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

MATHEMATICS TEST PAPER WITH ANSWER AND SOLUTION

PAPER-2
SECTION-1 : (Maximum Marks : 12)

®  This section contains FOUR (04) questions.
®  Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the
correct answer.
®  For each question, choose the option corresponding to the correct answer.
®  Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+3 If ONLY the correct option is chosen;
Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered);
Negative Marks : =1 In all other cases.
1. Considering only the principal values of the inverse trigonometric functions, the value of
tan| sin”' (—J —2cos (i \
5 V5
is
7 -7
A) — B) —
) 24 ®) 24
-3 5
C) — D) —
© 24 ®) 24
Ans. (B)
Sol.

tan 1_1 ’
\ 4
[ (3)-m (-)
tan| tan | — |[—tan | —
4
4
tan”™!
1+)
~16_ 7
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2. LetS={(x,y)) eR xR :x>0,y>0,)" < 4x,)’ <12-2xand 3y + /8 x < 5+/8 }. If the area of

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

17 17
A) — B) —
(A) 5 (B) 3
17 17
C) — D) —
©) n (D) s
Ans. (B)
Sol. 5
=4
2\6& Yy o
V2t
é y2 =12 — 4x
0 2 56

Point of intersection of all curves is (2,2\/5 )
Area=A+ A,

2
a\/E:I2\/;dx+%x3x2\/5
0

372

2
o2 =2 X? +32
2
a2 1742
3
17

a=—
3

2
3. Letk € R.If lim(sin(sinkx)+cosx +x)* =e°, then the value of k is
x—0"

(A)1 (B) 2 ©)3 (D) 4
Ans. (B)

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

. sin(sinkx).sinkx . 1l—cosx
lim - k+1-1lim >
x 0 (sinkx) kx x>0 X

k+1=3 :>

x=3
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Letf: R — R be a function defined by

Zsin(iJ, if %0,
flx —%x X

0, ifx=0.
Then which of the following statements is TRUE ?

(A) f(x) = 0 has infinitely many solutions in the interval LOLIO,OOJ.

(B) f(x) = 0 has no solutions in the interval Ll, ooJ .
T

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

)

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

©n)
(D)
Option-A : f(x)=x> sinl2
X
f(x)=0 =sin—==0=>—=nm,ne N
X X
x’=—= L

n Jn
1
\/H_IOIO

Option-B : x =

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

1
= —>—=ng>Jn= <’ , Numberof so
n Y

Option-C : x =

o)

- B
3= él"‘

1 .
Option-D : — < =ne (n, nz) = n e (7', n'), Definitel

T

By

lutions is 9

< o7 = /n >10" = n> 10", Infinite number of solutions

y more than 25 solutions
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SECTION-2 : (Maximum Marks : 12)
®  This section contains THREE (03) questions.
®  Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four
option(s) is(are) correct answer(s).
®  For each question, choose the option(s) corresponding to (all) the correct answer(s).
®  Answer to each question will be evaluated according to the following marking scheme:

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

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

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

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

Zero Marks : 0 Ifunanswered;

Negative Marks : =2 In all other cases.

®  For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct
answers, then
choosing ONLY (A), (B) and (D) will get +4 marks;
choosing ONLY (A) and (B) will get +2 marks;
choosing ONLY (A) and (D) will get +2 marks;
choosing ONLY (B) and (D) will get +2 marks;
choosing ONLY (A) will get +1 marks;
choosing ONLY (B) will get +1 marks;
choosing ONLY (D) will get +1 marks;
choosing no option (i.e. the question is unanswered) will get 0 marks and
choosing any other option(s) will get —2 marks.

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

sin(x”)(log, x) sin le
lim X -0
x> “ (log,(1+x))”

Then which of the following is (are) correct ?

A)(-1,3) e S B)1,1)eSs
O (d,-1)es D)a,-2)eS
Ans. (B,0)

sinx”.(log, x)a .sinL2
Sol. lim BX =0
= X"‘B.(loge (1+ x))

fim (108 %) ~0

X (loge (x+ 1))B XP2
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=0

lim

log, x T (log, x)""
x—)wkloge (X+1) ’

chﬁ+2

o—B
fim 102 %)

X—>0 X“B“'Z

=0 Putlogx=t

o—

}1_{2 (et )“B+2 =0

. X
As we know 11m—x =0
X—>00 e

o +2>0 = G5
-4 z-6

A straight line drawn from the point P(1, 3, 2), parallel to the line al 12 > 5 D’ intersects the

plane L, : x — y + 3z = 6 at the point . Another straight line which passes through O and is
perpendicular to the plane L, intersects the plane L, : 2x —y 4+ 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)

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

(D) The perimeter of the triangle POR is \/5 + \/g + \/ﬁ
A0
x-1 y-3 z-2

1 2 1
Xy, z2)=(A+1,2L+3,1+2)
PutinL, :x-y+3z=6
A+DH)-QRA+3)+3(A+2)=6

line :

20=2 =>r=1
Q:(29593)
line : X_2=y_5 23

-1 3
x,y,2)=(t+2,5-1,3t+3)
PutinL,:2x—-y+z=—4
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2t+4) - (5-t)+(3t+3)=—4
6t=—6 =>t=-1

R =(1,6,0)

P=(1,32)

N V13

Q J1 R

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

Perimeter = \/g + \/B + \/ﬁ

Centroid = (i,ﬂ,é)
333

7. Let 4,, B,, C, be three points in the xy-plane. Suppose that the lines 4,C, and B,C, are tangents to the
curve y* = 8x at 4, and B,, respectively. If O = (0, 0) and C, = (-4, 0), then which of the following
statements is (are) TRUE?

(A) The length of the line segment O4, is 4\/§
(B) The length of the line segment 4 B, is 16

(C) The orthocenter of the triangle 4,B,C, is (0, 0)
(D) The orthocenter of the triangle 4,B8,C, is (1, 0)

Ans. (A,O)
Sol.
(2t ,4t)) 7= 8x
A (@=2)
(-4.0)
Cl (o)

B,
/ (212, 4t,)

Equation of tangent at (2t’, 4t) is
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ty =x + 2t

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

=—4+20 >t=1/2

LA =(442) | OA =48=43
B, = (4,-4J2)| AB,=8\2
Equation of altitude of AA B,C, drawn from A, is

y-42=2(x-4

= J2x —y=0 (D
Equation of altitude of AA B,C, drawn from C, is
x=0 ..(2)

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

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

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

Now puty=-xineq.(1)
f(x) + f(—x) = f(0) {f(0) =0}
= f(—x) = —(x)
= f1is odd function
from eq. (2)
f(—nx) = nf(—x)
= f(-nx) = —nf(x)

= f(mx)=mf(x) Vme Z ...(3)
from eq. (2) and eq. (3)
f(nx)=nf(x) Vn e Z ...(4)
p

Now put Xx=— wherep,qe Z,q#0
q

f(@jz nf [EJVn e”Z
q q

put n=q

f(p) = of (Bj
q
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—  pf(l)=qf (SJ {from eq.(4)}
Letf(l1)=a

then pa=qf [gj

fLEJ:@
q
= fx)y=axVxe Q

Now, f(?}zaL_—J 12 =

= fix)=-20xVxe Q ...(5)

From the given functional equation it is not possible to find a unique function for irrational values of
'x', there are infinitely many such functions satisfying given functional equation for irrational values
of x, but in this problem we finally need the function at rational values of 'x' only. So, for rational
values of x we are getting a unique function mentioned in (5).

Now, g(x +y) = g(x).g(y)
= In(g(x+y)=/In(gx))+ (n(g(y))

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

= gx)=e"Vxe Q ...(6)
K
and g(%ﬂ e 3=2 = K =-3/n2

= g(x) = eén(éj.x = (%jx =2 vVxeQ

Now, f (%) =-5, g(-2)=2°=64
g(0)= 1
1
So \f(ZJ”(‘Z)“S)'g(O)J

=(-5+64-8)(1)=51
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9. A bag contains N balls out of which 3 balls are white, 6 balls are green, and the remaining balls are

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

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

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

Ans. (11)
3 White
Sol. 6 Green
(N-9) Blue

2
Given P(W. "G, nB,))=—
(W,1G,NB) =

and P(B,| W, NG, =

OoIN

N PB;nW, G,) 2
P(W,nG ) 9
ix Nx(N-1) 2
5N 3x6 9
=>N=11
10.  Let the function /: R — R be defined by

f SnX (7 12024 42005) 2 (7 42024 +2025)
e/rx :

(x> =x+3) e’ (x —x+3)
Then the number of solutions of f(x) =01in R is
Ans. (1)

2023
) R+ 2024x 2028) (oo

Sol.  f(x
™ (X —Xx+3)

"+ (sinx + 2) is never zero

o for x™+2024x +2025=0

let ¢(x)=x""+2024x + 2025

$'(x) =2023x" +2024>0V x e R

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

.. f(x) = 0 has one solution

10
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11.  Let p :2f+j+3l€ and ¢ :f—}+l€. If for some real numbers «, f and y, we have
15i +10] + 6k = a(2p+G) +B(p—29) + ¥ (5 x ) ,

then the value of yis
Ans. (2)
Sol.  15i+10j+6k = a(2p+§) +B(p —2G) + y(p <)
taking dot with (pxq)
15 10 6
2 1 3=0+0+y@'T-(") [+ Bx0)’+(Ed)’ =p’e’]
1 -1 1
= 52=26y

y=2

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

NG

L be the line passing through (0, —) and parallel to the directrix of the parabola.
Suppose that L intersects the parabola at two points 4 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 » : s =1 : 16, then the value of

24a is .
Ans. (12)
Sol. >
(2at, —at?)
Af o[  \°
ﬂ —_ L = d_y —_ _t
dx —2a dx|y

Slope of normal = ¥=i:> t=v

—at?
Now, al +oc:1
2at t

= —at +a=2a

11
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= 6ata=2a = oa=28a

For A and B

x’ = —4a(-8a)

= x’ =324’ :X:J_r4\/§a

. A(-4+/2a,-8a), B(4+/2a,-8a)
. AB’= (8v2a)°=128a’=s

.. Length of LR =r=4a

r..4a 1
s 128a* 16
S 3a=16=a=1t
2
.. 24a=12 Ans.
13.  Let the function f : [1, o0) — R be defined by
( D2, ift=2n-1, €N,
fle = @f@n—l)+mﬂ2n+l), if2n—=1<t<2n+l, neN

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

the interval (1, 8] and £ = lim 8lx. . Then the value of & + f1s equal to

x~>l+x—1
Ans. (5)
2 ; t=1
4-2t ; 1<t<3 .
t
2 ; t=3 A)
—-8-2t ; 3<t<S5
Sol.  f(t)=

2 ; t=5 2+
12-2t ; 5<t<7 ,\. , /\ , / R
N S N 5 1 2\3/4 5 6’5\7/8 9

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

g(x)=[f(t)dt ; g(x)=fx)

forx € (1,8]

gx)=0=>x=3,57 .. a=3
=lim=——=

B x-1" X =1

Apply L'pital

_9) gy

1
=2
LotB=5

12
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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
on-screen virtual numeric keypad in the place designated to enter the answer.

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

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

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

Let § = {1, 2, 3, 4, 5, 6} and X be the set of all relations R from S to S that satisfy both the following
properties.
1. R has exactly 6 elements.
ii.  Foreach (a, b) € R, we have |[a — b| > 2.
Let Y= {R € X: The range of R has exactly one element} and
Z={R € X: R is a function from S'to S.}
Let n(4) denote the number of elements in a set 4.
(There are two questions based on PARAGRAPH "I", the question given below is one of them)

14.  Ifn(X) ="C,, then the value of m is
Ans. (20.00)

Sol. |a b|22 0r|b—a| 2

Total
a=1 b=3456 8
a=2 b=45,6 6
a=3 b=5,6 4
a=4 b=6 2
sum = 20

13
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"PARAGRAPH I"

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

Z={R € X: R is a function from Sto S.}
Let n(A4) denote the number of elements in a set 4.
(There are two questions based on PARAGRAPH "I", the question given below is one of them)

15.  Ifthe value of n(Y) + n(Z) is k’, then |k| is

Ans. (36.00)

15.

Sol. given|a—b|>2soif a=1 b=3456 - 4x2=8
a=1 b=456 — 3x2=6
a=1 b=56 - 2x2=4
a=1 b=6 - 2x1=2

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

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

2—>45.6

351,56

41,26

551,23

6—>1234

no. of relation that are function will be =*C,x’C,x’C,x°C,x’C, x*C,
=(4x3x3)" =K
i1.e. k=36

14
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defined by g(x) = %— .

"PARAGRAPH II"

Let f: {0, % —[0,1] be the function defined by f (x) = sin’x and let g: 0, T

[0,0) be the function

2]

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

T

2
16.  The value of 2J‘ Jfx)g(x)dx — g(x)dx is
0

Ans.

Sol.

(0.00)

apply kings
: T T ’
I :Jcoszx [—j —(——xj
0 4
add both
E 2
SRR
o\ 4
>
Le. 2, = Ig(x)

(making perfect square)

15
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"PARAGRAPH II"

Let f: {0, % —[0,1] be the function defined by f (x) = sin’x and let g : | 0, T

defined by g(x) = /%— 2,

2]

[0,00) be the function

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

T

2
17.  The value of @j f)g)dx is .
n 0

Ans. (0.25)

T

2
Sol. Now I, =If(x).g(x)dx
0

a

e 415) (-3

Using j\/az—x2 =%Lxx/a2—x2 +azsin‘1L—J +C

/2
2
F(X_Z N _ - |
— o3 X Jrism1 4
2| 2 2 2 7
4,
| N (=
SN [PV R B N
210 64) | o4
7T3
= —xX—
2 32
3
Now ﬁxl:l:o 5
T 64 4

16
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JEE(ADVANCED)-2024 (EXAMINATION)
(Held On Sunday 26th MAY, 2024)

PHYSICS TEST PAPER WITH ANSWER AND SOLUTION

PAPER-2

SECTION-1 : (Maximum Marks : 12)
This section contains FOUR (04) questions.
Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the
correct answer.
For each question, choose the option corresponding to the correct answer.

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

Full Marks :+3 If ONLY the correct option is chosen;
Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered);
Negative Marks :—1 In all other cases.

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 v
along the +x-direction. The plane of the loop and its orientation remain unchanged throughout its

motion.

Which of the following graph best depicts the variation of the induced emf (E) in the loop as a function

of the distance (x) starting from x = 0?

17
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E E
L2 2L L2 I oL
A)  oo—2 L £ x (B) 00— / x
i/3L/2 E/3L/2
E E
L2 |
C) 00—t 3L72 x (D) ook Lsl 2L x
i 2L L 312
Ans. (A)
Sol. Oto L

18
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_VL— X |
_BL\B B L)

= BV 331
NE)
= &[4L—3x]
3
atx = —
emf=0

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 7, around the mass M. Then, the
particle is subjected to an additional central force, corresponding to the potential energy V.(r) = ma/r,
where « 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 7, in the combined gravitational potential due

to M and V.. (r), but with a new time period 77, then (7}2 ~T? ) / T?is given by

[G is the gravitational constant. ]

3 o o 2a
A B C D
(A) GMrO2 ®) 2GMr02 © GMrO2 D) GMVO2
(A)
GMm
F = >
r0
GMm 3ma
F=—1— 2—
I.0
oM 3a
of _F 1
o, R GM
2
o
2
T_0: 1- 3o
T2 GMr
T2-T  3a
T2 GMr

19
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20. 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 » = 2. If the same electron beam bombards another metal target with Z = 41, the
value of » will be

(A) 2.53 (B) 1.27 (C)2.24 (D) 1.58
Ans. (A)
Sol. r= }\‘ku %
}"o (Z—l)
r_2: (Zl _1)2 (45)2
o (z,-1)  (40)

rn=12065%xr =253

21. 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 » 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 / is passed
through the loop, the loop turns about the line PQ by an angle 8 given by

i i
\ / Ay 7

P B, Q
r
18
AL LSS
(A) tan @ = zrIB, /(mg) (B) tan @ =27rIB, [(mg)
(C) tan & = zriB, /(2mg) (D) tan 6 = mg/(zrIB,)
Ans. (A)
Sol.

Let loop makes angle 6 with vertical.
in equilibrium T, =0

To = MB sin (90 —6) —mg.rsin 6 =0
Lnr>. By cos 8 = mgr.sin 0

nrlB,

mg

tan O

20
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SECTION-2 : (Maximum Marks : 12)
This section contains THREE (03) questions.
Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN ONE of these four
option(s) is(are) correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+4 ONLY if (all) the correct option(s) is(are) chosen;
Partial Marks :+3 If all the four options are correct but ONLY three options are chosen;
Partial Marks : +2 If three or more options are correct but ONLY two options are chosen,

both of which are correct;

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

Zero Marks : 0 Ifunanswered;

Negative Marks : =2 In all other cases.

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

answers, then

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

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

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

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

choosing ONLY (A) will get +1 marks;

choosing ONLY (B) will get +1 marks;

choosing ONLY (D) will get +1 marks;

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

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

22,

A small electric dipole p,, having a moment of inertia / about its center, is kept at a distance » from

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

If released from rest, then which of the following statement(s) is(are) correct?

A

Rt

[& is the permittivity of free space.]

21
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(A) The dipole will undergo small oscillations at any finite value of 7.

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

. : I : 2
(C) The dipole will undergo small oscillations with an angular frequency of 9P a1 =2R.

€ 1

(D) The dipole will undergo small oscillations with an angular frequency of h()gil atr = 10R.
o

Ans. (B,D)
Sol. The electric field inside sphere is zero. So dipole will oscillate when r > R.
2
Forr>RE= GR2
g,r
/PE P,cR’
0= ,[—= 5
I Ie,r
when r = 2R
oo Pyo
4lg,
whenr=10R

. , Pyo
1001g,

23. 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 = 0.7 m 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: 7= 22/7, g =10 ms 2, density of water = 1 x 10’ kg m ", viscosity of water = 1 x 10~ Pa-s.]
(A) The work done in pushing the ball to the depth d is 0.077 J.

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

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

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

Ans. (A,B)

Sol. (A) wair=ks—ki=0
Wg + W+ Wy + Wexe = 0

mgd — p,,.v.gd—6mnrvd+w,_, =0

(slowly v=10)

22
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22
Wext = Pwvgd —mgd = (1000 x gxg (%XIO 2 —Z2x107 ) gd
Wext = %X10_3| 2—1Jx10x0.7= %x10_3xzx7

We =77 X 1072 1=0.077J
B)wy+ws=ki—ki (k;=0)

1,220 32 = 77x10°°
,  TTxTx2
Vi —
22
v=7m/s

2
©u=Y=% 54sm
2¢g 20
24. A positive, singly ionized atom of mass number Ay is accelerated from rest by the voltage 192 V.
Thereafter, it enters a rectangular region of width w with magnetic field Z;’O =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~ kg, charge of the electron = 1.6 x 10"° C.]

Which of the following option(s) is(are) correct?
(A) The value of x for H' ion is 4 cm.

(B) The value of x for an ion with 4y = 144 is 48 cm.
(C) For detecting ions with 1 < Ay < 196, the minimum height (x; — x¢) of the detector is 55 cm.

(D) The minimum width wof the region of the magnetic field for detecting ions with Ay = 196 1s 56 cm.

Ans. (A,B)

23
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Sol.

K G e
R RS- -
] H.H.uh.wmnm.muq.wwwwH-H-H-H-
||||| e oo B e e e S
V. > ) ;
o L] 1= |
= 1
I t
——+—» 1010919 1
< | . a “
1
e |
< _
. v_
. — g
{ <
=}
L]
>
“ X

24

=28 cm

48 cm

x1077 %192

5

3
1.6x107"

196
56 cm

R

2 %196 x

1.6x107"

!

2><§><10‘27 x192

J2mqV

L

0.1

144
2><144><§><10"27 x192

|

Option B
For A,

|

Option C
4 cm & for A
B

56 cm.
S0 Xg=4 cm & x;
LX) —Xo =52 cm.

Option D
P

2
0.

Minimum width

for Ap=1
for Ay =196
Wmin = R =

X
X
X
R
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SECTION-3 : (Maximum Marks : 24)

®  This section contains SIX (06) questions.

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

®  For each question, enter the correct integer corresponding to the answer using the mouse and the on-
screen virtual numeric keypad in the place designated to enter the answer.

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

Full Marks :+4 If ONLY the correct integer is entered;
Zero Marks : 0 Inall other cases.

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

Ans. (3)

Sol.

1 2
V=—-nl—| H
3
.. % Error in V = 2(% error in D) + % error in H.
"+ Least count is 2mm.
% error in D = 2™, 100% = 1%
Ocm
: 2mm
& % error in H = x100% = 1%
Ocm
So%errorinV=2x1%+1%=3%

26. A ball is thrown from the location (X, 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 (x;, y1) = (L, 0). The stone is thrown at an angle (180 — &;) from the +x-direction
with a suitable initial speed. For a fixed vy, when (6, 6)) = (45°, 45°), the stone hits the ball after time
Ty, and when (6o, 6)) = (60°, 30°), it hits the ball after time 7. In such a case, (71/T5)" is

Ans. (2)

25
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Sol. For casel:
Mo A v
V2 Vo v V2
45° A5
Al v B
o V2 V2
L
Arel = 0
\% \%
For collision —% = —
N
V=V
So T] = L
Vo, V.
N
L
LTS e (1)
1 .\/EVO
For case I1,
Vo\/g,\ A =
2 A 2
60° 30N
A Yo v3 B
« 2 2 .
- L »
Arel = 0
For collision, Yo 3 2\
- v=1By,
L
SO, T2 =
2
L
T =
R
2
L
Ty=— ... 2
? 2v, @
2 2
T, 2 T,
so,| L] (V2) = = |[ZL]=2
T, T,

26
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27. A charge is kept at the central point P of a cylindrical region. The two edges subtend a half-angle & at
P, as shown in the figure. When 8 = 30° then the electric flux through the curved surface of the

cylinder is @. If 8= 60°, then the electric flux through the curved surface becomes @/ Jn , Where the
value of n is

. ’__/,/
\, /
\ /
\, /
\ /
) /
) /
) /
N /
N /
/
N, M/
\\
\V'
N,
\,
N
=’ s,
\,
\
\,
\
\
\
\
\
\
\
N,
\

Sol.

Solid angle made by plane surfaces Q2 =2 x 2w(1 — cos 0)
= Q=4n—4ncos 6

So solid angle made by curved surface = 4w — Q
=4n—(4n—4m cos 0) =4mcos O

by = = 2TC0830 Q30 Q
4n € IS
o oS0 QL0
4n €, IS

by _ c0s30°

o €0s60°
0 _5
¢60
by, = i =>n=3

NG
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28. 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 & such that the outgoing ray

undergoes minimum deviation in prism P,. If the respective refractive indices of P, and P, are \/; and

B , then 6= sin"! b/g sin [%L , where the value of S1is

Ans. (12)

Sol.

At surface BC

,E sint, = «/gsin30
{3 . N
—sinr, =—

2 2

sinr, = —

V2
r, =45°
r; =60° —45°=15°
At surface AB

1sin0= \/gsin15°
2

0= sin™’ {\/Esini
2 12

B=12

28
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29. An infinitely long thin wire, having a uniform charge density per unit length of 5 nC/m, is passing
through a spherical shell of radius 1 m, as shown in the figure. A 10 nC 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 SI units 2 =9 x 10°, In 2 = 0.7. Ignore the area pierced by the wire.]
TE,
o
|
1
1
L
Ans. (171)
2
..... 0.
Sol. P R
X dx
due to wire
dV = —E.dx
Vg 2
[dv=- 2 4
Vp 0.5 X
Ve —V = —Zkkfni
0.5

= 2x9x10°x3x10°%x2x0.7=—126V
due to sphere
kQ kQ _ kQ -9x10°x10x10°

REYP T TT 2 2

=-45V
VR—Vp=-126-45=-171V
VP*VR:171V

29
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30. A spherical soap bubble inside an air chamber at pressure Py = 10° Pa has a certain radius so that the
excess pressure inside the bubble is AP = 144 Pa. 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

Ans. (96)
Sol. Case-1
P
P-Py=AP= 4T
R
P= [ ot 4T
Case-2
8P /27
SR, 4T
27 R,
P
P = ﬂ 8_0
R, 27
Constant temperature process
PV =PV,
8P, AT\ (4T
(PO ATV o (4T 8% 4 ; (—\,(— — (Neglected)
R J3 \R, 27)3 R/,
2 3

R=ZR, =R =2R
3 2

AP1=4—T:4—T 2=3x(144) 96Pa
R R 3

1

30
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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
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 : 0 Inall other cases.

31.

Ans.

Sol.

PARAGRAPH I
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 0.8 mm. The distance between the
slits at time # is given by d = (0.8 + 0.04 sin @f) mm, where @=0.08 rad s~ '. The distance of the screen
from the slits is 1 m 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.

“—Im——»

The 8" bright fringe above the point O oscillates with time between two extreme positions. The

separation between these two extreme positions, in micrometer (pm), is
(601.50)

/2]

M

for 8™ fringe
AD

=g
YTy

AD
max — 8 -
y dmin

AD

min — &§——
min = g

max

1
max — Ymin — S\D| — —
y y L d

min max

A = 6000A
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D=1m

dmax = 0.34 mm

dpin= 0.76 mm
1

max — min:8><6000><1010><1t _
Y 0.76 107 0.84x10 |
0.08
=8x6x107"x [— =601.5
0.76x0.84 HD

PARAGRAPH I

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 0.8 mm. The distance between the
slits at time 7 is given by d = (0.8 + 0.04 sin @f) mm, where ®= 0.08 rad s . The distance of the screen
from the slits is 1 m 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.

“—Im——»

32.  The maximum speed in # m/s at which the 8" bright fringe will move is

Ans. (24.00)
AD
Sol. y=n.—
ol. y q
dy rd d(d)
=—=—n——
dt d* dt
d=0.8 +0.04 sin ot
@ =0.04mcosmt
dt

d(d
for v— max = ?—nnax.

For d(d)

— max.

cosot=1=sinwt=0
N MJ —0.04
dt

max
=d=0.8 mm

8x6000x107"° x1x0.04x0.08
0.8x0.8x107°x10

=24um/s.

Vmax =

32


https://allen.in/jee-advanced-rank-predictor

33.

Ans.

Sol.

JEE(Advanced) 2024/Paper-2

Questpix

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 @ and angular frequency @. Thus, their positions at time ¢ are given by
x1(t) = (xo + d) + a sin ot and x,(¢) = (xo— d) — a sin ot, respectively, where d > 2a. Particle 3 of mass
m moves towards this system with speed uy = aw/2, and undergoes instantaneous elastic collision with
particle 2, at time f. Finally, particles 1 and 2 acquire a center of mass speed v., and oscillate with
amplitude b and the same angular frequency w.

3 2 : 1

If the collision occurs at time ¢y = 0, the value of v.,/(a @) will be

(0.75)
At Tty =0
Before collision
2 1
X=0 20—y ¢———> 20

After collision

am/2
--------------- —— WWWAIWWWWHMWWWAMWWW-o—>3 ()
m XO m
m.—+m.a
-
3am
Vem = 4
VCM _2
an 4
Veu =0.75
am

PARAGRAPH I1

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 x, are
oscillating with amplitude a and angular frequency @. Thus, their positions at time ¢ are given by
x1(t) = (xo + d) + a sin ot and x,(¢) = (xo— d) — a sin ot, respectively, where d > 2a. Particle 3 of mass
m moves towards this system with speed uy = aw/2, and undergoes instantaneous elastic collision with
particle 2, at time #. Finally, particles 1 and 2 acquire a center of mass speed vy, and oscillate with
amplitude b and the same angular frequency .

3 2 : 1
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34.
Ans. (4.25)
Sol. tozl I
20 4

Particles are at extreme position

O O
o —/ WWWWWW—e—MWWWWWW—e
m extension = 2a m

After collision

0O
-/ \WWWWWW—e— MWWWWWW—e
an/2
in C-frame
’ ;am/4
am/4 aw/4
O O
o —/ WWWWWW—e—MWWWWWW—e
extension = 2b extreme
using WET,
Wspring =AK

2
Ly =Lk (2a) =2xlmx(@\
2 2 2 4

2

Akb2 - dka®=2 xmx & x 2K
16 m

ap” = Ly

4
2
405
a

(k = spring constant)
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JEE(ADVANCED)-2024 (EXAMINATION)
(Held On Sunday 26t MAY, 2024)

CHEMISTRY TEST PAPER WITH ANSWER AND SOLUTION

PAPER-2
SECTION-1 : (Maximum Marks : 12)
® This section contains FOUR (04) questions.
®  Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the
correct answer.
®  For each question, choose the option corresponding to the correct answer.
®  Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+3 If ONLY the correct option is chosen;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered);
Negative Marks :—1 Inall other cases.

35  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**

Ans. (B)

2

Sol. KE =+136x %,
n

2

(A) KE,,, = +13.6><1_2 =13.6eV

2

2
(B) KE,,,. =+136x 7, =136x4 eV

2
(©) KE,,, =+136x>; =136 ¢V
2
(0) KE, . = +136x 2 =136, &V

36. In a metal deficient oxide sample, MY,0O4 (M and Y are metals), M is present in both +2 and +3

2,Li%

oxidation states and Y is in +3 oxidation state. If the fraction of M*" ions present in M is 3 the value

of X'is .
(A) 0.25 (B) 0.33 (C) 0.67 (D) 0.75
Ans. (D)
_— 1 2 8
Sol. Average oxidation state of M = §X 2+§x3 = +§
For MszOY
% XX+3x2+4(-2)=0
§ XX=2
3
X = 32 0.75
4

35
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37. Inthe following reaction sequences, the major product Q is:

iJHI, A N Cl, (excess)
L-Glucose ii) Cr,0,,775K, P uv = Q
10-20atm
Cl Cl Cl Cl
Cl Cl Cl Cl Cl Cl
A B C D
w AL, ® ©) ® L
Cl Cl Cl Cl
Ans. (D)
Sol CHO
% Ho——H
H———OH
HO H RedPLHL, AN
HO——H n-Hexane Cr20s
775 K
CH,0OH
cl 10.20 atm
Cl Cl
Cl,(excess)
uv
Cl cl
i [F]
Lindane - 6, 6, 6

38. The species formed on fluorination of phosphorus pentachloride in a polar organic solvent are :

(A) [PF4]" [PFe]” and [PCl4]" [PFe]” (B) [PCl4]" [PCI4F,]™ and [PCl4]" [PFe]
(C) PF3 and PCl3 (D) PFs and PCl3
Ans. (B)

Sol. PClswhen fluorinated in a polar organic solvent, ionic isomers are formed.

[PCI,][PCI,F,]T (colorless crystals)

[PCI,][PFK] (white crystals)
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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 unanswered;

Negative Marks : =2 Inall other cases.

® For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct
answers, then
choosing ONLY (A), (B) and (D) will get +4 marks;
choosing ONLY (A) and (B) will get +2 marks;
choosing ONLY (A) and (D) will get +2 marks;
choosing ONLY (B) and (D) will get +2 marks;
choosing ONLY (A) will get +1 marks;
choosing ONLY (B) will get +1 marks;
choosing ONLY (D) will get +1 marks;
choosing no option (i.e. the question is unanswered) will get 0 marks and
choosing any other option(s) will get =2 marks.

39. An aqueous solution of hydrazine (N2H,4) 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 N2(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) At the cathode, N,H,4 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.
Ans. (A,C)
Sol. Anode : N;H4(aq) + 40H (aq) —— N2(g) + 4H,0(l) + 4e”

Cathode : 2H,0(l) + O,(g) + 46— 40H(aq)
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40. The option(s) with correct sequence of reagents for the conversion of P to Q is(are) :
0 HO
CO;Et reagents — CO.H
CN p— CHO
>—O HO
HsC P Q

(A) i) Lindlar's catalyst, H, ; ii) SnCl,/HCI ; iii) NaBHj ; iv) H;O"
(B) i) Lindlar's catalyst, H, ; ii) H3O" ; iii) SNnCIo/HCI ; iv) NaBH,4
(C) i) NaBHy; i) SnCI,/HCI ; iii) H3O" ; iv) Lindlar's catalyst, H,
(D) i) Lindlar's catalyst, Hy ; ii) NaBHy ; iii) SnCly/HCI ; iv) H;0"

Ans. (C)
Sol.
OH oH
o COH Lindar's catalyst + H, CO:H
— A/CH=0 — A/CH=0
HO HO I .
H;0
OH
COEt
— ~,CH=NH
Q H:C—C—O
— [l SnCl, + HCI
COEt 0
— CN ONa"
H€—C—0O - = \CO,Et
| > — ~A/CN
H3C — (li —0
0
41. The compound (s) having peroxide linkage is(are) :
(A) H25,0 (B) HaS:0s (C) HaS:0s (D) H,S05
Ans. (B,D)
H2S,0s
H,S;07 0]
sol 1 i S /O\(”)/OH
S S HO™ | O S
HO™ | ~0 ] ~OH 0 i
H,S,05 H,SOs

7 1 7
S—5S S 0
HO™ | SOH HO | 0~ " H
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SECTION-3 : (Maximum Marks : 24)
This section contains SIX (06) questions.
The answer to each question is a NON-NEGATIVE INTEGER.
For each question, enter the correct integer corresponding to the answer using the mouse and the on-
screen virtual numeric keypad in the place designated to enter the answer.
Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+4 If ONLY the correct integer is entered;

Zero Marks : 0 Inall other cases.

42.

Ans.
Sol.

43.

AnS.
Sol.

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 ramained unadsorbed. To neutralize the unadsorbed acetic acid, 40 mL of 1 M
NaOH solution was required. If each molecule of acetic acid occupies P x 107% m? surface area on
charcoal, the value of P is

[Use given data : Surface area of charcoal = 1.5 x 10> m’g™; Avogadro's number (Na) = 6.0 x 10% mol™]

(2500)

Millimole of acid taken = 100 x 0.5 =50

Millimole of NaOH used =40 x 1 =40

Millimole of acid adsorbed =50 - 40 =10

Molecules of acid adsorbed = 10 x 107 x 6 x 10 = 6 x 10%

1.5x10?

21

Surface area occupied per molecule = 0.25 x 107 = 2500 x 1072

6x10

Vessel-1 contains w, g of a non-volatile solute X dissolved in w; g of water. VVessel-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.
(150)
Vessel — 1 :

. w, /GMM
ATy =g x Kp x —2——%
(ATeh =l x Ko w, /1000
Vessel -2 :

: w, /GMM
AT =ip x Kpx —2———Y¥
(ATp)2 =2 X Ky W, /1000
(AT,), _i_l>< GMM, 12 3

(AT)), i, GMM, 08 2

ATo): | % 100= 3 % 100 = 150%
(ATb)Z 2
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AnSs.

Sol.

45.

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

SrrrrrrrrrrrrIrd
AGTCACGTAAGTC

The amount 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.]

(41)

A=T 2H-bond

G=C 3H-bond

Number of A=T pair =7

Number of G=C pair =6

Number of H-bond involve inA=T=7x2=14
Number of H-bond involve inG=C =6 x3 =18
Energy required for A=T=14x1=14

Energy required for G=C =18 x1.5=27

Total energy required 14 + 27 =41

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 x 10® 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 4.5 x 10° years; loge2 = 0.639]

(143)
92U238 ., 82Pb206 + 82He4 + 6_1[30
t=0 N,= L+L moles
238 206

t=tN;= Y moles Xx= I moles
238 206
As per 1% order kinetics :

Mzﬁn&
Nt
17
m2 1,238 206
=
45x10° t 1
238
45x10° 1872
t= /n
/m?2 206
t = 4.5%10° x LN(9-08)
/n2

=45 x10° x % =143.3 x 10°
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46. Among [Co(CN)4]*, [Co(CO)3(NO)], XeF, [PCls]", [PACL]*, [ICL], [Cu(CN)4]* and P, the total
number of species with tetrahedral geometryis

Ans. (5)

Sol.  [Co(CN)4]* , [Co(CO)sNO], [PCl]*, [CU(CN)4]*> & P, are with tetrahedral geometry.

47. An organic compound P having molecular formula CsHgO3 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
Hs0" gives compound S as the major product.

The total number of methyl (-CH3) group(s) in compound S is

Ans. (6,8,12)

—> Gives ®ve FeCls test

Sol. [C6H603] -

L—»No Intramolecular H-bond

ﬁ Ji?:LN OH
ol K

3[H2NOH]

]

(i) H,0®

CHjl (excess)
Kok (i) CH3—CH —CH,MgBr (excess)
CH3

H C—C CH3
HSC CH3
HsC CHs;
HO OH
H;C-C-C C—C-CHjs
| H3C CH3 |
CH3 H3

No. of —CHj3 group (methyl group) in S is — 12
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Alternative solution
organic compound P = CgHgO3
positive test with FeCl;

-OH
(P can be)
0O
ﬁ + CH3| ;
g 0 (Excess)
O

C

5 *  CH;— C@MgBr
0]

m (Excess)

OH

+ CHs

C= CH2
HO OH |
C

H

w

Total number of methyl group=6+2=8
and if only main organic product is taken than number of methyl group = 6 (side product is not
consider)

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 isa 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 : 0 Inall other cases.
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"PARAGRAPH I"

An organic compound P with molecular formula CgH130, 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]

18.  Sum of number of oxygen atomsin Sand T is

Ans. (2)
Sol.
NN e (e
OH OH
03 + H,0,
R 7Y NcoH
OH -hydroxy valeric acid does not
+ given +ve iodoform test
B o
(©) \/\(": — OH
OH 0

B-hydroxy butyric acid does
give +ve iodoform test

\/\c __OH C—OH \(
" —_— —_—
X 0

OH pcc O g
Q) ()
OH OH
Y = Y'Y 7Y
OH O O O o)
R) (M

S & T shows +ve idoform test.
Total oxygen atoms
presentinS, Tare=1+1=2
Ans. = 2
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"PARAGRAPH I"

An organic compound P wth molecular formula CgH150, 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]

49.  The molecular weight of U is

Ans. (93018)

Sol.
=Y () [CoHs02]
OH OH
O3 + Hy0,
® Y coH
OH B-hydroxy valeric acid does not
+ given +ve iodoform test
B o
@ \/\ﬁ — OH
OH 0

B-hydroxy butyric acid does
give +ve iodoform test

\/\C—OH \"/\c—OH A \(
OH (") —pec> [ — §

pcc™ O

o)
() (S)
OH OH
Y =YY =Y
OH O O O o)
R) (M

S & T shows +ve idoform test.
R mf CsH1003 (M Wt)R =70+48=118
Q mf C4HgO3 (M Wt)Q =56 +48 =104
. PHBV.
500 mole Q + 500 mole R Coggﬁ;wr%aetrlon > (2 mole) \
Acyclic polymer
U molecular weight = 500 x 118 + 500 x 104 — 999 x 18 =500 x 222 — 17982
=111000 - 17982 = 93018

AnNs. is = 93018
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"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.
50.  The number of moles of potassium iodide required to produce two moles of P is
Ans. (2)

Sol.  KI+K,[Fe(CN),]=—=K,[Fe(CN),] +% 1,

Moles of Kl required = 2

"PARAGRAPH I1"
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.
51.  The number of zinc ions present in the molecular formula of Q is
Ans. (3or2)
Sol.  Zn*" + K4[Fe(CN)s] = K,Zns[Fe(CN)s]-
OR
Zn®" + Ky4[Fe(CN)s] — Zna[Fe(CN)g]
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