SOLUTIONS & ANSWERS FOR JEE MAINS-2021
25" February Shift 2

[PHYSICS, CHEMISTRY & MATHEMATICS]

PART - A-PHYSICS

SECTION A
Q.1 Match List I with List II.
List 1 List 11
(a) Rectifier (i)  Used either for stepping up or stepping down the a.c. voltage
(b) Stabilizer (ii) Used to convert a.c. voltage into d.c. voltage
(¢) Transformer (iii) Used to remove any ripple in the rectified output voltage
(d) Filter (iv) Used for constant output voltage even when the input voltage

or load current change
Choose the correct answer from the options given below :

OptionS 1. (a)-(ii), (b)~(i), (c)-(iv), (d)-(iii)
2. (a)-(iti), (b)~(iv), (c)-(1), (d)-(ii)
3. (@)-(ii), (b)-(iv), (c)-(1), (d)-(iii)
4. (a)-(ii), (b)-(1), (c)(iii), (d)-(iv)
Ans: 3

Sol:  Option (3)

Q.2 An alectron with kinetic energy KI enters between parallel plates of a capacitor at an angle
‘o with the plates. It leaves the plates at angle ‘B" with kinetic energy K,. Then the ratio of
kinetic energies K] K, willbe :

Options

Ans: 2

Sol: Velocity perpendicular to electric field will remain the same
V, cos o=V, cos B

2
K]_ mVl

K>

B cos? B

L
_2
%mVZZ cos? o



Q3

A chargeq’ is placed at one corner of a cube as shown in figure. The flux of electrostatic field

E through the shaded area is:

2 Z
b > Y
g
X
Options
i q
4880
5
' 880
5 9
) 2480
P
' 4&’0
Ans: 3
N F
Sol:  Flux through the cube = 9
880 H |=
Electric field grazes the surface rest
three surfaces has same orientation
w.r.t change ‘q’.
C
q D
dereH =9pcre =9EBCE =57 —
2480 A

q
Oshaded =PECB +OGEF =QEFGH =7 —
2480

(As they are in same orientation w.r.t charge.q)

Q.4 I'wo identical springs of spring constant 2k’ are attached to a block of mass m and to fixed

support (see figure), When the mass is displaced from equilibrium position on either side, it
executes simple harmonic motion. The time period of oscillations of this system s

2. 1T /
3. 9r
4. 24
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Options
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Ans: 2

Sol: In parallel
Keg = K1+ Kz =4 K

T=21‘E],£
4K

@5 The truth table for the following logic circuit is :
Ae
Be
ons

o A B Y
0 0 0

1 ( 1 1

1 0 0

I I |

A\ B Y

0 0 1

2| 0 | 0

1 0 1

1 I 0

B B Y

0 0 1

3 0 1 0

| il 0

1 1 1

A B y

0 0 a

4 0 1 1

| 0 I

| 1 1]

Ans: 3

Sol: Option (3)



as Thermody namic process is shown below on a IV diagram toe one mole of an deal gas. It
V=2V, then the atdo of temperature T/ T, & -

F 1Py, Vi Tyl
1
' PV 2 =constant
N
'
! * APy, Va Ty)
| |
' |
' |
1 1 >
vy Va v

a7 Anclecmoﬁn-n\umlnpummn(mmp=1n§m,m moving with the same spoed.
Ther ritho of ek e Droglie wavelunggy ~H81800. g by

e * SO

2 918
31836
L

183

o u“- -
Ans: 3 'ﬂ.{\

h 1
Sol: A=—=A—
mvV m ‘sb{\
m
7‘_e=_P=1836
Ap Mg

9% For extrinsic semiconductors; when doping level is increased;

Options 1.
Formi-level of both ptype and n-ty pe sevdconductors will go upward for T > T, K and
downward for T < Ty K, where T; is Fermi temperature,

2
Fermi-level of p and n-type semiconductors will not be affected.

3
Fermblevel of ptype semiconductors will o downwand and Fermi-level of ntype
semiconductor will go upward.

4

Fermi-level of p-type semiconductor will go upward and Fermi-tevel of n-lype
semiconductors will go downward.



Ans: 3

Sol:

Option (3)

Q3 e sopping, poteatiad joe clectans emitted from a photosensitve suduce iluminated by
light of wavelength 391 nen is 0,710 V. When the incident waveleogth is changed o a new
value, the stopping potential is 143 V. The new wavelength is

Options ;. 309 nm
z 382 nm
3. 400 nm
4329 nm

Ans: 2

Sol:

1

h
eV, =KE; =—%—¢
M

9=222 071
491
$=2.52-0.71=1.81
h
eVs =KE, = _C_¢
2 )\'2
hC
—=1.43+1.81=3.24
Lo
2o =220 _3gp72
3.24
~382nm

Q10 e inithe cloctroni: charge, ¢ is the speed of Light bn free space and I is Manck’s comtant, the

quantity

1 el
o k) his dimensions of
my &

Options 1. [MP L0 19

2[LCY
3 [MLT™)
& [MLTY
Ans: 1
2 2
Fre Fr
Sol:  ——=-——=M°L°T°
he EA
QN In a fermmagnetic material, below the curie temperature, a domain is defined as ©

Options 1.

a macroscopic region with randomly onented magnetic dipoles.

2 a macroscopic region with saturation magnetization,

3. a macroscopic region with zero magnetization.

4.

A macroscopic region with consecutive magnetic dipobes oriented in opposite direction,

Ans: 2

Sol:

Option (2)



Q2 Consuder the diffroction pattern obiined froom the sunkight inodent ca a pinbole of disnetes
01 . I b dlasnator of the pinhaole is shightly incassed, it will affoct the dilfraction pattaem

such

Optiong ¢ jis size decreases, but intensity increases
2 its swe increases, but intensity decreases
3. ts size Increases, and intensity increases

4 its size decreases, and intensity decreases

Ans: 1

Sol: sin=T22"
D
If D is increased = sin 6 decreased
.. size of circular fringe will decrease.
Intensity will increase.

QA3 v A sinfuk + by is the timedisplacensent squation of @ SHM, At =0 the displacement ol

\
e portiche In Y = o= aead 1 ks moving along neggative sdimction. Than the inltal phasw

angle by will bo

Options 5.
1

2|

:r|§f‘ w|d o4

Ans: 4

Sol: y=Asin (ot+dg)
A
2

t=0, y=

lzsin dg

A2
V()

V=Z—3t’=Am cos(ot +dp)
t=0, V=Am cos¢g
b0 =g for V(+)

dg =57t6f0rV(-)

¢0=5%

Q.14 The wavelength of Bhe photon emitted by a hydrogen atom when an electron makes a transition
fromn=2ton=1 state 1s:

Optione 1. 1218 nm
2 9133 nm
31948 nm

4 4907 nm



Ans: 1

Sol:

R 1 1
an I’llz
RIZ-L|ILLI_3R
1 4 A4

=2 1218 m
3R

>l >k

Q.15 A wtoww b dhropped from the top of o bulldeg When i crassos & point 5 m below the lop
anothor oo atarts 10 fall from s point 25 m el the wop. Both steoes evach the botsorm of
Buhibing stvaltaoeoustly . The helpht of the bailding is

Options . 45 m

2 50m
i Bm
&35 m
Ans: 1
Sol:  For first particle . A
1 .
H=—gt" ) —
f t h=5m
5= E 'l H
. t <
t'=5s
For second particle 25m
1 o
H-25=2g(t-1" '

1 - 1 2.9
—gt°—-25=—gt +=—gt
2g 2g 2 E
t = 3 second

H:%x10x9:45m

Q.18 T'he point A moves with a unticem speed along, the circumference of a circle of radius (.36 m
and covers 3 in 0.1 s The pespandicular projection I frome "A on the diametor MIN represents
the simple haemonic motion of " The restoration foroe per it mass when P iooches M
wil be:
M
Options 1. 049 N
2 987 N
3100 N
4 50N
Ans: 2
A
0 6 b=
Sol: =—="—=—
t 01 3
For SHM
F 2
—=—0"X
m

When P touches m




X=A

2
So F = [S—nj x0.36 =9.87 N
m 3

a7 A sphere of mdius '3’ and mass 'm0 otk along a heezontal plane with corstane spead 7, Tt
encounters an inclined plane at angle © and climbs upward. Assummg that it rols without
slipping, how far up the sphere will tavel 7

S 4

Options > 2
P
5 g sinb
P -

2 sinl

e

o

. S .
5g sinf
7 l(]r'a
7§, sinf
Ans:
Sol: ©=0, V=0
m
Vo t
2
T
Initial .
Final
Ki + Ui = Ks + Us
1
= mVO2 (1+ —) =mgh
TV
10 ¢
h 7 VP

“sind 10 gsin®

Q18 Given below are lwo statements ©
Statememt 11 In a distomic modecule, the rotational energy at & given temsperature obeys
Maxwell's distnibution.
Statement 115 I o dstomic molvule, the rotational energy al o given engeraure equalks

the translational kinetic energy for each molocule
In the light of the above statements, choose the correst answer from the optiors given below
Options 1 Sratement 1 Is true but Statement 11 is false.
2. Statement 1 is false but Statement Il s true.
3. Both Statement | and Statement 1l are true,

4 Both Statement | and Statement 1 are false,

Ans: 1

Sol: Option (1)



Qi gy, trussage sl of fregquency S s amplitude modalated with o corrier signal of rsquenscy
. and radiated through an avdenna, the wavelength of the cormsponding skl in it is

Options
1 f
e
5 —
fn
3 . -
2 f. t 'Il\
c
4. "
’I ."ln
Ans: 1

Sol: Equation of amplitude modulated wave y = (Ac + Am Sin omt) Sinwct
Here angular frequency of modulated signal = oc
Thus frequency of modulated signal = fc

c
.. wavelength = —
fC

Q20 Ap LER areult contaios restatance of 110 €1 arwd o mipply of 220V af 200 md/ s angular
frequency, M only capacitance is removed from the creunt, current lags bohind the voltage by
15, M oo thwe other hand, only inductor is removed (he current kads by 45° with the applied
voltage. The rns current fBowing in the Ciscuit will be

Opfione1. 1 A
22A
315 A

425 A

Ans: 2

Sol: When L and C are connected with R is series circuit will come in-resonance. So current in the
circuit will be
Vrms

Irms= R
20
110

2A

SECTION B

Qi The percentage incresse e speed of baesverse waves prodocst in g stretched string if
the tension s increased hy 415, will he ¥

Glven2
Answer :
Ans: 2.00
Sol: V=

dT

v _1dt
-

\Y

ONN R =

% change in speed = x100

N
|5

1><4=2%
2



Q2

A reversible heat eagine converts ome-dourth of the heat input into work. When the
temperatune of the sink i5 reduced by 52 K, its efficiency s doubled The femperature in
Kelvin of the source will be

Given—
Answer :

Ans: 208.00

T
Sol: n:ﬂ:lzl__'—
Qin 4 TH

T3

Ty 4
When sink temperature is decreased by 52 K

: 1

n=m=37

.:izl_(TL—52)

2 T

1 . T 5 1 52
1

=

2 Ty Tw 4 Ty
Th = 208 K

Q3 Twor snsall spheres each of mass 10 my, are saspended from a polnt by threads 05 m Jony,
Thev aro oqually charged and ropol cach othee 10 a distance of 0.20 ne. The charge ca each of

o { 8. A
the sphere is 5 ™ W2 The vadue of ‘9" will e
[Given g=10ms *|

Glven—
Answer

Ans: 20.00

"

kg
Sol: mgtan 6 = a

-
,'.EEK

Fot .
[ 10x10®=10%1 0 | < >
= | '/

\ V24 x (25)x 9= 107

1

1

I |

_ |mgtan® 0.5m |
e r— 1

1

| 107¥x4

- ,J‘.-'ﬁ x25x%4 %x9x10°

z | 107
== K |
3 Vzaxpt
¥
a e 2 107 2 [107®
=— =x107° == | — — — |
21 3 y V24 3 y V049
_ 2x 21 _ 20
A=3%07
at i l: Ij Q I: the angle bebwerm P aned \j i 0 J1 < o< 350 The valoe of ‘I will be
Glven 180
Answer

Ans: 180.00



Sol: PxQ=Qx
FxQ=-(FxQ)
2(F=Q)=0
PQ sin6=0
sin®=0
0 =n=180°

ol

QS5 Two particles hav g, masses 4 g and 15 g, respectively are moving, with equal kinetic encrgies.
The ratio of the magnitudes of their linsar momentum is n 2 The value of n will
be _ =

Ans: 1.00

Sol: P=+2mE

P
_1= ﬂz izl:z
P2 mo N16

Given theratioasn: 2
..n=1.00

Q6 Two identical conducting sphores with negligte volume have 21 6C and (11 nC chaegen

respectively. They are brought ko comtect and then sopanated by o distaoce of 05 o, Thw
chedtmatabic Jvce acting betwoen the spheres s 10°N

1
Civen : d=i, = e S urul
[ Uoasa 1

Ans: 36.00

Sol: F=—quqz

r2
gx10%%1 %1077 26.00 % 10~°N
(0.5)° T
Q7 The peak ebectric fokd produced by the radiation coming from the 8 W balb at a Jdistance of
WOmis —;-. |Jl;_j |IT Tho officieney of the balb bs 1% and i 5 4 point warco. The value of
i
Ans: 0.63
P 1
Sol: anz—soE%C
Amr 2
Pn J8x0.1 J 11oC
EO = = _
2mr 2 ce 0 2x100 Y
X = y =0.63
V10
Qs

Uhe wavelength of an Xoray beams is 10 A The mass of a ficteioas particle baving, the samw

L
envrgy as that of the X-ray photons is ;h kg The value of x

h=Planck’s constant)

Ans: 10.00

Sol: —=E=mc



ch 3x108 x10x10710

Qs

Thae inithal vedocsty o, reguinedd 1o progect o dody vertically upwand from the surksce of e
oarth ko roach & beght of TUR, where B s the mdius of the varth, sy be describod In loes

T
)}
of escape veloaty o, such that o = = ¢

1},

1, - The value of ¥ will be

Ans: 10.00

Sol:

_GMm_—GMm
2 i R  11R

V2 :{2_3 GM

llzuGM ||1U
i= == |77
JITR T 1T

Ve=x=10

Q0 4 cunentof 6 Aenters one comes P of an equilateral trangle POR having 3 wires of resistance

2 01 vach and kaves by the comer 1L The caervnts 1 in amporo &

SA
320
P
h M
:12‘\ T
- z 24
P
/oan
Q R

Ans: 2.00

Sol: In parallel
1R =11R>
l2 Ry
1 Ry

PART - B — CHEMISTRY

SECTION A

Q1 Giiven hokow are bwn statemvents
Statement |

The Kentihicateon of NIF* s carned ot by dimethy | glyoxtne in the peesence of NHA
Statement H

The dunsethyd glvosiie b o Mdentate neutral Byand,

Tix U Bight of the abvave statermenis, chosme e correct unawer rom the opbons given bok

Ans: 3

Sol: Dimethyl glyoxime ion (dmg) is a bidentate anionic ligand.



92 The solubility of Ca(OH), in water is :
[Given ; The solubility product of Ca(OH), in water=55%10 )

Dptions 1. 1.11x 104

e

2 1L11x10

31.77%x10-°

41.77x10°2
Ans: 2
Sol: Ca(OH), === Ca?" + 20H"
S 2S
. Solubility product, Ksp = S x (2S)? = 4S3
. [KSF]L"&
~S=|
L
5.5 % 107¢] /2 . .
= [T] = (1.375% 105 /2= 1.11 = 1077

93 Which among the following species has unequal bond lengths ?

Optioma SiF,
2 SF,
3 BF,
4. XeF
Ans: 2
Sol: In SF4, the central atom ‘S’ undergoes sp3d hybridistaion. There are 4 bond pairs and one lone pair

and the structure is ‘see saw’. Here all the bonds are not identical.

Q4 Given below are two stotemnents -
Statement | :
woand b foems of salphar can change sovorsibly botwoen themsedves with slow heating, or
slow cooting
Statement 1 :
Al o lepsperature e stable crystalline foros of salphur is sonoclinke sulphus,
In the light of the above stalements, choose the comect answer from the options given below

Options ,  Sratement 1 is true but Statement 11 is false.
2. Both Statement | and Statement 1l are false
3 Both Statement I and Statement I are true,

4 Statement 1is false but Statement 118 true,

Ans: 1

Sol: The stable form of sulphur at room temperature is rhombic sulphur (a-sulphur) which transforms to
monoclinic sulphur when heated above 369 K.



@5 The major product of the following reaction is :

CHLCH,CH— CH, —— 2
= Rh mt.\lyhl
options ; CH,CH,CH,CH,CHO
2. CH,CH,CH,CHO
3. CHACH,CH =CH—CHO
CH"CHQCI‘:CHz
4
CHO
Ans: 1
H./CO
Sol: CH; — CH, — CH=CH, —— CH; —CH, —CH, — CH, — CHO
= ~ Bh catalyst = = =

The above reaction is called as hydroformylation of Olefins or Oxo process.

@€ Which of the following is correct structure of «-anomer of maltose ?

Options

CH,01 CILOI

H  OH H  OH
CH,0H CH,0H

H QI H OH

Ans: 1

Sol: Maltose is a compound of two a-D-glucose units in which Ci1 of one glucose is linked to Cs of
another glucose.

Q7 Which of the following compound is added 1o the sodium extract betore addibon of silver

nitrate sor testing, of halogens 7

Optione ;. Ammonia
2. Hydrochloric acid
3. Nilric acid
4 Sodium hydroxide

Ans: 3



Sol: The function of adding HNO3 before the addition of AgQNOz is remove NaCN or NazS if formed in the
reaction as HCN & H2S

8% The correct order of acid character of the following compounds is :
OH COOL COOH COOH
CH,
I Il I v
Oplions . IF > >1> [V
2 1>M>N=>1
ai>»N>mM>1
eIV>m=>n>1
Ans: 2
Sol: Presence of electron withdrawing group (NOz2) in the ring of aromatic carboxylic acid increases the
acidic strength whereas electron donating groups decreases their acidic strength.
COOH COOH COOH

eflelege

(pKa = 3.41) (pKa = 4.19) (pKa = 4.26) (pKa = 10)

QS Civen below are two statements

Stateenend §

he pH of rain waler s normally ~5.0

Statearent 11

I the pH of rain water deops below 56, it Is called acd eain

I tho Light of the above statements, chooso (he correet dnswar from the oplices glven

helow
plons 1 Both Statement | and Statement 11 are false.

2 Statement | is false but Statement 11 & true.

3 Statement | is true but Statement 11 is false,

4 Both Statement 1 and Statement 1 are true,

Ans: 4

Sol: Normal rain water has pH of about 5.6 due to the dissolution of CO:z into it. When pH of rain water
falls below 5.6, it becomes acidic. Hence both the given statements are true.

819 Which one of the following statements is FALSE for hydrophilic sols ?
JpHong 1. These sals are reversible in nature,

2. The sols cannot be easily coagulated,

3. They do not require electrolytes for stability.

4. Their viscosity is of the order of that of H,O.

Ans: 4

Sol: For hydrophilic sols, viscosity is much higher than that of water.



1 Water does not produce CO on reacting with

Optione ;  C}y,
2 CO,
3C

4 Cz“s
Ans: 2

Sol: CO2 +H20 — H2CO3
C+H0—->CO+H:
CHs + H2O — CO + 3H:2
C3Hg + 3H20 — 3CO + 7H2

812 The method used for the purification of Indium is :
Options, vapour phase refining
2 zone refining
3 van Arkel method
4. liquation
Ans: 2
Sol: Zone refining is a very useful refining method for semiconductors and other metals which require
high purity.

an The major components of German Silver are

Options 1. Cu, Zn and Ni
2. Cu, Zn and Ag
3. 7n, Niand Ag,
4 Ge, Cu and Ag

Ans: 1

Sol: German silver contains
Cu - 25-30%, Zn - 25-30% and Ni —40-50%

au  NH, NH, NH, NH;
FINO,, H350; . N
238 K
NO,
NO,
(A) (B} {©
Correct statement about the given chemical reaction is :
Options 1.
—NH; group is orthe and pura directive, so product () i not possible.
2
Reaction is possible and compound (A) will be major product.
3
Reaction is possible and compound (B) will be the major product.
4

The reaction will form sulphonated product instead of nitration,

Ans: 2



Sol: In strongly acidic medium, aniline is protonated to form anilinium ion, which is meta directing. Hence
besides ortho and para derivatives, significant amount of meta derivative is also formed.

HNo3 H,S0,
sk
O

(47%) (2%)

(51%)

@15 The correct order of bond dissociation enthalpy of halogens is !
Options1. Cly> Bry> Fy> I,
2 > Brp> O,> F,y
3 CL>F,>Br> 1,
4 Fy>Cl>Brp> 1,
Ans: 1

Sol: The bond dissociation enthalpy among halogens is Cl2 > Brz > F2 > I2. The reason for the low BDE
for F2 is due to its small size and large e~ — e~ repulsion among the lone pairs in F2

QI8 The cormct soquence of reagaets used in the proparation of 4-bromo-2-aitrosthvl bonzeno
4 ' PT
from Benane is

Option® 1. Br,/ AlBr,, CH,COCI/AICL, HNO,/H,S0,, Zn/HCl
2. CH,COCI/AICL;, Bry/ AlBr,, HNOs/H.SO,, Zn/HCI
3. HNO,3/H,S0,. Br,/ AICl;, CH,COC/ AlCT,, Zn-Hg/HCI
4 CH,COCI/AICL,, Zn-Hg/HCl, Br,/ AlBr,, HNO,/H,SO,

Ans: 4
COCHj3 CH,CHz CHyCH3 CH,CH;

CH3COCI Zn/HCI Br2 /AlBrg HNO3
Alcl3 50,

S Thg major product of the following reaction is :
NO,
S
Cl—=
Opione NO,

: | _~o,
2.

NO,

[oa1

NO,

o



Ans: 2

CH3

H,S0, |
Sol: + CHg~CH-CH=CH, ——> CH—CH—CHg

NO, NO,

QI8 Caglyylamine test s used 1o dotect the prosence of peimary ambno group (s s organi
compourid. Which of the [ollowing compound is foemed when this test = performed with
anikne ?

Dptions NHCH,
1.

Q @

NC
3
O/
' /A\/cor\n;
‘1O
S
Ans: 3
NH. NC
CHCl3/3 KOH
Sol: _— + 3 KCI + 3H,0

A

Q.13

In which of the followirg cedor the pisen complex ons an aranged comeatly with rspoct
10 thetr decreasing spin only magnetic moment 7

f [FeF ) (i) [CofNHQ' (i) [NCLF - (iv)  [Cu(NH,)F
Options 1. (i) > (iii) > (iv) > (1)

(1) > (i) > (i) > (iv)

»n

w

- (i) > (i) > (i) > (tv)

& (1) > (v} > (1) > (i)
Ans: 1

Sol: [FeFs]3~ = Fe3* — [Ar] 3d® 4s°

Since F~is a weak ligand, t2g° eg? n=5
[Co(NHz3)s]3* = Co3* [Ar] 3d® 4s°
Since NHs is a strong ligand, t2gf eg® ..n=0
[NiClaJ2~ = Ni2* — [Ar] 308 4s°
Since CI~ is a weak ligand, e* t2* ~n=2
[Cu(NH3)4]>* = Cu?* — [Ar] 3d° 4s°

et n=1

Spin only magnetic moment = u = ,/n{n+ 2 BM
Greater the number of unpaired electrons, greater will be magnetic moment
[FeFe]®~ > [NiCla]?~ > [Cu(NH3)4]?* > [Co(NH3)e]**



@20 What is X’ in the given reaction ?

CH,OH ,
+ oxalic acid ;IO"_C_’ X
CHyOH (major product)
Optiore  CH,OH
1.
CHO
CH—OH
2
CH,
CHO
3.
CHO
CH,
4,
CH,
Ans: 4
O
CH,—O[|H HO|OCH, CH; C=0 210c CH,
Sol: + ] | E— ICIZH +2CO,
= 2
CH,—O[H | HO|OCH, CHz\O =0
SECTION B
Q1 Comsider Litmbon of NaOH sclution versus 1.25 M onalbx ood solubion, At the end point
following barette readings were obtained
1] 45 ml (i) 45 ml fii) 34 ml
(v} 44 el {v] 44 mL
If the volume of oxalic add taken wes 10.0 ml then the molarity of he NaOH sOlution =
M (Rounded-off to the ncarest integer)
Ans: 6
Sol: At neutralization point,
N1V1 = N2V2
oMV _125x300 0
TTRET W T 44 T
For NaOH, N =M =5.68 M
Q2 Among the following, tumiber of mwa]/s which can e used @3 edctmdes in the photoelactric
cell 1s {Integer answer)
(Al La (B} Na ) kb D) Cs
Ans: 2
Sol: Metals with low ionization enthalpies are used on photoelectric cells. .. Among the given, Rb & Cs

are used in photoelectric cells.

Q3 Eloctrongnetic rodwtion of wavelengt 5635 nm o just sollident te xsie e atom of metal
A The ionization energy of metal A i kJ mol Vis _ (Rounded-olf 1o the nearest
Ileger)
fh=oad s 10 M gy, e X0 1" e NG @ 10" ol )

Ans: 181



he 663 %107 %3 10%

o 663 x 107

31079 % 602 = 107
107

Sol: E= =3x107%9]

For 1mol, E = = 18045 =181

Q4

Ihe pumber of compoand /s glven below which contain/s —COOH groap Is
ko por anewer)

(A)  Sulphanite aod (M Paee acid

1) Aspirin (1) Ascorbie acid

Ans: 1

Sol: Only aspirin contains COOH group
COOH

B COOCH,4
Aspirin —

NH»>
Sulphanilic acid — @

SO3H
OH
O>N NO,
Picric acid -
NO»
O
HO \ o)
Ascorbic acid —
HO OH
OH

Qs The rate constant of a reaction increases by five times on morense 1 iemperature from 27°C
052

The value of activation energy in K mol = ' is Rounded-off 10 the nearest
Integer)

[R=8314 ] K- Tmcl-Y)

Ans: 52

k. E, T.-T,
Sol:  leg{==sorm =L ]

E, 325—300
2.303=8314 |325x 300]
0.7 x2303=x8314=x325=300

E, = = =523 kjmol™*

legs =

QE Mo compoursd AN dsscciaten b the extond of 75% s an aqueous solution, the neolality of the
solution which shows a 25 K rise in the boiling point of the solution is maolal
(Rounded-off 1o the nearest integer)

5 !
1, =052 K kg mel 1|

Ans: 3

_ 75
© 100
i—1

Ogigs = ——
dizs n—1

Sol: o = 0.75



i—1

075 = 371
i=175
ATb = i.Ko.M
= j—Tb = L =275M
i.Ey L175=052
Q.7  The spin only magnetic momonk of a divalent on m aqueous solution (atomic number 29) =

Ans: 2

Sol: M (Z = 29) — [Ar] 3d'0 4s?
M2+ — [Ar] 3d° 4s* wn=1

—_—

Magnetic moment, i = ,/nin+ 2} BM

—

= /I(1+2) =173 BM

Qs Five moles of an bdeal gas at 290 K s oxpasded bolermally feom an initlal pressuee of
DYOMPA 10 18 MPa agatest ot constant external prossaee 45 MPa The heat tandermad in
this process is k] mol % (Rounded-off to the poarest integer|
[Use R Bt3d § el " 'K 1)

Ans: 16

Sol: For an isothermal process; AT =0
~q-w=0 L= -w
W = —Pext (V2 = V1)

. nRT nRT
For anidealgas, vV, =— ¥, =
By P
1 1 5 x 8314=293T 1 1
V, -V, = nRT [———]:%K_ ___]
= s PR 10 1.3 21

12,810.01 o
=g x0293=375833% 107" m

- W=-4.3x10°x 3753.33 x 10° = -16,139.32 J ==16.4 kJ
~q=16.14KkJ

Q3 Copper reduces NOy into NO and NO, depending upon the concentration of
HNO, in solution. (Assuming fixest [Cu®* | and Py, =Py ) the HNO, concentration at
whech the thermedynamic tendency for reduction of NO into NO and NOy by coppes is
same 15 10° M, The value of 21 & (Reandad <ff 10 the nearest integer)

[Given, ES . =0MV, E =0.9% V, E =0.79 V and at 298 K,
Cu®' a NO, /N N, NG
Rl (2.30%) =0.059]
v
Ans: 4

Sol: 3Cu+8H™ + 2ZNO;— 3Cu™" + 2ZNO + 4H,0
Cu+4H*+ 2NOI— Cu®* + 2NO, + 2H,0
Let, [HNOg3] = x ~[H]=xand [NO;]=x
For the same thermodynamic tendency, E ., = Ecqp
Eno,mo— Ecu®jou = Enogymo, — Ecwsjcu
NOI +4H* + 38~ — NO +2H.0
MOy + 2ZH" +e~ = NO, + H,0
0.059  pyp 0059 Pno.

096 — —1 =079 - —2]
3 BLT T BT

Eno, o = Eno, mo,



.. 0059 pyy 0.059  Pyo,
017 = 3 IDE;E,— 1 ].DE—xg—

017 =3 Pno  E°
0059 ~ B x® "y
. 017x3 _
logx™ = ———r “Pno= Pno, = 1 atm
0.17 % 3
legx = 05974

_DJ?XSXZ
T ET

112

=432 =4

Q10 Ve st cvll of copper corresponds (o a face contonsd cube of vdge beogith 3.5W A with e
coppor atom at ek lattios paint The caleulatod density of woppor i hg/ m! I

[Molar mass of Cu 1 6354 g ; Avegadm Number= 6,022 < 104

Ans: 9076

<ol M 4% 6354 _ 4 %6354
ot T ANy (359 %107k 6022 w107 T 465 %1070 x 6022 %107

254.16

_ L ] P 3 _ a ik T _
= Se0p5 1=~ 09076 %107 g / m? = 09076 x 10° kg /m® = 9076

PART — C - MATHEMATICS

SECTION A
a1 .
I'he shortest distance between the line - y=1 and the curve ¥*=2y 1s
Options 1
1 ;:f:..f
1
z 5
30
|
4. ==
v2
Ans: 1

Sol: Any pointonx?=2yisgivenbyx=t y= %tz

Slope of normal = _Tl
Shortest distance is L" distance fromx -y —-1=0
= _Tl =-1=t=1
- pointis (1, %)
1
1-=--1 1

i 2
Shortest distance = |—F—|=——=
V2 | 242



Q2 Lee A bea ) e ) matrix with det(A) =4 Let B, derote the ™ mow of A, If & matrixc B is
obtalred by perferming the operation I:._, - 23{: 51 00 2A, then det(8) is equal 10

Options, 128

2. 80
316
4 b4
Ans: 4
a1 A2 A3 2817 2a1p 2a43
Sol: A=|ay; apy, apz 2A =|2a,1 2ay, 2ay3
a3y Ay Aagz 2a3; 2ag, 2agj
R, —= 2R, + SRy on 24
23y 2a, 2a,5
=|4ay,+10a3; 4ay,+10az, 4a,3+10azz
2a3; 2a3, 2a33

a1 A2 A3
316 a21 a22 a23

az1 a3y Aass
|B|=16|A|=16x4 =64

Qs 'I ~‘
lim | = | L > 4 0 = P i -—-—“ % ‘ chualm;
noeln (e 1) (n+2)* 2n~- 1) |

Options 1
1. -—
B
1
Ny
1
*3
41
Ans: 2
. 1 n n
Sol: lim|=+ IR +—
n—eol N (n+1) (2n—l)2

n-1

1
=:]§i:“mz {nfrF:J; {1?:;]:
1

el

The following system of linear equations
2+ 3y +2:2=9
3x 42y +2:=9
x—ytdz= ]
option® ;  Joes not have any solution
2 has a solution («, B, v) satisfving « + g2+ v =12

3. has infinitely many solutions

“ has a unique solution



2 3 2
A=[3 2 2/=2(10)-3(10)+2(-5)
Sol 1 -1 4
=-20=20
= has a unique solution.
as

I'he contrapositive of the statement “If you will work, you willl earn money” is
Opttons , yf you will not earn money, you will not work

2. You will earn money, if you will not work

3. To earn money, you need to work

« If you will eam money, vou will work

Ans: 1

Sol: Contrapositive of p = qis ~q = ~p
So answer is
“If you will not earn money, you will not work”.

as

A function f(x) is given by f(x) = =, then the sum of the series
5% 4

w

N

(222 AZ 2



7 Mn,_- 2x 5(:2!‘-5,1\
dy, x>0, s equal to:

[
The integral J dogx | s Slog,x 702]:-;;;
(where ¢ is a constant of integration)

tions I e
O log,| 2%+ 5x =7 +¢

-1 2 4B 7 N
2 1 0Fe! 2 +ox— 7t
3 dlog | +5x-Tltc

3 o
4 log, Va5 -7 +¢

Ans: 3

E]l:uIr Xy 5E.]+:uIr %

Sol dx
E4]ng¢:{+ 5E§]ﬂg¢:{ _ ?E_]ng¢x

8x° +5.4x°
T3 o2 dx
X" +5.x7=-7.X

J‘ﬂd —4loge|x +5x-7[+C

X° +5x -
Qs Ina group of 20 r.-v,\\' IS0 e amohers aned nonvvegetarion: 100 are amokers and vegrtacian
ned the remainiog lll‘ are nonvamokers and vegetanan Thewr chances of geting a particulas
A porsan bs chosen from the group at

chist disordor are 32%, 200 and 106 respactively
random and m-vumm\ sufferng from the chest disonter, The probatility thal the selecte)

pemson is a smoker and nonvegetarian !

Options 28
g —
45

Ans: 1

Sol: A- denote the person selected has chest disorder
B1 denote the event that the person is @ smoker and non-vegetarian.

B2 denote the event that the person is'a smoker and vegetarian.
B3 denote the event that the personis a non-smoker and vegetarian

P(B,)= 160 54

400

100
PB,)=——=0.25
B2)="05
PBg) 140 14

400 40

P

P(%J:loo
(6.)- 3
[/33) 100

Required probability is



P A 16, 35
P@,) P(AJ _ 10 “ 100 _18
=————F—<"16_ 35 10_ 20 14_ 10 15

P[Bl )
=
EP(Bl)P(/BJ 0% To0 20 % Too T 10 * Too

=

 § 1 -
The minimum value of fi)=a* +a' ' *, wherea, xc Kand a> 0, is equal to

Options 1

Ans: 3

Sol: we know that AM > GM

X a
a
a% + - Ca %
& S|g7. .
X a
sat +—>2/a
a?
@10 l ol
If for the matrix, A = ’ 8 | AAT =L, then the value of o! + % is :
o v |
Options, 5
23
34
41

Sol: A{l _“} AT{l “}
a B -o B

R 1

a—of a®+p2| [0 1
=1+a? =1 o? +p% =1
=a=0 =p? =1

B=+1

Lot 4Bt =0+1=1

an

If 1, = |cot"x dx, then:

[ P

e I 1 1
1 ' ' are in AP,
Iy 11y 1avlg 1y lg

2 Iyt g (154 150 1y 41 are in G.P.
3 LI, T+, I, +1 are in AP.

1 I
) '14.1; '13'14315_,

are in G.P.



Ans: 1
% —(cotx )™t % 1
Sol:  Ipp+Ip= Icot“ x cosec’xdx = =
n+1 V n+1
A 4
1 1 1
=?|_1+|!=§_||5+|g=3_.|5+|4:§
1 1 1 .
So , , arein A.P
I +Ip Ig+lg Igx+1g
Q.12

e curve 12 0 28 =2 nlersects the lise 5 0 x=1 at two points P and Q. then the angls

vubtonded by the line segment T at the oeigin is

Options
1.

w

Q13

(1)
¢ lan l:—‘—]

rai

¢ tan |

[ I Y

(NN
F Y

X_+y_:1
2 1

Solving x +y =1 and X242y =2, we get P(0, 1) and

&

Slope of OP =1
Slope of OQ = _71

(1
Required angle =L itan Y=
2 4

A plase posses aomgh the poiots ACL 2 00 I By arwd G2 4 20 HO s the ariggin and

Fis 42 10 than the projection of l.‘l" ot this pleaie w of kength
jptions .~ -
L=
o JA&
Y
5
3 =
N5
4 v'g
V3
Ans: 2
Sol: Plane passing through (1, 2, 3) (2, 3, 1) (2, 4, 2) is given by

£
N\

\\\‘\ (or 2)
2\




x-1 y-2 z-3

1 1 -2|=0

1 2 -1
:>(x—1X3)—(y—2)+(z—3):0
3X-y+z-4=0
Given 0(0,0,0) P(2,-1,1)

. (12 -4 4
Foot of L" from O to the planeis | —, —, —
11 11 11
Foot of L' from P is Eil
11 11 11

. / 2
Distance between them = E

-1 = - :
2eol T(3) + cos is equal to :

1 4)
].T

J

T
[

Ans: 3

Sol:  cos ec[Z cot15+cos™ %J

= CO0s ec[2 tant % +tant %J

= cosec|tan 2 +tan! 3
12 4

156 /657 65
=cosec|tan —— | =co0sec cosec e — —
33 56| 56

a.i1s

Lot v donone the otal namiber of one one Fundtions oo a set A with 3 cdoments (o a sel |

With 5 elemnonds andd v dencte (he total mumber of cmeone Tonctons from e sl A 1o (he
st A =B, Than

tions .
> 1. y=273x

2 2y=91x
3. 2y=273x

y=91x

.

Ans: 2

Sol: No. of elementsin A -3
No. of elements inB -5
No. of elements in A x B - 15
x = No. of one-one functions from AtoB =5 x4 x 3 =60
y = No. of one-one functions from Ato Ax B=15x 14 x 13 =2y =91 x



Letiwand b bo the roots of 22 -~ fx - 2el, Mo, =uh - f0forn > 1, then the vaduo of !"_",.:;:‘,'ﬂ
18
Optiong | 1
2 4
x G
a4 2
Ans: 4
Sol: aisarootof X2 —6x—2=0=6a=0a%-2
a =a”—p"
ayo- 235 o100 _2(a8 —138) 010208 Bl 28
i OLa(mz _2)_B8(B2 _2) _ 6( 9 —139) ,
300 _B9 3(0(9 _Bg)
Q17 y, B Roee wuch that | 2 (bere ¢ s amotol 27 fus b =0, then {u 1Y A eiunl
[ 18]
Options y o
3 -3
4 7
Ans: 2

Sol: Since a, B € Rand 1 - 2iis one of the roots, the other root will be 1 + 2i
Sumofroots=1-2i+1-2i=-a
2=—a=>a=-2
Product of roots = (1 = 2i) (1 + 2i)
=1+4=5= B
a—-B=-2-5=-7

Q.18 Let A be s sel ofall ddigll natusal mumbers whose exactly one digit s 7. Thew the probaldlity
that o rundomly Chosen element of A leavies remainder 2 when divided by 5 s
Options 122
1. —
297
97
2. ———2“7
1
3 -
J
Y
4 —
9
Ans: 2

1x9x9x9 =729 +
Sol: Total cases = 3x8x9x9x9=1944
2673

Favourable cases
1. No’sendingwith7=1x8x9x9=648
2. No:’s ending with 2



1) starting with 7=1x9x9x1=81
2) Not starting with 7=892 x 1 =144

. - 873 97
Required probability = ——=——
2673 297
3
a1 O <x y<wand cosx + cosy - oos(x + y) = S . then sinx + cosy is oqual to -
Options |
U3
- V' ‘
3 1 V3
2
a4 173
2
Ans: 4

Sol: cosx + cosy — cos(x+y)—g
2co8 XY |cod XY )| 20082 XY 4|3
2 2 2 2
:2005[X+ ){ s( ] {Xﬂ/ﬂzi
2 2

:>2005(X+ )ZSII”I sml

2 2

=CO x+y sinlsin1=l
2 2 2 8

Putting x =y = 60

P
2

\/§+1

2

. . 3 1
Sinx + cosy = sin60 + cos60 = T+E =

Q.20

¢ v v N
A hyperbola passes theough the foct of the ellipse A Tl and Bs tranavorse and
a3 |

L
conugake axes coincide with erajor and minor axes of the e Bipse. respectively. f the product

of thelr eccontekcitios i one, then the equation of the byperbala i

Options 2 2

. X W I
9 23
a X v’

2 |
Q 4
) ]

x & LN o
9 16

Ans: 3
2 2
Sol: foci of —+2-=1is (+3,0) a=>5
25 16
a’-b? 3
e= > =2
a 5

Given product of eccentricities of ellipse and hyperbola is 1



So eccentricity of hyperbola =

w| o,

Since hyperbola passes through ( £3, 0)

a’=9 b? =a?le? -1
o5 ]
9
=16
2 yz
= Required equationis —--—-=1
9 16
SECTION B
Qi1
If the curves r=y' and xy=k cut at right angles, then (k) is equal to
Ans: 4
Sol: x=y* xy =k
1= 4y3 d_y Xy+y =0
dx
y‘ = __y
X
Product of slopes = -1
1y
4y% " x
+—16 =1land xy=k
4y
6_1 5
= =k=
y 2 y
K6 — yso
(1)
4
(4k)P = 45k8 = 4
Q2 The total mumber of two dight numbem “n’, such that 3+ ™ is a muliple of 101 i
Ans: 45

Sol: 7¥+3*=(5+2)*+(5-2)*
Here if x is odd, the last term XC,_; 5.2 is divisible by 10.

But if x is even, the last term is 2%
Then, the number is not divisible by 10
Hence, for all odd two digit natural no.’s

7% +3% is divisible by 10.
So required answer is 45

Q3

If the remabnder when & s divided by 4 i 3 thon the remainder whon (2020 1 117 s

fivided hv 8 s

Ans: 1

Sol: Letx=4k+3
(2020 + x?9%% = (2020 + 4k + 3 9%% = (4M+3)7°% = (a4M + 4 — 1022
=Remainder = 1



Q4

A line is & common Langent 1o the ciscle (3 -3) ¢ 4 =Y and the parabola ¢* = dr. If the twi

points of contact (&, b) and &, d} are distinet and b in the first quadrant, then 2jo 4 ) is

equal to
Ans: 9
Sol: Tangent to the parabola is of the focus
y= mx+i
m
= m2x—my+1= 0
This is a tangent to circle (x—3)f +y%? =9
2 f—
_ (3m°-0+1_,
vym? +m*
2 1 1
>m-==—=m=+t—
3 3
When m=—

c, d
Intersection with parabola is (

J_) and intersection with circle is

2(a+c):2[§+3j =9

Qs A lioe I passing hroagl odgin b perpendiculer o the lises
fyor =@ et + (14 20)) + (3 + 2
:_v..'-‘l'h}-l.' v e X)) H2 s
If the co-ondinates of the pont in the first octant on ')y’ at a distance of (7 from the point
of intoesoction of T amd )" a0 (a, by C) thes T8{a + b o) 3 equal 1o
Ans: 44
Sol: D.rofliisi, 2,2
D.Rofl2is2,2,1
D.r of Iwhich L"to |1 and l>is -2, 3, =2
= Equation of | is X_¥Y_2
2 3 -3
Point of intersection of | and l1is P(2, -3, 2)
The general point on /2 is given by Q(2\ + 3, 21 + 3, A + 2)
Given PQ = \/ﬁ
. -10
Solving we get A =-2, Ty
A£E2=Ah= -0
9
7 7 8
=>Q--. o o (=labc
Q [ 53 gj (a b c)
18(a+b+c):18 Z+Z+§ =44
9 9 9
Qe It the corve, y=y(1) represented by the solution of the diffcrential equation

y)dx 1 and

A 4 28, then [y(l)| & equs o

[2ay xdy=0, passes theough the intersection of the lines, 2x - 3y

Ans: 1

N | w

=N



Sol: ydx;zxdy = 2xdx

y
d[ij = 2xdx
y
B 2x2

—+C
2

=x2+C—(1)

<X < |x

Point of intersection of 2x - 3y =1 and 3x + 2y = 8 is (2, 1)
Substitute in (1)
2=4+C=>C=-2

X
=Z=x2-2

Whenx =1, Ez—1:>y:—1
y
[y@l=1
Q7 2
I'he value of | > - Ar ~ 6| dr is
Ans: 19

Sol:  3x*-3x-6>0
=3(2-x-2)20
3(x—2)(x+1)>0

* | - |+
T T
-1
2 - 2
3I|x2—x—2|dx:3 J.(xz—x—z)ix+‘|.(—x2+x+2ﬁx =19
-2 -2 -1
Qs A fuection (s defined on | -0, Y as

(
fix)

)
w et o] oo ton the grovtest integer = The number of poiees, wlem s oot diikenontia il

(- Nhis

Ans: 5

Sol: The graph of the function'is as shown below

3 2 1 o 1 40

W

There are 5 sharp turning points. So no: of points at which the function is not differentiable is 5



Qs

Let a =0 b #3530 and =3¢ g+ 4 IF the area of the paralkdogram whose

adiacent sides ara mpeimented by the wctoes a and B i 833 cquam units, thee 3 | b &
aqual w0
Ans: 2
a=i+aj+3k b=3i-oj+k
Sol: |a|:\/1+a2+9 |b|:,/9+a2+1
la?=10+0? |bP=10+a?
Area of parallelogram =|axb |= 83
ik
axb=|1 a 3| = 4ai+8j—4ak
3 —a 1

laxb|= V1602 + 64 + 1602 = /3202 + 64
|axb|?=32a? +64 =192

=a’=4

Now |axb* +(a-bf [a*|b [

192 +(a-bf =196

(a-b)2:4

a-b=2
ate Tl (o |
If lim = 3 — exists and is oqual to b, then the value of a- 2b is
- ane™ 1
Ans: 5
5%
ax—le™ -1
Sol: lim i
x>0 axle™ -1
Applying L Hospitals rule
4
. a-—4e’x
lim —=a=4

x—0 a(e“x —1)+ ax4e™
Applying L Hospitals rule again

. —16e%
lim 7 7 & =b
x-0 a-4e™* +a-4e™ +ax16a™
16
4a+4a
20 b
8x4 2

a—2b-4-2x_t_5
2



