Date: 26/05/2024

Medical| lIT-JEE | Foundations
Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005 | Ph.: 011-47623456

Time : 3 hrs. Answers & SOlutionS Max. Marks: 180

for
JEE (Advanced)-2024 (Paper-2)

PART-I : MATHEMATICS

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.

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

tan(sin‘1 (gj —2cos™ (%D is

7 -7
(A) 22 (B) o
-5 5
(€) EY (D) 22
Answer (B)
r N
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Let S|n‘1§:a, 2cos‘1£:[3 :>cosE:i
S 5 2 5
2tanB 2x1 4
sino == = tano == tanp = 2 __ $=_
1—tanZE 1-— 3
4
3 4

tana—tanp 4 3 _ 7

= tan(a—-p) = =
( B) 1+tanatanp  1+1 24

2. Let S={(x,y)eRxR:x20,y20,y2 <4x,y? s12—2xand3y+\/§xs5\/§}.lf the area of the region S is

a\/E, then a is equal to

17 17

(A) > (B) 3

17 17

(C) x (D) 5
Answer (B)

Sol. y?2=4x,y?2=12-2x=>x=2y =8

2
A=j2&dx+%x3xJ§
0

52
=[2x§x2} +3f=%x2ﬁ+3f=%ﬁ

0

(2,0) (5,0)

'.'A:aﬁ:azg 3y +Bx =58
Option (B) is correct. |
3. Let keR.If Xli_)r&(sin(sin kx) + cos x + x)% = €5, then the value of k is
(A) 1 (B) 2
(C)3 (D) 4
Answer (B)
r |

Delivering Champions Consistently

Karnataka Topper JEE ( MAIN ) 2024

Telangana Topper Telangana Topper Punjab Topper 2
i 100 Tanishka Kabra Chirag Falor
;'E]g;EL"E 4 Al AR MR AR 4 Year Classroom 4 Year Classroom
4 oL = AIR-16 cRL AIR
34 A B ==19 725 B= p Seecams | 2R
Sanvi Jain e ) <o = ; - Rl 2022 2020
L dreatmme  HSHRRI el Mot Sl ol Segeed )

-2.-



Delivering Champions Consistently

Karnataka Topper JEE ( MAIN ) 2024

Telangana Topper

Telangana Topper Punjab Topper

4 P!Rglglli AIR AlR MR

i OVERALL g

Sanvi Jain " <o = -
4 Year Classroom

AlR 34

M. Sai Divya Teja Reddy Rishi Shekher Shukla Rachit Aggarwal
2 Year Classroom 2 Year Classroom

4 Year Classroom

Tanishka Kabra

4 Year Classroom

ALL AIR-16crL

INDIA JEE (Adv.) |

sl 2022

@
2
Sol. /= lim (sin(sinkx)+cosx +x)x =¢°
x—0*
L2
= In/ = lim =(sin(sinkx)+cosx + x —1)
x—0" X
sin(sinkx) sj 1-cosx
i< lim of SMEINAX) sinkx kx  (1-cosx)
X0 sinkx kx x X2
= Inl=2(k+1) = [|=ge2k+)=gb
k+1=3 = k=2
4. Let f:R — R be a function defined by
2 . (W .
x“sin| — |, if x#0,
f(x)= [XZJ i
0, if x=0.
Then which of the following statements is TRUE?
1
(A) f(x) = 0 has infinitely many solutions in the interval {ﬁ, 00].
(B) f(x) = 0 has no solutions in the interval [1 oo] )
T
(C) The set of solutions of f(x) = 0 in the interval [0, 1+0] is finite.
. . . 1 1
(D) f(x) = 0 has more than 25 solutions in the interval — |-
T T
Answer (D)
2 . [ ® .
x“sin| — |, if x=0,
Sol. f(x)= (X2j
0, if x=0.
f(x) = 0 = sin [iz} =0
X
= Z=pn
2
= x% = 1
n
1
= |X=—
n
‘
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If x ELO%,OO]
1 {L oo)
Jn 11010
\Ee(o,m“’}

ne(O,(1010)2]

Finite values of n

1 1
If X€|:;,OO] If x E(O,WJ

1 1 w 10
ﬁe[;, j Jn € (10", o0)
Jn e (0, ] n infinite
ne(O,nz] Ifxe( 12,1]
n=1,2,3..9 Jn e (r, 7?)

ne(nz,n4)
ne(9.8, 97.2..)

More than 25 solutions

SECTION 2 (Maximum Marks : 12)

e This section contains THREE (03) questions.
e 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).

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
Partial Marks
Partial Marks

Partial Marks

Zero Marks
Negative Marks

+4
+3
+2

+1

0

-2

ONLY if (all) the correct option(s) is(are) chosen;
If all the four options are correct but ONLY three options are chosen;

If three or more options are correct but ONLY two options are chosen, both of which
are correct;

If two or more options are correct but ONLY one option is chosen and it is a correct
option;

If unanswered;

In all other cases.

5. Let Sbethesetofall (o, B) e R x R such that

lim

sin(x?)(log, x)* sin(Lj
X

=0

e xPlogy (1+ x))P

Then which of the following is (are) correct?

(A) (-1,3) e S B) (1,1 eS
C) (1,-1)eS (D) (1,-2)e S
Answer (B, C)
F } . . . R |
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sin(xz)sin(Lj(In x)*
Sol. lim X

x>0 x*B(n(1+ x))P

o (sin x? )Sin(;zj;z
o (Lj x“P(In(1+ x))P
X

It is possible if ap +2>0
af >-2

(A) ap=-3

(B) ap =-1

(C) ap =-1

(D) ap=-2

=0

=0

x-2 y-4 z-
==

Ly: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 L2 : 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)

(C) The centroid of the triangle PQR is (

6. A straight line drawn from the point P(1,3,2), parallel to the line 6 , intersects the plane

4145
3'3'3
(D) The perimeter of the triangle PQR is V2 +6 +11

Answer (A, C)
—2_ Y4 _ 228 yrough p1,3.2)is X1 X3 2222 5 ety
2 1 1 2 1
Now, putting any point (A + 1, 2A + 3, A + 2) in L1
A =1
= Point Q(2,5,3)
Equation of line through Q(2,5,3) perpendicular to L1 is
x-2 y-5 z-3
1 -1 3
Putting any point (u + 2, —u + 5, 3u + 3) in L2
= PointR (1, 6, 0)
(A) PQ=1+4+1=1/6

(B) R(1, 6, 0)
(C) Centroid (4 14 5)
3733

(D) PQ+ QR+ PR =+/6 +J11+13

Sol. Equation of line parallel to X

=p (Let)

r 3
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7. Let A1, B1, C1 be three points in the xy-plane. Suppose that the lines A1C1 and B1C1 are tangents to the curve
y? = 8x at A1 and Bx, respectively. If O = (0,0) and C1 = (—4,0), then which of the following statements is (are)
TRUE?

(A) The length of the line segment OA1 is 4+/3 (B) The length of the line segment A1B1 is 16
(C) The orthocentre of the triangle A1B1C1is (0, 0) (D) The orthocentre of the triangle A1B1C1is (1, 0)
Answer (A, C)
Let A, =(2t7, 4t,) and B, = (213, 4t,)
C = (-4, 0) = (2tito, 2(tr + ¢
(-4, 0) = (2tit, 2(t1 + 12)) A 2t 4t}

= k=-trand ti(-t) =-2 \/N(
t1:\/§, t2:—«/§ . *Jo (0, o~
H G

=(4,442), B, =(4,-42) (-4,0)

v

OA1 = {42 + (442)° =43
AiB1 = 82
Altitude CtM:y =0 0
Altitude BiN : V2x +y =0 ...(ii)

Orthocentre = (0, 0)

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 N 2} If ONLY the correct integer is entered;

Zero Marks : 0 In all other cases.

8. Let f:R — R be afunction such that f(x +y)=f(x)+f(y) forall x,y e R, and g : R — (0,:) be a function such

that g(x+y)=g(x)g(y) for all x,yeR. If f(?):m and g(_g}z, then the value of

(f@ . g(—2)—8jg(0) s

Answer (51)
r B |
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Sol. fix + y) = f(x) + f(y)
= f(x) = kx

f(_—3j:12:>k:—20
5

fix) = —20x
glx +y)=g(x) g(y) = g(x) = a~

g(?)=2:>3=%
1 X
Q(X)=[§j
[f(%j+g(—2)—8jg(0)=(—5+64—8)x1 =51

9. Abag 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.
Fori=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 P(W1 mszBs)=% and the conditional probability

P(B; |W,nG,) = g then N equals

Answer (11)
Sol. NBalls =3W+6G + (N-9)B
P(W;nG, NBy) _2

3 6 N-9 2
— X X = —
N N-1 N-2 5N
— N2_48N+407=0

= N=11o0r 37

2
P(Bs IW,nGy) =
N PW,nG,nB;) 2
PW,nG,) 9
2
5N _2
~ 36 9
— X
N~ N-1
N-1 2
= - =
5 9
= N=11
r A |
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10. Letthe function f: R — R be defined by

~sinx (x93 4+ 2024x + 2025) L2 (x2923 1+ 2024 x +2025)
e™ (x? —x +3) -

f
9 e™ (x? = x+3)

Then the number of solutions of f(x) =0 in Ris

Answer (01)

Sol. f{(x)=0
52023 +2024x+2025[sinx+2} -0

(x? —=x+3) e™

= x2023 + 2024x + 2025 = 0
Let g(x) = x202 + 2024x + 2025
g'(x) = 2023x2922 + 2024 > 0 Vx e R

f(x) = 0 has only one solution
real numbers

1. Let p=2i+j+3k and G=i-j+k. If for some
15i +10] + 6k = a(2p + G) + B(P — 2G) + y(P x G), then the value of y is
Answer (2)

Sol. 26+G =5/ +j+7k
p-2G=0i +3j+k

=4i +j-3k
157 +10] + 6k = ou(51 + ] + 7k) + (3] + K) + y(4i + | - 3Kk)

a’!

B and vy, we have

‘

15 =50 + 4y
10=a+3p+y
6=70+p—3y
az%,B:%,y:Z
SLoy=2
r . : :
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12. A normal with slope % is drawn from the point (0, —a) to the parabola x2 = —4ay, where a > 0. Let L be the line

passing through (0, — o) 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

Answer (12)

2 = Directrix
Sol. x?> = -4ay N

Equation of normal

y:mx—2a—i2 /
m

/
-0 = —Za—%= -8a

6
= o=28a
Equation of required line
y=-a
= y=-8a, solving with x2 = —4ay
= x?=32a?

= x=+4/2a

r 4a 1 4a 1
s 20° 16 2x64a- 16
1
= a=—
2
= |24a=12

‘
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13. Let the function f:[1,0) > R be defined by

(=112, ift=2n-1neN,

_1)+(t—(2n—1
2

f(t) = _
(2n+21 D ¢(2n ))f(2n+1),if2n—1<t<2n+1,neN-

X
Define g(x)= .[f(t)dt,x € (1, »). Let o denote the number of solutions of the equation g(x)=0 in the interval
1

(1,8]and B = lim 9(x) . Then the value of a+ B is equal to

x>+ X —
Answer (5)

(2n +1)—t

Sol. f(t) =( .

j(—1)"+12 +(@j<-1)n+22,t e(2n-1,2n+1)
= f(t)=2(-1)""(2n-t), t e (2n -1, 2n +1)

X
jf )dt, x € (1, 8]
1

X

I2(2—t)dt,1<xs3,n:1

/

3 X
jz(z-t)dt+j(2t-8)dt,3<xg5,n=2

1 3

3 5 X
I2(2—t)dt+I(2t—8)dt+f2(6—t)dt,5<x§7,n=3
1 3 5

3 5 7 X
jz(z—t)dt+j(2t—8)dt+j2(6—t)dt+j(2t—16)dt,x6(7, 8l,n=4
1 3 5 7

—x?+4x-3,1<x<3, —(x-1)(x-3),1<x<3
_|x*-8x+153<x<5  |(x-3)(x-5),3<x<5

—x%2 +12x-35,5<x<7 |~ (Xx=5)(x=7),5<x<7
x?-16x+63,7<x<8 (x=7)(x-9),7<x<8

=>9(x)=0=>x=3,57=0=3
B = lim (sz im - X=Dx=3) _,
x—1t

x>\ X =1 x—-1

=>a+P=5
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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.

¢ 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 43 If ONLY the correct numerical value is entered in the designated place;
Zero Marks : 0 In all other cases.

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.
i. Foreach (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: R is 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)

14. If n(X)="Cq, then the value of m s

Answer (20)
Sol. $={1,2,3,4,5,6} R:S—>S
Number of elements in R =6

and foreach (a,b) e R;|la—b| =2
X —setofallrelatonR: S —> S

fa=1,b=3456 — @ |
a=2,b=456 -5

a=3,b=1,586 - @ | Total number of ordered pairs (a, b)
a=4,b=1,26 > @ stla-b>2
a=55b=1,23 —>®

a=66=1234 > @ =20
n(X) = number of elements in X
= ¢, . m=20
F B |

L
INDIA
EMALE
TOPPER
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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.

i. Foreach(a, b) € R, we have |a—b| > 2.
Let Y={R e X: The range of R has exactly one element} and
Z={R e 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)
15. If the value of n(Y) + n(Z) is k2, then | k | is
Answer (36)
Sol. S={1,2,3,4,5,6} R:S—>S
Number of elements in R =6
and foreach (a,b) € R; |[a—b| = 2

X —> setofallrelationR: S — S

a=1|b=34,56|-4
a=2| b=4,56 |—>|3
If a=3| b=156 |>|3 Total number of ordered pairs (a, b)s.t. [a—b| > 2=20
a=4| b=126 |>|3
a=5| =123 |—>|3
a=6|b=1234|->14

n(X) = number of elements in X
= 20¢, .. m=20

Y ={ReX: The range of R has exactly one element}

From above, if range of R has exactly one element, then maximum number of elements in R will be 4.
n(Y)=0

Z={ReX:Ris a function from S to S}

n(Z) = 4Cyx 3Cy x 3¢y x 3¢y x 3¢y x “C;
= (36)2

n(y) + n(z) = 0 + (36)? = k?
|kl =

r 3
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PARAGRAPH II

Let f: [ 2} —[0,1] be the function defined by f(x) = sin?x and let g: [ 2} — [0,0) be the function defined by

X
g0 =75 —x* .
(There are two questions based on PARAGRAPH “II”, the question given below is one of them)

2 2

16. The value of 2j f(x)g(x)dx —jg(x)dx is .
0 0

Answer (0)

Sol. f(x)=sin®x, g(x)= gx—xz

Here f(g - XJ =cos? x, g(g - xj =g(x)

Let /, = j' f(x)g(x) = 2[ sin? x - g(x)dx (1)

o'—.m\;u

b
as j f(x)dx = j f(a+b—x)dx
a a
2
= I, =2[cos® xg(x)x ..(2)
0

(1) +(2)

K

2
= 2l =2[g(x)x
0

|2

PARAGRAPH II
Let f:[ 2} —[0,1] be the function defined by f(x) = sin?x and let g: { 2} — [0,0) be the function defined by

X 2
9(x)=,|——-x
2
(There are two questions based on PARAGRAPH “II”, the question given below is one of them)
F ) ) . . h
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17. The value of f(x)g(x)dx is .

3 |—‘
w|
o3

Answer (0.25)
Sol. According to Q.16

f(x)g(x)dx = | g(x)dx = Iy (let)

T T
2 2

Now, /; = Ig(x)dx = I‘/Ex—xzdx
0 0

ot_.y\)\n
O'—.N\T—I

r
2 th T 2
L= 2] -|Z-x|a
1 I@ (4 X) *
0
Put =—x=t
= dx=-—dt

H —t2dt
K
4

ISE

Y
4 2
/ / _q[ 4t
= —t2dt —2 — — 245 gin! 2
.[ 32 (n]
0
3

0
T
=2
32
Now, [ =—-1
T
1
=—=0.25
4
F ) . . . N
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PART-II : PHYSICS

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  Inall other cases.

1. Aregion 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?

E E
A B |
™4 . 3 ®) o okt t Ao y
: i /3L12
E E
C D
( )o,o L/2 IL 3L/2 X ( )0'0 L/2 L «
: 2L
Answer (A)
r N
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Sol. Forx<L

Area =" Xtan30x4x 2+ = Lx2tan30
2 2 2

¢’ = Byxtan30V

L tan30°
b

X>L

Area =A0—A1—A2—A3
=A,—2A, — (X - L)(x - L)tan30

=Ay—(x —L)2 tan30 - {Ltan30 — (x - L)tan30°}2%x%tan60°x2

N[

=Ay—(x- L)2 tan30° - tan30°{2L — x}2

¢’ =-2(x—L)tan30V —tan30 2(2L - x)(-)V
= (4L —x—2x+2L)tan30V

= (4L -3x)V
=0atx= a
3
From1l &2
1.33<1.5
r . . p ¥ |
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2. A particle of mass mis under the influence of the gravitational field of a body of mass M (>> m). The particle is
moving in a circular orbit of radius r, with time period T, around the mass M. Then, the particle is subjected to

an additional central force, corresponding to the potential energy V (r) = moJr®, where o 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

(le —TOZ)/Tl2 is given by

[G is the gravitational constant.]

3a a
) —= (B) ——
GMr§ 2GMrg
o 200
(©) —— (D) ——
GMrg GMrg
Answer (A)
Gmm 3am mv?
Sol. R
o fo "o
T _ 27'[r0
Gmro2 -3a
3
o
T2 _ 47° (3
0 Gm 0
T3 -1¢ T
7 13
Ty Ty
. 4n® 1§ Gmig -3a
Gm 4722 e
S1-14S® >
Gmr§
_ 3a
GMro2
r _— : ; Y
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3. 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 Ky-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
Answer (A)
1 3
Sol. —=ZR(Z-1?
4 (Z-1)°p
hc
cut — a
= Ratio « > for same beam
2 2
E=4—02:>x=4—‘r’2.2z2.53
X 45 40
4. 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 Bo, 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 6
given by
/ /
P Q
l 9
A A7
(A) tan 6 = nrlBo/(mQ)
(B) tan 6 = 2xrIBo/(MQ)
(C) tan 6 = wrIBo/(2mQ)
(D) tan 6 = mg/(rrIBo)
Answer (A)
r e : ; N
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Sol. /

! lower extreme

mg

’
A B, yp» 4 Torque of

magnetic field

W For equilibrium
T=mg rsino

No

Inr’B, cos 0 = mgr sin@

InrB,
mg

tano =

SECTION 2 (Maximum Marks : 12)
e This section contains THREE (03) questions.

e 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).

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 Ifall the four options are correct but ONLY three options are chosen;

Partial Marks .+ 2 Ifthree 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.

5. Asmall 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 o is uniformly distributed on the spherical shell. The
dipole is initially oriented at a small angle 6 as shown in the figure. While staying at a distance r, the dipole is
free to rotate about its center.

r R
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If released from rest, then which of the following statement(s) is (are) correct?
e, is the permittivity of free space.]

(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.

. . ny . 2
(C) The dipole will undergo small oscillations with an angular frequency of 0Py atr =2R
€

(D) The dipole will undergo small oscillations with an angular frequency of /% atr =10R
€

Answer (B, D)

Sol. E
0
P
'r
G
r ) . . ) B |
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T=|5XE|

la. = p,Esin®

_p_.9 1 o4nR?
| \4ng, r?
_[PeoR™)
I gyr
_ |pyoR?
\ 1 eor?

Forr=2R

PoS (Cis incorrect)
4l g,
Also, for r = 10R

P,c
41(100)

(D is correct)

It will oscillate for any finite value of r > R. (B is correct)

6. Atable tennis ball has radius (3/2) x 1072 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: & = 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.

Answer (A, B, D)

r . : ; Y
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Sol. Work done in pushing the ball
W =(vpg)d - (vog)d

Where p — Density of water

o — Density of ball

-3
~ W :gnR3x10xO.7{1000—%x£}

R3
W =0.077J [Ais correct]

= When ball is released at bottom same work (i.e. 0.077 J) is done on ball.

%mv2 =0.077

= Netforce F,, =vog-vog=0.11 N

Also, viscous force is maximum when v = 7 m/s.

(F, )max = 6mMrv
= 6><g><10_3 (§x10_2j><7
7 2

=18x11x 10" N

Now,
Fee _ 500
(Fv )max 9

7. Apositive, singly ionized atom of mass number A,, is accelerated from rest by the voltage 192 V. Thereafter, it

[D is correct]

enters a rectangular region of width w with magnetic field I§0 =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 107% kg, charge of the electron = 1.6 x 107% C.]

r e . ; R
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lon

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 A, = 144 is 48 cm.

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

(D) The minimum width w of the region of the magnetic field for detecting ions with A, = 196 is 56 cm.

Answer (A, B)
Sol. x=2R

) 2m(eAV)
qB
For H' ion
x=3.91cm

= 4cm (A is correct)

For m =144 (m,)

- 12(XH+)
=48 cm (B is correct)

r 3
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For 1 SAMS196

= (Xl - XO)min = 2R g6~ 2R,
=(14x4)-4
=52 cm (Cis incorrect)
For A, =196

w . =R, =28cm (Disincorrect)

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 . t4 If ONLY the correct integer is entered;

Zero Marks : 0 In all other cases.

8. 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

Answer (3)

Sol. V :%RRZH

dv drR dH
- =2+ —
V R H

= % error in measuring volume

= 2x£+£ x100
20 20

=3

9. Aballis thrown from the location (xo, yo) = (0,0) of a horizontal playground with an initial speed vo at an angle 6o
from the +x-direction. The ball is to be hit by a stone, which is thrown at the same time from the location
(x1, y1) = (L, 0). The stone is thrown at an angle (180 — 01) from the +x-direction with a suitable initial speed. For
a fixed vo, when (0o, 01) = (45°, 45°), the stone hits the ball after time T1, and when (0o, 61) = (60°,30°), it hits the
ball after time T2. In such a case, (T1/T2)? is

Answer (2)
r 3
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ty
Vo Uy
A vb\
+
B | L % Si(L, 0)°
Let B : Ball
S : Stone
vo: Initial speed of stone.
Since relative acceleration = zero
= Path seen would be straight line
= To meet, vo SinBo = vosinO1
And At = L
Vg COS O +Vq COSOy
L L
Casel: vy=vg =>At; =T; = =
0 0 1 1 |: 1 1 :| \/EVO
Vo| =+—F—
2 2
Case ll : J§v0 =vg = At, =T, =;\/§=2\,L
\Y;
G e, U &
V3o 2 2

- -

T,
A charge is kept at the central point P of a cylindrical region. The two edges subtend a half-angle 6 at P, as

shown in the figure. When 6 = 30°, then the electric flux through the curved surface of the cylinder is @ If

0 = 60°, then the electric flux through the curved surface becomes @ / Jn, where the value of n is

w

&

k.

Tanishka Kabra Chirag Falor
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Answer (3)

Sol. For any 0, let us first find the flux inside a cone of half angle 6. we know that for such a cone, solid angle
subtended at centre is

Q =2n[1-cos6]

= Flux through 1 cone = ¢ = QR =&[1—cose]
4n €y 280
= Flux through curved surface
=2 24,
%o
=2—g[1—cose]=gcose
& %o €
gy 2
¢ Q1
And —=—=.=
Jn g 2
= Jn=43
= n=3

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 6 such that the outgoing ray undergoes minimum

deviation in prism P.,. If the respective refractive indices of P, and P, are \/g and V3, 0=sin™ {\Esm(%ﬂ

where the value of B is

r Y
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Answer (12)

Sol. By using optical reversibility principle

For prism P,

— Minimum deviation

1xsin91=J§sinr r,=r =

sinel:\/gx% ro=r =30°

= i=e=60°
For prism P,
Incident angle will be 60°

Ve

1xsin60° = —=sinr,

2
B_B

=—=sinr,

2 2

— o
r1+r2—60

(25
>
=
|

-1
"2

r,=15°

iy
|

N

Ny

sin(45°) =1xsin@

15° = ﬂ rad = I rad
180 12
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12. 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

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

&

[Given: In Sl units
T &,

1m
P R
.TI....... ......... .
05m )

Answer (171)

A
Sol. ELine charge — m
0
2
= AVLinecharge = J- * dr = ~ In4 (I)
s 2meEy T 2n e,
AV, -+ Q 1 Q
Sphere 4 e, R 4n < 2R
-_19 ...(ii)
dne, 2
= AV, = A In4+ 1Q
€, dne, 2
=171 Volts

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 = 144 Pa. Now, the chamber pressure is reduced to 8P /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

Answer (96)

r . : ; Y
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Sol. Since the situation follow isothermal condition.

P1V1:F’2V2

4 3 4 3
V; =—nRy,V, =—nR
1= 3R V2 = 2mR;

Pl = PO +AP1, APl = 4R_T

1

8P
and PZ =2—70+AP2, APZ =;—T

2

So for isothermal condition

Py + AP} )x—nR{ =| —+ AP, |x—=nR
( 0 1) 3“ 1 [27 2 37t 2

here P, = 10° Pa
AP, =144 Pa

and AP1 << P0

3 3
P
So (Py +APy) Al 8_0+Ap2 AT
AP, 27 AP,

Po 8 1
(Apl)s 21 (AP2)3

AP, =§ AP, =§x(l44 Pa)

AP2 =96 Pa
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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 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 43 If ONLY the correct numerical value is entered in the designated place;

Zero Marks : 0 In all 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 0.8 mm. The distance between the slits at time t is given by
d = (0.8 + 0.04 sin ot) mm, where o = 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.

Tm

A
v

r R
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14. The 8™ bright fringe above the point O oscillates with time between two extreme positions. The separation

between these two extreme positions, in micrometer (um), is
Answer (601.50)
Sol. As central bright fringe position is not changing, the two slits are oscillating with a phase diff of =.

For 8™ bright fringe

8\D <10°
(0.8+0.04sinwt)

y =

~ 8x6000x107"° x10°
(0.8 +0.04sinwt)

B 48x10™*
(0.8+0.04sinwt)

d varies from 0.84 mm to 0.76 mm
Ay = 6.015 x 10
=601.50 pm
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 0.8 mm. The distance between the slits at time t is given by
d= (0.8 + 0.04 sin ot) mm, where o = 0.08 rad s~1. 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.

—* B
—_— d
_ - o
—_—
s A
— 1M ———
r . : ; Y
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15. The maximum speed in p m/s at which the g™ bright fringe will move is

Answer (24.00)
Sol. Finding speed

6_y_§(8m)
st ot d

_8.D ad.
d? (8t)

8kD

)><10 -

-840 4ox10°

max

_ 8x6x107 x1x4x8x107
64x107°

=24 x107°
=24 um/s
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 X, are oscillating with amplitude
a and angular frequency . Thus, their positions at time t are given by x,(t) = (x, + d) + a sin ot and x,(t) = (x, — d) -
a sin ot, respectively, where d > 2a. Particle 3 of mass m moves towards this system with speed u, = ao/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 o.

Xo

3, 2 i1

16. If the collision occurs at time t, = 0, the value of v__/(ao) will be

Answer (00.75)
r R
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Sol. Att=0, 2 is at mean position

u, = am towards left after collision, velocity will exchange
a .
Vy = 70) towards right

u, = am towards right

v — 3am

cm 4
Yem _3 _g75
am

Att=""u,=0
(O}

After collision, v, = a?co towards right

Vem = "%m towards right

w.r.t. centre of mass

am
— = A% - a2
4

2
a
2 +a?=A?°
16
17
—La2 = A% —p?
16

r — : : B
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b2 = Ea2
16

PARAGRAPH I

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 t are given by x,(t) = (x, + d) + a sin wt and x,(t) = (x, — d) -
a sin ot, 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 L655 Finally, particles 1 and 2 acquire a center of mass

speed v and oscillate with amplitude b and the same angular frequency o.

17. If the collision occurs at time to = ©/(2w), then the value of 4b2/a? will be
Answer (04.25)
Sol. Att=0, 2 is at mean position

u, = an towards left after collision, velocity will exchange
a .
vy = 703 towards right

u, = ao towards right

v — 3am
cm 4
Vem _3 _ 75
an 4
r R |
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Att=""u,=0
20

After collision, v, = a?m towards right

=4.25
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PART-III : 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.

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?*
Answer (B)

Sol. K.E. of electron in n" Bohr’s orbit,

22
K.E.=13.6 — eV/atom
n

2
n =1 (H-atom) > KE. 1—2 =1

22
=1 (He ion) > KE.« 27 =4

22
n =2 (He"ion) > KE. oc2—=1

2
n=2 (LP*ion) > KE. oc 5 =2
232

Highest for - n = 1 of He" ion.

‘

A f
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2. In a metal deficient oxide sample, MxY204 (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
Answer (D)
Sol. MxY204
M+2 — 5 M+3 =%
3’ 3
So, total of O.N. of all atoms
%+3(2X)+2(+3)+4(—2) 0
3 3
%+2X+6 8=0
3
8 _,
3
x=2-2_075
8 4
3. In the following reaction sequence, the major product Q is
i) HI, A Cl, (excess)
L-Glucose > P — Q
II) Cr203. 775 K, uv
10-20 atm
Cl ClI
cl cl Cl ClI
(A) :@f (B)
Cl “Cl
o] Cl
Cl Cl
(©) | (D)
A cl~ of
Cl Cl
Answer (D)
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Sol. L-Glucose — 22 5 CH,, Cr,0s
CeH;,0¢ (n-Hexane) 103;2 ztm
Cl, (excess)
UV light
Cl
Cl Cl
Cl Cl
Cl
(BHC)
4. The species formed on fluorination of phosphorus pentachloride in a polar organic solvent are
(A) [PF4]*'[PFe]” and [PCla]*[PFe]”
(B) [PCla]*[PClsF2]~ and [PCla]*[PFs]”
(C) PFs and PCls
(D) PFsand PCls
Answer (B)

Sol. If PCls is fluorinated in a polar solvent, ionic isomers are formed. e.g.:-

[PCl4]*[PClsF2]" (colourless crystals)
and [PCl4]*[PFe]” (white crystals)

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.

_‘
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5.

An aqueous solution of hydrazine (N2H4) is electrochemically oxidized by Oz, 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 N2H4 at the anode to form N2(g) and water, releasing 4 electrons to the anode.

(B) At the cathode, N2H4 breaks to N2(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.

Answer (A, C)

Sol.

0
NzH + 02 —)N2+H2072

OX|dat|on Reduction
(Anode)  (Cathode)

At anode: N,H, + 4OH" ——N, + 4H,0 + 4e”
At cathode: O, +2H,0 +4e” ——40H"
Complete reaction: N,H, + 0, ——N, +2H,0

Statements (A) and (C) are correct.

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

e _ HO
T CO,Et —
@ 2 reagents CozH
O\ d — CN = CHO
\>‘ P HO
H,C
(A) i) Lindlar’s catalyst, Hz; ii) SnCl2/HCI; iii) NaBHa4; iv) HsO*
(B) i) Lindlar’s catalyst, Hz; ii) H3O"; iii) SnCl2/HCI; iv) NaBH4
(C) i) NaBHg; ii) SnCI2/HCI; iii) H3O*; iv) Lindlar’s catalyst, H2

(D) i) Lindlar’s catalyst, Hz; ii) NaBHg4; iii) SnCI2/HCI; iv) H3O*

Answer (A, C, D)
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Sol. (A) 0
T COOEt (j) Lindlar's catalyst .
o CN H, i
>_O
H,C
0 o}
— COOEt (ii) SNCI/HCI - COOEt
——
— CN — -
0}_0 0}_0 CH = NH
H.C H,C
OH OH
NaBH, = COOEt  H,0' — COOH
6 = CH = NH _— CHO
o HO
H.C
OH
(C) — —
0 CN HCI CH = NO
?..O
H,C
OH
H,0" COOH  Lindlar's catalyst
CHO H, .
HO
(D) (P) (i) Lindlar’s catalyst, Hy; (i) NaBH,; (ii) SnCl, /HCI; (iv)H;0* (Q)
F N
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7. The compound(s) having peroxide linkage is(are)

(A) H2S207 (B) H2S20s
(C) H2S20s5 (D) H2S0s
Answer (B, D)

Sol. H2S207 ||\O/ ||\

H2S20s

[l
H2S205 HO—S—S—OH

H2S0s HO—

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 . If ONLY the correct integer is entered;

Zero Marks : 0 In all other cases.

8. To form a complete monolayer of acetic acid on 1 g 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 P x 10-2® m? surface area on charcoal, the value of P

is
[Use given data : Surface area of charcoal = 1.5 x 102 m?g~"'; Avogadro’s number (Na) = 6.0 x 10%* mol~']

Answer (2500)

_‘
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Sol. Number of moles of unadsorbed CH3COOH = % =4x10?mol

Number of moles of adsorbed CHsCOOH = % - 4x107

=102 mol
Surface area occupied by one molecule of

1.5x10°  150x10?x107%°

CH.COOH = =
s 102 x6x10% 6

= 2500 x 1072 m?
.. As per question P = 2500

9. Vessel-1 contains w2 g of a non-volatile solute X dissolved in w1 g of water. Vessel-2 contains w2 g of another
non-volatile solute Y dissolved in w1 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.
Answer (150)
Sol. Vessel-I

w21

(ATg), =i 2. <1000 <K,

Mx = Molar mass of ‘X’
Vessel-ll

(AT), =y %-ix 1000 xKg

y Wy

My = Molar mass of ‘Y’

AT
(ATo), 100 = XMy 100
(ATb)n iy My
= 12x@x100
80
= 150%

‘

ﬂ‘@.
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10. For a double strand DNA, one strand is given below:

st rrr T 113
AGTCACGTAAGTSEC

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.]
Answer (41)

o, AN G T C A CGTAAGTSC

TCAGTGCATTCGCAG
(1) (@) (2) (i) (3) (i) (iv) (4) (5) (6) (v) (7) (Vi)

Total energy = [BE H-bond A — T x No. of A =T pair x 2] + [BE H-bond G — C x No. of G = C pair x 3]
=1 x7%x2]+[1.5%x6 %3]

=14 +27

=41 kcal

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 x 108 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 = 0.693]

Answer (143)

‘

ﬂ‘@.
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Sol. Life of sample — t years

[AJo « Initial mole of U-238
[A]t < Final mole of U-238

7

[Alo _ 238 " 206
[Al; 1
238

_ 0.0042+0.0340
0.0042

9.1

- 2:3031092xt _ 5 303109.1

4.5%10°
t=14.27 x 10° years
=142.7 x 10° years
P =1427
P =143

12. Among [Co(CN)4]*-, [Co(CO)3(NO)], XeFas, [PCls]*, [PdCl4s]?, [ICI4]-, [Cu(CN)s]*- and P4 the total number of
species with tetrahedral geometryis
Answer (3)
Sol. [Co(CN)4]* = Co°® = 3d74s?
Due to SFL, CN- pairing and transference of electron takes place and hybridisation is dsp?

NCy, N a—
Geometry = Square planer Co
CN/' \CN
[Co(CO)NO]
Co™' = 3d'° due to SFL CO and NO
sp® hybridisation
NO
|
Geometry = Tetrahedral /Cl‘,o\
CcO co co

XeFs = 4bp + 2Ip = sp3d?

ﬂ

A f
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F
e f
Square planer ys ?\
F F
PCls* = 4pb + Olp
¢l R
L
sp® = tetrahedral
Cl /Clil\m
[PACls]* = Pd?*, CI- behaves as SFL
_ o
CI\u K/CI
Pd?* = 4d® = dsp? = square planer Pd
Cl Cl
ICls~ = 4bp + 2Ip
sp3d?
CI\\()//CI B
|
square planer Cl /Q\CI
[Cu(CN)aJ* = Cu*' = 3d™°
= sp?
3
CN
¢
Tetrahedral /’TE'\
CN cN CN

13. An organic compound P having molecular formula CeHeOs gives ferric chloride test and does not have
intramolecular hydrogen bond. The compound P reacts with 3 equivalents of NH2OH 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 H3O* gives compound S as

the major product.

The total number of methyl (~CHs) group(s) in compound S is

Answer (12)
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Sol.

@—wii

3 equivalents
NH,OH
NOH
HON ? NOH
Q)
(o] (0]
m CH,| excess
—_—
KOH
(0] e} (o] e}
(R) CH,
|
(i) Excess CH, —CH—CH,MgBr
(i) H,0
/CHS
QH gH- — &l
Me CH
CHJ\ Me Me /CH3
I-}C —CH, CH,— C\Ii

CH
CH, HO OH 3

HC CH,

Number of CHs groups = 12

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 43 If ONLY the correct numerical value is entered in the designated place;

Zero Marks : 0 In all other cases.
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PARAGRAPH |
An organic compound P with molecular formula CoH1sO2 decolorizes bromine water and also shows positive iodoform
test. P on ozonolysis followed by treatment with H202 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]

14. Sum of number of oxygen atoms in Sand T is

Answer (2)
(,l Decolorization of Br,/H,0

= /O~

Sol. L ---..._, CHIy
P)
CQH1802
oo, "
_L_cooH + Hooc/\(\
(ii) H,0, OH
@) R
gives +ve iodoform gives —ve iodoform

lPCC lPCC

o
M cooH  Hooc N ™S

(M
lA

lA
+ve iodoform

+ve iodoform
Sum of number of O-atomsinSand T=1+1=2
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PARAGRAPH |

An organic compound P with molecular formula CoH1sO2 decolorizes bromine water and also shows positive iodoform

test. P on ozonolysis followed by treatment with H202 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]

15. The molecular weight of U is

Answer (102018)

Sol.
OH
COOH o) o)
A/ * HOOC/Y\ —»f W m
Q) OH 5 o/p,
(PHBV)
(CH.,0,),

Mol. wt. of polymer = (104 x 500) + (118 x 500) — 18 x 499
= 52000 + 59000 — 8982
=102018 g
PARAGRAPH I

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.

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

Answer (2)

Sol. From this equation we need 2 mol of Kl
2Kl + 2Ks[Fe(CN)s] — I2 + 2Ka[Fe(CN)g]

2K4[Fe(CN)s] + 3ZnCl2 — Ka2Zns[Fe(CN)s]2 + 6KCI
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PARAGRAPH I

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.

17. The number of zinc ions present in the molecular formula of Q is

Answer (3)

Sol. From this equation we need 2 mol of K
2Kl + 2Ks[Fe(CN)s] — 12 + 2Ka[Fe(CN)g]

2K4[Fe(CN)s] + 3ZnCla — KaZns[Fe(CN)sl2 + BKCI

a o a
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