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Note:

For the benefit of the students, specially the aspiring ones, the question of JEE(advanced), 2021 are also
given in this booklet. Keeping the interest of students studying in class XI, the questions based on topics
from class XI have been marked with “*’, which can be attempted as a test. For this test the time
allocated in Physics, Chemistry & Mathematics are 25 minutes, 21 minutes and 25 minutes respectively.

FIITJEE

SOLUTIONS TO JEE (ADVANCED) — 2021
PART I: PHYSICS

SECTION 1
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.

Four each question, choose the option corresponding to the correct answer.
Answer to each question will be evaluated according to the following marking scheme:

Full Mark :+3 Ifonly 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.
Q.1 The smallest division on the main scale of a Vernier calipers is 0.1 cm. Ten divisions of the Vernier scale

Sol.

correspond to nine divisions of the main scale. The figure below on the left shows the reading of this
calipers with no gap between its two jaws. The figure on the right shows the reading with a solid sphere
held between the jaws. The correct diameter of the sphere is

0 1 3 4
main scale main scale
L] HEEEEEEN
IIII‘IIII IIII‘IIII
0 Vernier scale 10 0 Vernier scale 10
(A) 3.07cm (B) 3.11cm (C)3.15¢cm (D) 3.17 cm

C
Least count = [1%) (0.1) =0.01cm
Zero error =-0.1 + 0.06 = -0.04 cm

Final reading=3.1+0.01 x1=3.11cm
So correct measurement = 3.11 + 0.04 = 3.15 cm
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*Q.2  An ideal gas undergoes a four step cycle as shown in the P-V diagram below. During this cycle, heat is
absorbed by the gas in

1 A
P A
4 y2
K
\%
steps 1 an steps 1 an
A) steps 1 and 2 B) steps 1 and 3
(C) steps Land 4 (D) steps 2 and 4

Sol. C
AQl =nCpAT >0
AQZ =nCyAT <0
AQg =nCpAT <0
AQ4=nCyAT >0

Q.3 An extended object is placed at point O, 10 cm in front of a convex lens L; and a concave lens L, is placed
10 cm behind it, as shown in the figure. The radii of curvature of all the curved surfaces in both the lenses
are 20 cm. The refractive index of both the lenses is 1.5. The total magnification of this lens system is

L L.
10 cm 10cm
(A) 0.4 (B) 0.8 (C) 1.3 (D) 1.6
Sol. B

i:(lB-l)[ 1 + 1J:i
f, 20 20) 20
i:(l -1)[-i-ij:-i
f, 20 20) 20
SO, l_i = i

v -10 20
So,v=-20cm
and i_i = i

v’ -30 -20

So, v =-12cm

So total magnification = 2040120 0.8
-10 )\ -30
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Q.4

Sol.

A heavy nucleus Q of half-life 20 minutes undergoes alpha-decay with probability of 60% and beta-decay
with probability of 40%. Initially, the number of Q nuclei is 1000. The number of alpha-decay of Q in the
first one hour is

(A) 50 (B) 75 (C) 350 (D) 525

D
1 3
Total no. of decays in 60 minutes = 1000 -1OOO[EJ =875

So, no. of a-decay = 875 x 0.6 = 525

SECTION 2
This section contains THREE (03) question stems
There are TWO (02) questions corresponding to each question stem.
The answer to each question isa NUMERICAL VALUE.
For each question, enter the correct numerical value corresponding to the answer in the designated place
using the mouse and the on-screen virtual numeric keypad.
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 Mark :+2 If ONLY the correct numerical value is entered at the designated place;
Zero Marks : 0  Inall other cases.

Question Stem for Question Nos. 5 and 6

Question Stem

A projectile is thrown from a point O on the ground at an angle 45° from the vertical and with a speed 52 mis.
The projectile at the highest point of its trajectory splits into two equal parts. One part falls vertically down to the
ground, 0.5 s after the splitting. The other part, t seconds after the splitting, falls to the ground at a distance x meters

from

*Q.5

Sol.

*Q. 6

Sol.

the point O. The acceleration due to gravity g = 10 m/s2
The value of t is .
0.50
After splitting 1% mass takes 0.5 sec to reach ground.
Initial velocity is same for both mass at the highest point in vertical direction. Displacement and
acceleration in vertical direction is also same
So, 2" mass will also take 0.5 sec to reach ground.

The value of x is .

7.50

FI
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6. Velocity of projectile at highest point 5 m/si y
Since, there is no external force in horizontal direction so by
conservation of momentum

m() = %w) + %(v)

v=10m/s i
Distance covered by second mass before landing =
Range _

5 +10(t)=7.5m m

Question Stem for Question Nos. 7 and 8

Question Stem

m/2

p
® 10 m/s
m/2

Range/2

In the circuit shown below, the switch S is connected to position P for a long time so that the charge on the capacitor
becomes q; uC. Then S is switched to position Q. After a long time, the charge on the capacitor is g, nC.

S 1Q 20
— AMVWY AV
P
Q
v T TiuF Tov
Q.7 The magnitude of q; is .
Sol. 1.33
After long time we can replace the 10 20
capacitor by open circuit. A AN
v T TiuF Tov
i current in circuit = 1/3 ampere 10 A 20
vy = 2_2[1j _4 ot AW AMAM
3) 3
So, g, =CV = 4 C e .
, 0, 3" v 2V
B

Q.8 The magnitude of g, is .

FIITJEE Ltd., FITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
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Sol. 0.67
o2 10 20
After long time i circuit = 3 ampere AAM AV
TiuF Tav
2)_2 10 20
= - —_ = — A
Vag =2 2[3) 5 volt A MA
2)_2
So,q,=CV=(1)|=|==unC
a, ( )[Sj Su L
2V
B

Question Stem for Question Nos. 9 and 10

Question Stem

Two point charges —Q and +Q/ J3 are placed in the xy-plane at the origin (0, 0) and a point (2, 0), respectively, as

shown in the figure. This results in an equipotential circle of radius R and potential V = 0 in the xy-plane with its
center at (b, 0). All lengths are measured in meters.

y

QN3

Q.9 The value of R is meter.

Sol. 1.73

Lets take two points (8, 0) and (C, 0) on y
equipotential circle. ] y

Net potential at (C, 0) = 0 £ *,
KW, K _ 2 @0/ G600 o
—+t—F=—=0 iox

C 3 . +QN3

(C-2)

O

11
C 3(C-2)
=

Jac-2y3=cC

FIITIEE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
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— (3-1)C=23
_ 23
=>C=——

V3-1

Potential net at (a, 0) =0

a
M+—K\/§ =0
a (2-a)

23 23
C-a _+3-1 43+1
2

So, Radius = 5 =
\/g(\@+1-\/§+1]

3-1

Radius = V3
Q.10 Thevalueofbis meter.

Sol. 3.00
b =a + radius
243 +J§:2*/§+3+\/§
V3+1 1++/3
3J3+3
= =3
1+3

Center = (3, 0)
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SECTION 3
e  Thissection contains SIX (06) question.
. Each question has FOUR options (A), (B), (C) and (D). ONE OR MOER 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).
e Answer to each questlon will be evaluated according to the following marking scheme:

Full Mark :+4 Ifonly (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  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 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

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

*Q.11 A horizontal force F is applied at the centre of mass of a cylindrical object of mass m and radius R,
perpendicular to its axis as shown in the figure. The coefficient of friction between the object and the
ground is p. The center of mass of the object has an acceleration a. The acceleration due to gravity is g.
Given that the object rolls without slipping, which of the following statement(s) is(are) correct?

(A) For the same F, the value of a does not depend on whether the cylinder is solid or hollow
(B) For a solid cylinder, the maximum possible value of a is 2ug
(C) The magnitude of the frictional force on the object due to the ground is always umg

(D) For a thin-walled hollow cylinder, a= —

FIITIEE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
website: www.fiitjee.com.
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Sol.

Q.12

Sol.

B, D
F-f=ma
fR=la (about center of mass) a
a=Ra (pure rolling)
. F F
For hollow cylinder a = —, f = — > 5
2m 2 F a
2F F
For solid cylinder, a= —, f =—
3m 3
Also for solid cylinder g < umg f

Therefore a < 2ug

A wide slab consisting of two media of refractive indices n; and n, is placed in air as shown in the figure. A
ray of light is incident from medium n; to n, at an angle 6, where sin 0 is slightly larger than 1/n,. Take

refractive index of air as 1. Which of the following statement(s) is(are) correct?
air

(A) The light ray enters air if n, = ny

(B) The light ray is finally reflected back into the medium of refractive index ny if n, <n;
(C) The light ray is finally reflected back into the medium of refractive index ny if n, > n;
(D) The light ray is reflected back into the medium of refractive index ny if n, =1

B,C,D
The ray diagram for the following conditions are
L ar
n, n, /\
M /9<< %\ M /9< >9\\
forn,>ny forn; >n,
The light finally must reflected back in medium of air
refractive index n; for all values ofn,. == .
np, =
Ny 0 0

FIITJEE Ltd., FITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
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*Q.

Sol.

14,

Sol.

13 A particle of mass M = 0.2 kg is initially at rest in the xy-plane at a point (x = —¢, y = —-h), where £ =10 m

and h = 1 m . The particle is accelerated at time t = 0 with a constant acceleration a = 10 m/s? along the
positive x-direction. Its angular momentum and torque with respect to the origin, in Sl units, are
represented by L and T respectively. ?] and k are unit vectors along the positive x, y and z-directions,

respectively. If k= fX] then which of the following statement(s) is(are) correct?
(A) The particle arrives at the point (x = ¢,y = -h) attimet=2s.

B) = 2k when the particle passes through the point (x = ¢, y = —h)

(C) L = 4k when the particle passes through the point (x = ¢, y = —h)

(D) = k when the particle passes through the point (x = 0, y = —h)

A B, C
Time taken to reach from (—¢, —h) to (¢, —h) is given by
20 = 1at2
2
1 2
20 = E(lO)t t=2sec
L = mvhk = mathk
L= (0.2)(10)2(1)R = 4k [when particle passes through (¢, —h)]

1

= mahk = (0.2)(10)(1)k = 2k (always)

Q_|Q-
=

Which of the following statement(s) is(are) correct about the spectrum of hydrogen atom?
(A) The ratio of the longest wavelength to the shortest wavelength in Balmer series is 9/5
(B) There is an overlap between the wavelength ranges of Balmer and Paschen series

. . 1
(C) The wavelength of Lyman series are given by [1+ijo, where % is the shortest wavelength of

Lyman series and m is an integer
(D) The wavelength ranges of Lyman and Balmer series do not overlap

A D
For hydrogen atom,z=1

1 1 1
e R{n_z F] where R = 1.0973 x 10’ m™ = 1.1 x 10’ m™ = Rydberg constant.
1 2

For the Lyman series, n;=1andn,=2,3,4, ....... 00
1 = ]_-iz
A n;

A= Amax , When n, =2

FIITIEE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
website: www.fiitjee.com.
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15.

nz \1 1 1
Also, A= zz_l]ﬁ_|:l+(nz_1):|7‘o_[1+Fj7‘0
2 2

1

where,
m® = (n} -1) = an integer

m = ,/n% -1 = not an integer

For the Balmer series,n;=2andn, =3,4,5,6, ............ , 00
1_g(1.1

A 4 n’

A= Amax, Whenn, =3

1 _5R
Apax 36

max = 3. 656.2 nm
5R

A = Amin, When n, = o0
A =—=364.5 nm
—> “min R

Hence, for the Balmer series,
Amx _ 36/5R _ 9

max - —

A 4/R 5

min

A
A = Amax, When n, =4

. R[l_ij_ﬁ

A 9 16) 144

= A :&:1874.7 nm
7R

A = Amin, When n, = o0

— min 9. 820.2 nm
9 R

A long straight wire carries a current, | = 2 ampere. A semi-circular conducting rod is placed beside it on
two conducting parallel rails of negligible resistance. Both the rails are parallel to the wire. The wire, the
rod and the rails lie in the same horizontal plane, as shown in the figure. Two ends of the semi-circular rod
are at distances 1 cm and 4 cm from the wire. At time t = 0, the rod starts moving on the rails with a speed
v = 3.0 m/s (see the figure)

A resistor R = 1.4 O and a capacitor C, = 5.0 uF are connected in series between the rails. Attimet=0, C,
is uncharged. Which of the following statement(s) is(are) correct? [, = 47 x 107" Sl units. Take /n2 = 0.7]

FIITIEE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
website: www.fiitjee.com.
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lcm

4 cm

R Co
(A) Maximum current through R is 1.2 x 10°® ampere
(B) Maximum current through R is 3.8 x 10 °ampere
(C) Maximum charge on capacitor Cq is 8.4 x 102 coulomb
(D) Maximum charge on capacitor Cy is 2.4 x 10*? coulomb

Sol. A C
Emf induced across the semi-circular conducting rod.

4
Ivd I I
e= [HolVOX _ “0_V|n(4) - “0_V|n(2)
1 21X 2n T

Since the semi-circular conducting rod is moving with a constant speed v = 3 m/s, then

Iv
€= MO—In(2) = constant
Y

Maximum current through the resistor R is
.o g pelv 4x107 x2x3x0.7
Imax = — = In(2) =

™= R TR 1.4
Maximum charge on the capacitor Cy is

=1.2x10 " ampere.

Omax = Cog = CO[“OIV |n(2)j =5x10°x4x107" x2x3x0.7 =8.4x107*? coulomb.
b

*16. A cylindrical tube, with its base as shown in the figure, is filled with water. It is moving down with a
constant acceleration a along a fixed inclined plane with angle 6 = 45°. P, and P, are pressures at points 1
and 2, respectively located at the base of the tube. Let B = (P, —P;) / (pgd), where p is density of water, d is
the inner diameter of the tube and g is the acceleration due to gravity. Which of the following statement(s)
is(are) correct?

(A)B=0whena:g/\/§ (B)B>Owhena:g/\/§
(C)B—%whenazglz (D)B=%whena=g/2

FIITIEE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
website: www.fiitjee.com.
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Sol.

A C
(P, —Py)ds = pdsd\/E(g sin45-a)
(PL~P,)= pd(g-2v2)
(Pl_PZ) =(l—a\/§]
pgd 9
Whena=g/~2, B=0

Whena=g/2, B = (%}

'3:

SECTION 4
This section contains THREE (03) questions.
The answer to each question isa 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 designed to enter the answer.
Answer to each question will be evaluated according to the following marking scheme:
Full Mark :+4 If ONLY the correct integer is entered;
Zero Marks : 0  Inall other cases.

17.

Sol.

*18.

An o-particle (mass 4 amu) and a singly charged sulfur ion (mass 32 amu) are initially at rest. They are
accelerated through a potential V and then allowed to pass into a region of uniform magnetic field which is
normal to the velocities of the particles. Within this region, the a-particle and the sulfur ion move in
circular orbits of radii r, and rs, respectively. The ratio (rs/r,) is___

4

_ J2m.q, vV

q,B
_ ,IZquSV
qsB

mS qa —

s

r[l

S

e |w_‘ e |tn_‘
1
~

A thin rod of mass M and length a is free to rotate in horizontal plane about a fixed vertical axis passing
through point O. A thin circular disc of mass M and of radius a/4 is pivoted on this rod with its center at a
distance a/4 from the free end so that it can rotate freely about its vertical axis, as shown in the figure.
Assume that both the rod and the disc have uniform density and they remain horizontal during the motion.
An outside stationary observer finds the rod rotating with an angular velocity Q and the disc rotating about
its vertical axis with angular velocity 4Q. The total angular momentum of the system about the point O is

2
Ma’Q n. The value of n is
48 —

FIITIEE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
website: www.fiitjee.com.
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ij M 40
Y. <=8
a ald

Sol. 49
Angular momentum of disc about O is

L., = M[l"")f_a]mrM[ij (4)
a4 24

Angular momentum of rod about O is
Ma?
Lee =—Q
RO 3

49
So, L, =Ly +Lgy =—(Ma’Q)
48
So,n=49
*Q.19 A small object is placed at the center of a large evacuated hollow spherical container. Assume that the
container is maintained at 0 K. At time t = 0, the temperature of the object is 200 K. The temperature of the

object becomes 100 K att = t; and 50 K at t = t,. Assume the object and the container to be ideal black
bodies. The heat capacity of the object does not depend on temperature. The ratio (t,/t;) is ,

Sol. 9

dT
C—=(T"-T¢

™ (T"-T¢)
100 t

dT ¢ 1
J'ﬁ=j-—dt
zooT 'TS o C

1M1 100 1
3T =-—(t,)
200 c
St 1 o3,
(100)* (200)* | ¢!

Similarly, {@ﬁ} =34

[ oy
t (50 (200°) _ ¢

L -
tl

1 1
(100)°  (200)°

FIITIEE Ltd., FIITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
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PART II: CHEMISTRY

SECTION 1
e  Thissection contains FOUR (04) questions.

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

. Four 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 Mark :+3 Ifonly the correct option is chosen;
Zero Marks : 0  If none of the options is chosen (i.e. the question is unanswered)
Negative Marks  : -1  In all other cases.

*Q.1  The major product formed in the following reaction is

NaNH,

Na
lig. NH4

A AN B =\ /\ /

\
©) \\_/_\:/_\ O =_ S\ \

Sol. B
—\_/—\_— NaNH, f— \ \
Na/lig. NH, — ’ \ /

Na in liquid NH; reduces non terminal alkyne into trans alkene.

*Q.2 Among the following, the conformation that corresponds to the most stable conformation of meso-butane-

2,3-diol is
OH OH
H)L\ Me HmDH
® Me” T H ® HT "Me
OH Me
OH OH
MEE(DH H OH
© - Me (D) Me H
H Me

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

Q.3

Sol.

B
In option (B), given configuration represents meso — butane — 2, 3-diol and due to intramolecular hydrogen
bonding, the gauche form is more stable.
Option (C) and (D) does not represent meso — isomer.
o—H

\
\

H ¢}
S
H

Me

For the given close packed structure of a salt made of cation X and anion Y shown below (ions of only one

face are shown for clarity), the packing fraction is approximately
packing efficiency

(packing fraction = — )
A~
—
—.,—’l/‘-\‘ i
¥ A
S
Y
(A) 0.74 (B) 0.63
(C) 0.52 (D) 0.48

B

3 xﬂnrf +1><ﬂ1tr73
Packing fraction (f) = 3

Now 2r_=a

S22
r

Also, = =0.414
r

1x 2 x 3.14]3x(0.414)" +1]

(2)

So, f =

=0.634 ~0.63

FIITJEE Ltd., FITJEE House, 29-A, Kalu Sarai, Sarvapriya Vihar, New Delhi -110016, Ph 46106000, 26569493, Fax 26513942
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Q.4 The calculated spin only magnetic moments of [Cr(NHg)G}3+ and [CuF6 ]37 in BM, respectively, are

(Atomic number of Cr and Cu are 24 and 29, respectively)

(A) 3.87and 2.84 (B) 4.90and 1.73
(C) 3.87and 1.73 (D) 4.90and 2.84
Sol. A

3+ 3 . .
[Cr(NH3 )GJ has d* configuration, so as per CFT,

N=3and u=/3(3+2)=3.87 BM

[CuFG]S' , has d® configuration and weak field ligand.

SoN=2and = ,/2(2+2) =2.84 BM

SECTION 2
This section contains THREE (03) question stems
There are TWO (02) questions corresponding to each question stem.
The answer to each question isa NUMERICAL VALUE.
For each question, enter the correct numerical value corresponding to the answer in the designated place
using the mouse and the on-screen virtual numeric keypad.
. 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 Mark :+2 If ONLY the correct numerical value is entered at the designated place;
Zero Marks : 0  Inall other cases.

Question Stem for Question Nos. 5 and 6
Question Stem

For the following reaction scheme, percentage yields are given along the arrow:

red hot
NaNH, iron tube
e H,0 P Mel 873K
12, / 3 -
g2%-3 (4.0¢2) 75% 40% (x g)
Hgf 100%
g Ba(OH), T _NaOCl  y  (decolourises
' heat 30% (v ) Baeyer's reagent)
80%

X gandy gare mass of R and U, respectively.
(Use : Molar mass (in g mol™) of H, C and O as 1, 12 and 16, respectively)

Q5 The value of xis __.

Sol. 1.62
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CHj
H3C CHs3
MgoCg — HSC_CEC_H’?H—:“}) HSC_CEC_CHS ron rtii:?;n K
@) © 3
H3C CHs3
(4.0 gm)
CHj
(R)
o (xgm)
HaC—C=C—H 35" HC—C—CHg —tpucisr— HaC— C=CH—C—CHy
100 % 80 %
@ ®) iy ™
NaOCl |80 % (holoform reaction)
(0] (0]

I I
H3C—C—CH—C—OH 0f H3C—C=CH—C—ONa + CHCl3

CHg CHgj
) )
(Molar mass =100) (y' gm)

Molar mass of P = 40

75 % Q
(0.1mole) [O.lx gj

4
3Q 40 %
[ O.lxﬁj [lx0.1x§x0.4j
4 3 4

So, moles of R = 0.01 mole
Molar mass of (R) = 162
S0, x=0.01x162=1.62¢g

Q.6 Thevalueofyis__ .

Sol. 3.20-3.90
Molar mass of ‘U’ = 122 g or 100 g

100 %

(0.1mole) (0.1mole)
Aldol condensation 80 %
—
(ogﬁm) (80%) 01 01 U
: [—éxo.sj [?xOBxOB]

So, mass of ‘U’ = O?'lx 0.8x0.8x100 = 3.20 gm

Or
0.1
Mass of ‘U’ = ?x 0.8x0.8x122=3.90 gm
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Question Stem for Question Nos. 7 and 8
Question Stem
; 10% . = i
For the reaction, X(s) = Y(s) + Z(g). the plot of In z—é versus ——is given below (in

solid line). where p, is the pressure (in bar) of the gas Z at temperature 7 and
p® =1 bar.

0%
7K )

s d(InK) AH® jues g p
(Given. g = = where the equilibrium constant, K = —=and
= v

T
the gas constant. R = 8.314 J K-' mol™)

» Q.7  The value of standard enthalpy. AH® (in kJ mol™) for the given reaction is
Sol.  166.28

X(s) =Y s)+Z(0)

K =P also AG® = -RT In K,

P 0’
- -RT In[p—éj
p

Now, AG® = AHC - TAS®

RT kn[p—éj = AH® — TAS®
p

ORI
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P, AH® ) 10* AS°

0 -7-(-3
Slope of the line = — AH = [ ( )} =
10“R 12-10
- AH =2 R x 10*
=2x8.314x10°x10*=1.66.28 kI molt K

+Q.8 The value of AS® (in J K mol™) for the given reaction. at 1000 K is :

Sol. 141.34
Putting the value of AH in equation (2), we get

(2R><104] 10° AS°
B D A Sak i (Sl

10*R 7 R
4 0
-3=-2Rx 10 + AS
T R
10* AS°
-3=-2x +
1000 R
0
-3=-20+ AS
0
AS =17
R

o AS =17 x 8.314 = 141.34 JK * mol ™

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



www.educationbestower.com
JEE(ADVANCED)-2021-Paper-1-PCM-20

Question Stem for Question Nos. 9 and 10
Question Stem

The boiling point of water in a 0.1 molal silver nitrate solution (solution A) is x°C. To this solution A, an equal
volume of 0.1 molal aqueous barium chloride solution is added to make a new solution B. The difference in the

boiling points of water in the two solutions A and B is yx107°C.

(Assume: Densities of the solutions A and B are the same as that of water and the soluble salts dissociate
completely.
Use: Molal elevation constant (Ebullioscopic Constant), K, =0.5 K kg mol™;

Boiling point of pure water as 100°C.)

Q.9 The value of xis ___.

Sol. 100.10 °C
0.1 molal AgNO; (aqg) solution
AgNO, ——Ag’ (aq) +NO, (aq)
i=1+(2-1)x1=2(a =1 given)
AT, =ixk, xm
AT,=2x 05x%x 01=0.1
So, boiling point of solution ‘A’ is = 100.10°C = x

Q.10 Thevalueof ly|is __.

Sol. 2.5
Let solution ‘B’ is prepared by mixing 1 L (=1000 g) of solution ‘A’ with 1 L (= 1000 g) of solution of
BacCl..
BaCl, + 2AgNO, —— 2AgCl(s) + Ba(NO,),
Initial moles 0.1 moles 0.1 moles - 0
Moles after
reaction 0.1-0.05
= 0.05 moles 0 - 0.05 moles

So, molality of new solution = [M]

_ [3><0.05+3><0.05j

2

=0.15
Now, Elevation of boiling point of solution 'B" be (AT,')

AT} =0.15xk,
=0.15 x 1
2
=0.075
Now, T," = 100.075 °C
So, difference of boiling point of ‘A’ and ‘B’ = 100.10 — 100.075 = 0.025 =y x 107 (given)
So,y=25
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SECTION 3
This section contains SIX (06) question.
Each question has FOUR options (A), (B), (C) and (D). ONE OR MOER 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 Mark :+4 Ifonly (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  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 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

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

Q.11  Given:
CHO
H—OCH
HO——H HNO3 o
H———OCH i
H——OH [a]p = +52.7°
CH,0OH
D-Glucose

The compound(s), which on reaction with HNO, will give the product having degree of rotation,
[a], =—52.7° is(are)

o CHO
. HO——H
(A) HO——H (B) HO—T—H
H——OH H—1~OH
H——OH HO——H
CH,OH CH,OH
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s C"'El’ CHO
H——OH
(C) H—OH (D) H——OH
HO——H HO——H
HO——H H——OH
CH,OH CH,OH
Sol C,D
CHO COOH
H——OH H——OH
1 HO——H
HO H HNO,
H——OH H——0H
H——OH H——OH
HoC—OH COOH
(d—glucose) (), =527

Since, we have to get the product (x) of (a)D =-52.7°, i.e. the enantiomer of above product. Which is

only possible from (C) & (D).

©) CHO COOH
HO——H HO——H
1 H——OH
H OH  +no,
HO——H HO——H
HO——H HO——H
HoC—OH COOH

enantiomer of (x)

o) CHO COOH COOH
Hl o H——OH HO—+—H

Hl o H——OH - H——OH
HO——H HO——H rotetn HO——H
H—l oH H——OH HO—+—H
H,C—OH COOH COOH

enantiomer of (x)
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Q.12

Sol.

Q.13

Sol.

The reaction of Q with PhSNa yields an organic compound (major product) that gives positive Carius test
on treatment with Na,O, followed by addition of BaCl, . The correct option(s) for Q is(are)

ON
(A = ® /N
W S_/L'
MeS_\
© /N (D)
& B ON—\ )\
,.r)_" CI
O5N MeS

A D
In option (B) and (C), NO, group (an EWG) is not present ortho or para position wrt the leaving group, so
ArSN? reaction will not be possible.

(A)
NO, NO7
(D)
g S
/ /

Me Me

The correct statement(s) related to colloids is(are)

(A) The process of precipitating colloidal sol by an electrolyte is called peptization.

(B) Colloidal solution freezes at higher temperature than the true solution at the same concentration.

(C) Surfactants form micelle above critical micelle concentration (CMC). CMC depends on temperature.
(D) Micelles are macromolecular colloids.

B,C

(A) Process of precipitating colloidal solution by using an electrolyte is called “COAGULATION” and not
peptisation.

(B) Since, molar mass of sol is much higher than true solutions, so magnitude of any colligative properties
is smaller than true solutions.
(AT,)., <(AT,)

sol true solution

So, freezing point of sols > freezing point of true solution.
So, option (B) is correct.

(C) Micells are formed greater than or equal to CMC and above KRAFT temperature.
So option (C) is also correct.

(D) Micelles are ASSOCIATED colloids and not Macromolecular colloids.
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*Q.14 An ideal gas undergoes a reversible isothermal expansion from state | to state 11 followed by a reversible
adiabatic expansion from state 11 to state 111. The correct plot(s) representing the changes from state I to
state 111 is(are)

(p: pressure, V: volume, T: temperature, H: enthalpy, S: entropy)

|
|
Il
@ p ® p
1 I B
vV d
11 I I
© H o) T
I s I
S S

Sol. A, B, D

(l) Re versible isothermal (l |) Re versible adiabatic (”l)
expansion expansion

So, the correct option is/are:
(A) ) (reversible isothermal expansion)

(1) (reversible adiabbatic expansion)

(1

(reversible isothermal expansion)

(reversible adiabbatic expansion)

D

T—>
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Q.15

Sol.

Q.16

Sol.

(D) (reversible isothermal expansion)

T ( ¢ (In

(reversible adiabbatic expansion)

(D)

S—>»
Reversible isothermal process is isoenthalpic while reversible adiabatic process is isoentropic.

The correct statement(s) related to the metal extraction processes is(are)

(A) A mixture of PbS and PbO undergoes self-reduction to produce Pb and SO2.

(B) In the extraction process of copper from copper pyrites, silica is added to produce copper silicate.

(C) Partial oxidation of sulphide ore of copper by roasting, followed by self-reduction produces blister
copper.

(D) In cyanide process, zinc powder is utilized to precipitate gold from Na[Au (CN)Z].

A CD

(A) PbS +2PbQ—fredwcton_, 3pp 4 SO, T
So option (A) is correct.

(B) In the extraction Cu from copper pyrite CuFeS,
SiO, is added to remove FeO as slag FeSiOs.
So option (B) is wrong.

(C) CuFeS,—® ,Cu,S +FeS + SO,

N

concentrated
ore (matte)

FeS+0,——FeO+S0,
Cu,S+0,——Cu,0+S0,
Cu,5+2Cu,0—— 6Cu +SO0,

(Blister copper)
So, option (C) is correct.
(D) Zn+2Na[Au(CN), |—>Na,[Zn(CN), ]+2Au

So, option (D) is correct.

A mixture of two salts is used to prepare a solution S, which gives the following results:

: i S Dilute HCl(a
precv'r\;:?tl;?e{S) a il f;,?cihsec"s”;}f’s'} - > prer\;i\;aw;?ers)
only Room temperature . Room temperature only '
The correct option(s) for the salt mixture is(are)
(A) Pb(NO,),and Zn(NO,), (B) Pb(NO,),and Bi(NO,),
(C) AgNO,and Bi(NO,), (D) Pb(NO,),and Hg(NO,),
AB,C

Pb(OH),, Zn(OH), and Bi(OH); are white precipitates but Hg(OH), (unstable) is not.
PbCl, is white ppt.
So, option (A), (B) and (C) are correct.
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SECTION 4
e  Thissection contains THREE (03) questions.
®  The answer to each question isa 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 designed to enter the answer.
e Answer to each question will be evaluated according to the following marking scheme:
Full Mark :+4 If ONLY the correct integer is entered;
Zero Marks : 0 Inall other cases.

*Q.17 The maximum number of possible isomers (including stereoisomers) which may be formed on mono-
bromination of 1-methylcyclohex-1-ene using Br, and UV lightis

Sol. 13
@ ij o
(l) (ii) (2)
CH3 CH3 & CHs
LI CE (S
"W ()
(2) same as(u) (2)
(2)

Q.18 In the reaction given below, the total number of atoms having sp” hybridization in the major product P is

1. O (excess)

/___%f/—-\_______\ then Zn/H,0
T F
A A~ 2 NH,OH (excess)
03 eXCeSS \ /
Ihen Zn/H, O O\ O O /O
lNHZOH(excess)

% represents sp® —hybrid atom
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Q.19  The total number of possible isomers for [Pt(NH,),Cl,]Br, is .

Sol.

6
Possible structural isomers are:
[Pt(NH,), Cl, |Br, [Pt(NH,), (CI)(Br)|ClBr [Pt(NH,),Br, |Cl,
Cis trans Cis trans Cis trans
(achiral) (achiral) (achiral) (achiral) (achiral) (achiral)
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PART IIl: MATHEMATICS

SECTION 1
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.
Four each question, choose the option corresponding to the correct answer.
Answer to each question will be evaluated according to the following marking scheme:

Full Mark :+3 Ifonly 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.

Sol.

Sol.

Consider a triangle A whose two sides lie on the x-axis and the line x + y + 1 = 0. If the orthocentre of A is
(1, 1), then the equation of the circle passing through the vertices of the triangle A is

(A)x*+y*-3x+y=0 (B)X*+y*+x+3y=0
(C)X2+y*+2y—-1=0 D)X*+y* +x+y=0

B

Image of orthocentre about any side of the triangle lies on

its circumcircle. eH(, 1)

We can observe that
X2+ y? + x + 3y = 0 is satisfied by (-1, 0) and (1, -1) both
So, option (B) is the correct choice (-1, 0)

oH, (1, -1)

Theareaoftheregion{(x,y); OSXS%, 0<y<1l x23y, x+y=2 }is

11 35 37 13
A) — B) — C) — D) —
()32 ()96 ()96 ()32
A
Area of shaded region (0, 2)
1(2 3]1 1 2 1 X+y=2
===+ — |+ =X—x—= '
2\3 4)4 2 3 2 SR R N R y=1
=E : X = 3y
32
/9
2,0) !
@0
X=—
4
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3. Consider three sets E; = {1, 2, 3}, F; = {1, 3, 4} and G; = {2, 3, 4, 5}. Two elements are chosen at random,
without replacement, from the set E; and let S; denote the set of these chose elements. Let E; = E; — S; and
F, = F; U S;. Now two elements are chosen at random, without replacement, from the set F, and let S,
denote the set of these chosen elements.

Let G, = F; U S,. Finally, two elements are chosen at random, without replacement, from the set G, and let
S; denote the set of these chosen elements.
Let E3 = E; U Ss. Given that E; = E3, let p be the conditional probability of the event S; = {1, 2}. Then the
value of p is

1 3 1 2
A) — B) — C) = D) —
(A) = (B) = ©) : (D) =

Sol. A
Sy F,=FuS Sy GuS=G, Ss
Q) {1,2} {1,2,3,4) {1, x} {1, 2,3, 4,5} {1,2}
(i) {2,3} {1,234} {1, x} {1, 2,3, 4,5} {2, 3}
{x, y} (wherexandy or {2, 3, 4,5}
(iii) {1,3}y {1,3,4} {1, x} are other than 1) {1, 2,3,4,5} {1, 3}
. %c, 3¢, %, 1
(i) P1=3—'4—'5—=—
c, “c, ’c, 60
3 2 3 2
. c c c c 2
3l *c, °c, ‘¢, “c, 45
2 2
c c
(iii) P3=3i><3 1x5—2=i
c; “Cp “c, 45

. . P,

Conditional probability = ——1—— = 1
P+P,+P; 5

*4, Let 64, 0, ..... , 010 be positive valued angles (in radian) such that 6; + 6, + ..... + 019 = 2. Define the
complex numbers z, = e, z, =z, % fork=2,3, ..., 10, where i= J-1. Consider the statements P
and Q given below:

P:|zy — 2|+ |25 = Zp| + oo +[290 — Zo| + |21 — 23| < 2
Q: |z§ —zf|+|z§ —z§|+ ..... +|zf0 —z§|+|zf —sz| <4rn
Then
(A) Pis TRUE and Q is FALSE (B) Q is TRUE and P is FALSE
(C) both P and Q are TRUE (D) both P and Q are FALSE
Sol. C
. 0
Zl =et! Z4 Z3 Z,
i(0,+0.
So, 7, = ") Z z;
z = ei(91+92+93)

. Zyo
i(0,+0,+.....+050) i(2r) Zs Zs
Z,,=6 =e

Sum of all the chord length < Circumference Z Zg
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S0, ¥ |z, ~z)| <2
Also, 2|z, - 2| > |z§ - zf|
Hence, 2(|z, - z,|+ ... +[230 = ;] ) < 2(27) = 4

So for, we have P < 2rand Q < 4n

SECTION 2
This section contains THREE (03) question stems
There are TWO (02) questions corresponding to each question stem.
The answer to each question isa NUMERICAL VALUE.
For each question, enter the correct numerical value corresponding to the answer in the designated place
using the mouse and the on-screen virtual numeric keypad.
. 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 Mark :+2 If ONLY the correct numerical value is entered at the designated place;
Zero Marks : 0  Inall other cases.

Question Stem for Question Nos. 5 and 6
Question Stem

Three numbers are chosen at random, one after another with replacement, from the set
S={1,23,...., 100}. Let p; be the probability that the maximum of chosen numbers is at least 81 and p,
be the probability that the minimum of chosen numbers is at most 40.

5. The value of %pl is

Sol. 76.25
P; =1 — (Probability that 3 chosen numbers are less than 81)

3
=1_[80j _, 64 _ 61

100) 125 125
So, 625
b, - 625, 6L ¢
4 125
6. The value of %pz is
Sol. 24.5

P, = 1 — (Probability that 3 chosen numbers are greater than 40)

3 3
:1_[ﬂj :1_[§j _ %8
100 5) 125
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Sol.

So, %
, 125,98 s
4 125

Question Stem for Question Nos. 7 and 8
Question Stem

Let o, B and vy be real numbers such that the system of linear equation
X+2y+3z=a
4x + 5y + 62 =
TX+8y+9z2=vy-1
is consistent. Let M| represent the determinant of the matrix

a 2 v
M=|p 1 O
-1 01

Let P be the plane containing all those (a., B, v) for which the above system of linear equations is consistent,
and D be the square of the distance of the point (0, 1, 0) from the plane P.

The value of M| is

The value of D is

(7.108.)

X+2y+3z=a ... (1)

4x+5y+62=0 ... 2

X+8y+9z=y-1 ... 3)

Equation (1) + (3) — (2) = 0. Equation (2) provides

a+y-1-2=0

1
oa 2 vy a+y 2 vy

M=|p 1 0[(C,—>C;+C4)=| B 1 O](R,>R,—2R,)
-1 0 1 0O 01

a+y-28 0 vy| |1 0O vy
B 1 0=p 1 0=1
0 0 1] 0 0 1

15
PlanePisx-2y+z-1=0

l2-1 Y
(s
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*9.

Sol.

*10.

Sol.

Question Stem for Question Nos. 9 and 10
Question Stem

Consider the lines L; and L, defined by

Li:xv2+y-1=0and L, : x\/E—y+1:O
For a fixed constant A, let C be the locus of a point P such that the product of the distance of P from L, and
the distance of P from L, is A% The line y = 2x + 1 meets C at two points R and S, where the distance
between R and S is v/270 .

Let the perpendicular bisector of RS meet C at two distinct points R’ and S'. Let D be the square of the
distance between R" and S’

The value of A2 is

9

|(x 2 +y—1)(x\/§—y +1)|
NG |

2x% — (y — 1)% = 32 for intersection with y = 2x + 1

2x% — (2x)% = + 3A?

—2x% = -3)2 (taking —ve sign)

x=i\/§x
2

Distance between R and S = Z‘E A

Locus C = =22

sec 0 (tan O is slope of line)

= J6[AlV5
So, \/30|1/ =+/270 (A =%3)
AP=9

The value of D is

77.14

Equation of perpendicular bisector y = —%x +1

For point of intersection 2x> —%xz = 312

x=i/%x (taking +ve sign)
Distance = (2- /E-S-sece =2 /E-S-\/E:S- /@
7 7 2 7

_ 9x60

D =77.14
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SECTION 3
This section contains SIX (06) question.
Each question has FOUR options (A), (B), (C) and (D). ONE OR MOER 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 questlon will be evaluated according to the following marking scheme:

Full Mark :+4 Ifonly (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  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 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

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

11.

Sol.

For any 3 x 3 matrix M, let M| denote the determinant of M. Let

1 2 3 100 13 2
E=|2 3 4|,P=0 0 1| and F=|8 18 13
|18 13 18 010 2 4 3
If Q is a non-singular matrix of order 3 x 3, then which of the following statements is(are) TRUE?
100
(A)F=PEPand P>=|0 1 0
10 0 1

(8) [EQ +PFQ | = [EQ|+ PFQ™Y|
©) [EFY| > [EF?
(D) Sum of the diagonal entries of P™EP +F is equal to the sum of diagonal entries of E + P~FP

A B,D
Rl
Let A=[C; C; C3], B=R,
R3
Rl
AP=[C, C; C] and PB=|R,
RZ
and P?= |
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1 3 2 1 3 2
P(EP)=P|2 4 3 |=|8 18 13|=F
8 18 13 2 4 3

1 2 3 123
[El=|2 3 4|(R3 >R3-3R,-2R;)=|2 3 4(=0
8 13 18 000

=|F[=0

EQ+PFQ Y = [EQ+PPEPQ Y= [EQ+EPQY = [ElQ+PQ Y =0

EQI = [El Il =0, [PFQ | = PIIFlQ* = 0
(D) P'EP+F=PEP+F=2F (asP'=P)
E+ P'FP = E + P'PEPP = 2E (trace (E) = trace (F))

x? -3x-6

12. Let f: R — R be defined by f(x) = T ioria Then which of the following statements is(are) TRUE?
X+ 2X+
(A) fis decreasing in the interval (-2, -1) (B) fis increasing in the interval (1, 2)
(C) fisonto (D) Range of fis [—% 2}
Sol. A B
f1(x) = DX(x+4) (_4, 1_1j
(x% +2x+4)° 6
£(0) = > (point of local mini ="\
= —— (point of local minima
5 (P ) \
1 . .
f(-4) =5 (point of local maxima) [O 3)
13. Let E, F and G be three events having probabilities

1 1 1 1
P(E)==, P(F)== and P(G)==,andlet P(ENFNG) =—.
(E) 5 (F) 5 (G) " ( ) 0

For any event H, if H® denotes its complement, then which of the following statements is(are) TRUE?

1 1
A) P(ENFNG®)<— B) P(ECnFNG)<—
() P( )< o5 (8) P( )<
©) P(EUFUG) <22 (D) P(ES AFC A GE) < >
24 12
sol. AB,C

1 1 1 1
P(E):g, P(F):g, P(G):Z, P(EmFmG):E

(A) P(ENFAGE) =P(ENF)-P(ENFNG)
<P(E)-P(EFNG)
1 1

-8 10
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14,

Sol.

5-4
40

IA

1
< —
40
B) P(ECAFNG)=P(FNG)-P(ENFNG)
<P(F)-P(ENFNG)

) <P(E) + P(E) + P(G)

For any 3 x 3 matrix M, let |M| denote the determinant of M. Let | be the 3 x 3 identity matrix. Let E and F
be two 3 x 3 matrices such that (I — EF) is invertible. If G = (I — EF)™, then which of the following
statements is(are) TRUE?

(A) [FE| = || - FE| |FGE] (B) (I - FE)(I + FGE) = |
(C) EFG = GEF (D) (1 - FE)(I - FGE) = |
A B,C

G(I-EF) = (I-EF)G = |

—-G-GEF=G-EFG=1 .. 1)

(A) [FE| = |l - FE| |FGE| = |FGE - FE FGE|

= |FGE - F(G - I)E| = |FGE - FGE + FE| = |FE]|

(B) (I-FE)(I + FGE) =1 + FGE - FE - FEFGH
=|1+FGE-FE-F(G-NE=1+FGE-FE-FGE +FE=1

(C) From (1) itis true

(D) (I -FE)(I - FGE) = | - FGE - FE + FEFGE
=|1-FGE-FE+F(G-1)E=1-FGE -FE + FGE - FE
=1-2FE
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15.

Sol.

*16.

For any positive integer n, let S, : (0, ) — R be defined by

S, (x)= Z:Llcotl(—lJr k (kx+ LS ] ,

where for any x € R, cot™(x) € (0, ) and tan*(x) e [—g Ej Then which of the following statements
is(are) TRUE?

2
(A) Sy (x) = g— tanl[1+1lx

10x

],foral|x>0 (B) lim cot(S, (x))=x, forall x>0
n—oo

(C) The equation S; (x) =% hasarootin (0,0) (D) tan(S,(x))< % ,foralln>1and x>0

A B
1+k(k+1)x : k(k+1)x? +1
= _Zcm { } kz {(k+1)x—kx}

S, = Zcot’l(kx) —cot (k+1)x
k=1

t, =cot™(x) —cot(2x)
t, = cot*(2x) —cot*(3x)
t, = cot *(3x) —cot *(4x)

.tn =cot™(nx) —cot *((n+1)x)

S, =cot(x)—cot™((n+1)x)

s cotl[(n +1)x2 +1]
" nx
2 2
5, - Cotl[llx +1J :E_tanl[llx +1j
10x 2 10x

2 2 2
(B) lim cot(S (x)) = lim cot(cot{wj] = fim XEEXTHL
n—w nx n—o nx

2 2
(C) S3(x)=cotl[4x—+lj LN e S
3x 4 3x
= 4x* - 3x + 1 = 0 have imaginary roots
2
(D) tan(S, (x))= tan{cotl[lJr (n+Dx D - nx = 1
w ) L@ L i

nx n

For any complex number w = ¢ + id, let arg(w) € (-=, n], where i= J-1. Let o and B be real numbers

such that for all complex numbers z = x + iy satisfying arg(Z +gj = E, then ordered pair (X, y) lies on
+

the circle X2 + y? + 5x — 3y + 4 = 0. Then which of the following statements is(are) TRUE?
(A)o=-1 (B) app =4 (C)ap=-4 (D)p=4
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Sol. B, D
w=c+id, arg(w) e (-m, x]

Z+a T . 5 3.
argl —— |=—; zo =——+ i

z+p) 4 2 2
Zo+a=(2g+B)i ; o+ =24i+Bi ; 2y (1—i) =Bi—a (by Rotation)
5 3. [ 5 3} :
——+—ita=|-——+—=i|i+fi
2 2 2 2
5 3. 5.3 .
—+—i+ta=——I——+fi
2 2 2 2
5

3 3. 5. . o
——+—+—i+—i+a=pi ; -1+ 4i=Bi—a (Asa, B are real number
Sttt a=p Bi—a (Asa, B )

>-oa=-1,a=1;p=4

SECTION 4
e  Thissection contains THREE (03) questions.
®  The answer to each question isa 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 designed to enter the answer.
e Answer to each question will be evaluated according to the following marking scheme:
Full Mark :+4 If ONLY the correct integer is entered;
Zero Marks : 0  Inall other cases.

*17.  For x e R, the number of real roots of the equation 3x* — 4x* - 1| +x-1=0is

Sol. 4
X —4x*-1+x-1=0 o=
Case-1: [x|>1 -1 1

3 -4 +4+x-1=0
X*+x+3=0

x> -x-3=0
lei\M+12::11JT§::1+JT§ 1-13
2 2 2 2
x| <1
I +4xP-4+x-1=0
7x*+x-5=0
X::—liJl+20x7 _ -1%4141
14 14

So, number of real roots = 4

cotA +cotC is

*18. In a triangle ABC, let AB =+/23, BC =3 and CA = 4. Then the value of )
co

Sol. 2
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19.

Sol.

AB=+23 =C A
BC=3=a
CA=4=Db
cosA cosC \23

COtA+cotC  GinA | sinC

cotB ' cosB

sinB B C
_ cosAsinC +cosCsinA _ sin(A+C)-sinB _  sinB-sinB
SinA~sinC.C(_)SB sinA-sinC-cosB  sinA-sinC-cosB
sinB

_ b’ __® _ 2x16 _ 2x16 _2x16 _,

o (@2+c?-p?) @’ +cf-b®  9+423-16 32-16 16

2ac

Let U,v and W be vectors in three-dimensional space, where 4 and V are unit vectors which are not
perpendicular to each otherand t-w =1, V-w=1, w-w =4,
If the volume of the parallelepiped, whose adjacent sides are represented by the vectors U,V and W is V2

, then the value of |30 +5V| is

,
0.0 UV Gew| |1 GV o1

[Gvwf=[v.a vv v.wl=[v.a 1 1|=2
Wi Wev wew| |11 4

=13)-0-v(4G-v-D)+1l-v-1) =2

=34V +U-V+0G-v-1=2 = -4-v)’ +20-Vv =0

(G-v)(2-4(3-¥))=0; G-v=0, G-V=

N |~

[y

|30+ 5V = 9> + 30(i- v +25[V]* =9+ 15+ 25 =49

- |3G+5v]=7

END OF THE QUESTION PAPER
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