SOLUTIONS & ANSWERS FOR JEE MAINS-2021
17t March Shift 2

[PHYSICS, CHEMISTRY & MATHEMATICS]

PART - A-PHYSICS

an LCR series cincuil

Ans: 1
Sol: (a) .
ol a) =————
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(@) tangp=L Ve _ X 7Xc
A R

Q2

freque
Options 1.

ncy is halved ?

SECTION A
Q1 Match List - L with List - 11
List - 1 List = 11
(a) Phase difference between current and voltage () %; current leads voltage
ina purely resistive AC circuit
(b) Phase difference between current and voltage in (i) zero
a pure inductive AC circuit
. 3
(¢} Phase difference between current and voltage in (i) < current lags voltage
a pure capacitive AC circuit
. 1 Xe ~ X
(d) Phase difference between current and voltage in  {iv) tan { )

Choose the most appropriate answer from the options given below :
Options 1. (a)-(ii), (b)-(iii), (c)-(i), (d)-{iv)
2. (@)-(i), (b)-(ii), (c)-(iv), (d)-(ii)
3. (a)-(ii), (b)-(iv), (c)(1ii), (d)-(i)
4. (a)-(ii), (b)-(iii), (c)-(iv), (d)-(i)

What happens to the inductive reactance and the current in a purely inductive drcuit if the

Inductive reactance will be doubled and current will be halved.

2. Both, inducting reactance and current will be doubled.

3. Both, inductive reactance and current will be halved.

4

Inductive reactance will be halved and current will be doubled.

Ans: 4



SOI: XL Z(DL
Vo
oL

Q3 A block of mass 1 kg, attached 0 & spring is made to oscillate with an initial amplitude of
12em. After 2 minutes the amplitude decreases to 6 con. Determine the value of the damping
constant for this motion. { take In 2-0.693 )

Options s 1.16x 10° kg s~ !
2 57%10 3 kg s~!
3. 0.69 x10% kg 5!
4. 33x102 kg 5!

Ans: No option Matching

Sol: A=Age™

m2= 2 120 p=0893x2x1 4 16,1072 kgis
2m 120

Q4 A sound wave of frequency 245 Hz travels with the speed of 300 ms ™~ along the positive
x-axis, Each paint of the wave moves to and fro through a total distance of 6 cm. What will
be the mathematical expression of this travelling wave 7

OPtons 1 Yx, )= 0.06 [ sin 0.8x - (0.5 x 10%t |
2 Y(x, )=0.03 [ sin 5.1x~ (1.5 210t |
3 Y(r, )=003 [ sin 5.1x— (02 x10%)t |
4. Y(x, )=0.06 [ sin 5.1x~ (1.5 109t |

Ans: 2

Sol: w=2nf=1.5x 103
A:g:3cm:0.03m

Q5 4 hairpin like shape as shown in figure & made by bending a Jong current carrying wire
What is the magnitude of a magnetic field at point P which lies on the centre of the
semicircle 7




Sol: B =2xBg yire + BIOOD

B-2x o Mo, T

4nr  2r 2m
_ Mol
B—4nr (2+7t)

Qs

Which one is the correct option for the two different thermodynamic processes ?

e dubane T / odermal
/

isothe rmal

(@)

(b) —

adiahatic

N—>

¢ S0Me rmul

edahatic

(c) (d}

Options ;) o aly

2. (b) and (c)
3. (c)and (d)
4. (¢} and (a)

Ans: 3

Sol: In adiabatic process, V # constant
In an isothermal process, T'= constant
Option 3 (c) and (d) matches isothermal and adiabatic formula

1 Tl
TV'™ =constant and —i= constant

Q7

Which one of the following will be the output of the given circuit ?

D

A

B

Options 1. XOR Gate

2. NAND Gate
3. AND Gate

4. NOR Gate

Ans: 1

Sol: Basic concept



Q8  Two identical blocks A and B each of mass m resting on the smooth horizontal floor are
connected by a light spring of natural length L and spring constant K. A third bock C of
mass m moving with a speed v along, the line joining A and B collides with A. The maximum

compression in the spring is
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Ans: 2

Sol: C comes to rest

Vem Of Aand B = X:%'s vrfet=%kx2

2
2 ’
X = &: EV
k 2k

QI A carrier signal C(t) =25 sin(2512 % 101%) is amplitude modulated by a message signal
m(t)=5 sin {157 ¢ 10°t) and transmitted through an antenna. What will be the bandwidth
of the modulated signal ?

Options 1 50 MHz
2.8 GHz
3. 201 GHz

4. 19875 MHz

Ans: 1
Sol: Band width = 2 fm
om =1.57x108 = 2rf,

8
BW=2fm = % Hz =50MHz



QA0 A aphers of mass 2 kg and radius 0.5 m is rolling with an initial speed of 1 ms ! goes up an
inclined Pl.:uw which makes an angl.c: of 3F with the horizontal pl.m-:', without :1]iE|pi.1.'|E;.
How long will the sphere take to return to the starting, point A 7

4 oS3
Optons 1 0.60 s
2 052s
31 057 s

4. 080 s

Ans: 3

Sol: a:—gs—in—e—zéxig—EE
1+% 772 7
mR
2V 2x1Ix7
~a 25

t =0.56

Q1 Two cells of emf 2E and E with intemal resistance r, and r, respectively ane connected in
series to an external resistor R (see figure), The value of R, at which the potential difference

across the terminals of the first cell becomes zero is

2E E
Il ll
b i
:.
Options; ¥y =15
25 t Ty
N
3. P Ira
n
4. ? FTZ
Ans: 3
Sol: j—_ & 2E
R+r+1, — | — WM — AW — |
TPD=2E-ir1=0 1 r2
2E=in i
3E><r1
R+r+r15 R
VWA

2R+2r1+2r=3n1

n
R= =-r
52



Q12 1w identical photocathodes receive the light of frequencies f; and f, respectively. if the
velocities of the photo-electrons coming, out are vy and @, respectively, then

Options = 1
| 2h . 2
lLog-vy = [;lfl fz)]

2l
20] ~13 = ={fr - fo]

2 2 2h
Sty +0p = ;Ul +fa]

o=

,} -
4 m+o; —[';l—:(fl 1 fz\J

Ans: 2

Sol: =mv? =hv;—¢
—mv% =hvy, —¢
vi-v3 =—(V1—V2)

QA3 The velocity of & particle bs 0=+ gt +FE Tt posttion i x =0 at t=0; then its displocement
after time (t=1) is ;

Options 4 py+2g +3F

2.1h~%’+§

3.y + —E;;'— +F
4. 9gt+g+F
Ans: 2

Sol:  V=Vy+gt+Ft?

ds 2
— =V +0t+Ft
at o g

jds:}(vo +gt+Ft2)dt
0

1
2 3
S = Vot+£+i
2 3
0
s:Vo+g+E
2 3



Q14 3 one mole of the polvatomic gas is having two vibrational rmodes and B is the ratio of molar
" i ( Cp | i
specific heats for polyatomic gas ! B = E | then the value of f is -
Options , 125
2 1.35

3. 1.02
412

Ans: 4

Sol: f=4+3+3=10
Assuming non linear

Bz—P—1+3:12:1.2

C —
Cy f 10

Q15 A rubber ball is released from a height of 5 m above the floor, It bounces back repeated ly,

51
always rising to 0 of the height through which it falls. Find the average speed of the ball.
(Take g =10 ms~2)

Options 4 350 ms~!
230 ms™!
3250 ms~!

420 ms~!

Ans: 3

Sol:  Vy=42gh
V =ef2gh = 2gh

=e=0.9

s=h+2eh+2e*h+....

t= 2_h+23 2—h+2e2 2—h+ ........
V g U g V g

Va =%=2.5m/s

Q.16 An object is located at 2 km beneath the surface of the water. If the fractional compression

AV -
v 5 1.36%, the ratio of hydrulle stress o the comvesponding hydraulic strain will be

[ Given | density of water is 1000 kgm 7 and g =98 ms %)
Options1. 1,44 x 107 Nm~2

2.1.96 %107 Nm 2

3.226%10? Nm 2

4 1.44%10° Nm~?

Ans: 4

Sol: P = hpg



=1.44 x 10° N/m?

g P _ 2x10°x10%x9.8
(av/v) 1.36x1072

QA7 The atomic hydrogen emits a line spectrum comsisting of various series, Which series of
hy drogen atomic spectra s Iying in the visible reglon ?

pr
PHons 1. Paschen series
2. Balmer series
3. Lyman series

4. Brackett series

Ans: 2

Sol: Basic concept

Q18 Thefour arms of a Wheatstone bridge have resistances as shown in the figure. A galvanometer
of 15 £ resistance is connected acress BD. Calculate the current through the galvanometer
when a patential difference of 10 V is maintained across AC,

Hov
Options 4 2 44 p A

2244 mA
3. 487 pA
4. 487 mA

Ans: 4

x-10 x-y x-0
+ +
100 15 10
53x-20y=30-—————————=- @
y_10+ y-X y-0 ~0
60 15 5
17y — 4X = 10 --------=-=mmmo-- (2)
On solving (1) and (2)
x = 0.865
y =0.792
AV=0.73, R=15Q=i=4.87 mA 10V

Sol:




@13 Twe particles A and B of equal masses are suspended from two massless springs of spring,
constants Ky and K, respectively. If the maximum velocities during, oscillations are equal,
the ratio of the amplitude of A and B is

! 51 -
X
&
VK2
Ky
Ka

2

3

=

T =
VEq

Ans: 4

Sol:  Aww1 = Acw2

fk k
A 2L — A, 22
Wm 2Ym

AL _ ko

Az Vkg

Q20 A geostationary satellite is orbiting around an arbitary planct ‘I” at a height of 11R above
the surface of ‘P, R being, the radius of 'F". The time period of another satellite in hours at a

height of 2R from the surface of ‘P is . 'P has the time period of 24 hours,
Options 1. 5
2 642
520
2
4. 3
Ans: 4
3
Sol: T« Ré
%
2
24 = 1R = T=3hr
T 3R

Section B

Q1 Suppose vou have taken a dilute solution of oleic acid in such a way that its concentration

becomes 0.01 em? of oleic acid per em? of the solution. Then you make a thin film of this

solution (monomolecular thickness) of area 4 cm? by considering 100 spherical drops of

t
] %107 ¢m. Then the thickness of oleic acid layer will be x =101 m,

]
radius ] on

Where x is

Ans: 25.00



3

Sol: 4ty =100x A d —100x 2% 2 109 108 cm?
3 340

T
t; =25x10 % cm =25x107"?m
to = 0.01 tr = 25 x 104 m = 25.00

Q2 A boy of mass 4 kg is standing on a piece of wood having mass 5 kg, Il the coefficient of
friction hetween the wood amd the floor is 0.5, the masimum foroe that the bov can ecert on
IJv:'mEu: =0 that rJ'u:'Pir'n:' of wood does not move from its P]:ln: w_ M. (Eoumd off
to the Mearest Integer)

[Take g =110 ms 3

¥
| T
Kl

Ans: 30.00 N

Sol: N+T=90 H
T=uN=05(90=T)
1.5T=45
T=30 9¢g

Q3  The image of an object placed in air formed by a convex refracting surface is at a distance of

~rd
10 m behind the surface. The image s real and is at % of the distance of the obyect from

12

the surface. The wavelength of light inside the surface is 7 times the wavelength in air. The

w

radius of the curved surface is % m - The value of 'Y i _

Ans: 30.00
x
Sol: xmz—a:p=§
n 2
h_1_p-1
vV U R
3
3 1 gt
2x10 15 R
r-30
13
Ans is 30.00

Q4 A body of mass 1 kg rests on a horizontal floor with which it has a coefficient of static

1 -
friction - It i desired to make the body move by applving the minimum possible foroe
N

F N. The value of F will be . (Round off to the Nearest Integer)

[ Take g=10 ms Y



Ans: 5.00

Sol: Fcos6=mN
Fsin®+N=mg F
nmg
cos@+usine N7 ___

I

F =

Fin

1

—x10

_wmg _J3 .

|n—\/1+“2_ i -
NE]

Qs

B _ep 3.3 . ! -
The electric field in a region is given by E = gh, i glq,; with Eg = 4.0 » w"[« The

flux of this field through a rectangular surface area 0.4 m?® parallel o the Y - Z plane is

Nm2C "1
Ans: 640.00
Sol:  ¢=E,A

:>§x4x103xa4=640

Q6 The disc of mass M with uniform surface mass density @ is shown in the figure. The centre of

mass of the quarter disc (the shaded area) is at the position % s —;— 2 where
> w v
xis .- {Round off to the Nearest Integer)
| is an arca as shown in the figure |
v
Addll‘ «
Ans: 4.00
. 4a 4a
Sol: C.O.M of quarterdiscisat —,—=4
3n-3=n
Q7 The electric field intensity produced by the radiation coming from a 100W bulb at a distance

of 3 mis E The electric field intensity produced by the radiation coming, from 60 W at the
same distance is

|x
~ E. Where the value of y=
B

Ans: 3.00
Sol: CsoEZ:ﬂ
An x 32
i 60
X
Cg \/:E .
0 5 4 x 32
X 3
=>—=—
5 5



.8 A particle of mass momoves ina circular orbit inoa central potential field Ui = Llur". ¥

Bohr's quantization conditions are applied, fadii of possible orbitals r, vary with n™, where

o i% ~
Ans: 3.00
_ 2
sol: F=—IY_ gyue-MV°
dr r
mv? = 4U0r4
v e r?
nh
mwr = —
2n
r3ecn
=3
roc™

Q9 A 2 uF capacitor C, is first charged to a potential difference of 10 V using a battery. Then the
battery is removed and the capacitor is connected to an uncharged capacitor C, of 8 pF, The
charge in C; on equilibrium condition is pC. (Round off to the Nearest Integer)

2 52
| lz wF B pF
10 v-|' Tc ) Te,
Ans: 16.00

Sol: 20=(C1+C2)V
V = 2 volt
Q2=CaV =16 uC
Q10  Sscawater at a frequency f=9x 102 Hz, has permittivity ¢=80¢; and resistivity
p =025 im. Imagine a paralle]l plate capacitor is immersed in seawater and is driven by an

alternating voltage source V{U)=V, sin(2=/t). Then the conduction current density

. ' - SN 2
becomes 10F times the displacerment current density after time t = 300" The value of x is

. ] U 2,
(GIVen e = 9% 10" NI ?)
A7y

Ans: 6.00

Sol:  J. _E_
p

Vp sin2nft
= — =

10% 8% Vp(2nf)cos 2t
pd d

tan| 27x 222 ) Z10% x — %, 900
800 9x10°

X=6



PART - B - CHEMISTRY

SECTION A
Q1 (J)\CHN
CoHaNOC + CollsOH —— + No+“X"+%Y”
(A) =
In the above reaction, the structural formula of (A}, “X™ and “Y" respectively are :
T N, OCH,
k I
;' CH3—C—H, Hy0
Cl
Ny Cl-
’ |
/' CHy3—-C—H, HC
OCH,
N7 CI-
li :11
3.
r H H - HE_U
3
N3~ OCH,
el
4
* H O H - HCI
1
Ans: 2
NzCI- OCH3
(e}
Sol: + C2H5OH > + N2 + CH3—B—H + HCI
' ) )
OCH3
A

Q2 One of the by-products formed during the recovery of NH, from Solvay process is -
Options 1 NaHCO,
2. NH,/Cl
3. CaCl,
4. Ca(OH),




Ans: 3
Sol: CaClz

Q3 Choose the correct statement regarding the formation of carbocations A and B given.

A
———————————— CHa— CH,— CH, — CH, 4 Br~
‘e

CHy—CHy—CH = CH, + HBr

+
L » CH3—CH;—CH-CH3+Br~
g

Options 1.
Carbocation B is more stable and formed relatively at slow rate

2
Carbocation A is more stable and formed relatively at faster rate

3.
Carbocation A is more stable and formed relatively at slow rate

4.
Carbocation B is more stable and formed relatively at faster rate

Ans: 4

"
Sol:  Order of stability of carbocation 3° > 2° > 1°. CH; —CH, —CH-CHjs is more stable and formed

relatively a faster rate
Q4 T et of elements that differ in mutual nelationahip feom those of the other sets is ;
OPtions1. i~ Na
2. B-Si
3 Li-Mg
4 Be- Al

Ans: 1

Sol: Lithium shows diagonal relationship-with Mg not.with Na

@35 Fructose is an example of :
Options 1. Aldohexose
2. Pyranose
3. Heptose

4. Ketohexose

Ans: 4

Sol:  Fructose is an example of ketohexose



@6 The set that represents the pair of neutral oxides of nitrogen is :

Options ;. NO and NO,
2. N,O and NO,
3. NOand N,O

4. NIC) and N203

Ans: 3

Sol:  Neutral oxides of nitrogen are N2O and NO
NO2z and N20s are acidic oxides

87 The correct pair(s) of the ambident nucleophiles is (are) :

(A) AgCN/KCN
(B) RCOOAg/RCOOK
(C) AgNO,/KNO,
(D) Agl/KI
Options ¢ (A) onl_v

2. (B) and (C) only

3. {B) only

4. (A) and (C) only

Ans: 4
Sol:  AgCN /KCN, AgNO:2 / KNO2 are amphident nucleophiles

Q8  The functional groups that are resporsible for the ion-exchange property of cation and anion
exchange resing, respectively, are

Options, —60O,H and - NH,
2. ~NH; and - SO;H
3. S0O,H and - COOH
4. ~NH, and ~COOH
Ans: 1

Sol: Cation exchange resin contains acidic —SOsH and anion exchange resin contains basic —NH2
group

Q3 Amongst the following, the linear species is :
Options 1 NO,

2. Nj

30y

4 CL,O

Ans: 2



Sol: N3 molecule has linear shape with bond angle 180°

QA0 For the coagulation of a negative sol, the species below, that has the highest locoulating

o ks

Options
PO 503

2. POy

Sol:  According to Hardy-Schulze rule, greater the valency greater will be the power to bring about
coagulation

Gn Mitrogen can be esimated by Kjeldzshl's method for which of the following compound ?

Dptions =

NH,

NO-

Ans: 1

Sol: Kjeldahl's method cannot be used for the estimation of nitrogen in nitro compounds, azo
compounds and compounds containing nitrogen in the ring.



Q12 Natch List - I with List - II :

List - 1 List - 11
(a) [Co(NH.)] [Cr(CN) (i}  Linkage isomerism
(b} [Co(NH;); (NO,)5] (i) Solvate isomerism
() [Cr(H0),]CL (iif) Co-ordination isomerism
(d) cis-[CrCly(ox), P (iv) Optical isomerism

Choose the correct answer from the options given below :
OpEonS 1. (a)-(ii), (b)-(i), (<)), (d)-(iv)

2 (a)-{1), (b)-(id), (c)-(ii), (d)-(iv)

3. (@)-(w), (B)-{1), (c)-(), (d)-(1)

4. (a)-(i), (b)(3), (e)-{iii), (d)-(iv)

Ans: 1

Sol: (a)-(iii), (b)-(i), (c)-(ii), (d)-(iv)
(&) [Co(NHs)s[Cr(CN)s] — Coordination isomerism
(b) [Co(NHz3)3(NO2)s] —Linkage isomerism
(c) [Cr(H20)6Cls] — Solvate isomerism
(d) Cis-[CrCl2(0x)2]*> —Optical isomerism

Q13 e
CisHnOqp +H0 —vmed |, o H,,04+CoHys0g
Sucrose Glucose  Fructose

CoHy,0—22meB , 2 H.OH+2C0,
Glucose
In the above reactions, the enzyvme A and enzyme B respectively are :

Options1. Tnvertase and Zymase
2. Amylase and Invertase

3. Invertase and Amylase

4. Zymase and Invertase

Ans: 1

Sol: Invertase catalyse the conversion of sucrose to glucose and fructose
Zymase catalyse the conversion of glucose to ethanol

Q1 Match List - 1 with List - 11 ;

List - 1 List - 11
(a) Haematite (i) ALO;xHO
(b) Bauxite (i) Fe,0,
(c) Magnetite (i CuCO;Cu(OH),
(d) Malachite (iv) Fe,O,

Choose the correct answer from the options given below :
OPROn=1. () (iv), (b)-(), (), (d)-(iii)
2 (@)-(i), (b)-(), (e)-{iv), (d)-(iii)
3 (a)(i), (b)-(iii), (c)(ii). (d)-(iv)
4 (@)-(ii), (b)-(ii), (1), (d)-Gv)




Ans: 2

Sol:  (a)-(iD), (6)-(), (©)-(iv), (d)~(i)

List | List Il
(@) Haematite — Fe203
(b) Bauxite - Al203.xH20

Fes3Oa4
CuCOs.(Cu(OH)2

(c) Magnetite
(d) Malachite

Q15 Which of the following statement(s) is (are) incorrect reason for eutrophication ?
(A) excess usage of fertilisers
(B) excess usage of detergents
(C) dense plant population in water bodies
(D) lack of nutrients in walter bodies that prevent plant growth

Choose the most appropriate answer from the options given below :
Options 1. (B) and (D) only
2. (D) only
3. (A) only
4. (C) only

Ans: 2

Sol:  Eutrophication support the plant growth but present the growth of aquatic animals

e During which of the following processes, does entropy decrease ?

(A) Freezing of water to ice at 0°C

(B) Freezing of water toice at — 10°C

(©) Nayfg) + 3Hy(g) — 2NHq(g)

(D) Adsorption of CO(g) on lead surface.

{E) Dissolution of NaCl in water

Choose the correct answer from the options given below :
Options 1. (A), (C) and (E) only

2. (A) and (E) only

3. (B) and (C) only

4. (A), (B), (C) and (D) only

Ans: 4

Sol: Dissolution of NaCl is water entropy increases

@17 Primary, secondary and tertiary amines can be separated using ¢

Options s Benzene sulphonic acid
2. para-Toluene sulphonyl chloride
3. Acetyl amide

4. Chloroform and KOH

Ans: 2

Sol: Para-Toluene sulphonyl chloride (tosyl chloride) can be used for separating mixture of 1°, 2°, 3°
amine



Q.18 Given below are two statements ;
Statement 1: 2amethylbutane on oxidation with KMnOy pives 2.methylbatan.2-ol,
Statement 110 nealkanes con b vasily oxidised 10 corresponding alcohok with KMnO,,

Choose the correct option !
Options 1 Gratement | is incorrect but statement 11 is correct

2. Both statement I and statement Il are correct
3. Both statement 1 and statement Il are incorrect

4. Statement 1 is correct but statement 11 is incorrect

Ans: 4

Sol:  Option (4)

Q18 The common positive oxidation states for an element with atomic number 24, are :

OBtionS1. 4 2 to +6

Z41and 430 46

L4l +6
4 +1 and +3
Ans: 1

Sol: The element with atomic nhumber 24 is chromium
Exhibit oxidation state from +2 to +6
24Cr [Ar] 3d° 4s!

920 Match List - I with List - IL
List - 1 List - 11
Chemical Compound Used as
(a) Sucralose (1)  Synthetic detergent
(b)  Glyceryl ester of stearic acid (if)  Artificial sweetener
(¢) Sodium benzoate (i) Antiseptic
(d) Bithionol (iv) Food preservative

Choose the correct match :
Options1. (a)-(iv), (b)-{ii), (c)-i), (d)3)
2. (a-(iii), (b)-(ii), ()-(1v), (d)(i)
3 (a)(1), (D)-(u), ()-(v), (d)-{uii)
4 (a)(m), (b)-(1), ()-{iv), (d)-(iii)

Ans: 4

Sol: (a)-(ii), (b)-(), (c)-(iv), (d)-(iii)
(@) Sucralose — Artificial sweetener
(b) Glyceryl ester of stearic acid — Synthetic detergent
(c) Sodium benzoate — Food preservative
(d) Bithionol — Antiseptic

SECTION A

Q1 The total number of C-C sigra bond /5 in mesite] oxide (CgHgO) is . (Found off
Lo the Mearest Tnbeger )

Ans: 5



Sol: CH3—C|::CH—(I‘i—CH3

CH; O
No. of C-C sigma bond =5

L ground state of atomic Fe(Z=26), the spin-only magnetic moment is
%10~ 1 BM. (Round off to the Nearest Integer).
[Given: V3 = 1.73, 2 = 1.41]
Ans: 49
Sol:  Fe =[Ar] 3d° 4s?
r=,4(4+2)BM=4.9BM=49x10"1BM
Q3 o
| 0
= ~._~C ~q
[. ”r + CHeNHCHs —» CgHls—C—N—(CgHs)z
0140 ¢ 0388 g 02108
Consider the above reaction. The percentage vield of amide product is . {Round
off to the Nearest Integer)
(Given : Atomic mass :C 1200, H: 10w, N: 140w, O: 1600w, Cl: 355 u)
Ans: 77
(0]
! ]
Rl I
Sol: + CgHs—NH—CgH5———> CgH5—C—N—(CgHs)2
0.140 g 0.388 0.210g
1 mole (1405 g) 1 mole (169 g) 1 mole (273 g)
W
CeHs—C—Cl is the limiting reagent
140.5 g CsHsCOCI produces 273 g amide
273x1.40 .
.. 140 g CeHsCOCI produces = SIS 0.272g amide
140.5
. . 0.210
% yield of amide = x100
0.272
=>T772~77
Q4 The number of chlorine atoms in 20 mL of chlorine gas at STP is 107!, (Round off

to the Nearest Integer)
|Assume chlorine is an ideal gas at STP

R=0083 L bar mol ' K-, N, =6.023x 10%

Ans: 1

Sol: AtSTP
22400 mL of Clz gas contains = 2 x Na no. of chlorine atom

2x6.022x10% x 20
22400
=1.07 x 102 ~ 1 x 10%

chlorine atom

20 mL of chlorine gas at STP =



Q.5  The reaction 2A + B, — 2AB is an elementary reaction.

For a certain quantity of reactants, if the volume of the reaction vessel is reduced by a factor
of 3, the rate of the reaction increases by a factor of . (Round off to the Nearest
Integer).

Ans: 27

Sol: Rate = Kk[A]? [B2]*
Volume reduced by factor 3. Then

Rate:k[}éA]z [}632]1 Rate:(}é)sk[A]z[Bz]l
.. Rate increases by the factor 27

Q.6  Consider the reaction N,Oy(g) === 2NO,(g). The temperature at which K. =204 and

Kp=600.1,is K. (Round off to the Nearest Integer).
[Assume all gases are ideal and R=0.0831 L bar K~ ! mol ]

Ans: 354

Sol:  Kp =K (RT)An
Kp = K¢ (RT)! .~ For the reaction N2Oas(g) == 2NOz2(q)
600:1

=—————— =35399~ 354
0.0831x 20.4

Q.7 A1 molal K Fe(CN), solution has a degree of dissociation of 0.4. Its boiling point is equal to

that of another solution which contains 18.1 weight percent of a non electrolytic solute A.
The molar mass of A is u. (Round off to the Nearest Integer).

[Density of water = 1.0 g cm ™ ?)

Ans: 85

Sol: K 4[Fe(CN)g]—— 4K ™ + [Fe(CN)g]*

1 0 0
1-a 4a a
a=40% 0.6 1.6 0.4

Final molality = 1.6 + 0.4 +0.6 = 2.6
For solution with same boiling point have same molality

The molecular mass of solute with weight percent 18.1 = _ 181x1000 _ =
2.6x(100-18.1)

Q8 On complete reaction of FeCl, with oxalic acid in aqueous solution containing KOH, resulted
in the formation of product A. The secondary valency of Fe in the product A is
(Round off to the Nearest Integer).

Ans: 6

Sol:  FeCls + 6KOH + 3H2C204 — Ks[Fe(C204)s] + 3KCI + 6H20
Secondary valency of Fe in the complex Ks[Fe(C204)3] is ‘6’

Q.9

KBr is doped with 10 5 mole percent of StBry. The number of cationic vacancies in 1 g of
KBr crystal is 10", (Round off to the Nearest Integer).
[Atomic Mass : K : 391 u, Br: 799 u

N, =6.023 x10%]



Ans: 5

-5
Sol: 1 mole KBr produces = %mol cation vacancy when dopped with SrBr2

_6.023x10% 10°°
119 100

The number of cation vacancy of 1 g KBr =0.050x10'® =5.0x10%

Q10 5 KCI solution of conductivity 0.14 S m~ ! shows a resistance of 4.19 2 in a conductivity cell.
If the same cell is filled with an HCl solution, the resistance drops to 1.03 £}. The conductivity
of the HCl solution is __ %1028 m~L. (Round off to the Nearest Integer).

Ans: 57

Sol: k=%(%)

For the same conductivity cell (%) a constant

Khel _ Rkal _, Kuer _ 419
Keel  Rucl 014 1.03
Kpeai= 2192014 _ 4 5692571072
1.03

PART - C —~ MATHEMATICS
SECTION A
Q.1 Let y=1y(x) be the solution of the differential equation
cosx(3sinx + cosx +3) dy = (1 + y sinx(3sinx + cosx +3))dx, 0 =x = % y(0)=0. Then, ',,;: g is

equal to:

Options g
1. 2log, [2‘/5—|IO]
11

&

2. 2log, u]

6

343 8)
. 4
) 7]
2

Sol:  cosx (3sinx+cosx+3)dy = (1+y sin (3sinx+cosx+3) dx
+ by cosx(3 sinx + cosx +3)

&

3. 2log,

)

4. 2log,

'.(
(

=| ———————+ytanx |dx
Y (3sinx+cosx+3 Y J

Rearranging



dy 1

is

—= —ytanx = —
dx (3S|nx+cosx+3)cosx
IF. = e—jtanx _ eIog COSX _ o5 x
Solution is
1
Yy COSX Icosx - dx
(3sinx +cosx +3)cosx
42
put t:tanxzthen dx = > sinx = th ; COSX= 1 t2
1+t 1+t 1+t
dt t+1 tan%ﬂ
Yy COSX :Im:|nu_2 +C:|nx— +C
tané+2
Nowy (0)=0
:O:Iog%+c =c=In2
tanX2+1
.y cosx =In—~—5—|=1In2
X
tané+2
- T
When X—A
1
21+ —=
y 1fln —[ ‘EJ
2 2+i
J3
i 2/3+10 gy 243 +10
11 11
Q2 fihe equation of plane passing through the mirror image of a point (2, 3, 1) with respect to
: x4+ y-—3 -z+42 . .
line -~ =] 7 and containing the line

oax + By +yz =24, then «+ 3+ is equal to :

0ptions1‘ 20
2. 21

3.19
4. 18

Ans: 3

Sol: foot of the L"is given by
x+1_y-3_z+2 _2(3)+10)-13)
2 1 -1 4+1+1
x+1 y-3 z+2
= = =
2 1 -1

r _ 7 5
Foot of the L _[O,E,—AJ

Required plane is
Xx-2 y-1 z+
3 -2 1]|=0
4 -3 5

_1
2

X
3



=7X+1ly+z=24
a=7 pf=11 y=1
a+B+y=7+11+1=19

Q3 jetLbea tangent line to the parabola y2=4x - 20 at (6, 2). 1f L is also a tangent to the ellipse

(]
=
e

x |

o t =— =1, then the value of bis equal to :

|

Options 1. 11
2. 16

3.14

4. 20

Ans: 3

Sol:  y?=4x-20

2yﬂ =4= ﬂ = 2
dx dx .y
At (6,2)
Y_q
dx
Equation of tangent
y—2=1x-6)
y=x-4
m=1 c=-4
Given ellipse is ﬁ + ﬁ =1
2 b
Sincey=x-4 isatangent to the ellipse
16=2x1+b

=b=14



Q4

If the curve y=y(x) is the solution of the differential equation

7 5 1 s
2(x< 4 .13‘)d_|/ y{x + x)dr= 2x1dx, x > 0 which passes through the point

' 4 \ i
|. 117 loge2 l then the value of ¥(16) is equal to :

31
- 4 ? ?10863)
3.4 371 f —loge3)

Given eq is

5 9
Z(XZ + XA]dy—y[x + X%de = ZXAdX
+ by [x+x%],we get
ZX%

[y]

dy y _ s

dx 2x x+x%‘

2x dy-y dx = dx

+ by 2xdx

_sz ;1|ng 1
I.F=e =e? —

Solution is

Y —ji. X% dx=J‘ X% dx

x2 (Hx%j X x4

Put x =t*
dx = 4t3dt

-

L:J't3.4t3 dt




Since it passes through ([l 1- % loge 2 jwe get

4 4 4
1-—log. 2=——-—log. 2+cC
3 e 373 e

-1
3

y:% x%—%&m (x% +1]—§

=C=

y(16)=%><32—%><4ln9—%

=4 3—1—§In3
3 3

@ Let O be the origin. Let OP =xi + yj — k and OQ = i +2j+ 3k, YyeR x>0, be
such that l’t)l = 420 and the vector QP is perpendicular to OQ. If OR =31 + z; - 7k,
= "
z ¢ R, is coplanar with OP and OQ, then the value of 2%+ 17 + 22 is equal to :
Options ¢ 9
259
£ T
42
Ans: 1
Sol:  |PQ=20
= (x+2? +(y-2)% + (1+3x)? =20
=>x=1
Opis L' to OQ
OP.OQ=0=-x+2y—-3x=0
=y =2X
Also OP O_Q OR are coplanar
x y 1
-1 2 3x|{=0
3 z -7

Sub x and y and solving, we get z=-2
X2y 2? =12+22+(—2)2 =9



Q.6 6
il . 6w Y
The value of Z ( S L(,..,) is equal to :
r=10
Options
1. 924
2. 1024
3. 1124
4.1324
Ans: 1
6
Sol: Y 6¢, °cq,
r20
=6 c,. 8Cq.+8Cy. BCq. 6Cg. ©Cy., which is equivalent to the coeff of x®is (1+x)'?

Since (1+ x)12 =(1+ x)6 (1+ x)6

= (6C0 +6CX..ie.. +6C6x6) (GCO +6C X +6C,x2 +..... ) comparing coeff of x® on both sides
Required answer =12C¢ =924

ar Two tangents are drawn from a point P to the circle *+17 - 2 — 4y +4=0, such that the

(12 ' (12)
angle between these tangents is tan 11 = |, where tan ]| = I € (0, w). If the centre of the
\ J \ 5 )

circle is denoted by C and these tangents touch the circle at points A and B, then the ratio of
the areas of APAB and ACAB s :
Options I o |

P2 L |
3.311:4
49:4
Ans: 4

Sol: Given tan (9:£:>cose=i
From AP A C, F>A=cot92

Area of AP A B =%(PA)2 sin®

~ Lot 9/ sino
2 2

1 cosz%

2 sif 0,
sin A

1(1+cos6) . 27

= | =—————sin0

2 \1-cos6 26

. Sin®




Areaof ACA B:il.l.sinezE 12_6
2 213 13

. Requiredratio = EXE = 9 =9:4
26 6 4

Qs il

The number of solutions of the equation sin™"| x° +

xe] - 1, 1], and [x] denotes the greatest integer less than or equal to x, is:

Options y 2

2. Infinite
3.0
4. 4

Ans: 3
sol:  sinYx2+ 1] icosY x—2|=x2
3 3

sin‘l(x2 +%]is defined-as [0%) and cos‘l(x2 —%) is defined as [0, %)
..the sum is defined as lO %J
When 0<x2 < %

sin}(0)+cos (- 1)=x2
=0+m=x>

= but t¢g [O,%]: no solution is this interval

2
When % <X < %
sin1(1)+cos(0) = x?

T m 2
=>—+—==X
2 2

=x2=n butn e[%,%)

no solution is this interval
No: of solutions =0

Q9 if the Boolean expression (p~q)z(pzq) is a tautology, then = and = are respectively given by :

Options | 5 —




Sol:

(pra) — (PAQ) v
P d pAg p—>q boqn PV Toag)
TF F F T T T
TT T T T T T
FT F T T T T
FF F T T F F

(PAQ) v (p—q)

E
T
T

T

(PAQ) A
(p—aq)
F

T
F
F

Q.10

Options

L
6
9 L
18
g L
3
¥ L
9
Ans: 4
Sol:  Required Probability = 1113 + 311
2323 223
O E OE E O E

Q.11 The value of

' +[2r] + ... 4 '
LR o L
Ay n*

ON| -

© |~

Let a computer program generate only the digits 0 and 1 to form a string of binary numbers

1
with probability of occurrence of 0 at even places be = and probability of occurrence of 0 at

1
the odd place be 3 Then the probability that ‘10" is followed by '01' is equal to :

where r is a non-zero real number and [r] denotes the greatest integer less than or equal tor,

is equal to:

Options

r
1. —

2. 2

4. 0

Ans: 1

Sol:  r—1+2r-1+...+nr-1< [r]+[2r]+ ..... +[nr]s r+2r+..nr

r(wj—n,<[r]+[2r]+.... +[nr]:n@r



Applying limits and sandwich theorem,

lim [r]+[2r]+...+[nr]zl

n—a n? 2
Q12 Let f: R — R be defined as f{x)=¢ “sinx. If F:[0,1] — R is a differentiable function such
1
that F(x) = Ixf'(t) dt, then the value of ju(F'U) t f(x))e*dx lies in the interval
0
Options '~ ¥
1 335 336]
(360" 360
5 (327 3291
360" 360 _

r

" [%31 334]

360" 360
360" 360
Ans: 4
Sol:  f(x)=e ™ sinx

I:l—£+3+-~-:>l<2 l—i+i
6! 224720

330 331
=le|—,—|2
360 360



Q.13
LetS,, S; and S; be three sets defined as

S, = e C: [z-1| =72}
S, = {ze C:Re((1-1)2)=1}

S; ={zeC:Im(z) = 1}
Then the set 5, M S, M S

Ontlons». ‘i singleton

2. has exactly two elements

3. has exactly three elements

4. has infinitely many elements

Ans:
Sol:
0.1 Im@Zz)=1
1, 0)
x+y=1
Required region is the shaded region
= infinitely many elements
Q.14

The number of solutions of the equation x + 2tanx = 7 in the interval [0, 2] is :

Options1. 4
2.3

3. 2

4. 5

Ans: 2

1

1

|

1

Tc 1

Sol: x+2tan x=— _ ! !

2 % | A

1

1

1

1

1

1

o
NS

:>2tanx:g+x

T X
= tanxX=—+—

Form the figure, 3 solutions



Q.15

If x, y, zarein arithmebc progmsskm with common difference d, x =2 3d, and the determinant

3 42 1]
of the malrix |4 52 y i zero, then the value of kZis :
5 k zj
Options
o P
2. 36
3. 72
4. 6
Ans: 3

Sol: 2y=x+z

3 42 X
4 5J2 y|=0
5 k z
R2 — R2 _m
2
3 452 X
=0 SI—L)4€+k 0/=0
5 k z
- 5\/_ [4\/E+k] _0
6v2 =k
=k%2=72
Q.16 “)l“ln 29 el
If the integral J. ?M dr =ae '+ pe 2 4y, where o, B, y are integers and [x] denotes
the greatest integer less than or equal to x, then the value of «+ i+ is equal to :
Options
NS 4.9k

2. 10

3. 20

4.0

Ans: 4

Sol: 119 [S|r{2nx] [S|r{2nx]

_{Td

M dx [ since the function is periodic with period 1]

1oj



10? sinzn] , 4 fsnz]

eX eX
b
1o(e—1 - e}é]
Comparing with o e‘1+[3e_y2 +7,

a=10,=-10,y=0
oa+B+y=0

Q17 ’ 1)
;2 sinj]=|| ], x=0
|2-2=| ,),J M2l it

Consider the function f: R — R defined by f(x) = [
0 ., x=0

Opti 3
PHONS 1. monotonic on (— =, 0) only

2. not monotonic on (— =, 0) and (0, =)
3. monotonic on (0, =) only

4. monotonic on (— =, 0) U (0, =)
Ans: 2

-X (Z—SinEJ x<0
X
Sol:  f(x)= 0 x=0

o [arrf2) woo

—2+sin1—1 cosE x<0
X X X

f'(x)= 2-sint+l cost x>0
X X X

= f(x)is non monotonic in (=eo, 0) L (0; )

Q18 gt the tangent to the circle 124 \u'1= B at the point R(3, 4) meet r-axis and y-axis at points I
and Q, respectively. If r is the radius of the circle passing through the origin O and having
centre at the incentre of the triangle OPQ, then 2 is equal to

QOptions - 585
1. —
(i3]

625

72

3 15
72




Sol: Given circle is x? +y2 =25
Equation of the tangent is 3x+4y=25

Putting x =0, Q :(0, %)

Putting y=0, P= [%Oj

Coordinates of in center= , )
a+b+c a+b+c 12 12

2 _(25)" (25)" _625
12) \12) 72

If the sides AB, BC and CA of a triangle ABC have 3, 5 and 6 interior points respectively,
then the total number of triangles that can be constructed using these points as vertices, is

ax, +bx, +cxg ay; +by, +cy3j _(E E)

Q.19

equal to :
Options 1. 360

2. 333

3..240

Sol:  No: of triangles =14C5; —3C3; —5C5; —6C3 =333

Q.20 2
T tan(m cos™0) .
The value of the limit lim (—) is equal to :
68—0 sin (27 sin”0)
Options
1 e
2
5 1
4
3 -1
4
4. 0
Ans: 486
2
Sol: lim tannc0526 (gj
6—0sin2rsin“ 0) \0
. tan(n—rcsinze) . —tan(nsinze) nsin? @ 022nsin? 0 -1
lim = lim

60 sin(Znsinze) 00 gsin?e 62 'sin(2nsin29)2nsin29_2



Q.1

SECTION B

Consider a set of 3n numbers having variance 4. In this set, the mean of first 2n numbers is

6 and the mean of the remaining n numbers is 3. A new set is constructed by adding 1 into

each of first 2n numbers, and subtracting 1 from each of the remaining n numbers. If the

variance of the new set is k, then 9%k is equal to

Ans:

Sol:

Q.2

Let A = o

is equal to

Ans:

Sol:

68

X3, be the 3n observations

Now % =5 is the combinedmean= x
2
X _o5-4
3n

Zg—;zzsa:inz =87n

New set of numbers:is given by
X1+ Xo +1,...Xon +1, Xopn g =1 X5, -1
2n(7)+n.2 16
3n -
%2 256

3n 9

New mean =

2n 3n
2t swz oy xi-2 Sxivan| 28
3n i=1 i=2n+1 9
- L [87n+24n—6n+3n]- 228
3n 9

_36_226_58
9 9

= 9k =68

L8

bl \a
and B= ES
d| B!

2020

AB=B

aa+bp| |a

[mwdﬁ}_[ﬁ}

(@-2a+bp=0

Coc+(d—1)[3:0

Since B=0

a-1 b

ad d—]‘zo
—ad-a-d-bc+1=0
—ad-bc=a+d-1=2021-1=2020

0]
. such that AB=B and a + d = 2021, then the value of ad
( |

be



Q3 Let f: [~ 1, 1] — R be defined as f(x)=ax>+bx +c for all x e| -1, 1], where a, b, ¢ € R such

that f(~1)=2, f(—1)=1 and for x € (— 1, 1) the maximum value of f"(x)is 5. If f(x) = «,

h |-

x ¢ [~ 1, 1), then the least value of « is equal to

Ans: 5

Sol: f(x)=ax2 +bx+c
f(-)=2=a-b+c=2

f"(x)= 2a

Max value of 2a= }é

:b:%,a:%andc:%

For x e [—1,11 f(x)ss
=a=5

Q.4 5

201 4 ¢ N be the slopes of three line segments OA,
2

Let tanc, tanP and tany ; o, B, v =
OB and OC, respectively, where O is origin. If circumcentre of AABC coincides with origin

, . ]
. . (cos3a + cos 3 + cos 3y ”
and its orthocentre lies on y-axis, then the value of I » L

is equal to
COs o cos B cos vy

Ans: 12

Sol:  Since orthocenter and circum centre lie on y-axis, centroid also lies on y axis
= cosa +cosP+cosy =0
cos® a.+cos® B+cos® y =3 cosa cospcosy
cos 3o +Cc0os 3B +cos 3y
COSa CoSPcosy

Now

4(0033 a+cos® B+cos® y)— 3(cos o +cosB +cosy)
COSa.COSPcosy

=12

Q.5 -
Let I, = j x1? (loglx)™ dx, where n e N. Tf (20)[yo= o]y + g, for natural numbers a and B,
1

then « ~ B equals to

Ans: 1

e
Sol: I, = jxlg (Iogjx|)ndx
1

e

o = IX19(|0qx|)1°dx =[(IOQXI)10 %]j —ilo('oq’q)g %dx

1



20,0 =e?° —1014 A

lg = Txlg (Iog|x|)9 dx
[(Iogjx|)9 %} - TQ(quxDs );_109dx

20lg =e® —9lg
e =20lg +9lg (20)
Sub is (1)
20'10 = 20'9 +9|8 —10'9 =10 |9 +9 |8
Comparing with alg +Blg
a=10 B=+9
a-B=1
Q.6

n
Let the coefficients of third, fourth and fifth terms in the expansion of [.1 t —,] ,x#0, be
<2

in the ratio 12: 8: 3. Then the term independent of x in the expansion, is equal to

Ans: 4

r
S a |
Sol: T,,="C, x" '(—ZJ ="c, x"¥a'
X

Coeff of 3 term ="C,a? =12

Coeff of 4" term ="C,a° =8

Coeff of 5" term ="C,a* =3

Solvingn =6 a= % r=2

Coeff of term independent of x is given by r =2

6C2(}é)2 4 15.% =3.75~4

Q.7 Letf:[-3,1] = R be given as

{ . ’d -
| min J||,.\' t v.w]‘x'}. J=x=4(
f(x) =4
fFr—~ 21 . -
| max {x,x%f, l=x=1

If the area bounded by y =f{x) and x-axis is A, then the value of /A is equal to

Ans: 41
-2 0 1
Sol: Area = I(x+6)dx+ .[xzdx+IJ; dx
-3 - 0 y
) 2 4N\0 3 !
[x ] [x J 2x/2 41
=| —+6x +| — + =—
2 3 3 6
-3 -2
0 -2 0
6A=41




| are in arithmetic progression for a real number x, then

If1, log, (4™ 2) and logmf 4% l—:—

the value of the determinant is equal to :

Ans: 2

Sol: Ioglo(4x +§]+1= 2Ioglo(4x —2)

= (4" - 2)2 = 10(4" + %)

= 4% =16
=>Xx=2
3 1 4
=|1 0 2[=2
2 10
Q9 Let P be an arbitrary point having sum of the squares of the distances from the planes
x+y+z=0,lx-nz=0 and x— 2y +z=0, equal to 9. If the locus of the point P is
x>+ y: +z2=9, then the value of 1 -n is equalto
Rivan
Ans: O
Sol: LetPbe (a, b, c)
2 2 2
[a+b+cj . la—nc +(a—2b+c] _9
V3 VIZ +n? V6
= locus is
X z 2 Ix X—2 i
+y+z)| | x-nz +( : y+z) 9
V3 \/I2 +n? 6
Solving we getl =n
=l-n=0
Q.10 3 A o S CRORR s A A A
Let x be a vector in the plane containing vectors a=2i-j+k and b=i+2;-k. If the
5 A A A - - [z
vector v is perpendicular to (37 +2; - k) and its projection on a is 27¥0  then the value of
? 2
2
|:’| is equal to
Ans: 486

Sol: Let §=p5+q5
=x=(2p+q)i+(-p+20)j+(p-ak
X L3i+2j+k
=x. (3i+2j-k)=0
=6p+39g-2p+4g-p+q=0



=3p+8q=0___(0)

Projection of x as a is 17;/6
x.a 17J6
> 2 -
o 2

Ap+29+p-29+p—Q= 176
J6 2

=6p-q=51___ (2)

Solvingp=8 q=-3

= x =13i-14j+ 1k

? =169+196+121= 486




