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Note: For the benefit of the students, specially the aspiring ones, the question of JEE(advanced),

2024 are also given in this booklet. Keeping the interest of students studying in class XI,
the questions based on topics from class Xl have been marked with “*’, which can be
attempted as a test. For this test the time allocated in Mathematics, Physics and Chemistry
are 30 minutes, 20 minutes and 25 minutes respectively.

FIITJEE

SOLUTIONS TO JEE (ADVANCED) - 2024
(PAPER-1)

Mathematics

SECTION 2 (Maximum Marks: 12)

o This section contains FOUR (04) questions.
o 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.
Q.1 Let f(x) be a continuously differentiable function on the interval (0, «) such that f(1) = 2 and
- t10F (x) - x"OfF (1) .
I|mt9—9 =1 for each x > 0. Then, for all x > 0, f(x) is equal to
t—x —X
1 1
(A) 3__2)(10 (B) i+3_x10
1Mx 11 11x 11
-9 31 13 9
(€) o+ (D) +—x"
11x 11 1Mx 1
Q.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 guess it, is % Also assume that the probability of the answer for a question being

. . .1 -
guessed, given that the student's answer is correct, is % Then the probability that the student
knows the answer of a randomly chosen question is

™ - (B)

1
7
5 5
©) < D)

—_
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*Q.3

Q.4

s -5
Let — <x < =n be such that cotx = — . Then
2 V11
11X, 11x), . .
(sm 7j(sm 6X —CcosBX) + (cos7j (sin6x +cos6x) is equal to
V11-1 V11 +1
(A) (B)
243 23
V11 +1 V11-1
(C) (D)
32 3V2

2 2 2

y q

2
Consider the ellipse %JFT =1. Let S(p, q) be a point in the first quadrant such that %JFT >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 T in the fourth quadrant. Let R be the
vertex of the ellipse with positive x-coordinate and O be the centre of the ellipse. If the area of the

triangle AORT is g , then which of the following options is correct ?

(A) a=2,p=33 (B) q=2,p=43
(€) a=1p=53 (D) a=1p=63

SECTION 1 (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.

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 mark;
choosing ONLY (B) will get +1 mark;
choosing ONLY (D) will get +1 mark;
choosing no option (i.e. the question is unanswered) will get 0 marks; and
choosing any other combination of options will get —2 marks.

*Q.5

Let S ={a+b«/§:a,b € Z},'I'1 ={(—1+«/§)n ‘ne Z},and T, = {(1+«/§)n ‘ne N}. Then which of the
following statements is(are) TRUE ?
(A) ZUT,UT, S

1
B) T 0,—— |= ¢, where ¢ denotes the empty set
(B) m[ 2024j o ¢ pty

(C) T,N (2024, %) = ¢
(D) For any givena, b € Z, cos(n(a +b«/§))+ isin(n(a +b\/§)) e Z if and only if b = 0, where
i=-1
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Q.6

Q.7

Let R* denote R x R.
Let S= {(a,b,c) :a,b,c e R and ax® + 2bxy +cy® > 0 for all (x,y) € R —{(0,0)}}
Then which of the following statements is (are) TRUE?

(A) (2,16) €S
2
(B) If (3,b,%,6j €S, then |2b| < 1

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

Let R® denote the three dimensional space. Take two points P = (1, 2, 3) and Q = (4, 2, 7). Let

dist(X, Y) denote the distance between two points X and Y in R®. Let
S ={X e R*: (dist(X, P))? - (dist(X, Q))* = 50} and
T={Y e R®: (dist(Y, Q))* — (dist(Y, P))* = 50}.

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

(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 segments LM is
alsoinT.

(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.

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 onscreen
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 ) In all other cases.
. _ _ 1
Q8 Leta=3v2 andb= —& = IfX, y € Rare such that
5"%/6

*Q.9

Q.10

3x+ 2y = log,(18)”* and 2x -y =log, (+v1080) ,
then 4x + Sy is equal to

Let f(x) = x* + ax® + bx® + ¢ be a polynomial with real coefficients such that f(1) = -9. Suppose
that iv/3 is a root of the equation 4x> + 3ax® + 2bx = 0, where i= V=1 If oy, oz, 013, and o are all

the roots of the equation f(x) =0, then |oy|* +|a,|* +|as[* + |, is equal to

0 1 c

Let S={A|1 a d|:ab,c,dee{0,1 and|Ale{-11}}, where |A| denotes the determinant of A.
1 b e

Then the number of elements in S is

FlITJ€EE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi-110016, Ph 46106000, 26569493, Fax 26513942
website: wwuw.fiitjee.com.




JEE(ADVANCED)-2024-Paper-1-MPC-4

*Q.11 A group of 9 students si, s, ...... sy is to be divided to form three teams X, Y and Z of sizes 2, 3

Q.12 Let OP=

and 4 respectively. Suppose that s, cannot be selected for the team X, and s, cannot be selected
for team Y. Then the number of ways to form such teams, is
o—1: B-1 1

i+]+R,®=T+T]+Rand O—R=T+]+ k be three vectors, where o, B e

N

(03

R—{0} and O denotes the origin. If (OPx0Q)-OR =0 and the point (o, B, 2) lies on the plane
3x + 3y —z + [ =0, then the value of [ is

Q.13 Let X be a random variable, and let P(X = x) denote the probability that X takes the values 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)=0forallx e R-{0, 1, 2, 3, 4}. If the mean of X is g and the variance of X is q,

then the value of 24a. is

SECTION 4 (Maximum Marks: 12)

o This section contains FOUR (04) Matching List Sets.
o Each set has ONE Multiple Choice Question.
. Each set has TWO lists: List-l and List-Il.
o List-l has Four entries (P), (Q), (R) and (S) and List-ll has Five entries (1), (2), (3), (4) and (5).
o FOUR options are given in each Multiple Choice Question based on List-l and List-ll and ONLY ONE of these
four options satisfies the condition asked in the Multiple Choice Question.
. Answer to each question 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.
Q.14 Let o and B be the distinct roots of the equation x®+ x — 1 = 0. Consider the set T = {1, a, B}. For

a 3 x 3 matrix M = (aij)3x3 s define Ri =aj + ap t+ a3 and Cj = ayj + ay; + as; fori = 1, 2, 3 and
i=1,2,3.

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

List -1 List -1l
(P)  The number of matrices M = (aj)s.3 with all entries in T (1) 1
such that Ri= C;=0for all i, j, is
(Q)  The number of symmetric matrices M = (a;)s.s with all (2) 12
entries in T such that C;= O for all j, is
(R)  Let M = (aj)s«3 be a skew symmetric matrix such that (3) infinite
aj € T fori > j. Then the number of elements in the
X X a;,
set |y |:xy,zeRM|y|=| O is
z z —a,;
(S) Let M = (aj)s.3 be a matrix with all entries in T such 4) 6

that R, = 0 for all i. Then the absolute value of
determinant of M is

The correct option is:

A) P)=>@4) Q-2 R)—->6) (S)—=>(1)
(B) P)=>(2) (Q—->@) R)—=>(1) (S5)—>(5)
C) P)=>((2) (Q—->@) R)—>@) ()=
O) P)=>1) Q-0 R->@ ()—>@
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*Q.15 Let the straight line y = 2x touch a circle with centre (0, a), a > 0, and radius r at a point A,. Let B4

Q.16

be the point on the circle such the line segment A:B; is a diameter of the circle. Let
o+r=5++5.

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

List—1 List -1l

(P) aequals (1) (-2, 4)
(Q) requals (2) J5
(R) A;equals (3) (-2, 6)
(S) Bjequals (4) 5

(5) (2, 4)
The correct option is:
(A) P)—>@4) (Q—>(2) (R —>(1) (S5)—>(3)
B) P)—>(2) (Q—>@) [R)—>(1) (S5)—>(3)
C) P)>@) (Q—>(2) (R —>(5) (S)—>(3)
D) P)—>(2) (Q—>@) (R)—>@B) (S)—(5)

x+11=y+21=z+29 and I_2:x+16=y+11 =z+4
1 2 3 3 2 Y

intersect. Let Ry be the point of intersection of Ly and L,. Let O = (0, 0, 0), and n denote a unit
normal vector to the plane containing both the lines L and L.

Let y € R be such that the lines L, :

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

List -1 List -1l
(P)  vyequals (1) —i-j+k
(Q) A possible choice for i is (2) 3
2
(R)  OR, equals (3) 1
(S) A possible value of OR; .7 is (4) if_ihiﬁ
V6 6 6
(5) 2
3
The correct option is:
(A) P)>@3) (Q—>@) [R)—>() (5)—(2)
B) P)—>() (Q—>@) [R)—>() (5)—(2)
C) P)>@) (Q—>@) [R)—>(1) (S)—(5)
D) P)—>@) (Q—>(1) (R)—>(4) (S)—(5)
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Q.17 Letf:R—>Randg:R — R be functions defined by

. (1 1

— — < < —
x) = x|x|sm(xj, x #0, and g(x) = 1-2x, 0_x_2,
0, x =0, 0, otherwise.

Let a, b, c, d € R. Define the function h : R - R by
h(x)=af(x)+b[g(x)+g(%—xD+c(x—g(x))+d 9(x),x <R

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

List -1 List -1l
(P) Ifa=0,b=1,c=0andd=0,then 1 h is one-one.
(Q) Ifa=1,b=0,c=0andd=0, then 2 h is onto.
(R)
(

S) Ifa=0,b=0,c=0andd=1,then

(1)

(2)
fa=0,b=0,c=1andd=0, then (3) h is differentiable on R.

4) the range of his [0, 1].

(5)

the range of his {0, 1}.

The correct option is:

A) P)=>@4) (Q->0B) R)->(1) (5)—=>(2)
B) P)=>0) (-2 R)—->#) (5>
C€) P)=>0B) (Q->0B) R)—->(@) (S5)—>4)
D) P)=>@4) Q-2 R)->1) 5>
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Physics

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.

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:

Q.1

Q.2

Q.3

Q.4

A dimensionless quantity is constructed in terms of electronic charge e, permittivity of free space
€0, Planck’s constant h, and speed of light c. If the dimensionless quantity is written as e“aghycg’
and n is a non-zero integer, then (a, B, y, d) is given by

(A) (2”,-”,—”,-”) (B) (ni_ni_zni_n)

(C) (n,—n,—n,—2n) (D) (2n, = n, —2n, —2n)

An infinitely long wire, located on the z-axis, carries a current | along the +z-direction and
produces the magnetic field B. The magnitude of the line integral IEEI along a straight line from

the point (—\/ga,a,O) to (a, a, 0) is given by

[Lo is the magnetic permeability of free space.]
(A) Tugl/24 (B) 7ugl/12

(C) mol/8 (D) mol/6

Two beads, each with charge g and mass m, are on a horizontal, frictionless, non-conducting,
circular hoop of radius R. One of the beads is glued to the hoop at some point, while the other
one performs small oscillations about its equilibrium position along the hoop. The square of the
angular frequency of the small oscillations is given by

[0 is the permittivity of free space.]

(A) 2 /(4ngoR3m) (B) q? /(32naoR3m)

(C) ¢? /(8n80R3m) (D) g2 /(16naoR3m)

A block of mass 5 kg moves along the x-direction subject to the force F = (-20x + 10) N, with the
value of x in metre. Attime t= 0 s, it is at rest at position x = 1 m. The position and momentum of
the block at t = (n/4) s are

(A) —0.5m,5kgm/s (B) 0.5m, 0 kg m/s

(C) 0.5m, -5 kg m/s (D) —1m, 5kg m/s
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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 : 43 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 : 41 If two or more options are correct but ONLY one option is chosen and itis 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.

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 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option (i.e. the question is unanswered) will get 0 marks; and
choosing any other combination of options will get —2 marks.

Q.5

A particle of mass m is moving in a circular orbit under the influence of the central force
F(r) = — kr, corresponding to the potential energy V(r) = kr’/2, where k is a positive force constant
and r is the radial distance from the origin. According to the Bohr’s quantization rule, the angular

momentum of the particle is given by L =n#, wherei=h/ (2n), h is the Planck’s constant, and n

a positive integer. If v and E are the speed and total energy of the particle, respectively, then
which of the following expression(s) is(are) correct?

(A) > =nh i (B) vZ =nh L
mk m3
L k na [k
©) —5 == () E="1 =
mr m 2 \m
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*Q.6

Q.7

Two uniform strings of mass per unit length © and 4pu, and length L and 2L, respectively, are
joined at point O, and tied at two fixed ends P and Q, as shown in the figure. The strings are

under a uniform tension T. If we define the frequency vg =21—L\/i which of the following
u
statement(s) is(are) correct?
0 4u
P 3 Q
| 2L

(A) With a node at O, the minimum frequency of vibration of the composite string is vo.

(B) With an antinode at O, the minimum frequency of vibration of the composite string is 2vy.

(C) When the composite string vibrates at the minimum frequency with a node at O, it has 6
nodes, including the end nodes.

(D) No vibrational mode with an antinode at O is possible for the composite string.

A glass beaker has a solid, plano-convex base of refractive index 1.60, as shown in the figure.
The radius of curvature of the convex surface (SPU) is 9 cm, while the planar surface (STU) acts
as a mirror. This beaker is filled with a liquid of refractive index n up to the level QPR. If the
image of a point object O at a height of h (OT in the figure) is formed onto itself, then, which of the
following option(s) is(are) correct?

Q P R
5 L
T
(A) Forn=1.42, h=50cm. (B) Forn=1.35, h =36 cm.
(C) Forn=1.45, h=65cm. (D) Forn=1.48, h=85cm.

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 [f ONLY the correct integer is entered;
Zero Marks : 0 Inall other cases.
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*Q.8

*Q.9

Q.10

*Q.11

*Q.12

The specific heat capacity of a substance is temperature dependent and is given by the formula C
= kT, where k is a constant of suitable dimensions in Sl units, and T is the absolute temperature.
If the heat required to raise the temperature of 1 kg of the substance from —73°C to 27°C is nk,
the value of nis

[Given: 0 K = -273°C]

A disc of mass M and radius R is free to rotate about its vertical axis as shown in the figure. A
battery operated motor of negligible mass is fixed to this disc at a point on its circumference.
Another disc of the same mass M and radius R/2 is fixed to the motor’s thin shaft. Initially, both
the discs are at rest. The motor is switched on so that the smaller disc rotates at a uniform
angular speed w. If the angular speed at which the large disc rotates is w/n, then the value of n
is

II'|I| - | .
L g il

iy il
5y T
B L

A point source S emits unpolarized light uniformly in all directions. At two points A and B, the ratio
r = la/lg of the intensities of light is 2. If a set of two polaroids having 45° angle between their
pass-axes is placed just before point B, then the new value of r will be

A source (S) of sound has frequency 240 Hz. When the observer (O) and the source move
towards each other at a speed v with respect to the ground (as shown in Case 1 in the figure), the
observer measures the frequency of the sound to be 288 Hz. However, when the observer and
the source move away from each other at the same speed v with respect to the ground (as shown
in Case 2 in the figure), the observer measures the frequency of sound to be n Hz. The value of n
is

5 v i ) Q
Case | P S M-
1 i
Case 2 P . i
S 0

Two large, identical water tanks, 1 and 2, kept on the top of a building of height H, are filled with
water up to height h in each tank. Both the tanks contain an identical hole of small radius on their
sides, close to their bottom. A pipe of the same internal radius as that of the hole is connected to
tank 2, and the pipe ends at the ground level. When the water flows from the tanks 1 and 2

through the holes, the times taken to empty the tanks are t; and t,, respectively. If H= [%}h

then the ratio t4/ty is

FIITJ€EE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi-110016, Ph 46106000, 26569493, Fax 26513942
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*Q.13 A thin uniform rod of length L and certain mass is kept on a frictionless horizontal table with a
massless string of length L fixed to one end (top view is shown in the figure). The other end of the
string is pivoted to a point O. If a horizontal impulse P is imparted to the rod at a distance x = L/n
from the mid-point of the rod (see figure), then the rod and string revolve together around the
point O, with the rod remaining aligned with the string. In such a case, the value of n is

PRSI —
”’ ‘-\"h\
-
P ~
’ kS
’ ‘\
" A
/
J A
/ ‘\
roL 2 ‘1 i
1
y
' ;
I - » ()
I
\ipiL/2 r
.—‘u‘_h-—- fl
v
\ '
\ )
\ s
> .
* -
™ -
“v‘ -
i e -

SECTION 4 {Maximum Marks: 12)

* This section contains FOUR (04) Matching List Sets.

# Each set has ONE Multiple Choice Question.

# FEach set has TWO lists: List-1 and List-Il.

* List-l has Four entries (P), (Q), (R) and (5) and List-1l has Five entries (1), (2), (3), (4) and (5).

* 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 question 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.

*Q.14 One mole of a monatomic ideal gas undergoes the cyclic process J > K — L —» M — J, as shown
in the P-T diagram.

P
F 3
2P F---- i = >
A 4 F 3
« | At = k.
Fo T '
1 ]
1 1 .
7 3T, 24
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Match the quantities mentioned in List-l with their values in List-Il and choose the correct option.
[Ris the gas constant.]
List-I List-Il
(P)  Work done in the complete cyclic process (1) RT, —4RTyIn2
(Q) Change in the internal energy of the gas in (2) 0
the process JK
(R) Heat given to the gas in the process KL 3RT,

(S) Change in the internal energy of the gas in (4) —2RTyIn2
the process MJ

9]

Py
©

(5)  -3RT,In2

AP>1, Q>3 R—>5 S—>4 B)P—>4,Q—>3 R—>5 S—>2
C)P>4,Q—>1 R>2 S—>2 D)P—>2, Q—>5 R—>3;, S—>4

Q.15 Four identical thin, square metal sheets, Sy, S,, S; and Sy, each of side a are kept parallel to each
other with equal distance d (<< a) between them, as shown in the figure. Let C, = g0a”/d, where &,
is the permittivity of free space.

N R 8. B,

y

d

Match the quantities mentioned in List-l with their values in List-Il and choose the correct option.

List-l List-ll

(P) The capacitance between S; and S4, with S, (1) 3Co

and Sz not connected, is
(Q) The capacitance between S; and S,, with S, (2) Col2

shorted to S, is
(R) The capacitance between S; and S;, with S, (3) Co/3

shorted to Sy, is
(S) The capacitance between S; and S,, with S3 (4) 2C,/3

shorted to Sy, and S, shorted to S, is

6) 2GCo
AP>3;, Q—>2, R>4;,S—>5 B)P—>2, Q>3 R—>2; S—>1
C)P>3;, Q—>2 R>4; S—>1 D)P—>3;, Q—>2, R>2;, S—>5
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Q.16

Q.17

A light ray is incident on the surface of a sphere of refractive index n at an angle of incidence 6.
The ray partially refracts into the sphere with angle of refraction ¢y and then partly reflects from
the back surface. The reflected ray then emerges out of the sphere after a partial refraction. The
total angle of deviation of the emergent ray with respect to the incident ray is a. Match the
quantities mentioned in List-1 with their values in List-Il and choose the correct option.

List-l List-Il

(P)  Ifn=2and o= 180° then all the possible (1) 30°and 0°

values of 6, will be
Q) If n=+3and o = 180°, then all the possible (2) 60°and 0°

values of 6, will be
(R) If n=+/3 and o = 180°, then all the possible (3) 45° and 0°

values of ¢y will be
(S)  If n=+/2and 6, = 45°, then all the possible (4)  150°

values of a will be

5) 0°
A P->5Q>2 R>1,S—>4 B)P—>5 Q—>1, R—->2, S>4
C)P>3;,Q—>2 R>1, S—>4 D)P—->3;, Q—>1, R>2, S>5

The circuit shown in the figure contains an inductor L, a capacitor Cy, a resistor Ry and an ideal
battery. The circuit also contains two keys Ky and K. Initially, both the keys are open and there is
no charge on the capacitor. At an instant, key K is closed and immediately after this the current
in Rq is found to be I4. After a long time, the current attains a steady state value |,. Thereafter, K,
is closed and simultaneously K, is opened and the voltage across C, oscillates with amplitude Vg
and angular frequency oy

K, Co =10 pF

hirg. |1
H
LIDILIN
L=25mH
R, =50 \ Ky
|4
Il
20V
Match the quantities mentioned in List-l with their values in List-Il and choose the correct option.
List-l List-ll
(P) The value of I in Ampere is (M 0
Q) The value of l,in Ampere is 2 2
(R) The value of wy in kilo-radians/s 3) 4
(S) The value of Vy in Volt is 4) 20
(5) 200

AP->1Q>3;R>2,S>5 B)P>1,Q—>2,R—>3;S—>5
C)P>1,Q>3;R>2 S—>4 D)P>2Q—>5R—>3S->4
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Chemistry

SECTION 1 (Maximum Marks: 12)

e  This section contains FOUR (04) questions.

e Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct
answer.

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

e  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.

*Q.1 A closed vessel contains 10 g of an ideal gas X at 300 K, which exerts 2 atm pressure. At the
same temperature, 80 g of another ideal gas Y is added to it and the pressure becomes 6 atm.
The ratio of root mean square velocities of X and Y at 300 K is
(A) 242:3 (B) 242 :1
(C)1:2 (D) 2:1

Q.2 At room temperature, disproportionation of an aqueous solution of in siftu generated nitrous acid
(HNO,) gives the species
(A) H;0", NOs~ and NO (B) H30", NO5™ and NO,
(C) H30+, NO™ and N02 (D) H30+, NO3_ and Nzo

Q.3 Aspartame, an artificial sweetener, is a dipeptide aspartyl phenylalanine methyl ester. The
structure of aspartame is

Structure of phenylalanine and aspartic acid are given below.

0
Ph
HO
OH
H,N OH
H,N
0
0

| Phenylalanine Aspartic acid ]
A) HO 0] B O
® HO 0 Ph (B)
/E\/U\ OMe HO H O
H,oN N |
| N
O “—pn
(C) Ph (D) O

O

|
N\)k MeO H 0
o o 'L\)k
OH H,N : OH

o
O:<““m
o
pe
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Q.4

Among the following options, select the option in which each complex in Set-l shows geometrical
isomerism and the two complexes in Set-ll are ionization isomers of each other.
[en = H2NCH2CH2NH2]
(A) Set —I: [Ni(CO),] and [PdCIx(PPhz),]
Set - II: [CO(NH3)5C|]SO4 and [CO(NH3)5(SO4)]C|
(B) Set-1I: [CO(en)(NH3)2C|2] and [PdClz(PPh3)2]
Set — II: [Co(NH3)6][Cr(CN)e] and [Cr(NH3)s[Co(CN)g]
(C) Set — I: [Co(NH3)3(NO,);] and [Co(en),Cly]
Set - II: [CO(NH3)5C|]SO4 and [CO(NH3)5(SO4)]C|
(D) Set — I: [Cr(NH3)sCI]Cl, and [Co(en)(NH3).Cl.]
Set — II: [Cr(H,0)s]Cl3 and [Cr(H,0)sCIICl,.H,O

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 unanswered;

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

choosing ONLY (A

choosing ONLY (A

choosing ONLY (B

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

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

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

, (B) and (D) will get +4 marks;
and (B) will get +2 marks;
and (D) will get +2marks;
and (D) will get +2 marks;

~ o

*Q5.

Among the following, the correct statement(s) for electrons in an atom is(are)

(A) Uncertainty principle rules out the existence of definite paths for electrons.

(B) The energy of an electrons in 2s orbital of an atom is lower than the energy of an electron
that is infinitely far away from the nucleus.

(C) According to Bohr's model, the most negative energy value for an electron is given by n = 1,
which corresponds to the most stable orbit.

(D) According to Bohr's model, the magnitude of velocity of electrons increases with increase in
values of n.
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Q.6 Reaction of iso-propylbenzene with O, followed by the treatment with H;O™ forms phenol and a by
product P. Reaction of P with 3 equivalents of Cl, gives compound Q. Treatement of Q with
Ca(OH), produces compound R and calcium salt S.

The correct statement(s) regarding P, Q, R and S is(are)
(A) Reaction of P with R in the presence of KOH followed by acidification gives
HO)<CCI3
HsC™ e,
(B) Reaction of R with O, in the presence of light gives phosgene gas
(C) Q reacts with aqueous NaOH to produce Cl;CCH,OH and Cl;CCOONa
(D) S on heating gives P
*Q7. The option(s) in which at least three molecules follow Octet Rule is(are)
( ) COz, C2H4, NO and HCI (B) NOz, 03, HCI and H2804
(C) BC|3, NO, N02 and H2804 (D) COz, BC|3, 03 and C2H4
SECTION 3 (Maximum Marks: 24)
e This section contains SIX (06) questions.
e The answer to each question is a NON-NEGATIVE INTEGER.
e 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.
e 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 In all other cases.
*Q8. Consider the following volume - temperature (V — T) diagram for the expansion of
5 moles of an ideal monoatomic gas.
A
Y y4
T 20
V(L
L) 40
335 415
T(K)—
Consider only P — V work is involved, the total change in enthalpy (in Joule) for the transformation
of state in the sequence X > Y — Zis
[Use the glven data Molar heat capacity of the gas for the given temperature range,
Cv.m=12J K" mol™" and gas constant, R = 8.3 J K" mol™]
*Q.9 Consider the following reaction,

2H, (g)+2NO(g)——N, (g) +2H,0(9)
Which follows the mechanism given below?

2NO(g)é:e1N202 (9) (fast equilibrium)
N,0, (9) +H, (9)—=—>N,0(g) + H,0(9) (slow reaction)
N,0(g) +H, (9)—=—N,(g)+H,0(9g) (fast reaction)

The order of the reaction is
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Q.10 Complete reaction of acetaldehyde with excess formaldehyde, upon heating with

Q.11

conc. NaOH solution, gives P and Q. Compound P does not give Tollen’s test, whereas Q on
acidification gives positive Tollen’s test. Treatment of P with excess cyclohexanone in the
presence of catalytic amount of p-tolunesulfonic acid (PTSA) gives product R.

Sum of the number of methylene groups (-CH,—) and oxygen atoms in R is

Among V(CO)s, Cr(CO)s, Mn(CO)s, Fe(CO)s, [Co(CO)s]*, [Cr(CO)]* and Ir(CO)s, the total
number of species isoelectronic with Ni(CO), is
[Given, atomic number: V = 23, Cr =24, Mn = 25, Fe = 26, Co = 27 Ni = 28, Cu = 29,
Ir=77]

Q.12 In the following reaction sequence, major product P is formed.

H

() ng+’ H3O+
(||) Zn-Hg/HCI
\Q/COZE': (iii) H;0" ,A P
15

Glycerol reacts completely with excess P in the presence of an acid catalyst to form Q. Reaction
of Q with excess NaOH followed by the treatment with CaCl, yields Ca — soap R, quantitatively.
Starting with one mole of Q, the amount of R produced in gram is .

[Given, atomic weight: H=1, C =12, N =14, O = 16, Na = 23, Cl = 35, Ca = 40]

Q. 13 Among the following complexes, the total number of diamagnetic species is

IMn(NH3)e]**, [MnClg]*, [FeFs]>, [CoFg]*, [Fe(NHa)e]** and [Co(en)s]**
[Given, atomic number: Mn = 25, Fe = 26, Co = 27; en = HoNCH,CH,NH,]

SECTION 4 (Maximum Marks: 12)

o This section contains FOUR (04) Matching List Sets.
o Each set has ONE Multiple Choice Question.
. Each set has TWO lists: List-l and List-Il.
o List-l has Four entries (P), (Q), (R) and (S) and List-Il has Five entries (1), (2), (3), (4) and (5).
o FOUR options are given in each Multiple Choice Question based on List-l and List-ll and ONLY ONE of these
four options satisfies the condition asked in the Multiple Choice Question.
. Answer to each question 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.
Q.14 In a conductometric titration, small volume of titrant of higher concentration is added stepwise to a

larger volume of titrate of much lower concentration, and the conductance is measured after each
addition.

The limiting ionic conductivity (AO) values (in mS m? mol™") for different ions in aqueous solutions
are given below:

lons [Ag" [ K Na* H NO; cl SO OH~ CH;COO~

(Ao) 6.2 |74 5.0 35.0 7.2 7.6 16.0 19.9 41

For different combinations of titrates and titrants given in List-l, the graphs of ‘conductance’
versus ‘volume of titrant’ are given in List-Il.
Match each entry List-l with the appropriate entry in List-ll and choose the correct option.
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List-l List-ll

(P) | Titrate: KCI (1)
Titrant: AQNO3;

Conductance —»

Volume of titrant —

(Q) | Titrate: AQNO3 (2) A
Titrant: KCI T
8
s
S
T
s
o
Volume of titrant —» >
(R) | Titrate: NaOH (3) A
Titrant: HCI T
]
s
(2]
>
k-]
g \/
(8}
Volume of titrant — -
(S) | Titrate: NaOH (4) J

Titrant: CH;COOH

Conductance —»

Volume of titrant —

G

Conductance —»

Volume of titrant —»
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*Q.15 Based on VSEPR model, match the xenon compounds given in List-l with the corresponding
geometries and the number of lone pairs on xenon given in List-ll and choose the correct option.

Q.16

List-l List-ll
(P) | XeF, (1) | Trigonal bipyramidal and two lone pair of
electrons
(Q) | XeF, (2) | Tetrahedral and one lone pair of electrons
(R) | XeO;3 (3) | Octahedral and two lone pair of electrons
(S) | XeOs3F, (4) | Trigonal bipyramidal and no lone pair of
electrons
(5) | Trigonal bipyramidal and three lone pair of
electrons

List-l contains various reaction sequence and List-ll contains the possible products. Match each
entry in List-1 with the appropriate entry in List-ll and choose the correct option.

List-I List-ll
(P) s o (1) HO}
(iii) ethylene glycol, PTSA CH3
(iv) (a) BH3, (b) H,O,, NaOH
(v) H;0"
(vi) NaBH,
OH
Q) CH, (i) 0, Zn (@) OH
(ii) ag. NaOH, A
(iii) ethylene glycol, PTSA
(iv) (@) BH3, (b) H0,, NaOH
gxl))'—ljlsa%HA CH3
HO
R| © @) on
&/CH3 (i) ethylene glycol, PTSA
(ii)(a) Hg(OAc)Z, H,0, (b) NaBH, OH
(iii) H;0"
(iv) NaBH,
(S) O (4) | HO
CH;
CH3 (i) ethylene glycol, PTSA
(ii) (a) BHs, (b) H,0,, NaOH OH
(iii) H;0"
(iv) NaBH,
(5) H3C
<:ﬁ\OH
OH
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Q.17 List-l contains various reaction sequence and List-ll contains different phenolic compounds.
Match each entry in List-l with the appropriate entry in List-ll and choose the correct option.

List-l List-Il
(P) SO;H (1) OH
@ (i) molten NaOH, H;O* /@\
(i) Conc. HNO,
O,N NO,
Q) NO, (2) OH
(i) conc. HNOg /conc. H,SO, <>/N02
[ j (it) sn/Hel
(iii) NaNO, /HCI, 0-5° C
(iv) HO
(v) conc. HNO, /conc. H,SO,,
NO,
(R) OH (3) OH
O,N NO,
(i) conc. H,SO,
(i) conc. HNO,
(iii) H;0 A
OH
NO,
(S) Me (4) OH
@ (i) (@) KMnO4 /KOH, A, (b) Hy0* @iNOZ
(i) conc. HNO, /conc. H,SO,4, A
(iif) (a) SOC,, (b) NH,
(iv) Bry, NaOH .
g:i))Nngoz/HcLofs c OH
(5) OH
O,N NO,
OH
NO,
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FIITJEE JEE (ADVANCED) - 2024

13.
17.

13.
17.

13.
17.

A,C,D
20
42

A B, C
12
18

10.
14.

10.
14.

10.
14.

(PAPER-1)
ANSWER KEY

Mathematics
Cc 3. B . A
B,C,D 7. A,B,C,D 8. 8
16 11. 665 12. 5
Cc 15. Cc 16. Cc

Physics

A 3. B 4. Cc
A,C,D 7. A B 8. 25000
8 11. 200 12. 3
B 15. Cc 16. A
Chemistry
A 3. B 4. Cc
A,B,D 7. A, D 8. 8120
18 11. 1 12. 909
Cc 15. B 16. A
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HINTS AND SOLUTIONS

[]
Mathematics
10 _ 10
1. im T =X 4 ging LA, Rule)
tox tg _Xg
_f(x)10t° —x"0 (1)
lim =1
t—ox gt8
f(x)x10x° = x'%-f'(x)
= 3 =1
9x
= x*f'(x) — 10x f(x) = -9 = f'(x)—mf(x) = —%
X X
_19 1
Integrating factor e * * = = —
X
fO) _r 9 14 fx) 9
=S e s S e
wf1)=2=> 2=g+c = c=E
11 11
s f(x) =4 1310
11x 11
2. Consider A : student's answer is correct

E+ : He knows the answer.
E, : He guesses the answer.
P(A/E,) = % P(A/Eq) =1

Let P(E1)=1-x= P(E;) =x

. 1 P(Ez)P(A/Ez)
Given, P(Ex/A) = — =
6 P(E1)P(A/E1)+P(E2)P(A/E2)
w1
6 (1_x)x1+()L 27X
2
2
= X==
7
5
P(req.) = =
= P(req.) =
3 cotx—_—5 XE(ETCJZ>COSX—_—5
' J11 2’ 6
= sin5=ﬂandcosi= L

2 23 2 23

Now, (sin%)(sin 6Xx —cos6x) + (cos%)(sin 6X + cos 6x)

= Cos§+sin§: @
2 T2 283
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5.

Let T be (3cosb, 2sin0)
= Ar(AORT) = %x3 x|2sin6| =

0,2)
= |sinf| = 1 /
2 !

o5
2
Also q =2 = S(p, 2)
T:&_l_

6 4
S(p,2)|iesonit:>@—g=1

6 4

3,6

2 3
p=3V3

= p=3J3,q=2

(A) T,UT, =0L+B\/§ where a, B € N
So, ZUT,UT, =S
(B) For some very large N

T, liesin (0,—1 j
2024
(C) For some large N T,> 2024
(D) cos(n(a +b\/§))+ isin(n(a +b\/§)) eZ onlyifb=0.
ax® + 2bxy + ¢y’ > 0
a,c>0 ,b°<ac

(A) (2,%,6) € Sis incorrect
(B) (B,b,%,Gj € S then |2b] < 1

b2<%:>|2b|<1

(C) ax +by =1
bx + cy = -1
A=ac-b*#0

unique solution.
(D) @+ 1)x+by=0
bx+(c+1)y=0
a+1 b
b (c+1)
=(a+1)(c+1)-b
—at-b’+a+c+1>0
hence unique solution.

T(3cos6, 2sin6)

Here, locus of S=6x + 8z = 105 i.e. a plane and locus of T = 6x + 8z = 5i.e. a plane.

Also, distance between these two planes = 10 units.
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1
8. 323\/§,b=m
85/4=§
2

2x -y = —Iog(51,6\/€) /1080 = -3

= 6x+4y=5—>(1)
2x—-y=-3 > (2)

Now, subtract (2) from (1)
4x + 5y =8

33X+ 2y = Iogm1

9. 4x% + 3ax + 2b = 4(x° + 3)
= a=0;b=6
fix)=x*+6x"+c
f1)=7+c=-9 = c=-16
= f(x) =x*+ 6x° — 16 = (x* + 8) (x* - 2)
= x= 122 +/2

= |0L1|2 +|(12|2 +|OL3|2 +|oc4|2 = 20.

10. |A| = (e —d)+c(b-a)
Now for |A| = 1 or —1

Case : 1

e—-d=1or-1c(b-a)=0 (c=0,b-a=10r-1—-(2)
(c=1,b-a=0->(2)
(c=0,b-a=0-(2)

2x(2+2+2)=12

Case: 2

e-d=0 c(b-a)=1or-1

= e=d c=1,b-a=1o0or-1

2x2=4

Total possibility = 12 + 4 = 16

11.  Case-1: S;isinteam X and Syisinteam Y, 'C,x °C, x “C, =105
Case-2: S, is in team X but Sy is notinteam Y, "C, x °C, x °C, =140
Case-3: S, is not in team X but S;isinteam Y, C, x °C, x 3C, =210
Case-4: S, is not in team X and Sy is notin team Y, ’C, x °C, x 2C, =210
.. Total ways to form such teams = 105 + 140 + 210 + 210 = 665

12. (OPx0Q)-OR=0

A T
ol

= 1 BT_1 11=0 = a+p=-1

1

1 1 =
2
Also, 3a+33—-2+1/=0
=1[=5
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13.

14.

15.

16.

Let P(x,)=mx;+c,i=0,123,4
4

Y P(x)=1= 2m+c=%

i=0

1 1 1
— = m=——,Cc=—
4 20 10
4 4 2
= a:foP(xi)—(inP(xi)J = —%:2 = 240.= 42
i=0

4
ZXiP(xi)zg = 3m+c=
i=0

i=0

a+tp=-1
(P) Only possible when each row and each column of M is made of 1, o, B. Number of ways for first
row=3x2x1=6.
Number of ways for secondrow =2 x1x1=2
Number of ways for thirdrow=1x1x1=1
Number of such matrices =6 x2x 1 =12
(Q) Each column should be made of 1, a, B.
Since matrix is symmetric, after making column 1, other entries would be fixed by default.
Number of ways = 6
(R) Letap1 =a, a3z =b,as,=c,where{a,b,cteT

0 -a -b
M=la 0 -
b ¢ 0

Then-ay -bz=-a =ay+bz=a
ax—-cz=0 = ax=czandbx+cy=c
fa=b=c,theny+z=1x=z,x+y=1
This has infinite solutions.

(S) Each row is made of {1, a, B}
Also, 1+ a+p=0
Ci — C4 + C, + C3 makes every element of column 1 as '0'. Hence determinant is 0.
OA, :—|2x0—(x| =r

J5

= a=r/5 givena+r=5+\/§

= r(1+45)=5(1+5)

— r=+/5,hencea=5

Now, AB; = 2r= 2\/5

A1(2, 4) and B4(-2, 6) from elimination.

Xx+11 y+21 z+29 = a

1 2 3
x+16  y+11 z+4
3 2 4 P
= a-11=33-16=>a-3p=-5
20-21=2-11=>a-p=5
a=10,p=5
So,y=1
ik
A=[1 2 3|=-4i+8]-4k
3 2 1
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17. We have

g(x)+g(%—xj=1; X€|:O,%:|
af(x)+(d-c)g(x)+cx  ;  x<0

= h(x)=Jaf(x)+b+(d-c)g(x)+cx ; Xe{o,ﬂ

af()+(d-c)g(x)+cx  ;  x >%

0 ; x<0

fora=c=d=0andb=1;h(x)= |1 ; X€|:O,%:|

0 ; X >—
2
as range {0, 1}
b=c=d=0=h(x)=f(x) VxeR
= h(x) is differentiable.
forc=1,a=b=d=0=>h=x-g(x);VxeR
X ; x<0

= h(x)h
fora=1,

= h(x)= |3x-1 ; X€|:0,%:|

1
X ;0 X>—
2
= h(x) is onto
ford=1;a=b=c=0 =>h(x)=g(x) VxeR
= h(x) has range < [0, 1]
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Physics

e%cy’hrc® =k
e“h’c® = ¢
[ ACTO } [ML2T71 }Y [LT71 T _ [ A2nT4nM—nL—3nj|

So, a=2n,y=-n

So, a; = tangential acceleration of bead =
2 2
So, a; ~ kq2[gj= qxs
4mR“\2) 32rg)R°m
2
So, @?=—3 3
32nggmR

a= 20x-10_ ,f 1
5 2

So, x =1+1cos(2t) m
2 2

Att=£sec
4
x=0.5m
v=—1x2=—1m/s
2

So, momentum P = -5 kg-m/s

—— =kr
r
k
v=,—r andL = nfi=mvr
m
2.2
n°h nh mvr
So, r? = o =Nh—— =Nh——
m<v m<v m<v

kq2 sin[

4mR? cos? [

3
9

y
i f
e \ ........ ‘.‘...
............... /3 TC/4
z o X
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So, 1% =nh /i Option (A)
mk

> k5 kK 1 [k .

VS =—r° =—nh =nh, [— Option(B
m m  <mk m?® ®)

— -1 _ = Option(C)

V0=I E

So, there are total 6 nodes

So, L=(2m +1)%

2L=(2n+1)}h—2
4
2m+1 1

(o} =
2n+1 4
So, it is not possible

P (L
f R, R,
1 1 1
-=(1.6-1) ———
f ( )[9 ooj
f1=i=15cm

0.6

1 1

—=(n-=-1| ———
2 ( )[00 gj

-9
° (-
P=2P1+2P2
i_i_Z(n—D
feq 15 9
i 18 -2(n-1)x15
foq 15x9
£ 15x9

" 18_2(n-1)x15
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10.

11.

Image V=R =2f, = 2x15x9

dQ = mSdT
j dQ = j 1KTdT
300
AQ =K j TdT
200
300
AQ = E[TZJ
2 200
AQ =g><(9—4)><104
AQ = 25000 K
n = 25000

Angular momentum about fixed axis remains

constant.

2 1
—mM—a»-mR%w' ——mR%w =0
2 4 2

mR%e

=mR%w’ +%mR2w’

I
Iz = 2cos45°
2

I = g/

I
IB’=%
IAZIA =8
Y

4
fo =240 Hz

V+Uu
fi=| = |f

18 -2(n-1)x15

Ll o

FlITJ€EE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi-110016, Ph 46106000, 26569493, Fax 26513942

website: wwuw.fiitjee.com.



JEE(ADVANCED)-2024-Paper-1-MPC-30

f, = %x 240 = 200Hz.

12. For tank-1

dy .
-A—=2a,/2 N {
it ay (i)
For tank-2
—A%:ang(wH) -..(ii)
From -1
0 ty
dy 2A +h
(Y _af2gfdt = t, - 22N
N R
From-2
0 ty
_I dy =a@jdt: { = 2AVh+H 2AVH
! y+H 0 a@ a\/g
Y g
I:2
13. Conservation of angular momentum about O. Vem

(oo o) R _—

°©
P2 x]=Tmi2o  ...) C L/2 X
2 3

Vem =%wL ... (i)
Conservation of linear momentum
P =mven ... (iii)
P 3|3 3L 1
— =—| —{P| —+Xx |}—
m 2{7{ (2 j}mL}

9
14L=E(3L+2x)
=L=18x
x=1/18

4. (P) JK= AWy = PAV = nRAT = 1.R(3T, - To) = 2RT,
LM = AW,y = PAV = nRAT = 1.R(T, - 3Tg) = -2RT,

KL = AWy = nRT/n| o= | = R3T,¢n| 20 | = 3R, /2
P 2P,

MJ = AWy, = nRT/n {i] =RTy¢n {ﬁ] =RTy/n2
P, P,

f 0
Total work done

AW = -2RTy/n2

(Q) AU, =nCyAT =1 %R(3T0 ~T,)=23RT,
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15.

16.

(R) AQKL = AWKL + AUKL= AWKL +0= —3RT0£n2
(S) AUMJ = nCVAT =0

P . [ )
S, |1 S,
Co Co Co
Q) . .
S S,
Co Co
(R) . .
S1 S3
Co Co
|
|
Co
(S) S1 SZ
S S,
Co
SB 82
Co
SS S4
Co
(P) sin 6 = 2 sin ¢ ()
Bp— o+ 6p— o+ 180 — 29 = ...(ii)
When, o = 180
290 - 4¢0 =0
60 = 2¢0

sin 2¢p = 2 sin ¢
2 sindp COS o = 2 sindy
cos ¢p =1
do =0, hence 6,=0
(Q) sinbg = \/§sin¢0
J3
cos¢g = >
¢0 = 30°
60 =60°
Hence, possible value of 6 is zero and 60°

(R) ¢o= 0 and 30°
(S) sin 0 = ~/2sind,

1
sing, =—, ¢g = 30°
do > do

Cs133 = gco

CS132 = 3CO

(given 6y = 45°)

Hence, o = 180 + 26, — 4¢ = 180° + 90° — 120° = 150°
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17.

(P)Att=0,1,=0
2 |
(Q)Att > o0, l= =—==4 amp
S R0=5Q§
1

(R) ap = —— =
" JIC  25x10°x10x10°

L=25mH

20V

«

__1 — =2x10° = 2kilo-rad/sec
5%x10
1,0, 1 2
(S) ELIZ =ECV0

L
-3
= Eiiﬂl— 4=5x10x4
V10x107®

Vo = 200 volts
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Chemistry

2><V=£><R><T (1)
MX
4><V=&><R><T (2)
My
_80xM,
M, x10
M, _1
M 4

3HNO, ——>2NO +HNO, +H,0

The structure of ASPARTAME (an artificial structure) is:
O

I I I
HO—C—CHZ—CliH—C—NH—C|)H—C—OCH3

NH, CH,
Set - |
[ Co(NH,), (NO,), |
[ HsN ] i HsN ]
HaN /N02 HaN NO,
Co\ /Co\
HaN NO, O,N NO,
i NO, ] B NH; |
. (fac) (mer)

(pair of geometrical isomers)
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[Co(en)2 CIZ}

O =—
[ 2E—

| (\NHz
NH,—
NH, 2 NH, /CI
Co \Co\
NF, NH—™— N2 \ “
ol NH,
. (Trans) (cis)

(geometrical is:)mers)
[CO(NH3 )s CIJSO4 and [CO(NH3 )s (SO, )]CI are ionization isomers.

5. (A) uncertainty principle rules — out the existence of definite paths for an electron due to wave

nature of electron.
2

z
(B) Energy o 3

So, E,, <E,
13.6x2Z°
Ve
fn=1

E = —(13.6 x Z°) eV is most negative value and therefore most stable.
(D) V = 2.186x10° x =
So, (D) is wrong. "
6. CH3 CH3
H,C— CH H,C— C O—OH

O~ O =0

(Cumene hydroperoxide)

i i ﬁ
,(3eqv Ca(0l ,
H,C—C—CHj me—c—c\—m LN HsC—C—0 ) Ca +CHCl,

cl R
Q) (S) (R)
(A) H3C\ H,C OH
C=0 + CHcl, o Cl
/ c—
H,C O

(Chlorotone)
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(B) 1 .
CHCI, + 502 (air)—— COCI, +HClI

(phosgene)

(C) O ¢l ﬁ
H3C_C_C\_C| LOH)H3C_C_ON3 + CHC|3
Cl
So, (C) is wrong.
(D) ﬁ
H3C—C—O\ i
Ca—— Hy,C—C—CHj +CaCO,y
H3C—ﬁ—0 (P)
O (s)
(0]
H H
CH
e \ / . 2 F
0=C=0; C=C_ iiN=0:H—Cl ;.N7 ; //o\ s HO—Q—O—H;
H H CH O ||
4 (@]

Only CO;, C;H4, H — Cl and O; follows octet rule.

Since X — Y is an isothermal process (dT = 0).
So, AH, , =nC_ dT =6

Y — Zis isochoric.
AUy_,Z =nC,, dT =5x12x (41 5- 335)

AUy, = 4800 J
AH, . = AU, + A(PV)
= AUy, + NRAT = 4800 + 5 x 8.3 x 80 = 8120 J

Net reaction:
2H, (g)+2NO(g)——N,(g)+2H,0(g)

(i) 2NO(g)=r=N,0,(g) (fast)
i _[NO,] ()

kK, [NOf
(i) N,0,(g)+H,(9)—=—>N,0(g)+H,0(g) (slow reaction)
r =k, [N,0,][H,]

=k, x:—1(NO)2 x(H,)
1
=2 NO) (H,)
1
So, order of reaction = 3.
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10. OH —OH 0
0 O | o
|| )k Conc. + H_C_O

H,C—C—H + Excess H H NaoH
HO—  OH Q)
(P)
(0]
H,0"
,PTSA
Excess HCOOH

give Tollen's test
X
oY,
(R)
The number of CH, group in R= 14

The number of O atom in R =4
Total =18

11.  Ni(CO), =84

V(CO), =107
Cr(CO), =94
Mn(CO), =95
Fe(CO), =96

Ir(CO), =119
12, H—C==C~——(CH,);5——COOEt
l (i)Hg™, H,0"

O:(ll—(CH2)15—COOEt

CH,
lZn(Hg) /HCI

H3C_(CH2)16_COOEt

l H,0", A

H3C_(CH2)16_COOH

(P)
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H,C—(CH.,) coo
CH,OH 3 2/16

Excess P+ CHOH W H3C—(CH;)16—COO0

CH,OH H3C—(CH3)4—COO0

Q —2%4#* [ CH, -(CH,),, ~CO0| Ca
1mole Q——3mole CH, —(CH, ), -COO"
2CH, - (CH,),, ~COO" +Ca"* ——(CH, - (CH,),,C0O0) Ca

(R)

Mole of R=1.5
Wt. of R=1.5 x 606
Wt. of R =909

+3

13. 1. [Mn(NHa)G] , n=2, Paramagnetic

2. [MnCl,]?, n=4, Paramagnetic
3. [FeFG]'3, n=>5, Paramagnetic
4. [CoFG]'3, n=4, Paramagnetic
+3 .
5. [Fe(NH3 )6] , n=1 Paramagnetic
6. [Co(en)ar, n=0, Diamagnetic
14. (P) —> (3) A
3
§
S
©
5 \/
(&]
Volume of titrant — >
Q) — (4) A

Conductance —»

-

Volume of titrant —»
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(R) = (2) T“
8
s
S
S
s
(8]

Volume of titrant — >

(S) — (5) A
8
s
S
°
c
o
(&)

Volume of titrant —

15. F
XeF, ‘ @
S
F
XeF, E F
>Xe/
F G\F
XeO4
Xe
7 o
XeO4F, F
O
o
o
F
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16.

<|3| 0 0
o agtag g
No OH

(V)

o A

Q)
oH, ]
L) \O L m
0
(iv)
OH
" %C(ﬂ
(@ OH
(R)

0
O @) @) @)
O %Q%&%Q
OH OH (1) oH

SO4H
00— ﬁ@j
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+ -
Q) NO, NO, NH, N5 ClI
NO, NH, Nb CI™
OH OH
O,N NO,
<—
OH OH
NO,
(S)
(R) OH OH OH OH
HO,4S HO,4S NO, NO,
_ _ _
OH OH OH OH
(4)
SO4H SO4H
(S) Me COOH COOH CONH,
%© . .
O,N NO, O,N NO,
+ -
OH N3 Cl NH,
O,N NO, O,N NO, O,N NO,
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Note: For the benefit of the students, specially the aspiring ones, the question of JEE(advanced),
2024 are also given in this booklet. Keeping the interest of students studying in class XI,
the questions based on topics from class XlI have been marked with “*, which can be
attempted as a test. For this test the time allocated in Mathematics, Physics and Chemistry
are 30 minutes, 20 minutes and 25 minutes respectively.

FIITJEE

SOLUTIONS TO JEE (ADVANCED) - 2024
(PAPER-2)
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Mathematics

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.

*Q.1

Q.2

Q.3

Q.4

Considering only the principal values of the inverse trigonometric functions, the value of

o (3 (3

7 -7
(A) 22 (B) 22
-5 5
©) 24 (D) 24

Let S:{(x,y)eRxR:xzo,yzo, y? < 4x, y? s12—2xand3y+ﬁxs5xﬁ}. If the area of the
region S is a\ﬁ, then o is equal to

17 17
A) — B) —
(A) > (B) 3
17 17
C) — D) —
©) 2 (D) =
2
Letk € R.If lim (sin(sinkx)+cosx +x)x =e®, then the value of k is
x—0"
(A) 1 (B) 2
© 3 (D) 4
Letf: R — R be a function defined by
£(x) = x? sin(x—nzj D ifx=0
0 ; ifx=0

Then which of the following statements is TRUE?

(A) f(x) = 0 has infinitely many solutions in the interval {—1;'10 , ooj

(B) f(x) = 0 has no solutions in the interval {l oo]
T

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

(D) f(x) = 0 has more than 25 solutions in the interval [iz EJ
m T
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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).

o 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 :  +3If 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 unanswered;

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 +2marks;

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

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option(s) (i.e. the question is unanswered) will get 0 marks and
choosing any other option(s) will get -2 marks.

Q.5 Let S be the set of all (o, B) € R x R such that

sin(x?)(log, x)* sin[lzj
lim X2=0
== x% (log, (1+ %))’

Then which of the following is(are) correct ?

(A) (-1,3)e S (B) (-1,1) e S
©) (1, -1 esS D) (1,-2) e S
Q.6 A straight line drawn from the point P(1, 3, 2), parallel to the line X12 = y;4 = 216 intersects

the 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)
4 14 Ej

(C) The centroid of the triangle PQR is (5 33

(D) The perimeter of the triangle PQR is J2 +6 +11
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*Q.7

Let A4, B4, C; be three points in the xy-plane. Suppose that the lines A;C; and B,C; are tangents
to the curve y* = 8x at A; 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 OA; is a3

(B) The length of the line segment A;B; is 16

(C) The orthocenter of the triangle A;B,C; is (0, 0)

(D) The orthocenter of the triangle A;B,C; is (1, 0)

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 In all other cases

Q.8

Q.9

Q.10

Q.11

*Q.12

Letf: R —» R be a function such that f(x +y) = f(x) + f(y) forallx,y € R,andg: R — (0, «) be
a function such that g(x + y) = g(X)g(y) forall x, y € R. If f(%gj =12 and g(%lj =2, then the

value of [f(%j+g(—2)—8}g(0) is

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

P(W,NG,NB;) = 5£N and the conditional probability P(B; | W, NG,) :g , then N equals

Let the functionf: R — R be defined by
£(x) = SinX (22 4 2024x+2025) 2 (x*° +2024x +2025)
e™ (x2—x+3) e™ (x2-—x+3) '
Then the number of solutions of f(x) =0in Ris

Let p=2i+j+3k and G=1i—]+K. If for some real numbers o, B, and y, we have
15i +10j + 6k = a(2p +G) +B(P—25) +y(P* ),
then the value of y is

A normal with slope % is drawn from the point (0, —a) to the parabola x* = —4ay, where a > 0.
Let 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 A and B. Let r denote the length of the latus rectum and s
denote the square of the length of the line segment AB. If r : s = 1 : 16, then the value of 24a is
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Q.13 Letthe function f: [1, ) —> R be defined by
(-2 : ift=2n-1neN

=@y (t-(zn-2)
2

f(2n-1 + f(2n+1) : if2n-1<t<2n+lneN

Define g(x) = jf(t)dt , X € (1, ). Let o denote the number of solutions of the equation g(x) = 0 in
1
. . g(x) .
the interval (1, 8] and B = lim =— . Then the value of a + B is equal to

x->t X —1

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.

. If 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 : 01In all other cases.
PARAGRAPH “I”

LetS={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:

i. R has exactly 6 elements.
. For each (a, b) € R, we have |[a—b| > 2.

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

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

Q.14  If n(X) = "Cg, then the value of m is

S ————————
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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:

i. R has exactly 6 elements.
. 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 : Ris a function from S to S}.
Let n(A) denote the number of elements in a set A.

(There are two questions based on PARAGRAPH “1”, the question given below is one of them)

Q.15 If the value of n(Y) + n(2) is k?, then k| is

PARAGRAPH “II”

Let f:[o, g} —[0,1] be the function defined by f(x) = sin* x and let g: [O, g} —[0,) be the function

defined by g = fn—zx—xz .

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

T T

2 2
Q.16  The value of ZIf(x)g(x)dx—jg(x)dx is
0 0

PARAGRAPH “II”

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

defined by g(x) = 4f%x—xz .

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

T

2
Q.17 The value of %J.f(x)g(x)dx is
T o

S ————————
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Physics

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.

Q.1

A region in the form of an equilateral triangle (in x-y plane) of height L has a uniform magnetic
field B pointing in the +z -direction. A conducting loop PQR , in the form of an equilateral triangle
of the same height L, is placed in the x-y plane with its vertex P at x =0 in the orientation
shown in the figure. At t =0, the loop starts entering the region of the magnetic field with a
uniform velocity valong the +x-direction. The plane of the loop and its orientation remain
unchanged throughout its motion.

Q

[

(A) E (B) E

0,0 %fg L/ x 0,0 sz % 2L
\/3 L2 v /312
(©) E (D) E
x

0.0 f

L/2 L 3Lp2 :
: J 3172
1
1

- 0,0p—"
2L \
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*Q.2

Q.3

Q.4

A particle of mass m is under the influence of the gravitational field of a body of mass M(>> m) .
The particle is moving in a circular orbit of radius ry, with time period Ty around the mass M.
Then, the patrticle is subjected to an additional central force, corresponding to the potential energy
V(r) = ma/r®, where a is a positive constant of suitable dimensions and r is the distance from
the center of the orbit. If the particle moves in the same circular orbit of radius r, in the combined

gravitational potential due to M and V(r) , but with a new time period T, , then (T} -TZ /T is

given by
[G is the gravitational constant.]
3a a
A B) ——
® GMr? B) 2GMr;
a 2
C) — D) ——
(©) GMr? () GMr;

A metal target with atomic number Z=46 is bombarded with a high energy electron beam. The
emission of X-rays from the target is analyzed. The ratio r of the wavelengths of the K, -line and
the cut-off is found to be r =2 . If the same electron beam bombards another metal target with
Z = 41 , the value of r will be

(A) 2.53 (B) 1.27

(C)2.24 (D) 1.58

A thin stiff insulated metal wire is bent into a circular loop with its two ends extending tangentially
from the same point of the loop. The wire loop has mass m and radius r and it is in a uniform
vertical magnetic field By , as shown in the figure. Initially, it hangs vertically downwards, because
of acceleration due to gravity g, on two conducting supports at P and Q . When a current 1 is
passed through the loop, the loop turns about the line PQ by an angle 6 given by

\J \J

£ By

m

. pr
(A) tan 6 = wrIBy/(mQ) (B) tan 8 = 2nrIBy/(mQ)
(C) tan 6 = nrIBy/(2mQ) (D) tan 6 = mg/(nrlBy)
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SECTION 2 (Maximum Marks: 12)

e This section contains THREE (03) questions.

e Fach question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four
option(s) is (are) correct answer(s).

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

e 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 unanswered;
Negative Marks : —2 In all other cases.

e Forexample, 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 42 marks;
choosing ONLY (A) and (D) will get +2marks;
choosing ONLY (B) and (D) will get +2 marks;
choosing ONLY (A) will get +1 mark;
choosing ONLY (B) will get +1 mark;
choosing ONLY (D) will get +1 mark;
choosing no option(s) (i.e. the question is unanswered) will get 0 marks and
choosing any other option(s) will get —2 marks.

Q.5 A small electric dipole p,, having a moment of inertia | about its center, is kept at a distance r

from the center of a spherical shell of radius R. The surface charge density ¢ is uniformly
distributed on the spherical shell. The dipole is initially oriented at a small angle 8 as shown in the
figure. While staying at a distance r, the dipole is free to rotate about its center.

L0

/%:n

If released from rest, then which of the following statement(s) is(are) correct?
[eo is the permittivity of free space.]
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*Q.6

Q.7

(A) The dipole will undergo small oscillations at any finite value of r.
(B) The dipole will undergo small oscillations at any finite value of r > R .

(C) The dipole will undergo small oscillations with an angular frequency of ZG—F:O atr=2R.
80

(D) The dipole will undergo small oscillations with an angular frequency 18—80 I atr=10R.
0

A table tennis ball has radius (3/2) x 10°m and mass (22/7) x 10°kg . It is slowly pushed down
into a swimming pool to a depth of d = 0.7m below the water surface and then released from
rest. It emerges from the water surface at speed v, without getting wet, and rises up to a height
H . Which of the following option(s) is(are) correct?

[Given: T = 22/7,g = 10ms ™2, density of water = 1 x 10°kgm ™, viscosity of water = 1 x 10°Pa-s.]

(A) The work done in pushing the ball to the depth d is 0.077J .

(B) If we neglect the viscous force in water, then the speed v = 7m/s .

(C) If we neglect the viscous force in water, then the height H=1.4m .

(D) The ratio of the magnitudes of the net force excluding the viscous force to the maximum
viscous force in water is 500/9.

A positive, singly ionized atom of mass number Ay, is accelerated from rest by the voltage 192V .
Thereafter, it enters a rectangular region of width w with magnetic field BO =0.1k Tesla, as
shown in the figure. The ion finally hits a detector at the distance x below its starting trajectory.
[Given: Mass of neutron/proton = (5/3) x 10_27kg , charge of the electron = 1.6 x 107'°C ]

lon I
.ll..l;.

-.II- I

3]
Aﬁ
I
|
! I
I-I—i;d
i

Detector

Which of the following option(s) is(are) correct?
(A) The value of x for H" ionis 4 cm .
B) The value of x for an ion with Ay, = 144 is 48cm .

(

(C) For detecting ions with 1 < Ay, £ 196 , the minimum height (x; — Xo) of the detector is 55cm .

(D) The minimum width w of the region of the magnetic field for detecting ions with Ay, = 196 is
56cm .
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SECTION 3 (Maximum Marks: 24)

e This section contains SIX (06) questions.

e The answer to each question is a NON-NEGATIVE INTEGER.

e 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.

e 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 Inallother cases.

Q.8 The dimensions of a cone are measured using a scale with a least count of 2mm . The diameter
of the base and the height are both measured to be 20.0cm . The maximum percentage error in
the determination of the volume is -

*Q.9 A ball is thrown from the location (Xq, Yo) = (0, 0) of a horizontal playground with an initial speed
Vo at an angle 6, from the +x-direction. The ball is to be hit by a stone, which is thrown at the
same time from the location (x4, y1) = (L, 0) . The stone is thrown at an angle (180 —8;) from the
+x -direction with a suitable initial speed. For a fixed v, , when (8, 8;) = (45°, 45%) , the stone hits
the ball after time T, , and when (8q, 8;) = (600, 300) , it hits the ball after time T, . In such a case,
(TT2)?is

Q.10 A charge is kept at the central point P of a cylindrical region. The two edges subtend a half-angle
0 at P, as shown in the figure. When 0 = 30°, then the electric flux through the curved surface
of the cylinderis ® . If 8 = 60°, then the electric flux through the curved surface becomes A

N

where the value of n is
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Q.11 Two equilateral-triangular prisms P, and P, are kept with their sides parallel to each other, in
vacuum, as shown in the figure. A light ray enters prism P, at an angle of incidence 0 such that

the outgoing ray undergoes minimum deviation in prism_P,. If the respective refractive indices of
3 sin’t 3 sin| Z
P, and P, are \/; and V3, then 6 = 2 E , where the value of B is

Q.12  An infinitely long thin wire, having a uniform charge density per unit length of 5nC/m , is passing
through a spherical shell of radius 1m, as shown in the figure. A 10nC charge is distributed
uniformly over the spherical shell. If the configuration of the charges remains static, the
magnitude of the potential difference between points P and R, in Volt, is

[Given: In Sl units

=9x10%In2=0.7. Ignore the area pierced by the wire.]
TE,

)

*Q.13 A spherical soap bubble inside an air chamber at pressure P, = 10° Pa has a certain radius so
that the excess pressure inside the bubble is AP = 144Pa. Now, the chamber pressure is
reduced to 8Py/27 so that the bubble radius and its excess pressure change. In this process, all
the temperatures remain unchanged. Assume air to be an ideal gas and the excess pressure AP

in both the cases to be much smaller than the chamber pressure. The new excess pressure AP
in Pa is
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SECTION 4 (Maximum Marks: 12)

e This section contains TWO (02) paragraphs.

e Based on each paragraph, there are TWO (02) questions.

e The answer to each question is a NUMERICAL VALUE.

e 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.

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

e 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 |

In a Young's double slit experiment, each of the two slits A and B, as shown in the figure, are oscillating
about their fixed center and with a mean separation of 0.8mm . The distance between the slits at time t is
given by d = (0.8 + 0.04 sin wt)mm , where w = 0.08rads™" . The distance of the screen from the slits is

0
1m and the wavelength of the light used to illuminate the slits is 6000 A . The interference pattern on
the screen changes with time, while the central bright fringe (zeroth fringe) remains fixed at point O.

——————————————— 0

I m

Q.14 The g™ bright fringe above the point O oscillates with time between two extreme positions. The
separation between these two extreme positions, in micrometer (um), is

PARAGRAPH |

In a Young's double slit experiment, each of the two slits A and B, as shown in the figure, are oscillating
about their fixed center and with a mean separation of 0.8mm . The distance between the slits at time t is
given by d = (0.8 + 0.04 sin wt)mm , where w = 0.08rads™" . The distance of the screen from the slits is

0
1m and the wavelength of the light used to illuminate the slits is 6000 A . The interference pattern on
the screen changes with time, while the central bright fringe (zeroth fringe) remains fixed at point O.
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——————————————— 0

I m

Q.15  The maximum speed in ym/s at which the g™ bright fringe will move is

PARAGRAPH II

Two particles, 1 and 2, each of mass m, are connected by a massless spring, and are on a horizontal
frictionless plane, as shown in the figure. Initially, the two particles, with their center of mass at xo, are
oscillating with amplitude a and angular frequency w . Thus, their positions at time t are given by
X1(t) = (Xo +d) +asinwt and x,(t) = (xo —d) — asin wt, respectively, where d > 2a . Particle 3 of mass m
moves towards this system with speed u, = aw/2, and undergoes instantaneous elastic collision with
particle 2, at time ty . Finally, particles 1 and 2 acquire a center of mass speed v, and oscillate with
amplitude b and the same angular frequency w .

*Q.16 If the collision occurs at time ty = 0, the value of v ,/(aw) will be

PARAGRAPH II

Two particles, 1 and 2, each of mass m, are connected by a massless spring, and are on a horizontal
frictionless plane, as shown in the figure. Initially, the two particles, with their center of mass at xo, are
oscillating with amplitude a and angular frequency w . Thus, their positions at time t are given by
X1(t) = (Xo +d) +asinwt and x,(t) = (xo —d) — asin wt, respectively, where d > 2a . Particle 3 of mass m
moves towards this system with speed u, = aw/2, and undergoes instantaneous elastic collision with
particle 2, at time t, . Finally, particles 1 and 2 acquire a center of mass speed v, and oscillate with
amplitude b and the same angular frequency w .

*Q.17  If the collision occurs at time t, = T/(2w) , then the value of 4b%a’ will be
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Chemistry

SECTION 1 (Maximum Marks: 12)
e This section contains FOUR (04) questions.
e Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the
e correct answer.
e For each question, choose the option corresponding to the correct answer.
e 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.
*Q.1  According to Bohr's model, the highest kinetic energy is associated with the
electron in the
(A) first orbit of H atom (B) first orbit of He"
(C) second orbit of He* (D) second orbit of Li*
Q.2 In a metal deficient oxide sample, M,Y,0, (M and Y are metals), M is present in both +2 and +3
oxidation states and Y is in +3 oxidation state. If the fraction of M** ions present in M is % the
value of X is .
(A) 0.25 (B) 0.33
(C) 0.67 (D) 0.75
Q.3 Inthe following reaction sequence, the major product Q is
i) HI, Cl, (excess
L —Glucose ii)Crz)Ol_au, 7A75 K, P (uv ) Q
10-20 atm
Cl Cl
Cl Cl Cl Cl
(A) (B)
Cl Cl
Cl Cl
Cl Cl
Cl Cl
©) (D)
Cl Cl
Cl Cl
Q4 The species formed on fluorination of phosphorus pentachloride in a polar organic solvent are
(A) [PF,] [PR] and[PCL] [PR] B) [Pcl,] [PCLF] and[PCL] [PR]
(C) PR, and PCl, (D) PF, and PCl,
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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 : O If unanswered;

Negative Marks : —2 In all other cases.l] 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 +2marks;

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

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option(s) (i.e. the question is unanswered) will get 0 marks and
choosing any other option(s) will get —2 marks.

An aqueous solution of hydrazine (N,H,) is electrochemically oxidized by O, thereby releasing

chemical energy in the form of electrical energy. One of the products generated from the

electrochemical reaction is N, (g).

Choose the correct statement(s) about the above process

(A) OH ions react with N,H, at the anode to form N, (g) and water, releasing 4 electrons to the
anode.

(B) Atthe cathode, N,H, breaks to N, (g) and nascent hydrogen released at the electrode
reacts with oxygen to form water.

(C) At the cathode, molecular oxygen gets converted to OH".
(D) Oxides of nitrogen are major by-products of the electrochemical process.

The option(s) with correct sequence of reagents for the conversion of P to Q is(are)

HO
CO5FEt reagents . CO.H
—— 2
0 CN S CHO
>‘O P HO Q
H,C

(A) i) Lindlar’s catalyst, Hy; i) SnCl/HCI; iii) NaBHy; iv) H;0"
(B) i) Lindlar’s catalyst, Hy; i) H3O"; iii) SnCI,/HCI; iv) NaBH,
(C) i) NaBHy; ii) SNCl,/HCI; iii) H;O"; iv) Lindlar's catalyst, H;
(D) i) Lindlar’s catalyst, Hy; i) NaBH,; iii) SnCl/HCI; iv) H;O"
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*Q.7 The compound(s) having peroxide linkage is(are)
(A) H,S,0, (B) H,S,0,
(C) H,S,0, (D) H,SO,

SECTION 3 (Maximum Marks: 24)
e This section contains SIX (06) questions.
e The answer to each question is a NON-NEGATIVE INTEGER.
e 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.

e 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 In all other cases.

Q.8 To form a complete monolayer of acetic acid on 1g of charcoal, 100 mL of 0.5 M acetic acid was
used. Some of the acetic acid remained unadsorbed. To neutralize the unadsorbed acetic acid,

40 mL of 1 M NaOH solution was required. If each molecule of acetic acid occupies Px102%* m?
surface area on charcoal, the value of P is
[Use given data : Surface area of charcoal =1.5x10°m?g™"; Avogadro’s number

(N, ) =6.0x10* mol™]

Q.9 Vessel-1 contains w, g of a non-volatile solute X dissolved in w; g of water. Vessel-2 contains w,
g of another non-volatile solute Y dissolved in w; g of water. Both the vessels are at the same
temperature and pressure. The molar mass of X is 80% of that of Y. The van’t Hoff factor for X is
1.2 times of that of Y for their respective concentrations.

The elevation of boiling point for solution in Vessel-1 is % of the solution in Vessel-2.

Q. 10 For a double strand DNA, one strand is given below:

ssr 11T 1T 17 1T 17 "1 "T7T"T T 113
AG TCACGTAAGTTC

The amomimt of energy required to split the double strand DNA into two single strands is

kcal mol™.

[Given: Average energy per H-bond for A-T base pair = 1.0 kcal mol™, G-C base pair = 1.5 kcal
mol™, and A-U base pair = 1.25 kcal mol™. Ignore electrostatic repulsion between the phosphate
groups.]

*Q. 11 A sample initially contains only U-238 isotope of uranium. With time, some of the U-238
radioactively decays into Pb-206 while the rest of it remains undisintegrated.
When the age of the sample is P x10° years, the ratio of mass of Pb-206 to that of U-238 in the
sample is found to be 7. The value of P is
[Given: Half-life of U-238 is 4.5x10° years; log, 2 =0.693]

Q.12 Among [Co(cN),]".[Co(CO),(NO)], XeF,, [PCL,]", [PdcL, ", [iCL,] . [Cu(CN), T and P, the
total number of species with tetrahedral geometry is

Q.13 An organic compound P having molecular formula C,H,O, gives ferric chloride test and does
not have intramolecular hydrogen bond. The compound P reacts with 3 equivalents of NH,OH

to produce oxime Q. Treatment of P with excess methyl iodide in the presence of KOH produces
compound R as the major product. Reaction of R with excess iso-butylmagnesium bromide

followed by treatment with H,O" gives compound S as the major product.
The total number of methyl (—CH, ) group(s) in compound S is .
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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
onscreen
virtual numeric keypad in the place designated to enter the answer.
e If the numerical value has more than two decimal places, truncate/round-off the value to TWO
decimal places.
e 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 In all other cases.

‘PARAGRAPH I”
An organic compound P with molecular formula C,H O, decolorizes bromine water and also shows

positive iodoform test. P on ozonolysis followed by treatment with H,O, gives Q and R. While compound

Q shows positive iodoform test, compound R does not give positive iodoform test. Q and R on oxidation
with pyridinium chlorochromate (PCC) followed by heating give S and T, respectively. Both S and T show
positive iodoform test.

Complete copolymerization of 500 moles of Q and 500 moles of R gives one mole of a single acyclic
copolymer U.

[Given, atomic mass: H =1, C =12, O =16]

Q.14  Sum of number of oxygen atomsin S and T is

‘PARAGRAPH [I”
An organic compound P with molecular formula CyH, O, decolorizes bromine water and also shows

positive iodoform test. P on ozonolysis followed by treatment with H,O, gives Q and R. While ompound

Q shows positive iodoform test, compound R does not give positive iodoform test. Q and R on oxidation
with pyridinium chlorochromate (PCC) followed by heating give S and T, respectively. Both S and T show
positive iodoform test.

Complete copolymerization of 500 moles of Q and 500 moles of R gives one mole of a single acyclic
copolymer U.

[Given, atomic mass: H =1, C =12, O =16]

Q.15 The molecular weight of U is

“PARAGRAPH II”
When potassium iodide is added to an aqueous solution of potassium ferricyanide, a reversible reaction
is observed in which a complex P is formed. In a strong acidic medium, the equilibrium shifts completely
towards P. Addition of zinc chloride to P in a slightly acidic medium results in a sparingly soluble complex

Q.

Q.16  The number of moles of potassium iodide required to produce two moles of P is

“PARAGRAPH II”
When potassium iodide is added to an aqueous solution of potassium ferricyanide, a reversible reaction
is observed in which a complex P is formed. In a strong acidic medium, the equilibrium shifts completely
towards P. Addition of zinc chloride to P in a slightly acidic medium results in a sparingly soluble complex

Q.

Q.17  The number of zinc ions present in the molecular formula of Q is
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FIITJEE JEE (ADVANCED) - 2024

ANSWER KEY
Mathematics
B B 3. B D
B,C 6. A, C 7. A, C 8. 51
9 11 10 1 11. 2 12 12
13. 5 14. 20.00 15. 36.00 16. 0.00
17. 0.25
Physics
1 A 2 A 3. A 4 A
5. B, D 6. A, B,D 7. A, B 8. 3
9. 2 10. 3 11. 12 12. 171
13. 96 Pa 14. 601.50 15. 24 16. 0.75
17. 4.25
Chemistry
1. B 2. D 3. D 4. B
5. A C,D 6. C,D 7. B, D 8. 2500
9. 150 10. 41 11. 142.65 or 143 12. 5
13. 12 14. 2o0r4 15. 93018 16. 3
17. 2o0r3

S ————————
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HINTS AND SOLUTIONS

Mathematics
1. tan sin‘lé—Zcos‘li = tan(tan E—Ztan‘l l)
5 NG 4 2
1
2x =
= tan tan‘lg—tan‘l—2 = tan(tan‘13 tan! 4)
4 1\? 4 3

+(3)
(i) -2

2. xzo,yzo,y2s4x,y2s12—2x

3y+J§x£5\/§
2

Area = j\/&dx+%x3x2\/§
0

372

2
X _ 2\/§X2+3'\E

2% +32 = 2.

2
2J§ x 2 17\/_ 17
= 3\F =__
3
2
3. lim (sin(sinkx) +cosx +x)x =e® (itis 1” form)
x—0"
2 lim Sin(sinkx)+cos x+x-1
= e x—0" X = ee
2 lim cos(sinkx)xk cos kx+sin x+1
=e 0 1 =e® (Using L.H. Rule)
— e2(k+l) _ eG
=>k=2
(T 1
4. x25|n(—2]:0:>12:nn:>x:i—
X X n
1 1 1 2 4
<—=<—>=>7nm <N<7r

2 Jn on

f(x) = 0 has more than 25 solutions

. . sin(x?)(log, x)* sin(xlzj

<2 x*(log, (1+x))°

=0
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= lim 5 =0
X—>00 X(GB+2) (loge (1+ X))

sin(x?)(log, x)* ]

x| x(2) (jog, (1+ x))l3

sin(x?)(log, x)"

= lim 5= 0
X—00
log, (l+ 1)
X(QB+2) (Ioge X) 1+ 7X
log, X
- 2 a—B
sin{x“)(log, x
= lim ( )((ﬁgf ) J:O =af+2>0= (o, B)=(-1,1),(1,-1)
X—>00 X ap+

-2 y-4 z-6
2 1

is

Equation of line passing through P(1, 3, 2) parallel to the line X

Xx-1 y-3 z-2
1 2
Line passing through Q(2, 5, 3) and perpendicular to the plane L; : x—y+3z=6is

x12:y—15 :Z;3 = Point R is (1, 6, 0) = Length PQ is /6

= PointQis (2, 5, 3)

= Centroid of triangle PQR is (ﬂ E, 5)
3 3 3

= Perimeter of triangle PQR is \/§+\/ﬁ+\/ﬁ

Let OA;bey=mx+c y-axis %
=0=-4m +corc=4m
Ay y* = 8x

Also, 2 =mc

1
m:i—,c:iZ\/E

\/E /
1 u|
t

=m
Ci(-4, 0) O
= A,(4,442) and B,(4,-442)
Orthocentre is (0, 0)

AB, = 82 B]¥
OA; = 43 (21%, —41)

f(x) = kx, g(x) = a*

oy

FIITJ€E Ltd., FIITUEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942

website: wwuw.fiitjee.com.

X-axis




JEE(ADVANCED)-2024-Paper-2-MPC-22

f(x) = —20x , g(x) = [ﬂ 9(0)=1

2
f[lj — 20xt=_5, g(-2)= (Ej _ 64
4 4 8

f(%j+g(—2)—8:—5+64—8=51

H%}g(—z)—s} _51

0. o[ Bs :P(B3mW1mG2):g
G, P(W,nG,) 9

9 6
1"N-2 _
6
N N-1
3x(N-9)x6 2
(N-2)x18 9
ON-81=2N-4;7N=77 .. N=11

W,
3
N

(@)
N
N-1 2
§ 9

f(x )_(S|nx+2)( %02 1 2024x + 2025)

e™(x? —x+3)
ssinx+2>0VxeR
e”">0VvxeR
X*-x+3>0VxeR
Now, let g(x) = x*°%® + 2024x + 2025
- g'(X) >0V x e R (strictly increasing)
*. Number of solution of f(x) = 0 is 1
Solution is (x = -1)

10. =0

>

|
+
>

11. p=2i+]j+3Kk

3

i ]

pxgq=|2 1
1

-1
Pxq=4i+]-3k

y P W x’Ql
Il
-

2p+q:5|+1+7k

p—2G=0i+3j+k

Now, 15i +10j +6k = a.(2p+d)+B(p—2d) +v(pxa)

151 +10]j +6k = (50.+4y)i + (0. +3B+7)j+ (7o +B—3y)k

=50+4y=15;0+33+y=10;70+P—-3y=6
=>y=2
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12.

13.

14.

15.

16.

Rotating the axis by an angle of 90° in clock-wise y-axis A
direction then slope of normal becomes —\/5 and
point (0, —a)) becomes (a, 0) and parabola being y* =
4ax 6
— Equation of normal y = mx — 2am — am® passes
through (a, 0) )
= 0= —/60.+26a+6+6a 0 @0
—Sa=8a=at =>t=+2\2
= AB = 4at = 8\2a
Now AB® = 64 x 2 x a°

\
L S R B
s 128a° 16
2 Xx=1
4-2x 1<x<3
—2 X:3 3 7
2x-8 3<x<5
f(x) = 5
2 X=5 L
12-2x 5<x<7
-2 X=7
2X-16 7<x<8

g(x):ff(t)dtzo
1

=x=3,5,7=>a=3

X
( jf(t)dt=o
B=lim &% = jim 2
xo1" 47 x—1" X-1
= |im@ =f(1)=2

Total elements in relation Ry such that [a — b| > 2 are 20

{(1,3),(1,4)(1,5) (1,6) (2,4) (2,5) (2,6),(3,1) (3,5), (3,6) (4,1) (4,2) (4,6), (5, 1) (5 2)
(5,3),(6,1) (6, 2) (6, 3), (6, 4)}

But X is set of all subsets of Ry which have exactly 6 elements

n(X) = *°Cs; °Cs ="C¢ = m = 20

n(Y) = 0, as no relation R have only one element as its range
N(Z)=4x3x3x3x3x4=1296
as n(Y) + n(Z) = k* = 1296 . k = 36

T

f(x)-g(x)dx = Zfsin2 x -g(x)dx
0

2

ly

Ot N3 O—N|3

2| cos? x-g(x)dx

ly
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2, = 2 g(x)dx
0
2
jg(x)dx 0
0
7. 1= ]i0g00ax = £ fatx
n 0

O t—N A o'—.m\::

T
-hll—‘ F‘wlm
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Physics

A
...................................... (!
Bv2x Bv2x
€=— £=— where x =L
Figure -1 Figure -2
/\ L3
: s:O,Wherexzi
3
e = BvL, where x = 2L
s
Figure -3
Figure -4
A
GMm 2
> =M I‘O
o
o [CM
o
2 2 rg’
T2 — 472| 2O (1
0 =47 Sy (1)
_ dv (r)
dr
- Sma
A4
Net force
GMm 3ma >
r2 — —r4 =M ro
0 0
> GM 3a
© =35
o o

We know o = @
1
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4’ _GM_3a

T2 g

T2= 47132
17GM 3a

3 5
o To

From equation (1) and (2)
T2-T¢ 3o
T2 GMg

(2)

3. A

(Ket), g6 _ 2 ()

kcutoff

Ka

()ﬁ =X .(2)
Kcutoff

Dividing both equation

1/(46-2% 2
1/(41-1)> X
X =2.53
4, A
At equilibrium
(mgsin6)r = uBg cos6
(mgsin6)r = (Inr2)80 cos0

tano

(1)
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A, B,D

(A) Weye + Wy +Wg =AK (- WD by viscous force = 0)

Wey + mgh —pvgh =0
Wex = p,vgh — mgh = gh (pgv —m)

= 10><O.7[103 x%n(l.S x1072)3 —n><10_3} =0.77J

1 5
B) W, +W, =—mv“ -0
() g B 2

0.77—_(2 10" Jvz 7
2\ 7
2 2
C) H=Y_ M o
2g 2x10
(D) Ratio :|PeV9—M9| _ 500,
| 6mnrv | 9
A, B
—JR= 2mv _ ﬂ
qB qB

X;—Xg =14x4-4=52cm
Minimum width w for A, =196 => R=14 x 2 =28 cm

3
Percentage error in Volume
AV 100=22% 100+ 2" <100 Ad_ah_ 1
\Y d h d h 100
= ﬂxlOO 3%
Vv
2
Vo sin 45° = v;sin 45° = V=V .. (I case)
Vo sin 60° = v, sin 30° = V= vo \/_ (I case)
L L 2
T, = = = T, =— =vg 3
"7 V,c0845° +v,c0845° v ({2) ! 2v§ ° \/_
V
T,= ! L i 0 v
v, cos30" +v,cos60
L 2L < ’
4v 2v g
(v \V3).°> \F % ° L
2
= T L—2
4v;
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10. 3
¢1:&_g(ﬂszzg o133 |8
80 80 2 80 2 2 80
1-cos60° 1
¢2:g_1( j o1
80 80 2 2 0
¢_2_ 1/2 _i
¢ 3/2 B
ol
by == =N=3
> B
11. 12

At C, 1sina = +/3sin30° = o = 60°

At B, \Esinrz =1sina= r, =45°

AtA,1sin0= %sinlS0

_—
N

q

o

cvesn ()]

12. 171

f
(Ve = VR ine charge = 2kk|n£ =126V
1 1 kq
(VP - VR )sphere - kq[i_aj - ? =45V
Ve —Vg =126+45=171V.

13. 96 Pa

Since 144 Pa is negligible compared to P,. Therefore

4 4 8Py (4 4
Py—mnly =—| —m.
03" 27(3752
I

2 21

_4T_4T_AP0x2
SR 1N
21

= AP’ =96 Pa

I

14. 601.50
8\.D 8A.D

Ay = 3 3
(0.8-0.04)x10° (0.8+0.04)x10"

= 601.5 um.

: A =5nC/m

+ + +H[+ + + + + \F+ +
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15.

16.

17.

24
~ 8x6000x1071% x1
~ (0.8+0.04sinot)x1073
48x107*
(0 8+ 0.04sinwt)
‘ ‘ 48x107*
(o 8+0.04sinot)?

Vmax

48x107* x0.04x0.08

(0.04mwcos wt)

Viax = = =24x10°m/s =24 um/s

(0.8)%

0.75
If collision occurs atty =0

Then, v (t)=an=2u,

Vs (t) =—aw = -2uqg

3 U 2 1

@— — O @— 2w

2Up

Before collision

2 > Ug

'—@@mmmm@—'

After collision
_ mUO +2mUO _ 3U0

V, =
M m-+m 2
3

Ve = —am

CM 4
VC_M 220_75
(aw) 4

4.25

.. T
If collision occurs at tg = —
20

3 U 2->u=0 1->u=0
@O— —Ommmmr®

Before collision

3 2—)U0 1->u=0
=0

After collision
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3 2 — Ug/2 1— uy/2
u=0

Final Situation
From conservation of mechanical energy

2
1 2 1 2 1 2 1 Ug
=K(2a)” +=mug = =K(2b)” +=(2m)| —
(28 + 3muf = 220+ 3 (am)( 2
2
Here K = and uoza—(D
2 2
. 4h? 17
Solving we get — =—=4.25
a> 4
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Chemistry

2

KE. =+13.6Z eV
n

(A n=1z=1 K.E.=+13.6 eV
(B)n=1z=2 K.E.=+54.4 eV
(C)n=2z=2 K.E.=+13.6 eV
(D)n=2z=3 K. E. = +30.6 eV
MxY204
+2 % X +3x % =42
3 3
Xx=0.75
cl
Cl Cl
L- G|UC05€%} CIZ(E)$QSS)
10-20 atm
(p) Cl Cl
Cl

On fluorination of PCI; in polar organic solvent ionic isomers are formed, i.e.
[PCl,] [PCIF,] — (Colourless crystal)
[PCL,] [PF,] — (White crystal)

At anode

N,H, +40H  ——N, +4H,0 + 4e”
At cathode

O, +2H,0+4e” ——40H"

Overall reaction N,H, + O, ——N, +2H,0
N,H, +20, ——2NO +2H,0

N,H, +30,——2NO, +2H,0

Reagent

(C) i) NaBHy; i) SnCIL/HCI; iii) HsO"; iv) Lindlar’s catalyst, H,;
(D) i) Lindlar’s catalyst, Hy; i) NaBH,; iii) SnCl/HCI; iv) H;O"

]
/S\ /S\ H25207
Ho” Il S0 |l >Som
O o
I I
HO—S—O—O—ﬁ—OH H,S,0,
O
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@] O
HO—!———.S|.—OH H,S,0;
I
0]
HO—!—O—O—H H,SO,
O
8. Number of moles of NaOH = 40x1x10"° = 4x10°*

Number of moles of Acetic acid =100x0.5x10° =5x107

*. Number of moles of acetic acid adsorbed on charcoal =5x102% —4x102 =1x107
. Number of molecules of acetic acid adsorbed =1x107? xN,

=6x10*
. . 1.5%x10° o3
Total surface area adsorbed by one molecule of acetic acid = o107 =2500x10
X
.. P=2500
. W
9. (ATb )1 =ik, x M:
Wl
1000
w
(ATb)2 =ik, x M;
Wl
1000
AT, M
(OT) i My g5, 1 g5
(ATb )2 i, M, 0.8
(AT, )l =1.5(AT, )2
Ans. 150

10. Seven A, T and Six G, C pairs are there.
Energy required =7x2x1+6x3x1.5=41 kcal

11. Mass = Number of moles x Molar mass
(Mass)P, _Mpyx206 _7
(Mass)U n,x238 1
Np, 238x7
n, 206

oo
(

238x7 /n2
=—xt
206

C

/n| 1+

t2112
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[206+1666j n2
mn —————|=—xt

206

n(9) =2t

tZIJ2

1/2

- E 172

_ 2x0.4771

~0.3010
t=14.265x10° =142.65x10° years
P =142.65

x4.5x10°

12. [Co(CN), ]47 — Tetrahedral
[CO(CO)3 (NO)] — Tetrahedral
XeF, — Square planar
[PCl,]" — Tetrahedral
[PdCIA]z' — Square planar
[ICl,] — Square planar
[cu(cN), T — Tetrahedral
P, — Tetrahedral

13, 0 cHQ
]
Excess CH,l+KOH
> N _ ek
0 0 o o
P
i R] ChcHs
CH
® © 3
NH,OH(3 eq) BngHZC—HCi
Hs
NOH (excess)

I
HONQ\NOH
[Q]

. Number of methyl group in product (S) = 12
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14, OH OH
HyC—CH—CH,—CH=—CH——CH,—CH——CH,—CHj

lodoform test  decolourised Br, - H,O

OH OH

HsC—CH—CH,—COOH + HOOC—CH,—CH——CH,—CH,

Q) (+ve iodoform test) (R) (—ve iodoform test)
(iypcc (iypcc
(ii) A (ii) A
(|3| (0]
(S) (T)
(+ve iodoform test) (+ve iodoform test)

Sum of oxygenatominSand T=1+1=2

Alternative Solution

OH OH
H,C
’ (P)
OH ﬁ
)\WOH + HO-C /\(\/
o ® OF
o Q o
/|\|(OH * HO-(U VH\/\
0 -co,
S) ﬁ
NN
(T)

SumofOatom=3+1=4
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15. Q+R——Polymer(U)

Since moles of U = 1.

Weight
Molar mass
Weight of ‘U’ = Weight of (Q + R) — Weight of water
Weight of ‘Q’ = 500 x 104 = 52,000 g
Weight of ‘R’ = 500 x 118 = 59,000 g
Weight of ‘H,O’ =999 x 18 = 17982 g
Weight of polymer = 52000 + 59000 — 17982

= 93018 g/mol

Moles =

3Kl + 2K, [ Fe(CN), |[—>2K, [Fe(CN), |+Ki,

(P)

16.

17 3zncl, + 2K, [Fe(CN), | —K,Zn, [Fe(CN), |,
Excess White ppt. (Q)
2ZnCl, +K, [Fe(cN)G]——>Zn2 [Fe(CN)G] +4KCl
White ppt. (Q)
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