PAPER 1

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 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -1 In all other cases.

1. Let f(x) be a continuously differentiable function on the interval (0,%) such that f(1)=2 and
10 _ o
ltimt f(xg) x9 SO =1 for each x > 0. Then, forall x >0, f(x) is equal to
- r—x
[JEE ADVANCED 2024 _P1_DE]
31 9 9 13 -9 31 13 9
Ay = x" B) —+-x"° c) — +——x" D)+ x"
Ix 11 Ix 11 1lx 11 Ix 11
Ans. (B)
10 10
Sol. limit, /=¥ SO _,
r—x
9 ! 10
limit, ,, 1%/ (x)9t8f 0z o

=105 f(x)— f(x)x"* =9x*
= - )=
X X

,J‘% 1

IF =e ' =—
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13
cyh=2=C=—
y(@) 0

13
S>y=—+—x
11x 11
2. A student appears for a quiz consisting of only true-false type questions and answers all the questions.

The student knows the answers of some questions and guesses the answers for the remaining questions.

Whenever the student knows the answer of a question, he gives the correct answer. Assume that the
probability of the student giving the correct answer for a question, given that he has guessed it, is % Also
assume that the probability of the answer for a question being guessed, given that the student's answer is
correct, is é . Then the probability that the student knows the answer of a randomly chosen question is

[JEE ADVANCED_2024 P1_PR]

(A) 1 (B) 1 (C) > (D) 2
12 7 7 12
Ans. (C)
Sol.  Let P( knows answer )=k
P (guesses) =1-k
p correct ans _ 1
guessed 2
P( guessed )P correct ans
P( guessed j 5 guessed
correct answer P( guessed )P correct ans + P( knows )P correct ans
guessed knows

1
(1-k) (2)

= I
= 1 6
(1-k) (—j + k(D)
2
1 &
=>@B-3b=—+—
( ) )
S_Tk_ .23
7
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T
3. Let 5 <X<T be such that cotx = Then

el
Jir
(sin 1?] (sin 6x — cos 6x) + (cos 1?] (sin 6x + cos 6x) is equal to

[JEE ADVANCED_2024_P1_TR/FOM]

A J11-1 JI1+1 Ji1+1 5 Ji1-1

(A) (B) (C) (D)
23 23 342 32
Ans. (B)
Sol. Let £ =sinbx cosg—cos 6x sing+cos 6x cosgﬂ;in 6x sing
2 2 2 2
E= simf-l-cosE
Now, F*=1+sinx cotx= -
' ' Jin
6
6
; I\\
5
L p- 6+\/ﬁ
6
RN
12
_A11+1
23
x2 yZ pZ q2

4, Consider the ellipse ?+7 =1. Let S(p,q) be a point in the first quadrant such that ?+7 >1.

Two tangents are drawn from S to the ellipse, of which one meets the ellipse at one end point of the

minor axis and the other meets the ellipse at a point 7' in the fourth quadrant. Let R be the vertex of the

ellipse with positive x-coordinate and O be the center of the ellipse. If the area of the triangle AORT is

3
E, then which of the following options is correct?

[JEE ADVANCED_2024 P1_EL]
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(A) g=2,p=33
B) ¢=2,p=43
(C)g=1p=5V3

D) g=1,p=63
Ans. (A)
Sol.

y
(0.2) y=2

S(p, 2)
/ o \R/ x
\ T(o, B)

q=2

Area (ORT) :%

Tangentat T
T=0

343

2 +y(—1)_1

9 4 ‘(p,Z)

p3 1 p3 3
>0 1= 233

6 2 6 2 P \/_
.'.p=3\/§,q=2
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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 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : -2 In all other cases.

5 Let S={a+bﬁ:a,beZ},Tl={(—1+J§)":neN} and T2={(1+J§)”;neN}_ Then which of

the following statements is (are) TRUE?
[JEE ADVANCED 2024 P1_FOM]

Ay ZOTul,cS

1
B) T. »| 0, = ¢ , where ¢ denotes the empty set
B) T ( 2024) ¢ ¢ pty

(C) T, m(2024,%0) # ¢

(D) For any given a,beZ,cos(ﬂ(a+b\5))+isin(ﬂ(a+bﬁ))eZ if and only if »=0, where

i=v-1

Ans (A,C,D)
Sol. S:{a+b\/§:a,beZ}
For b=0,Zc S

T ={(—1+J§)" :neN} and 7, ={(1+J§)" :neN}

For ne N elements of 7, and 7, are of the form a+b2
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Ans

Sol.

Hence ZUT,wT, S

- Now, —1+ \/5 <1 and its higher powers decreases

1
= (—1+\/§)" <1 and can be made in (0,2024) for some higher 7.

- 1+\/§ >1 and its higher power increases

= (1+\/5)" can be made in (2024, 0) for some higher 7.
- cos7r(a+b\/5)+isin7r(a+b\/5) e/ if

a+b\/§ is an integer = 5 =0
Let R* denote RxR. Let
S = {(a,b,c):a,b,c € R and ax’ +2bxy+cy® >0 forall (x,y) € R —{(0,0)}}.

Then which of the following statements is (are) TRUE?

(A) (2,%,6%5

(B) If (3,b,112] €S, then |2b|<1

[JEE ADVANCED_2024 P1_MA & DT]

(C) For any given (a,b,c) €5, the system of linear equations ax+by =1 bx+cy=—1 has a unique
solution.
(D) For any given (a,b,c) €S the system of linear equations (¢+1)x+by=0 bx+(c+1)y=0 has a

unigue solution.
(B,C,D)

ax’ +2bxy +cy® >0

yv,x € R—{(0,0)}

2
Dc(lj +2b(£j+a>0
x x

=c>0,D<0

4b* —4ac <0

=h <ac

7
A 2,-.,6
® ( ! ]
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2
[7j >2x6
2

.. option A4 is incorrect

(B) It (3,b,1j esS
12

= b’ <3-i
12
:>b2<l
4
=4bh" <1

={ 2b |<1 option

= 2h|<1 option B is correct
(C) ax+by=1
bx+cy=-1

a b

q

=ac—-b*#0

*. unigue solution option C is correct.
(D) (a+Dx+by=0
bx+(c+D)y=0

(a+l) b
b (c+])

=(a+1)(c+1D)-b*

=ac—b*+a+c+1

b* <ac= acis +ve

= ¢ and ¢ are positive then (ac—b2)+a+c+l>0

.. Unigue solution

*. option D is correct.

Let R® denote the three-dimensional space. Take two points P =(1,2,3) and O=(4,2,7). Let dist
(X,Y) denote the distance between two points X and Y in R’  Let

§={X e R :(dist(X, P))’ - (dist(X,0))" = 50} and
T = {Y e R® 1 (dist(Y, 0))* — (dist(Y, P))* = 50}
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Ans

Sol.

Then which of the following statements is (are) TRUE?
[JEE ADVANCED_2024_P1_3D]
(A) There is a triangle whose area is 1 and all of whose vertices are from S.
(B) There are two distinct points L and M in T such that each point on the line segment LM is also in T.
(C) There are infinitely many rectangles of perimeter 48 , two of whose vertices are from S and the other
two vertices are from T.
(D) There is a square of perimeter 48 |, two of whose vertices are from S and the other two vertices are
from T.
(A,B,C)
S (=" + (=2 +(2-3)") (=4’ + (¥=2)* + (2= 7)) =50]
=85 :{6x+8z-105=0}
Similarly 7' ={6x+8z-5=10}
S represents a plane. So it will contain a triangle of area 1. So (A) is correct.
T represents a plane. So (B) is correct.
ST are two parallel planes at a distance of 10 units from each other.

(C) is correct and (1)) is incorrect.

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;

ZeroMarks : 0 Inall other cases.

Ans

Let a=3\/§ and b=1;. If x,y € R are such that
596
5
3x+2y =log,(18)* and 2x -y =log, (vV1080)
then 4x+5y is equal to

[JEE ADVANCED_2024_P1_FOM]
(@)
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Sol. a:3\/§:>a2:18

Notice that 1080 =5-6" =
11 Ly 1 1
56.6% = (1080)% =—=>1080% = —
b b

3
=3x+2y=log (a*)* ==
y=log, (@) =2 -0

1 .
2x—y:10gbb—3:10gbb =-3

= Solving (i) & (ii)

-1
:>x=7,y=2:>4x+5y=8

9. Let f(x)=x"+ax’+bx’ +c be a polynomial with real coefficients such that f(1)=-9. Suppose that
i3 is a root of the equation 4x” +3ax’ +2bhx=0, where i=+/-1.If &, &,,c,, and «, are all the

roots of the equation /(x) =0, then |o| +|os,|" +|ot,|" +|et,|* is equal to

[JEE ADVANCED 2024 P1_QE]
Ans  (20)
Sol. v f(D="Y9=1+a+b+c=-9

4x%° +3ax® +2bx =0
= x=0, 4x" +3ax+2h=0

= \/gi and —\/gi are roots of (2)

= 3i—+3i =_T3a,\5i(—\@i) _2

4
= a=0,b=6,c=-16

:f(x):O:x4+6x2—l6:0

. —62/36+64

2
X = _\/Ea +\/§5 _2\/51.9 2\/51

= ‘(11’2 +‘(x2‘2 +‘(x3’2 +’a4‘2 =20

= x =-3+5=2,-8
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10.

Ans
Sol.

11.

Ans
Sol.

12.

01 ¢
Let S=1A4=|1 a d|:a,b,c,d,ec{0,1} and | Ale {—1,1}}, where $|A|$ denotes the determinant
1 b e

of 4. Then the number of elements in .S is.
[JEE ADVANCED 2024 P1_MA & DT]

(16)

|Al=—(e—d)+c(b—a)==%1

Case (i):c=0=(e,d)=(1,0),(0,1) = 2 ways
Case (i) c=0=(e,d)=(1,0),(0,1) > 2 ways
b and a can be each 2 ways

= Total = 8 ways
Case (i) cz0=>c=1

= d-et+b-a= =1

1 110
1 1 0
— 4x2 =8 ways
0 010
0 0 01

Total = 16 ways
A group of 9 students, s,,s,,...,5,, is to be divided to form three teams X, Y and, Z of sizes 2, 3, and 4,
respectively. Suppose that s, cannot be selected for the team X, and s, cannot be selected for the team

Y. Then the number of ways to form such teams, is
[JEE ADVANCED 2024 P1 P & C]

(669)
Number of required ways
9!
=2!3!4!—(n(s1 eX)+n(s2 EY)—n(s1 e X ands, EY))
9! 8! 8! 7!
=2!3!4!_(1!3!4!+2!2!4!1!2!4!]
=665
5 a=ls o~ o~ Bl - — » o~ 1~
Let OP= l+]+k,OQ=l+7j+k and 0R=z+]+5k be three vectors, where

o, R—-{0} and O denotes the origin. If (a’xO—Q)-aQEO and the point (&, f,2) lies on the
plane 3x+3y—z+/ =0, then the value of / is
[JEE ADVANCED 2024 P1_VE]

: B Scheme, Triveni Nagar, Gopal Pura Mode, Jaipur, Rajasthan 302020
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Ans (5)
Sol. (OPx0Q)-OR=0

ozl
o
Py
B
111
2

Saf+2a=af+a—- -1
=a+p+1=0 (1)
Now (e, f3,2) lieson 3x+3y—z+71=0
=3a+pf)-2+1=0 2)

=>-3-2+1=0=>1=35
13. Let X be a random variable, and let P(X = x) denote the probability that X takes the value x. Suppose that
the points (x, P(X = x)), x = 0,1,2,3 4, lie on a fixed straight line in the xy-plane, and P(X = x) = 0 for all

5
xeR- {0,1,2,3,4} . If the mean of X is 5 and the variance of X is «, then the value of 24« is .

[JEE ADVANCED_2024_P1_PR]
Ans (42)

4
5

Sol. xP(x)=—
25700 =

i XP(x)=2

(0, P(O), (L, PM). (2, P(2)), (3, P(3)), (4, P(4))

K = P(l)- P(0) = P(2)— P(1) = P(3) - P(2) = P(4)— P(3)
P(1) =K + P(0)

P(2)=2K + P(0)
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P(3)=3K + P(0)

P(4)=4K + P(0)

P(0)+ P(D)+ P(2)+ P(3) + P(4) =1
— 5P(0)+10K =1

K+ P(0)+4K +2P(0)+ 9K +3P(0)+16K +4P(0) =

5
30K +10P(0) =
10K =+
2
K _L’p(()) _1
20 10
3 4 5 6

P(l):%5})(2):%,})(3):%,P(4):%

isz(x) =8

Variance :S—E: 32725 7
4 4

_24x7

24 42

SECTION 4 (Maximum Marks : 12)

This section contains FOUR (04) Matching List Sets.

Each set has ONE Multiple Choice Question.

Each set has TWO lists: List-I and List-11.

List-1 has Four entries (P), (Q), (R) and (8) and List-Il has Five entries (1), (2), (3), (4) and (3).

FOUR options are given in each Multiple Choice Question based on List-l and List-1l and ONLY ONE of
these four options satisfies the condition asked in the Multiple Choice Question.

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

Full Marks : +3 ONLY if the option corresponding to the correct combination is chosen;

Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);

Negative Marks : —1 In all other cases.
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14. Let & and f be the distinct roots of the equation x* +x—1=0. Consider the set T = {l,cz, #} . For a
3x3 matrix M :(au)3 ><3), define R =a,+a,+a, and C,=a,,+a,,+a,, for i=1,2,3 and

j=1,2.3

[JEE ADVANCED 2024 P1 MA & DT]
Match each entry in List-l to the correct entry in List-Il.

List-l List-ll

(P) | The number of matrices M = (aj)3 x 3 with all | (1) | 1
entries in Tsuch that Ri= C;j=0forall j, jis

(Q) | The number of symmetric matrices M = (gj)ax3 | (2) | 12
with all entries in T such that C;= 0 for all j is

(R) | Let M = (aj)3 x 3 be a skew symmetric matrix | (3) | Infinite
such that a; € T for j > j. Then the number of

elements in the set
X x\ (&, ]
yl:x,yzeR M{y|=| O is

(z, z) | -ao J

(S) | Let M = (aj)3 x 3 be a matrix with all entriesin T | (4) | 6
such that R;= 0 for all /. Then the absolute value
of the determinant of M is

b) |0
The correct option is
(A} (P) — (4) (Q) — (2) (R) — (5} (8) — (1)
(B) (P) — (2) (Q) — (4) (R) — (1) (S) — (5)
(C)(P) = (2) (Q) — (4} (R) — (3) (5) — (9)
(D) (P) = (1) (Q) — (9) (R) — (3} (8) — (4)
Ans. (C)

Sol. x°+x-1=0— rootsare & and f3
a+pf=-1 aff=-
set T={la.fiM=(a,)_ .
R=a,+a,+a, C,=a, +a, +a,, (PYR_i=C_j=0foralli,]
a+pf=-1 T={lLa,p}
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Number of matrices
=3 x2x1=12

) \ 1 w
Number of B

ways to arrange Number of

1, o, B in R. ways to arrange
1,a,pinR,
(Q) Number of symmetric matrices = 7
C = 0vj
Number of symmetric matrices
1 o p
=[3x1=6|a S 1
1 «o

(R) M — skew symmetric of 3 x 3

|IM=0 a,eT fori>j

X (112
Miy|=l 0
z —dys
0 Ty Ty a4y,
a, 0 -a, =l 0
ay Uy 0 —dy;

As x,y,zeR and a, &a,,€eR &|M]=0

.. System has infinite solutions

(S) R =0Vi

1 o B l+a+p o p

M=laa B 1 |C, ->C+C,+C,|M|={l+a+p [ 1
p 1 « l+a+f 1 «

(P) = (2)D) = (DR) > 3)S) > )

B

0

|

15. Let the straight line y =2x touch a circle with center (0, ), >0, and radius r at a point A4, . Let B, be

the point on the circle such that the line segment A4, B, is a diameter of the circle. Let o +r = 5+\/§ .

Match each entry in List-l to the correct entry in List-Il.

[JEE ADVANCED_2024 P1_CL/CI]

Co competishun

The Power of Real Gurus
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Listl List-l
(P) | o equals 1) | (-2,4)
(Q) | requals 2 | &
(R) | A1 equals (3) | (-2,6)
(S) | Biequals 4) |5
(5) | (2.4)
The correct option is
(A) (P) — (4) (Q) — (2) (R) — (1) (S) — (3)
(B)Y (P) — (2) (Q) — (4) (R) — (1) (8) — (3)
(C)(P)—(4) (Q) — (2) (R) — (9) () = (3)
(D) (P) = (2) (Q) — (4) (R) — (3) (S) — ()
Ans. (C)
Sol.
1y
B «—y=2x
1
C r
A,
0 o
o) > X

Slope of line =2 = tan 0 = 2
C0,e0) a>0

a+r=5+45

Line y =2x is tangent to the circle

O-c

Nz
=~ |= /5

:>a=r\/§ asa >0

From equation (1) 75 +7=5++/5
= 5+ =V5(/5+1)

= r=45

And o =5 =5x/5=5

Centre (C(0,5)
0C=5 AC =45
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16.

04, =25-5 =20 =25

tanf = 2 (from figure)

_ sin@=_"~"—
NS sin NS
Al(O+OA1 cosd,0+ 04 sin¢9)

Al[zﬁx%,zﬁx%j

cosf =

A(2,4)

Let B, (xl,yl)
x1+2=Oand y1+4=5

x, =2

B (-2,6) y =6

a=5 r=+5 A(2,4) B(-2,6)

Let y€R be such that the lines L, :

x+11  y+21 z+29

2

3

and L

x+16  y+11 z+4
3 2 ¥

intersect. Let R, be the point of intersection of L, and L,. Let O=(0,0,0), and n denote a unit normal

vector to the plane containing both the lines L, and L, .

Match each entry in List-l to the correct entry in List-Il.

[JEE ADVANCED_2024 P1_3D]

List-l List-ll
(P) | v equals M | f-j+k
. . .. 3
(Q) | A possible choice for n is (2) 3
(R) OT?{ equals 3 |1
(S) | A possible value of OR; - fi is (4) Ll—ij L
P 1 VRN LN
2
5 <
(5) 3

The correct option is
(A) (P) — (3) (Q) — (4) (R)
(B) (P)— () (Q) — 4 (R)

—
—

(1) (S)
(1 (S)
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17.

(C) (P) > (3) (Q) — (4) (R) - (1) () — (5)
(D) (P) — (3) (Q) — (1) (R) — (4) (S) — ()
(C)

A(=11, 21, =29)

B(-16, —11, —4)

Normal vector of plane (#) containing Z, and I, will be perpendicular to both 51 and AB

= ji = p(ABx#) = p(5i =10 —25k)x (i + 2] +3k)
= p(20i — 40 +20k)
1, 2. 1~

El_ﬁj—i_ﬁk

Now, vector parallel to L, (say 52 ) is perpendicular to 7 = 52 =0

=>n=

Gi+2] + k). p(20i —40] +20k)=0
=>y=1

Now, for point of intersection (POI)

I x+11 y+21  z+29

1

=ﬂ,andL2:x+16=y+11=Z+4
1 2 3 3 2 v

=Uu
Comparing x and y coordinates, —11+ 4 =—-16+3u and -21+24=-11+2u =>A=10,u=5

— . A A — 2
= POlie, OR :(—i—j+k) and OR-n=\/;
x|x|sin| — |, x=#0,
let f:R—>R and g:R—>R be functions defined by f(x)= X and

1-2x, OSxSl,
g(x) = 2

0, otherwise

Let a,b,c,d € R . Define the function #: R — R by

: B Scheme, Triveni Nagar, Gopal Pura Mode, Jaipur, Rajasthan 302020
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hx)=af (x)+b (g(x) +g (% - xjj +e(x—g(x))+dg(x),xeR

Match each entry in List-l to the correct entry in List-Il.
[JEE ADVANCED_2024_P1_LCD]

List-l List-lI
(P) |Ifa=0,b=1,c=0and d=0, then (1) | his one-one
(Q) |Ifa=1,b=0,c=0andd=0, then (2) | his onto.
(R) |Ifa=0,b=0,c=1andd=0, then (3) | his differentiable on R.
(S) |Ifa=0,b=0,c=0and d=1, then (4) | therange of his [0, 1]
(5) | therange of his {0, 1}
The correct option is
(A (P) > A (Q >R~ (1) (S~ @)
(B) (P) — (5) (Q) — (2) (R) — (4) (S) — (3)
(C) (P) = (5) (Q) — (3) (R) —» (2) (S) — (4)
(D) (P) = (4) (Q) — (2) (R) = (1) (8) — (3)
Ans (C)
Sol.

1-2x, OSxSl
g(x)= 2

0, otherwise

=
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