >+/n = n<10%, finite number of solutions

1 1 . .
>—=n>+n=n<n’, Number of solutions is 9

:>_
n \/Hn

1 1 1 . .
Option-C : x=—= —5=>Vn> 10" = n> 10", Infinite number of solutions

, ——=<
Vo' n 10

Option-B : x =

-

1 1 1 . .
Option-D: —<—=<— =+ne (n, nz) — n € (%, n*), Definitely more than 25 solutions

nzx/ﬁn
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SECTION-2 : (Maximum Marks : 12)

This section contains THREE (03) questions.

Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four

option(s) is(are) correct answer(s).

For each question, choose the option(s) corresponding to (all) the correct answer(s).

Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;

Partial Marks : +3 If all the four options are correct but ONLY three options are chosen;

Partial Marks : +2 If three or more options are correct but ONLY two options are chosen,
both of which are correct;

Partial Marks :+1 If two or more options are correct but ONLY one option is chosen and it
is a correct option;

Zero Marks : 0 Ifunanswered;

Negative Marks : =2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct

answers, then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 marks;

choosing ONLY (B) will get +1 marks;

choosing ONLY (D) will get +1 marks;

choosing no option (i.e. the question is unanswered) will get 0 marks and

choosing any other option(s) will get —2 marks.

S.

Ans.

Sol.

Let S be the set of all (e, ) € R xR such that

sin(x”)(log, x)* sin (lzj
lim X 2-0
e xP(log,(1+x))”

Then which of the following is (are) correct ?

(A)(-1,3) eSS B)(-1,)eS
©O©d,-1)es (D) (1,2) e S
(B,0)

sinx’.(log, x)" .sini2
X

lim 5
= XO‘B.(loge (1+ x))

fim— (08X,

= (log, (x + 1))B X

B oa—p
!
lim| 108X .(Ogexz )
x==( log, (x +1) x P
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Ans.

Sol.

OVERSEAS

. (log, x P
)l(lilolo( XZB+Z
P

TR

=0 Putlogx=t

. X
As we know 11m—X =0
X—>00 e

o +220 = [af> 3

A straight line drawn from the point P(1, 3, 2), parallel to the line x—2 —2 —4 - 6

2
plane L; : x — y + 3z = 6 at the point Q. Another straight line which passes through Q and is
perpendicular to the plane L, intersects the plane L, : 2x — y + z = —4 at the point R.
Then which of the following statements is (are) TRUE?
(A) The length of the line segment PQ is J6
(B) The coordinates of R are (1, 6, 3)

, intersects the

(C) The centroid of the triangle POR is (g, %, %j

(D) The perimeter of the triangle POR is J2+ \/g +11
(A,0)

line - x—1 _ y—3 _ z-2

2 1
(%,9,2) = (h+ 1,20+ 3,1 +2)
PutinL;:x-y+3z=6
A+1D)-QA+3)+3(AL+2)=6
2A=2 =>A=1
Q=(2,5,3)
x-2 y-5 z-3

-1 3
Xy, z)=(1t+2,5-t,3t+3)
PutinlL,:2x—-y+z=-4
2t+4)-(5-t)+(Bt+3)=-4
6t=-—6 =>t=-1
R =(1,6,0)
P=(1,3,2)

line :

s Vi3

Q J1 R

(2,5,3) (1,6,0)

Perimeter = \/g + \/B + \/ﬁ

Centroid = (E,E,éj
333
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7. Let 4, By, C) be three points in the xy-plane. Suppose that the lines 4;C; and B,C, are tangents to the

curve y* = 8x at 4; and B, respectively. If O = (0, 0) and C; = (-4, 0), then which of the following
statements is (are) TRUE?

(A) The length of the line segment 04 is 4+/3

(B) The length of the line segment 4,8, is 16

(C) The orthocenter of the triangle 4,8,C; is (0, 0)

(D) The orthocenter of the triangle 4,8,C is (1, 0)

Ans. (A,0)
Sol.
(2t7,4t) 7= 8x
A (a=2)
(_410)

N

B,
‘ (2t2,4t,)

Equation of tangent at (2t°, 4t) is
ty =x + 2t

-+ It is passing through (-4, 0)

L 0=—4+28 t=+2
LA =(442) | OA =V48=43
B, = (4, —4\/5)} AB, =82

Equation of altitude of AA;B,C; drawn from A is

y— 42=V2(x-4)

— J2x -y=0 ..(1)

Equation of altitude of AA;B;C, drawn from C; is
x=0 ...(2)

Solving (1) and (2) = orthocentre is (0, 0)

.. correct options are (A), (C)
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SECTION-3 : (Maximum Marks : 24)

®  This section contains SIX (06) questions.
®  The answer to each question is a NON-NEGATIVE INTEGER.
®  For each question, enter the correct integer corresponding to the answer using the mouse and the on-
screen virtual numeric keypad in the place designated to enter the answer.
®  Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+4 If ONLY the correct integer is entered;
Zero Marks : 0 Inall other cases.
8. Letf: R >R be a function such that f(x + y) =f(x) + f(y) forallx, y e R,and g : R —(0, ) be a
function such that g(x +y) =g(x) g(v) forallx, y e R. If f (%3) =12 and g(%l) =2, then the value
of (f(%) +g(-2)—- 8jg(0) is .
Ans. (51)
Sol. f(x+y) =f(x) + f(y) ..(1)
= f(nx) =nf(x) Vn e N ...(2)

Now puty=-xineq.(1)
f(x) + f(—x) = f(0) {f(0) =0}
= f(—x) = —(x)
= fis odd function
from eq. (2)
f(-nx) = nf(—x)
= f(-nx) = —nf(x)

= f(mx)=mf(x) Vm e Z~ ...(3)
from eq. (2) and eq. (3)
f(nx)=nf(x) Vn e Z ...(4)
P

Now put Xx=— wherep,qe Z,q#0
q

f(@): nf (EJVn e”Z
q q

put n=q

f(p) = qf (Ej
q

—  pf(l)=gf (gj {from eq.(4)}
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Letf(l)=a

then pa=qf (gj

f[gjzée
q q
= fx)y=axVxe Q

Now, f(§)=a(%3j=12 N

= fx)=—20xVxe Q ...(5)

From the given functional equation it is not possible to find a unique function for irrational values of
'x', there are infinitely many such functions satisfying given functional equation for irrational values
of x, but in this problem we finally need the function at rational values of 'x' only. So, for rational

values of x we are getting a unique function mentioned in (5).
Now, g(x +y) = g(x)-2(y)
= In(g(x+y)=In(gx)) + In(g(y))

Let  /n(g(x))=h(x)
= h(x +y)=h(x) + h(y)
= hx)=kxVx e Q

= gx)=e"Vxe Q ...(6)

K
and g(_—j=e3=2 = K=-3/Mm2

1

= g(x) :e(n(g}x :(%jx =2 vxeQ

Now, f Gj =-5 g(-2)=2°=64

g0)=1

So (f Gj +g(-2)— (8).g(0)j
=(-5+64-8)(1)=51
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9. A bag contains N balls out of which 3 balls are white, 6 balls are green, and the remaining balls are

blue. Assume that the balls are identical otherwise. Three balls are drawn randomly one after the
other without replacement. For i = 1, 2, 3, let W}, G;, and B; denote the events that the ball drawn in

the " draw is a white ball, green ball, and blue ball, respectively. If the probability

PW,NG,NB,)= % and the conditional probability P(B, |W,(1G,)=—, then N equals

Ans. (11)
3 White
Sol. 6 Green
(N-9) Blue
Given P(W; "G, B )—i
1 2 3 5N

and P(B3 | W1 M Gz) =

2

9

N P(B;nW,NG,) _2
P(W,NG,) 9

ix Nx(N-1) 2
5N 3x6 9
=>N=11
10.  Let the function f: R — R be defined by

sin x (x2023 +2024x+2025) 2 (x™* +2024x +2025)
(x> —x+3) e” (x* —x+3)

S ==

Then the number of solutions of /(x) =0 in R 1is

Ans. (1)

Sol.  f(x)=

2023
+2024x +2025) (sinx+2)
e™(x? —x+3)

" (sinx + 2) is never zero

o for x % +2024x +2025 =0

let ¢(x)=x""% +2024x + 2025
#'(x) =2023x"7+2024 >0V x e R

. ¢(x) 1s an Strictly Increasing function
. ¢(x) = 0 for exactly one value of x

.. f(x) = 0 has one solution
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11.

Ans.

Sol.

12.

Ans.

Sol.

Let p= 2i +j +3k and q= i —} +k . If for some real numbers o, pand y, we have
150 +10j +6k = a(2p+§)+B(p~24) + 7(P*7) .

then the value of yis

2

15i +10j + 6k = au(2p + ) + B(P —24) +y(p x3)

taking dot with (pxq)

15 10 6
2 1 3=0+0+y@’q (P’ |~ (Fx0)*+(pd)’ =pa’]
I -1 1
= 52=267

y=2

A normal with slope L is drawn from the point (0, —a) to the parabola x> = —4ay, where a > 0. Let

7%

L be the line passing through (0, —a) and parallel to the directrix of the parabola.
Suppose that L intersects the parabola at two points 4 and B. Let » denote the length of the latus
rectum and s denote the square of the length of the line segment AB. If »: s =1 : 16, then the value of

24a 1s .

(12)
(2at, —at®)
Af [0,  \°
d_y — L = d_y — _t
dx —2a  dx|y

1 1
Slo eofnormal=—:—:>t:\/§
P t 6
2
Now, at +oc=}
2at t

= —at’ +a=2a

= 6bat+toa=2a = aoa=28a

10



c ALLEN JEE(Advanced) 2024/ Paper-2

13.

Ans.

Sol.

OVERSEAS

For A and B

x? = —4a(-8a)

= x* =322 =>x=%4J2a
A(—4\/§a, —8a), B(4\/§a, —8a)
.. AB’= (8J2a)?=128 a’ =

.. Lengthof LR =r=4a

r4a 1

s 128a° 16
32a=16:>a=l

2
- 24a=12 Ans.
Let the function f : [1, o) — R be defined by
(-1)"'2, ift=2n-1,neN,
J= (ZIZJ;;Z)f(2n—1)+Wf(2n+I), if2n—-1<t<2n+1,neN

Define g(x)= I f(t)dt, x €(1, o). Let @ denote the number of solutions of the equation g(x) = 0 in
1

the interval (1, 8] and £ = lim @ Then the value of o+ f1is equal to

x—)1+x—l
)
2 ; t=1
4-2t ; 1<t<3
f(t)
-2 ;0 t=3 A
—-8-2t ; 3<t<5
£(t)=
2 ; t=5

, 21
1222t : S<t<7 ,\. , /\ , / .
2 =7 1 zw 5 Ws 9

-164+2t ; 7<t<9 27T

g(x)zj.f(t)dt ; g'(x) =1(x)

forx € (1,8]
gx)=0=>x=3,57.. a=3
x> X =1

Apply L'pital
W) gy

1
=2
LotB=5

11



JEE(Advanced) 2024/Paper-2 O ALLEN
OVERSEAS
SECTION-4 : (Maximum Marks : 12)
This section contains TWO (02) paragraphs.

Based on each paragraph, there are TWO (02) questions.
The answer to each question is a NUMERICAL VALUE.

For each question, enter the correct numerical value of the answer using the mouse and the
on-screen virtual numeric keypad in the place designated to enter the answer.

® [f the numerical value has more than two decimal places, truncate/round-off the value to TWO
decimal places.

®  Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+3 If ONLY the correct numerical value is entered in the designated place;
Zero Marks : 0 Inall other cases.
"PARAGRAPH I"

Let § = {1, 2, 3, 4, 5, 6} and X be the set of all relations R from S to S that satisfy both the following

properties.
1. R has exactly 6 elements.
ii.  Foreach (a, b) € R, we have |[a — b| > 2.

Let Y= {R € X: The range of R has exactly one element} and
Z={R € X: R is a function from S'to S.}
Let n(A) denote the number of elements in a set 4.

(There are two questions based on PARAGRAPH "I", the question given below is one of them)

14.  If n(X) = "Cg, then the value of m is
Ans. (20.00)
Sol. |a—b|22 or |b—a|:2

Total
a=1 b=3456 8
a=2 b=45,6 6
a=3 b=35,6 4
a=4 b=6 2
sum = 20

n(X) = 20C6 ="C,

m=20

12
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"PARAGRAPH I"
Let S = {1, 2, 3,4, 5, 6} and X be the set of all relations R from S to S that satisfy both the following
properties.
1. R has exactly 6 elements.
il. For each (a, b) € R, we have |a—b| > 2.
Let Y= {R € X: The range of R has exactly one element} and
Z={R € X: R is afunction from Sto S.}

Let n(A4) denote the number of elements in a set 4.

(There are two questions based on PARAGRAPH "I", the question given below is one of them)

15.  Ifthe value of n(Y) + n(Z) is k%, then LB

Ans. (36.00)

15.

Sol. given|a—b|>2soif a=1 b=3,4,56 - 4x2=28
a=1 b=45,6 - 3x2=6
a=1 b=5,6 - 2x2=4
a=1 b=6 - 2x1=2

20
i.e. Total elements in X is *C,
Now for n(Y),

range of R has exactly one element i.e. second elements must be constant in R and since R must have
6 element so it is not possible to satisfy both condition so n(Y) = 0.
for n(z)y 1—->345,6

25456

3> 1,56

41,26

551,23

6—>1,234

no. of relation that are function will be = *C,x’°C, x’C,x’C, x’°C, x*C,
=(4x3x3)" =k?
1.e. k=36

13
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"PARAGRAPH II"

Letf: {O, %} —[0,1] be the function defined by f (x) = sin’x and let g : {0, %} —[0,) be the function

defined by g(x) = | /%— X

(There are two questions based on PARAGRAPH "II", the question given below is one of them)

16.

Ans.

Sol.

T T

The value of 2i f(x)g(x)dx —j g(x)dx 1is

(0.00)
) — ]
I= 2_[sin2 X., ,——xz —Ig(x)dx
0 2 0
L

§ 2 2
Let I, = I sin’ x\/(gj —(x —Ej (making perfect square)
0

]

14
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"PARAGRAPH II"

Letf: [O, %} —[0,1] be the function defined by f (x) = sin’x and let g : {0, %} —[0,) be the function

defined by g(x) = | /%— X

(There are two questions based on PARAGRAPH "II", the question given below is one of them)

17.

Ans.

Sol.

T

2
The value of ;—? J‘ fx)g(x)dx is
0

(0.25)

T

2 2
Now [ =If(x).g(x)dx=%jg(x)dx
0 0
2 2 2
i.e. 1 \/(Ej —(X—Ej dx
29\\4 4
Using j\/az -x° =%(x\/a2 ~x? +azsin‘1(§n+c

r ) /2
)
1 4 ™ _ 2,16 o 4

a

15




