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SOLUTIONS & ANSWERS FOR JEE MAINS-2021
31% August Shift 1

[PHYSICS, CHEMISTRY & MATHEMATICS]

PART —A-PHYSICS

Section A

A sample of a radicactive nucleus A disintegrates to another radicactive nucleus B, which
in turn disintegrates to some other stable nucleus C. Plot of a graph showing the variation
of number of atoms of nucleus B vesus time 1s :

{Assume that at t=0, there are no B atoms in the sample)
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Ans:

No. of atoms

I time
Sol: A — B — C (stable)

Initially no. of atoms of B = 0 after t = 0, no. of atoms of B will starts increasing and reaches maximum

value when rate of decay of B = rate of formation of B.
After that maximum value, no. of atoms will starts decreasing as growth and decay both are

exponential functions, so best possible graph is (3).

Q.2 Considera galvanometer shunted with 5 £} resistance and 2% of current passes through it.
What is the resistance of the given galvanometer ?

Options ; 3y ()
2. 226 ()
3344 ()
4.245 ()

Ans: 245Q
Sol:
()
i 0.02 N/
0.98i
5Q

0.02i Rg=0.98ix5 Ry :'Resistance of the Galvanometer
Rg =245 Q

Q3 A coi having N turns is wound tightly in the form of a spiral with inner and outer radii ‘a’
and ‘b’ respectively. Find the magnetic field at centre, when a current [ passes through
coil ;
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Sol: i

N

No. of turns in dx width = dx
b-a

B = ol gn[gj (In = 10ge)

Q.4 In an ac circuit, an inductor, a capacitor and a resistor are connected in series with
X, =R=Xc. Impedance of this circuit is :

Options Rﬁ
2. 2R2
3 R
4 Zero
Ans: R
Sol:  Z=4(X -Xc)?+R% =R “ X[ = Xe

Q.5 A uniform heavy rod of weight 10 kg ms~2, cross-sectional area 100 em? and length 20 em
is hanging from a fixed support. Young modulus of the material of the rod is 2 x 10! Nm =2,
Neglecting the lateral contraction, find the elongation of rod due to its own weight :

1 4x10"8 m
25%10"8 m
351010 m
4 2x107? m

Options

Ans: 5x10%m



Sol: =

We know, A/ = WL
2AY
10x1

2x5

Al = x100x10™* x 2 x 1011

Al =%>< 10 =5%x10"m

Q.6 Two particles A and B having charges 20 pC and -5 pC respectively are held fixed with a
separation of 5 cm. At what position a third charged particle should be placed so that it
does not experience a net electric force ?

20 uC —-5uC
A 5cm B

1. At midpoint between two charges

Options

2. At 5 cm from 20 pC on the left side of system

3 At 5 cm from —5 pC on the right side

4.
At 1.25 cm from a —5 pC between two charges

Ans: At 5 cm from -5uC on the right side

Sol: e ®
20uc -5uc

Null point is possible only right side of -5uC

gouc -gpc X T\l

B+ k(5uC) , k(20uC) _ { A J
x? (5+x)? 4neg

x=5cm

Q7  Match List - I with List - I1.

List - I List - IT
(a) Torque (i) MLT!?
(b) Impulse (i) MT~2
(¢) Tension (i) ML2T—2
(d) Surface Tension (ivy MLT™?

Choose the most appropriate answer from the option given below :

PP (@)-(id), (b)-(iv), (0)-(i), (d)-(ii)
(iii), (b)-(i), (€)-(iv), (d)-(ii)
-{
(i1),

2. (a

(a)-
(a)-
(a)-

a

[

i), (b)-(iii), (c)-(iv), (d)-(ii)
i), (b)~(1), (0)-(iv), (d)-(iii)

4.



Ans:  (2)-(iii), (b)-(1), (c)-(v), (d)-(ii)

Sol: torque =t — ML*T  (1ll)
Impulse I = MLT ™ (1)
Tension force = MLT 2 (IV)
Surface tension = MT  (ll)

Q.8 Which of the following equations is dimensionally incorrect ?
Where t=time, h=height, s =surface tension, # =angle, p=density, a, r=radius,
g=acceleration due to gravity, v=volume, p=pressure, W=work done, I'=torque,
e = permittivity, E=electric field, ] =current density, L =length.

Options
Ly mpat
8nL
2W=T90
JE
3. = £ —
I=e5
_ 2scosb

prg

4. h

4
Ans: v = ﬂ
8nL
. 1tpa4 dv .
Sol: () —/——=— =volumetricflow rate
8nL dt

(i) hpg= Ecos 0
r

(i) RHS = &x atl a1 1 .2
dmeg r2 &t 2 2
LHS
R=l=1|_—2
A
(iv) W =10

Q.9 1
A reversible engine has an uff‘iciuncy of 1 . It the temperature of the sink is reduced by 58°C,

its efficiency becomes double. Calculate the temperature of the sink :
Pien1180.4°C

2. 382°C

3. 280°C

4. 174°C

Ans: 174°C



Sol: T, = sink temperature

e T2
T
1, T
4 T
T, 3 .
T_ZZZ —————— (i)
1
1:1 T, -58
2 T
T2 _58_1
T, T 2
3_58 1
4 T, 2
158 r=0m
4 T
T, =3 x232
4
T,=174°C

Q10  Asmall square loop of side “a’ and one turn is placed inside a larger square loop of side band
one turn (b > > a). The two loops are coplanar with their centres coinciding. If a current I
is passed in the square loop of side ‘b’, then the coefficient of mutual inductance between
the two loops is :

47 a

2
» B0 g2
41 b

. Bo 8V2
47 b

Options

2
« Mo g5 D
41r a

2

Mo g /ra
Ans: —8y2 —
ar b

Sol: b




Mo 1 ; ]
B=|—~ —x2sin45 x4
b
[4754
¢=2ﬁu—°%xa2
b

2 2
A2u00? _ Hogfpd
4r b

am=2e
| b

Q11 An object is placed at the focus of concave lens having focal length f. What is the
magnification and distance of the image from the optical centre of the lens ?

Dptinns 1 Ver}? l_.jgh’ e

.1 f
r
Z 2
.1 f
¥
4 4
4. ], o
Ans: li
2 2
Sol: v
f= A
U=-f
1 1 1 1 2
—_———— S — = ——
vV U -f f
_=f
2
vV 1
m=—=—
u 2
Distance:i
2



Q.12 For an ideal gas the instantaneous change in pressure ‘p’ with volume ‘v’ is given by the

equation % = —ap. lf p=p,at v=0is the given boundary condition, then the maximum
\

temperature one maole of gas can attain is ;

{Here R is the gas constant)
Options

.. 2P0
eR

2. irlfinil:y

3. 0°C

s PO
aelR

Ans: —Po_

p v
Sol: Id—p = —aJ’dv
Po P 0

Zn(LJ =-av
Po

p=poe™
For temperature maximum p — v product should be maximum

_pv _pove ™

nR R

daT Po [ - —
E=O:>F°{e 4 ve a"(—a)}

—av
%{l— av}=0

1

V=—'oo
a
1-Pol_ Po
Rae Rae
AtV = oo

T=0



Q13 A moving proton and electron have the same de-Broglie wavelength. If K and P denote the
KE. and momentum respectively, Then choose the correct option :

" K, <K,and P, =P,
2 Kp > K, and Pp=13’e
3. KP=Ke and PP=PE
4 Kp <K, and Pp< Fy

Ans: K, <Keand Py =Pe

Sol: Ay =t Ao =--
P, P,
Ap =he
= Pp - Pe
P2
(K)p =_F
2mp
P2
(e = 52
e

Kp<KeaSmp>me

Q.14  Choose the correct waveform that can represent the voltage across R of the following circuit,
assuming the diode is ideal one :
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4. +3 of ot X s sssssssssas -
—B el \——
' fl
1‘ :
i“ ',,
Ans:

Sol: When V;>3volt, VR >0
Because diode will be in forward biased state
When V; <3 volt; VR=0
Because diode will be in reverse biased state

Q15 A body of mass M moving at speed V; collides elastically with a mass ‘'m’ at rest. After the
collision, the two masses move at angles 8, and 8, with respect to the initial direction of
maotion of the body of mass M. The largest possible value of the ratio M/ m, for which the
angles 8, and 8, will be equal, is :

Options 1 2

2 3
1]
4 4

Ans: 3



Sol:

Given 0:=0,=0

From momentum conservation in x-direction MV, = MV, cos 6 + mV; cos 6
in y-direction 0 = MV1 sin® - mV; sin 6

Solving above equations

MV
V, =—2 Vo =2V cos 6
m

From energy conservation
1 2 1,2 12
EMVO = EMV]' + EMVZ

Substituting value of V; and Vo, we will get

2 +1=4cos?06<4

<3|

—<3

3

Q.16 Two plane mirrors M, and M, are at right angle to each other shown. A point source ‘P is
placed at “a” and *2a” meter away from M, and M, respectively. The shortest distance between

the images thus formed is : (Take /5 =2.3)

T FITEEEPERRR

M,

I‘thiuns,l_ 4.63
2. 2.3a
3 3a

N 2@&

Ans: 46a



Sol:

L a a
2a 2a
i
Ma
2a 2a
a a
13 I1

Shortest distance is 2a between I; and I3
But answer given is for I, and I,

(4a)? + (2a)?

av20

447 a

QAT A helicopter is flying horizontally with a speed “v' at an altitude ‘h" has to drop a food

packet for a man on the ground. What is the distance of helicopter from the man when the
food packet is dropped ?

Options

i 2ghv2 + 1

Ans: +h?
g
Sol: v
-
\\ \\\
AN ~
AY ~
AN N
. .
Y N
h \\ \\
= X
N \
N \
D \\ \
AN \
\\:I




R=_[—vV

g

2
D=VR2+h2= (z—hvj +h?
g
2

D= 2hv +h?

g

Q.18 The masses and radii of the earth and moon are (M;, R} and (M,, R,) respectively. Their
centres are at a distance r’ apart. Find the minimum escape velocity for a particle of mass
‘m’' to be projected from the middle of these two masses :

Options

1 [2G (M] + Mz)
2 r

1.V=

5 1 /4G (M; + M;)

2 r
J2G (M1 + Mz)

1
4G (M; + M»)

r

3.V=

4.

Ans: V= {w
r

QT

1 2 GMlm GMZm
_mV R ——
2 N
Lmv2 =2GTm(M1+M2)

4G(M; +M,)
r

V:



Q.19  In the following logic circuit the sequence of the inputs A, B are (0, 0), (0, 1), (1, 0) and (1, 1).
The output Y for this sequence will be :

e D

PD:)—«Y

Options 0,0 1,
2%, 1L, T
21,0, 1,
+.0,1, 0,

Ans: 1,1,1,0

Sol: AeB
T

ST — T —

A+B
Yy=(A-B)-(A+B
Y)o.0=1
Y)o.n=1
Y)a =1
Y)a, =0

Q.20 Angular momentum of a single particle moving with constant speed along circular path :

Options 1 g zero

2. remains same in magnitude and direction

3.
changes in magnitude but remains same in the direction

4.
remains same in magnitude but changes in the direction

Ans: remains same in magnitude and direction

Sol:
\%

‘L‘ = mvr

And direction will be upward and remain constant



Section B

Q1 A particle of mass 1 kg is hanging from a spring of force constant 100 Nm !, The mass is
pulled slightly downward and released so that it executes free simple harmonic motion with
time period T. The time when the kinetic energy and potential energy of the system will

S B ;
become equal, is —. The value of 1 is
X

Given --
Answer :

Ans: 8

Sol:

Q.2 A car is moving on a plane inclined at 307 to the horizontal with an acceleration of
10 ms— 2 parallel to the plane upward. A bob is suspended by a string from the roof of the
car. The angle in degrees which the string makes with the vertical is
{Take g=10 ms~3

Given 45
Answer :

Ans: 30

Sol:

mg sin 302

' mg cos 30°




mg sin30° + ma
mg cos 30°
5+10 1+2

53 3

tan(30 + ) =

tan(30 + 6) =

tan0+ —

1
SR

1—itan9

V3
ﬁtane+1=3—@tane

243tan6 =2

tanezi

Ne]

6 =230°

Q.3 A block moving horizontally on a smooth surface with a speed of 40 ms—! splits into two
equal parts, If one of the parts moves at 60 ms™ lin the same direction, then the fractional
change in the kinetic energy will be x : 4 where x =

Given 5
Answer :
Ans: 1
Sol: 40 m/s 60 m/s
\Y;
Pi = Ps

m><40=m><v+m><60
2 2

40=Y 130
2
=v=20

(KE), = %m x(40)% = 800m

1m 2 1m 2
KE.), == —(20 — —(60)° =1000
() - P o + 2 (602 “1000m

| AK.E | =] 1000m — 800m |= 200 m
AKE _200m _1_x

KE), 800m 4 4
x=1

Q.4  When a rubber ball is taken to a depth of m in deep sea, its volume decreases by
0.5%.
{The bulk modulus of rubber =98 %108 Nm ~2
Density of sea water =10 kgm 3

g=198 m,/s2)

Given --
Answer :

Ans: 500



Sol: B=-_—~> - P9

9.8x108 %05 _

100x10°% x9.8
h =500

h

Q.5 A wire having a linear mass density 9.0 % 10~ % kg/m is stretched between two rigid supports
with a tension of 900 N. The wire resonates at a frequency of 500 Hz. The next higher
frequency at which the same wire resonates is 550 Hz. The length of the wire is m.

Given --
Answer :

Ans: 10

Sol: p=9.0x10"% kg
m

T=900N
VF (990 _100m/s
u VYox10™*
f1:500 Hz
f = 550
nv
DV 500 i
27 0]
szSO————(ii)
20
v
i) — (i) — =50
(i) = () Y
,_ 1000 _
2x50

Q.6  If the sum of the heights of transmitting and receiving antennas in the line of sight of
communication is fixed at 160 m, then the maximum range of LOS communication is
__ km.

(Take radius of Earth =6400 km)

Given --
Answer :

Ans: 64

Sol: hr = hg =160 - [0
d=42Rh7 +4/2Rhg
d=VRlhr + e
d=+v2R|Vx + 160 — x|
dd) _,

dx
L_F&:O
2Jx 24160 - x



1 1
x_x/160—x

Xx=80m

Aoy =2 x6400] |20 | 20 =80ﬁxz@=8x2xﬁx2ﬁ=64km

1000 V1000 10410

Q.7  The electric field in an electromagnetic wave is given by

E= (30 NC ™) sinw(t—x/c)

The energy contained in a cylinder of volume V is 5.5x10-'2 ], The value of V is
3
(given €,=88x10-12 CN-Tm~3)

Given --
Answer :

Ans: 500
Sol: E=50 sin[mt e x]
c
o1 2
Energy density = Eeo Eg
Energy for volume V.= %eo E2V =5.5x107%2

%8.8>< 10% x 2500 V = 5.5 x.10™*2

55x%x2

=—>22% _0005m°3 =0.0005x 10° (cm)®= 500 (cm)*
2500 % 8.8

Q.8 A square shaped wire with resistance of each side 3 {1 is bent to form a complete circle. The
resistance between two diametrically opposite points of the circle in unit of 00 will be

Given 3
Answer :

Ans: 3

Sol:
3Q

3Q 3Q
6Q 6Q

3Q

Req = 3Q



Q9  The voltage drop across 15 £} resistance in the given figure will be

410 151}

Given B
Answer :

Ans: 6

Sol:

= effective circuit diagram will be

——— WW—— MWW

4Q Q
i=1A 6

Point drop across 6Q2=1x6 =6 = Vag
= Hence point drop across 15 Q = 6 volt = Vag



Q.10 A capacitor of 50 uF is connected in a circuit as shown in figure. The charge on the upper
plate of the capacitor is pC.

— C=50puF

Given 2
Answer :

Ans: 100

Sol:

ihb=1mA 6V

Potential difference across each resistor = 2V
q=CV=50x10°x2=100x10°= 100 uC

PART —-B —-CHEMISTRY
Section A

Q1 "
Monomer of Novolac is :

>pten; phenol and melamine.
2. 3-Hydroxybutanoic acid.
3. 1,3-Butadiene and styrene.

4. 0-Hydroxymethylphenol.

Ans: o-Hydroxymethylphenol

Sol: The monomer of Novolac is
OH
CH,OH



Q2  The major products A and B in the following set of reactions are :

A < LiAlH, OH H,0t "
H,0* H
3 i 250,
Options 1.
OH OH
A= 5 B=
CHO CO,H
OH OH
A= 5 B =
NH, CHO
OH
A = . B= yCOOH
NH,

OH OH
A = 7 B =
OH CHO

CHs OH
. CH OH CH OH
Sol: \C/ LiAH, N/ HO* N/ H,S0,
o S T g T D g oo
CHy CH=NH,  HeO" oy cN CHy COOH CHj

(8)



Q.3  Given below are two statements : one is labelled as Assertion (A) and the other is labelled as
Reason (R).

Assertion (A) : Metallic character decreases and non-metallic character increases on moving
from left to right in a period.

Reason (R) : It is due to increase in ionisation enthalpy and decrease in electron gain
enthalpy, when one moves from left to right in a period.

In the light of the above statements, choose the most appropriate answer from the options
given below :

Dptions 1.
Both (A) and (R) are correct and (R) is the correct explanation of (A).
2.
Both (A) and (R) are correct but (R) is not the correct explanation of (A).

3. (A) is false but (R) is true.
4. (A) is true but (R) is false.

Ans: (A) is true but (R) is false
Sol: On moving from left to right across a period, metallic character decreases and non-metallic character

increases. This is due to the increase in ionization enthalpy and increase in negative electron gain
enthalpy.

Q.4 Given below are two statements :
Statement I : The process of producing syn-gas is called gasification of coal.
Statement I1 :  The composition of syn-gas is CO+CO,+H, (1:1:1).

In the light of the above statements, choose the most appropriate answer from the options
given below :

. Statement I is false but Statement II is true.

2.
Both Statement I and Statement II are false.

3. Statement [ is true but Statement 11 is false.
4. Both Statement I and Statement Il are true.

Options

Ans: Statement | is true but statement Il is false

Sol: Syn gas (synthetic gas) have the composition CO and Hz in 1 : 1 ratio



Q.5  The major product formed in the following reaction is :

CH;,
| cone. H,50;
CH; C CH CH, 3 Major Product
{|'_‘f i; OH
Options CH3 \
- C— CH——CH;4
CH;.~~
i
2 CHjy = CH ——CH,
CHj
CH; ‘ —— CH —— CH,CHj,4
3
CH,
CH; CH;
4 —
H,C CH,
CH; CHj3
Ans: ’ S |
H,C CH,

Hj 3
Sol: CH3_?_£(|:H_CH3LCH3—<‘];:—%H—CH3 1,2-methyl shift
CH3 OH CH3
H3 P H3
CHs—g—?H—CHs'—>CH3—C=?—CH3
Chs CH;,



Q.6  Given below are two statements : one is labelled as Assertion (A) and the other is labelled as

Reason (R).
Assertion (A) : Treatment of bromine water with propene yields 1-bromopropan-2-ol.
Reason (R) : Attack of water on bromonium ion follows Markovnikov rule and results in

1-bromopropan-2-ol.
In the light of the above statements, choose the most appropriate answer from the options
given below :

oPiensy (A) is false but (R) is true.
2.
Both (A) and (R) are true and (R) is the correct explanation of (A).
3.
Both (A) and (R) are true but (R) is NOT the correct explanation of (A).
4. (A) is true but (R) is false.

Ans: Both (A) and (R) are true and (R) is the correct explanation of (A)

Br, water

CHy (HO—BN)

e
Sol: CH3—CH= > CH3—?H=CHZBI’

OH
(According to
Markovnikov's addition)

(o]
CH3—CH CH,
\‘3/
r

Q.7 BOD values (in ppm) for clean water (A) and polluted water (B) are expected respectively
as :

Options., lA}S{J,BdZ?
2 A>15, B> 47
3 A<5,B>17
+. A>25,B<17

Ans: A<5,B>17
Sol: BOD value of pure water is less than 5 ppm and that of polluted water is greater than 17 ppm

Qs _
Choose the correct name for compound given below :

/ Br

1. (4E)-5-Bromo-hex-2-en-4-yne

Options

2

2E

3

)-
4E)-5-Bromo-hex-4-en-2-yne

)-2-Bromo-hex-2-en-4-yne

)-

2
2
2
A

4. (2E)-2-Bromo-hex-4-yn-2-ene



Ans: (2E)-2-Bromo-hex-2-en-4-yne
6 5 4 3 2 1
Sol: H3C—CEC—CH=?—CH3
Br

2-Bromo-hex-2-en-4-yne

0.9 Which one of the r‘n”uw:n:.; is the correct PV va P E1||r| at constant femperature for an wdleal
gas 7 (P and V stand for pressure and volume of the gs respectively)

Options
PV
P
.
P
. PV
P
4. Pv
P
Ans: PV

P

Sol: According to Boyle’s law, at constant temperature, PV is a constant at various pressures for an ideal
gas



Q.10  Given below are two statements : one is labelled as Assertion (A) and the other is labelled as
Reason (R).
Assertion (A) : Aluminium is extracted from bauxite by the electrolysis of molten mixture
of Al,Oy with cryolite.
Reason (R) :  The oxidation state of Al in cryolite is +3.
In the light of the above statements, choose the most appropriate answer from the options
given below :

optens; (A is false but (R) is true.

2.
Both (A) and (R) are correct and (R) is the correct explanation of (A).

3.
Both (A) and (R) are correct but (R) is not the correct explanation of (A).

4. (A) is true but (R) is false.

Ans: Both (A) and (R) are correct but (R) is not the correct explanation of (A)

Sol: Both assertion and reason are correct statement but, reason is not the correct explanation of
assertion

Q11 The correct order of reactivity of the given chlorides with acetate in acetic acid is :

Options 1.

CHj
cl CHCl € CH; Cl
Q ] Q/ ’ U ’
CH,4
2
CHs
cl al CHXl CH,
’ Q } g !
CHj

3
CHy
al c cl CH; CH,Cl
Q/ g g U ] Q/
CH,
4

CHy
Cl

CH,CI c cl CH;
Q/ ’ ’ Q/ } U
CH;,



CH,Cl

CH,
cl Cl CH;
Ans: Q/ 5 N U N Q/
CH,

Sol: The reaction proceeds via the formation of carbocation intermediate. Hence the reactivity depends on
the stability of carbocation formed. Greater the stability of C®, greater the reactivity.

CHs ®
CH,4 CH,
> > >
CHs

Q12 Which one of the following 0.10 M aquecus solutions will exhibit the largest freezing point
depression 7

Cl'pllonsil. KHSO_]
2. hydrazine
3. glycine
+. glucose

Ans: KHSO,

Sol: AT: o i.m. Since the concentration remains constant, depression in freezing point depends on vant
Hoff factor ‘i'. Greater the value of ‘i‘ greater will be AT;. Among the options given, KHSO, has the
highest ‘' value.

Q.13 Which one of the following compounds contains p-C,-C, glycosidic linkage ?

Options

1. Amylose
2 Sucrose
3 Lactose
+ Maltose

Ans: Lactose

Sol: In maltose and amylase, the glycosidic linkage is o C1-C4 whereas in lactose itis B C1— Ca

@14  The structure of product C, formed by the following sequence of reactions is

Benzene - KCM

AlCI, “on  ©

CH;CO0H +50C], - A

Options



: ,CH, — CH,CN

Ans:

Sol: CHy;COOH+SOCIl, —— CHyCOCI
(A)

COCHj
CH3COC| Benzene
(A) AICl,

(8)

(IZN
COCH, HO—C—CHgz
KCN
@ oH®
(B) ©

@15 The major component/ingredient of Portland Cement is :

Opti . - g
Pions 1. dicalcium silicate

2 dicalcium aluminate
3. tricalcium silicate
4 tricalcium aluminate

Ans: ftricalcium silicate

Sol: The constituents of Portland cement are tricalcium silicate (30-50%), dicalcium silicate (20-45%),
tricalcium aluminate (8-12%) and tricalcium alumino ferrite (6-10%)



Q.16 Select the p;r..'.ph thiat n:'-m.\'tl_t' deseribiss the .1;Ix|lr|11iu:n. isotherms at two temperatures
']'I and 'I': f]'l > 'I'3'| Bor a s
{x~ mass of the gas adsorbed
m = mass of adsorbent

P- prossure)

Dptions
x A
i T,
1 Tl
P
X
m Ty
2
T;
P
A
% T
3 T2
P >
N
* &
Il "[‘1
P Gl
& T2
Ans:
Ty

I P

Sol: Since adsorption is an exothermic process, rate of adsorption (1] will be low at high temperatures
m

. X
For adsorption process at constant T, — o P%
m

Where 1Iies between 0 - 1
n

047 Which one of the following lanthanides exhibits +2 oxidation state with diamagnetic
nature ? (Given £ for Nd=a0, Yb=70, La=57, Ce=>58)

Options ;- Yb
2 Ce
3 La
4+ Nd

Ans: Yb



Sol: Yb (Z = 70)— [Xe] 4f"* 657
- Yb® = [Xe] 4
Since all the electrons are paired, Yb?" is diamagnetic
%' In the structure of the dichromate ion, there is a :

optons, linear unsymmetrical Cr—O—Cr bond.
2 non-linear unsymmetrical Cr—O—-Cr bond.
3. linear symmetrical Cr—O— Cr bond.

4. non-linear symmetrical Cr —O —Cr bond.

Ans: non-linear symmetrical Cr—-O—Cr bond

(@] (@)
gr/o\ ||r
Sol: eo/g @\o@

% The denticity of an organic ligand, biuret is :
Optinns,l_ 4
22
3.3
4 6
Ans: 2

Il Il
Sol: Biuretis HoN—C—NH—C—NH,
It is a bidentate ligand

Q.20 Given below are two statements : one is labelled as Assertion (A) and the other is labelled as
Reason (R).

Assertion (A) : A simple distillation can be used to separate a mixture of propanol and
propanone,

Reason (R) : Two liquids with a difference of more than 20°C in their boiling points can
be separated by simple distillations.

In the light of the above statements, choose the most appropriate answer from the optons
piven below :

Optienss (A) is true but (R) is false.
2

ﬁnth (A) and (R) are correct and (R) is the correct explanation of (A).

3.
Both (A) and (R) are correct but (R) is not the correct explanation of (A).

4. (A) is false but (R) is true.

Ans: Both (A) and (R) are correct and (R) is the correct explanation of (A)

Sol: Both assertion (A) and reason (R) are correct statements and reason (R) is the correct explanation for
assertion (A)



Section B

. e (£=32) in its ground state electromic configuration has ¥ completely filled orbitals wi
Q1 Ge (Z=32) ts & 1 state electr nfigurat h pletely filled orbital th
my;=0. The value of x is

Given7
Answer :

Ans: 7

Sol: Ge (Z = 32) — 1s? 25 2p® 3s? 3p® 4s” 3d™ 4p?

AR AR AL A AR AR A A AR AR A A AR AL AIERE

Number of completely filled orbitals with m,=0is 7

Q.2 The total number of reagents from those given below, that can convert nitrobenzene into
aniline is . (Integer answer)
L Sn - HC
II. 5n - NH,OH
Il. Fe — HCl
IV. Zn - HC
V. H,-=-Pd
VL. H, — Raney Nickel

Given --
Answer :

Ans: 5

Sol: Except Sn—NH,4OH, all the other reagents can reduce nitrobenzene to aniline
Q.3  Consider the following cell reaction

_ 9 .9
Cdgg) + HgySO0yq) + 5 HyOpy += CdSO, - 3 H,0) +2Hg,

The value of EE@[I is 4315 V at 25°C. If AH® = —825.2 k] mol !, the standard entropy change
ASinJ K 1lis - (Nearest integer)
[Given : Faraday constant=96487 C maol 1]

Given --
Answer :

Ans: 25

Sol: AG°® =—nFEg
AG® = AH® — TAS®
AH® — TAS® = —nFE g
TAS® = AH® +nFE g
_ AH°+nFE
T

- 825.2x10% +2x 96487 x 4.315
298

AS°

=2511JK™?




Q.4 The number of hydrogen bonded water molecule(s) associated with stoichiometry
CuSO, ' 5H,0 is

Given 1
Answer :
Ans: 1

Sol: In CuS0..5H,0, out of 5 hydrated water molecules, 4 of them make co-ordinate bonds with cu? ion
and the remaining H>O molecule forms a H-bond with SO%‘ ion.

Q.5  For a first order reaction, the ratio of the time for 75% completion of a reaction to the time for
50% completion is . (Integer answer)

Given 2
Answer :

Ans: 2

Sol: For a first order reaction,
t7506 = 2t50%
. L7506 _ s _ o
ts00  50%

Q.6 A,B, is a sparingly soluble salt of molar mass M (g mol ~') and solubility x g L =1, The solubility

PR
product satisfies K5I1=H[ %1 . The value of a is . (Integer answer)
Given 108
Answer :
Ans: 108
Sol: AsB, == 3A%"+2B%"
38 28
~Kgp =[AZP[B¥ )7 = [38]°[2S]°

Kgp =108 S°

If the solubility is expressed in x.g L™ then, S = where ‘m’ is the molar mass
m
<\

Q.7  The molarity of the solution prepared by dissolving 6.3 g of oxalic acid (H,C50, - 2H,0) in
250 mL of water in mol L™ lis x x 1072, The value of x is .

(Nearest integer)
[Atomic mass : H: 1.0, C: 12.0, O ;: 16.0 ]

Given 20
Answer :

Ans: 20

Wgx1000 _ 6.3x1000

= =2x10"1=20%x1072 mol L*
Mg X Voin (ML) 126 %250

Sol: Molarity, M=




Q.8  Consider the sulphides HgS, PbS, CuS, Sb,5,, As,S; and CdS. MNumber of these sulphides
soluble in 50% HNO; is

Given --
Answer :

Ans: 4
Sol: Among the given sulphides, PbS, CuS, As;S3; and CdS are soluble in 50% HNO3
Q.9 According to the following figure, the magnitude of the enthalpy change of the reaction

A+B = M+Nin k] mol™!
isequal to . (Integer answer)

x=20kJ mol 1
y=45k] mol 1
z=15k] mol 1

M+N

Energy —

v

Reaction Coordinate

Given -
Answer :
Ans: 45
A
x=20kJ mol 1
------ y=45k] mol 1
z=15k] mol~1
Sol:

M+N

Energy —=

Reaction Coordinate

AH =y (from the graph)

=45 kJ mol™
Q10 The number of halogen/(s) forming halic (V) acid is ;
Given --
Answer :
Ans: 3

Sol: The halogens forming halic (V) acids are ClI, Br, | such as HCIO3, HBrOs and HIO3 respectively



PART —-C -MATHEMATICS
Section A

Q.1 The line 12x cosf + 5y sinf =60 is tangent to which of the following curves ?

Options

. x2+y2 =60
2 144x2 + 25y2 = 3600
3 x2 4+ ];2 =169

s 2532+ 12y2 = 3600

Ans: 144x? + 25y? = 3600

Sol: 12xcos6 +5ysin® =60 ,Dividing by 60,

; 2 2
xcos® + ysin® =1is tangent to X—+y—:1
5 12 25 144

144x°? + 25y2 = 3600

Q.2 . .
cosec18° is a root of the equation :

Options

' x242x —4=0
2 x2— 2y +4=0
3 4x242x—-1=0

¢ x2-2x—4=0
Ans: x°-2x-4=0

1 4 —4(‘/§+1)—,/§+1
sin18° 5-1 + 5-1

Let cosecl8® =x= /5 +1

:>x—l=\/§

Squaring,

X¥*-2x+1=5

=x2-2x-4=0

Sol: cosecl8’ =

as dy XY _ ogx

I ] , ¥(0) =1, then y(1) is equal to :

Dptions 1



Ans: log,(1+e)

Sol: Iy _220-2% 2"(2y -1)

dx 2y 2y
y
Iz—dy: IZde
2¥y —-1
y _ X
2M:L+C
log2 In2
2|092(2y —1)=2xlogze+C
~y(0)=1=0=log,e+C
C=-log,e
:>|092(2y —1): 2*log, e —log, € = (2" —1)Iogz e
Putx =1, Iogz(Zy —1): log, e
2Y =e+1
y=log,(1+e)

Q.4  If p and q are the lengths of the perpendiculars from the origin on the lines,

i x a e
v cosec o — iy sec o =k cot 2a and x sin a+y cos a=k sin 2a respectively, then k= is equal to :

Options

1. 2}13 + q2
3. p2 + 4qz

4. pz + 2q2

Ans: 4p2 + q2

y _kcos2o _  kcos2a

Sol: Firstlineis —— — g =—
sinot  cosa sin 2o 2sino.cos o

. k
= Xcoso-ysina = EcosZoc
= 2p =|kcos 20} .....(7)

=p= 5cosoc
2

Second line is xsina +ycosa = gcos 20
=q =|ksin20] ..(ii)
~K2= 4p? + g2



1+ %
llog,{ ‘?] ; ¥=0
x

If the function f(x) = 1 k » x=

coszx — sinzx -1

J2+1-1

. , 1 4
is continuous at x =0, then — + — + — is equal to:
a b k
Dptinns_l_ 5
2. 4
3. =4
4. — 5

Ans: -5

[

[,2
1
cos? x - sin? x = 1( , Y +)
Sol:  lim f(x)= lim

+1)

x—0" x—0" ’X +1-1 ( W2 4
23'“ X \/x2+1+1j

[

+

x—>o
14+
lim f(x)= lim —Iog a
X—0" x—0~ X 5
b
X
log 1+ —| logl1=—
. g( a g( b 1
lim + e
X—0" X X a b
—la -—|b
2 )
So, L +1 =-4
b
1 1 4
—+—-—+—=-4-1=-5
a b k
Q.6 Let « 0e€ [~ v] be such that the Boolean expression (p * ~q) = (p 0 q) is a tautology.
Then :
Dptions
Monsy g = v, =
2 % = A, =

< < 2> >

O
sx=A [ =
0

4. = WV

r



Sol:

pla|~q|pr~aq|pva |(pr~q)—=(pvq)
T|T|F| F T T
TIF|T| T T T
FIT[F | F T T
FlF[T | F F T

(p A~0q) (p Vv Q) is tautology

T i 2 : ; &
97 The function flx)=|x2—2x —3| - "~ 123+4] i5 not differentiable at exactly :

Options

sy

- one point

2. four points

[

. two points

=

- three points

Ans: two points

Sol:  f(x) =] (x - 3)(x +1)|.e®*-2F
(x — 3)(x + e X2 x>3
f(x)=1- (x-3)x+1e®? ;~1<x<3

(x - 3)(x + e ®-2F w1
Clearly, f(x) is not differentiable-at x =-1 and x = 3

Q.8 Which of the following is not correct for relation R on the set of real numbers ?
Options 1.
(x, y) €e R & [x—y| < 1is reflexive and symmetric.
2
(x, y) e R 0 < |x|—|y| = 1 is neither transitive nor symmetric.
3.
(x, ) e R& 0 < |x—y| < 1is symmetric and transitive.
a.

(x, y) e R & |x|—|y| = 1is reflexive but not symmetric.

Ans: (x,y¥) e R 0<|x-y|<1issymmetric and transitive

Sol: (1,2),(2,3) eRbut(1,3)¢R
Hence 0 < |x — y| £ 1 is symmetric but not transitive



Q.9 Let the equation of the plane, that passes through the point (1, 4, -3} and contains the line
of intersection of the planes 3x—2y+4z—7=0and x+5y—-2z:+9=0, be ax+ By +yz +3=0,
then o + B+ is equal to :

Options ; 15
2. 23

3. =il
s —23

Ans: -23

Sol: Equation of planeis 3x -2y +4z -7 + AM(x +5y -2z +9) =0
B+A)x+(BA-2)y+(4-2)z+9A-7=0
Substituting (1, 4, — 3)
=>3+A+20L-8-12+6L+9A—-7=0
:kzg
3
=-11x-4y-8z2+3=0
o+ p+vy=-23

21 The sum of 10 terms of the series

g . B . %
12x22 22x32 32x42
. 120

121
1 |

99

T .

100

143

144

120
121

+ ...18:

Options

Ans:

2 42 a2 o2 2 _ 52
Sol: S:2 L +3 2 +4 £l Foe,
1°x22 22x3%2 3%2x4?




%" If the following system of linear equations

2x+y+z=
x—y+z=3
x+y+az=b

has no solution, then :

2 1 1
Sol: HereA=1|1 -1 1j=7-3b
1 1 .a

Fora= % , b# g ,System has no solution

Q.12 A vertical pole fixed to the horizontal ground is divided in the ratio 3 : 7 by a mark on it with
lower part shorter than the upper part. If the two parts subtend equal angles at a point on
the ground 18 m away from the base of the pole, then the height of the pole (in meters) is :

owiens ¢ 110
2. 1215
3 124/10
. 610

Ans: 12\/5

Sol:

7L

18



Let height of pole = 10L

3L L
tanoe = —=—
18 6
tan2o. = ot
2tano  _10L

1-tan?o 18

Use tano = L:>L= ‘{Z
6 5

Height of pole = 10L =12410

Q.13

1
3(x +2)°

The integral .lr# dx is equal to :
yix —1)

(where C is a constant of integration)

Dptions

3

g i(x_l)z+(2
R e i

: 3[1+2)%+C
4\x -1

"R
I\E+2

; 3["+2f+c
4\x -1

dx dx
Sol: =
J‘(x—l)g’m(x+2)5/4 J. 2[x+2j5/4
(x-1)°
x-1
put X*t2_¢__1 i:i_t—lf“ o oA(x1
x-1 3J¢5/4 3 3(x+2
Q.14
=g 4
lim sin“(wcos x) . _
xs0—— 1 — isequalto:
l:)ptix:ms_I 4 5
“dar
2, ,11.2
3. 22
4. 411.-

Ans: 4rn?




L2 4
Sol:  [im Sin{mecos™ x
x—0 X4
. l—cos!2ncos4x!
lim
x—0 2)(4
a4 .4
lim 1—cos(21t—21tcos x)4n2.sm X (1+ cos? x)2= 1.41r2.1(2)2 = 4n?
2 4
x=0 [21:(1—cos4 x)] 2% 2 2
Q.15 2rm

If a, = n:u.*;'er-IT + i sin TT—, r=1,223 .., i = J—1, then the determinant

d1 dz a3

A4 a5 Ag| jsequal to:
d7 dg dg
Optiuns,l. ag
2. 8585 — Q,ag
i
4. 35

Ans: aijadg —agasy

a, a, a,| |a a; a 1.a a
Sol: [a, a, a)=laf a a’|=a,a.a [l a a=0
a, a, a,| [a; a a) 1-a,a

djdg —agay = allo —allo =0

Q.16 The length of the latus rectum of a parabola, whose vertex and focus are on the positive
y-axis at a distance R and 5 (> R) respectively from the origin, is :

omiens, 45 _R)
2 2(S—R)
2 2(S+R)
+ 4(S+R)

Ans: 4(S-R)

Sol:

RON_ (SO)




A —vertex

F — focus

AF=S-R

So latus rectum = 4(S - R)

QA7 Three numbers are in an increasing geometric progression with common ratio r. If the
middle number is doubled, then the new numbers are in an arithmetic progression with
common difference d. If the fourth term of GP is 3 r%, then r2—d is equal to :

Optinns1_7 _7\/5
27 +33
7 + 43
4_7_\/5

Ans: 7 +«/§

a
Sol: The numbers are — ,a, ar
r

a . a 1
—,2a,arareinAP=d4a= — +ar=r+—=4
r r r

Solving, r = Zi\/g
4 formof GP=3r2 > ar® =3r° > a=3

r=2+¢§,a=3,d=2a—%=34§
2 _d=(2+3f ~3y3= 74,3

Q.18

—* -+ — —» —H =k
Let a and b be two vectors such that [2a + ?.B)l = [3a + b| and the angle between a
— y |—s|
and b isa0° If g a is a unit vector, then |b| is equal to :
Dptmns,l_ 8
2.

o
Sy = U

4,
Ans: 5
Sol: |€1|=8

‘3a+6‘2 - ‘2a+36‘2
9a.2 +6ab+b? =422 +12ab+9.b.2
5fa|* - 6ab = 8.‘5‘2

5[g|” — 6.8bcos60° = 8.‘5‘2



_ ~12
40 —3.‘b‘ =‘b‘
:‘6‘2 + 3.‘6‘ —40=0

:‘6‘:5

Q19 The number of real roots of the equation ed¥ 4203 —e¥— =0 is :
Options 1
23
3.0
4. 4

Ans: 1

Sol: lete*=t>0
y=tt+2t3 -t-6=0

Y4362 -1
dt

e 9
0 ] 1
2
d—2y:12t2+12t>0
dt

f(0)=-6,f(1)=-4,f(2)=24
= Number of real roots = 1

Q.20 Let fbea non-negative function in [0, 1] and twice differentiable in (0, 1). If
o = o , s
L f1- (F)” de= L‘_Jr{t)dt. 0=x=1 and f{0) =0, then .lu'ib Lﬂ _Ef(ﬂdl :
: i
Options 1
1. LR
equals 5

2 equals 0
3. equals 1

4 does not exist



Ans: equals %

Sol: )]‘1/1— (f(t)?dt = XJ‘f(t)dt 0<x<1

Differentiating
V1= (F ()P =f(x)
=1-(F(x))* = [f)
re
1- [P
sin"tf(x)=x+C
+f(0)=0=C=0= f(x)=sinx

X
Isin tdt

-0 . (sinx) 1
- lim >—= lim|—|==
x—=0 X x—0\ 2X 2

Section B

Q.1 :
The mean of 10 numbers

7x8,10x10, 13 x12, 16 X14, ... is

Given —
Answer :

Ans: 398

Sol:a,=(Bn+4)(2n+6)=2(3n+4) (n+3) = 6n’+ 26n + 24

10 10 10 10
6(10x11x21) 10x11

Sipo=Y a,=6Yn%+26) n424Y 1= 2T 06 =" =4 24%10 = 3980
10 =230 =63 0" +26) n4243 5 >

=1 =1 =1 =1

S
Mean=ﬂ=@=398

10 10

Q.2 1
Let [t] denote the greatest integer < £ Then the value of 8 - Ilf [2x] + |x| ) dx is
i
Given 5
Answer :
Ans: 5
1 1 1 1 1
Sol: |I= J'([Zx]+|x|)1x = I[thx+ I|x|dx =0+ I(— XX + dex
-1/2 -1/2 -1/2 -1/2 -1/2

0 1
x2 x?2 1 1 5
= —— +|— | =|0+=|+==—
2 2 8 2 8

-1/2 0



Q.3 An electric instrument consists of two units. Each unit must function independently for the
instrument to operate. The probability that the first unit functions is 0.9 and that of the
second unit is 0.8. The instrument is switched on and it fails to operate. If the probability
that only the first unit failed and second unit is functioning is p, then 98 p is equal to

Given 28
Answer :

Ans: 28

Sol: P(A)=0.9, P(B)=0.8
P(A')=0.1,P(B')=0.2
b 0.8x0.1 _8
0.1x0.2+0.9x0.2+0.1x0.8 28

98P=ix98=28
28

Q.4 - y-2 z+1

r=1
The square of the distance of the point of intersection of the line 3 = = =

and the plane 2xr—y+z=#6 from the point (-1, =1, 2) is

Given 61
Answer :

Ans: 61

X=1 y-2 z+1
SSSEaTE -

X=2A+1,y=3A+2,z=6A-1

Substituting in the equation of the plane

2L +1) - (BA+2) + (6A— 1)

TA=T=A=1

Point: (3, 5, 5)

(d)? = (3+1)° + (5+1)*+ (5= 2)°= 61

A

Sol: The given line is

Q5  [f‘R is the least value of ‘a’ such that the function fix)=x2+ax+1 is increasing on [1, 2]
and ‘S’ is the greatest value of ‘a’ such that the function fix)=x*+ar+1 is decreasing on
[1, 2], then the value of [R-5 is

Given --
Answer :

Ans: 2

Sol: f(x)=x*+ax+1

f'x)=2x+a

2x+a=0 Vxel[l, 2]
a>-2xV xel[l,2]

R=-4

and2x+a<0 Vxel[l,2]
a<-2x Vxe[l,2]

S=-2

IR-S|=]-4+2|=2



Q.6  If the variable line 3x + 4y =a lies between the two circles
(x=1y*+(y=1)*=1 and (x -9 4 (y- 1)2=4, without intercepting a chord on either circle,
then the sum of all the integral values of « is .

Given --
Answer :

Ans: 165

Sol:

(x-9y+(y-1)=4

3x+dy=a
(x=1)+(y-1y=1

The points (1, 1) and (9, 1) lie on the opposite sides of the line 3x + 4y = ¢,
(3+4-01).(27+4-0) <0

(7-0)Bl-0)<0=0e(731)----- 1)

d;= distance of (1, 1) from line

d» = distance of (9, 1) from line

-9
5

|31-qf

d; 21 = 21l=oe (—oo,z]u[lz,oo) ..... )

d, 2r, =>

>2= 0e (21U [4100) - (3)

From (1),(2)and (3)= o.e [12,21]
Sum of integers = 165

Q.7 (26 _12~|I3
If -I_J'Jk is the term, independent of x, in the binomial expansion of E = =% 3 then k is
|, ! x
equal to
Given 495
Answer :
Ans: 55

Sol: T.p=(- 1)‘.12cr(§]12_r (i—i] ~( 1)f.12c,[%]12_r fL2) (x>

Term independent of X =12 -3r=0=>r=4

a2 (12 4 3°
T5 :(—1) . Cr[zJ (12) :4—4k

= k=55

Q.8 The number of six letter words (with or without meaning), formed using all the letters of the
word "'VOWELS', so that all the consonants never come together, is

Given 576
Answer :



Ans: 576

Sol: __—Y 2Vowels
VOWELS
4 Consonants
Total arrangements = 6
No. of arrangements in which consonants are together = 3! x 4!

~.Required answer = 6! — 3! 41 = 576

Q.9 . : fz— ..

A point z moves in the complex plane such that arg| —2] = I, then the minimum value
vz+2) 4
" ¥

of |.‘, N 2r|" is equal to

Given --

Answer :
Ans: 98

Sol: Letz=x+liy

ol

21

]z argz —argzzjl
Z3

arg(x — 2 +iy)—arg(x + 2 +iy) = % [ arg[

tan"Y Y | ~tan| =Y _|=Z
X—2 X+2 4

y |y
X—2 X+2 =tan£=1

v

Xy + 2y — Xy + 2y _1
x? —4y+y2
4y=x2 -4y -4=0
x2 +y2 -4y-4=0
Locus is a circle with center (0, 2) & radius = 2«/5

Minimum value = (AB)? = (OB — OAY= (042 — 242 = (742 =98

Q.10 x
If x d(x) = _[_‘[:ar'*l — 24'(t))dt, x > ~2, and $(0)=4, then $(2) is

Given --
Answer :

Ans: 4



Sol:  x o(x) = IStz — 20 (t)dt
5

Integrating, we get x ¢(x) = x* —125 — 2[o(x) - 6(5)]
X 0(x) = x3 =125 — 20(x) - 20(5)

putting x =0

00 =496) = - >
3

o) = X° +8
X+2

=>0(2)=4




