SOLUTIONS & ANSWERS FOR JEE MAINS-2021
25" February Shift 1

[PHYSICS, CHEMISTRY & MATHEMATICS]

PART - A-PHYSICS
SECTION A

Q.1 Two radicactive substances X and Y originally have N, and N, nuclei respectively. Half life
of X s half of the half life of Y. After three half lives of Y, number of nucki of both are equal.

The ratio NNI will be equal to

Na

Dptions I

§.

1

1

9 —

3

3 1

8

3

4. —

1

Ans: 1
N N

Sol: = ? =—r?

@7 2
Ny Ny
L

Givenni=2n2=6
N1 a

2(n1—n2) — 26—3 - 23 =8
N2

Q.2 Theangular frequency of alternating current in a L-C-R circuit is 100 rad/s. The components
connected are shown in the figure. Find the value of inductance of the coil and capacity of
condenser.

L #

Options; )8 H and 250 uF

2. 08 H and 150 pF
3. 1.33 H and 150 uF

4 1.33 H and 250 pF

Ans: 1



Sol:
R= A A
60 Q % 1

15V
1 R’=40 O %A L 20V
10V

O

Current through resistance = 2%0 = % A
Voltage across capacitor = 10 V
Current through capacitor = % A

BT
oC 4
=C=250pF

Voltage across inductor r =20 V
Current through inductor = %A

mLx%:ZO:LzO.SH

Q.3  Anengine of a train, moving with uniform acceleration, passes the signal-post with velocity
u and the last compartment with velocity © . The velocity with which middle point of the
train passes the signal post is :

Options ;4
1.

2

0—u

Ans: 3

Sol: V2=V +2al --—---- (1)
V2 = u? + 2al -------- 2)
(1) =(2) = V2 - V2 = V2 — u?

U2 +V2

Ve 5



Q4 Given below are two statements :

Statement I : A speech signal of 2 KHz is used to modulate a carrier signal of 1 MHz The
bandwidth requirement for the signal is 4 kHz,

Statement 11 : The side band frequencies are 1002 kHz and 998 kHz,
In the light of the above statements, choose the correct answer from the options given below :

Optio ~
PEON 1. Both Statement I and Statement 11 are false
2. Statement 1 is true but Statement 1l is false

3. Both Statement | and Statement Il are true
4. Statement | is false but Statement 1l is true

Ans: 3

Sol: Maximum frequency of modulated signal = carrier wave frequency + signal frequency
Minimum frequency of modulated signal = carrier wave frequency — signal frequency

Q.5 If the time period of a two meter long simple pendulum is 25, the acceleration due to gravity
at the place where pendulum i executing SHM. is :
Dptions
1. 22 ms™2
398 ms~2
"

4. 16 m/s-
Ans: 1

L

Sol: T=2n
9planet

4n0 5
gplanet=T—2=2’T m/s

Q.6  Ana particle and a proton are accelerated from rest by a potential difference of 200 V, After

A
3 ; T . - A
this, their de Broglic wavelengths are A and A, respectively. The ratio 7 is:

a

Options ¢ 28

2278
3 8
4 38

Ans: 1

h
A=—
Sol: p

\2mav

A= h

A

b _ [amxze_,
Ao mxe



e e T T e S 3

AB + AC + AD + AE + AF + AG + AH,

if, AO=2i+3j-4k

1 C

G D

Options "
“16i-24 j+32k

2. 16i+24 j-32k
3167 -24 i+32k
16124 j+32k

160424 j+32k

Ans: 2
Sol:
A B
H C
G D
F E

- ..
AO =2i+3j+4k

AB + AC + AD + AE + AF + AG + AH
- - -

AC = AB+BC

- - > - 5> e e
= AB+| AB+BC |+| AB+BC+CD |+| AB+BC+CD+DE

— -
EF =-AB
— —
FG=-BC
— —
GH=-CD
— —
| HA =-DE |

- - - - = - -
= AB+| AB+BC |+| AB+BC+CD |+| AB+BC +C+ E

In an octagon ABCDEFGH of equal side, what is the sum of

- -
+ AB+ BC+ CD+ DE+ EF

> o >

e e - o> o
+| AB+BC+CD+DE+EF+FG | +| AB+BC+CD+ DE+ EF+ FG+ GH

> o >

BC+CD+ DE

( b DEJ (DE]

|

|

|



e
= 4x| AB+BC+CD+DE

= 4 X AE — 4 X 240 = 8(2i + 3j — 4k) _ 16} 4 24j 32k

Q8 A5V battery is connected across the points X and Y. Assume D, and D, to be normal silicon
diodes. Find the current supplied by the battery if the +ve terminal of the battery is connected

to point X
D
’.>l.‘ 100
Dzl 50
X Y
dptions , 05 A
2 ~15A
3. ~0.86 A
4 ~043 A
Ans: 4
Sol: i=ﬂ=0.43A
10
9®  Match List - I with List - II ;
List - | List - 11
(a) h (Planck’s constant) (i) MLT
(b) E (kinetic energy) (i) [ML2T Y
(c) V (electric potential) (i) [ML2T-2
(d) P (linear momentum) (ivy ML21-'T9)

Choose the correct answer from the options given below :
Options 1. () — (ii), (b) — (iii), (c) — (iv), (d) — (i)

2. (a) = (iii), (b) = (iv), (c) — (ii), (d) = (i)

3. (@) = (i), (b) — (ii), (c) — (iv). (d) — (i)

4 (a) = (i), (b) — (ii), (c) = (iv), (d) — (iii)

Ans: 1

Sol: Option (1)



Q.10 A student is performing the experiment of resonance column. The diameter of the column
tube is 6 am. The frequency of the tuning fork is 504 Hz. Speed of the sound at the given
temperature i 336 m/ s. The zero of the metre scale coincides with the top end of the resonance
column tube. The reading of the water level in the column when the first resonance occurs
is:

DRoNs 4. 184 cm

2. 13 cm
3. 148 cm
4. 16.6 cm

Ans: 3

Sol: V=fA =A=

f+e=¢£

[f+(03x6)]x107%=

v _3%
f 504

336
4 % 504 ¢ =14.87 cm

Q.11 Two coherent light sources having intensity in the ratio 2r produce an interference pattern.

I |
The ratio =2 will be :
mas \ mm

Opﬂons B}
‘ J2x
2x+1
2.' Zv
x+1
) 2V
x+1
o 2%
2x+1
11. Ans: 4
I I ?
o) -(F)

Sol:

=
_|ra

e = b _ (/T2 + 1) S - (
fma * Imin mmm‘wm (J +) (J
)
)

)

(\/5+1)2 —(\/5—1)2 (2x +1+ 2\/5) (2x +1-2v2x
(Vax +1f +(V2x -1f *[ox 14292 [ox+1-242x¢
42x  242x

4x+2  2x+1




Q12 A salid sphere of radius R gravitationally attracts a particle placed at 3R from its centre with

{RY
a force Fy. Now & spherical cavity of radius | X l is made in the sphere (as shown in figure)

and the force becomes F,. The value of F, 1 F, is

Options ; 50 . 41

2. 41 :50
3.36:25
4. 25:36
Ans: 1
Sol: F1=GmM
9R?
oM
8 GMm [1 1] 41 GMm
F2 =F1— = ——— | =
9 50 9x50 R?2

2 2
R
(5 R]
2

s o D
A diatomic gas, having Cp=3R and LV:ER' is heated at constant pressure. The ratio
dU:dQ:dW:
Optons1..8/:5:2

Q13

2.5 738
3.5:7:2
B Sy SLHp )

&

Ans: 3

Sol: AU=nC,AT = n[%)AT
AW = nRAT
5Q =nCAT = () AT
AU:AQ: AW =5:7:2
Q.14 A proton, a deuteron and an « particle are moving with same momentum in a uniform

magnetic field. The ratio of magnetic forces acting onthemis ____ and their speed is
. in the ratio,

Options 1. 1:2:4and 1:1:2
24:2:1and2:1:1
32:1:1and4:2:1
4. 1:2:4and 2:1:1



Sol: F=quB omve , a
m
112
F:FRg==1=:—
1727871707
=4:2:2=2:1:1

Q15 The current (1) at time t=0 and t= « respectively for the given circuil is :

51 50

Options  5E 18E
1. ———

18" 55

5E 10E
> 18" 33
5 I8E S5E
55" 18
, 10E 5E
" 33" 18

Ans: 2

Sol: Att=0, inductor offers infinite resistance

5Q 5Q
o] ) 90
T‘E = 6Q — Ia
— !
1Q 40
6x9 18 E SE
"“fq:m:?ﬂﬂ“dh=@=ﬁ
At t = oc, inductor offers zero resistance
50 50 — M
—AVW— | 50
= WWA—
—1 10
‘ A ET— VWA




5 4x1 5 4 25+8 33

Req==—+—F=—+—== =—
2 5 2 5 10 10
E

— E

=5y, =0 e

Q16 Two satellites A and B of masses 200 kg and 400 kg are revolving round the carth at height
of 600 km and 1600 km respectively,

If T, and Ty are the time periods of A and B respectively then the value of Ty~ T ¢

| Given : radius of earth=6400 km, mass of earth=6x 102 kg |
Options 1 424 x 10 s

2. 1.33x10% s

3.333x10%s

4. 424%x10% s

Ans: 2

Sol:

-
2R /2
oo =R

WV GM
27 3 T
Tg — Ty = —|(8000x 10% 2= (Fooox 10%)°/2
e Ta=—| ]
=1.287x108%

QA7 The pitch of the screw gauge i 1 mm and there are 100 divisions on the circular scale. When
nothing is put in between the jaws, the zero of the arcular scale hies 8 divisions below the
reference line. When a wire is placed between the jaws, the first linear scale division is clearly
visible while 72! division on circular scale coincides with the reference line. The radius of
the wire is

Options 1 (.82 mm
2. 1.80 mm
3 1.64 mm
4 0.90 mm

Ans: 1



pitch 1
Sol: Lestcount= — =
number of division 100

Error =8x i
100

Re ading (2R)=1+72*i—8xi
100 100
2R=1.64
1.64

R=—=0.82mm
2

Q.18  Given below are two statements ; one is labelled as Assertion A and the other is labelled as
Reason R,
Assertion A : The escape velodties of planet A and B are same. But A and B are of unequal
mass.
Reason R : The product of their mass and radius must be same, MR, =« M;R,
In the light of the above statements, choose the most appropriate answer from the options
given below :

Iptlons 1 A is not correct but R is correct

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

3. A is correct but R is not correct

4
Both A and R are correct but R is NOT the correct explanation of A

Ans: 3
Sol: Ve:X/ZG—M
R
My My
Ri Ry

Q.19 Given below are two statements : one is labelled as Assertion A and the other is labelled as
Reason R.
Assertion A : When a rod lying freely is heated, no thermal stress is developed in it.
Reason R : On heating, the length of the rod increases,
In the light of the above statements, choose the correct answer from the options given below ;

Options , 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. Ais true but R is false

Ans: 3

Sol: Option (3)



Q.20

Magnetic fields at two points on the axis of a drcular coil at a distance of 0.05 m and 02 m
from the centre are inthe ratio 8 : 1. The radius of coil is

Options 1 (.1 m

2 015 m
3 02m
4 10 m
Ans: 1
NIR?
Sol: B= Ho 3
2(x2+R2)A
B
-1 _g
B,
noNIR?
2 52\
2X1 +R 2 _g
noNIR?

4 (R%2-4 imzj

SECTION B

Q1

In a certain thermodynamical process, the pressure of a gas depends on its volume as kV?
I'he work done when the temperature changes from 100°C to 300°C will be nR,
where n denotes number of moles of a gas

Ans: 50.00

Sol: WdeV:ij3 dv

va "

4

=K

Vl

_KVZ KV

- 4

KV3 =P, KV3 =P, KVS =P,V,, KV =P,V
2 =F2, KV =F, KV =RV, KV =hVp

KV3 —KVi' =nR(T, - T;)

=W=nR(T, -Ty)

_ nR(300-100)
4

=50 nR



Q2 The potential energy (U) of a diatomic molecule is a function dependent on r (inleratomic
distance) as

_a )
=10-- 3
rll) -

L

where, a and B are positive constants.  The equilibrium distance between two atoms will be

"

[ 2a i

|——;‘. where a=
B

Ans: 1.00

dr p11 (6
At equilibrium, F =0
a(l0) 5B

11 r6

r

s 10
58
2a % 200 %

oo
gl

sa=1 b=5

Q3 512 identical drops of mercury are charged to a potential of 2 V each. The drops are joined to
form a single drop, The potential of this drop is ___ V.

Ans: 128.00

Sol: Let R — radius of bigger drop
r — radius of small drop
Vbig =512 Vsmaller

2 R*= 512»:‘;l 2
3']'[ = 3']'[1"

R =8r
- k4
v_K/
2—qu =>0q=—
Q=512q
o= lozar
K
><1024r
v KQ _ K _128v



Q.4 In the given circuit of potentiometer, the potential difference E across AB (10 m length) is
larger than E; and E, as well. For key K, (closed), the jockey is adjusted to touch the wire at
pomt |, so that there is no deflection in the galvanometer. Now the first battery (E, ) is replaced
by second hattery (E,) for working by making K, open and K, dosed. The galvanometer

. E a
gives then null deflection at 1. The value of -l:'— is —, where a=

By b
H.
E le ®
H G
l A
E
. K AI 1

«2em—>], |
| 1
l '
[ !
Rh ],c—wcm—bl :
[ B -
|
Be Im -
Ans: 1.00
Sol: Eoxt
E1 =K (380)
E2 = K(760)
Ei_1_a
E, 2 b
=a=1

Q5 A monoatomic gas of mass 4.0 u is kept in an insulated container, Container is moving with
velocity 30 m/s. If container is suddenly stopped then change in temperature of the gas

(R=gas constant) is # Value of x is

Ans: 3600.00

Sol: %xanVz = nC AT =nxngAT
AT - MVZ  4x30x30 3600

3R 3R 3R
= X =3600

Q6 A small bob tied at one end of a thin string of length 1 m is describing a vertical circle so that
the maximum and minimum tension in the string are in the ratio 5 : 1. The velocity of the bob

at the highest positionis ______ m/s. (Take g=10 m/s%
Ans: 5.00
Sol:
v B
A u



Tmax — Tmin = 6 mg
Given, Tmax/ Tmin 318
On solving, we get

15
Tmax =— Mg
2
3
Tmin = 5 mg
mv>
Ty =Tpin = ———mg
5 mv*
mEe=—
2 B r
Q.7 A transmitting station releases waves of wavelength 960 m. A capacitor of 2.56 uF is used in
the resonant circuit. The self inductance of coil necessary for resonance is
_x10"%H.
Ans: 10.00
8
VvV 3x10
Sol: V=nh=>n=—-=
A 960
At resonance,
1
oL =—-
oC
1 950 960 _g
= L= z=10x 10" Hz

wC AT x9%x10% % 256% 10-

Q8 A coil of inductance 2 H having negligible resistance is connected to & source of supply
whose vollage is given by V=3t voll. (where t is in second). If the voltage is applied when
t=0, then the energy stored inthe coll after dss .
Ans: 144.00
di
Sol: V=L—
dt
4
.oV
=I1= Ir dt
0
4
.3t
1= J‘? dt
0
4
2
3t
=—| =12
4
0
E 1L'“ 1>c 2x 127 = 144]
==L1I"=- =
2 2
Q9  The same size images are formed by a convex lens when the object is placed at 20 cm or at
10 cm from the lens. The focal length of convex lens is O
Ans: 15.00

Sol:  |my|=|m,| (since the size of image is same)

f f
f+U1 f+U2




f f . . . L
=— (since, one image is real and other is virtual)
f+u f+u,

f+ux=-f—w

2f=-uz—u1
2f = -(-10) — (-20)
2f=10+20
30
= —=15cm
2
Q.10 - . = 4. %N ‘
The electric fiekd ina region is given by E = | Tl'-l)‘ + 3 Eyf ;_- The ratio of flux of reported
field through the m!angular surface of area (1.2 m? (parallel to y~= plaml to that of the
surface of area (1.3 m? (parallel to x -z plane) is a : b, where a=
|Here i, | and k are unit vectors along x, y and z-axes respectively]
Sol: ¢=E.A
ForY —2Z, plane, A1=0.21i
3_ . 4 _
?L = [EED: + EEDJ] * {U.ZE]
0.6
=—E
5 0
ForX-Z plane, A2=03i
4 A\ 1.2
|(1)2| E0|+ on (O3J)=—E0
5 5
0o 06
T9p 12
1 a
2 b
=a=1
PART - B- CHEMISTRY
SECTION A
Q.1

In Freundlich adsorption isotherm at moderate pressure, the extent of adsorption ll is
m

directly proportional to PY, The value of x is :

Options 1 zero

1
2. —
n
3.
4.
Ans: 2
o 1
Sol — = KPn
m



Q2  The plots of radial distribution functions for various orbitals of hydrogen atom against ‘¢’ ane
given below :

(A) X
5 10
nA) —
-3
52
T/
B $ |
0 3 3 1.6
A} —
==
0 f
=" !
¢l }
© £ |
0 %
nA) —»
_ 29
=18
%510 7
%t o5 i
@ <+ AN ~
5 10
HA) —>
The correct plot for 3s arbital s :
Options | (D)
z (A)
3 (C)
4. (B)
Ans: 1
Sol: (D) represent the correct plot with 2 radial nodes.
Q3  Given below are two statements
Statement 1 B CeQ, can be used for oxidation of aldehydes and ketones.
Statement I : Agueous solution of EuSO, Is a strong reducing agent.

In the light of the above statements, choose the correct answer from the options given below :
Options 1. Statement | is false but Statement 1l is true

2 Statement | is true but Statement 1l is false

3 Both Statement I and Statement 11 are true

4. Both Statement I and Statement 11 are false

Ans: 3

Sol: For 4f series +3 oxidation state is more stable
.. Ce** acts as oxidizing agent while Eu?* acts as a reducing agent

Q4  Complete combustion of 180 g of an oxygen containing compound ({C,HO,) gave 2.64 g of
CO, and 108 g of H,O. The percentage of oxygen in the organic compound is :

Dptions 1.. 53.33
2 63.53
3. 50.33
4. 51.63



Ans: 1

sol:  €H,0,+ (x+2—2)0, »xc0,+LH,0
N 4 3 - = 2"
1.8
Number of moles of CxHyO; = m

Number of moles of CO2 = % =006

1.08

Number of moles of H20 = = - 0.08

L 1 2

Sy =lery=ix

/2
1.5x = 0.06 [puty = 2x]

Number of moles Ofcoz‘12x+}r+1ﬁz_ D06 [puty = 2x
18x — 006
ldx+ 16z
X=z

.. The empirical formula is CxHyOz or CH20

1a
L) DfDX}"EEn = mx 100 = 53,394

Q5  Given below are two statements :
Statement | : An allotrope of oxygen is an important intermediate in the formation of
reducing smog,
Statement Il :  Gases such as oxides of nitrogen and sulphur present in troposphere
contribute to the formation of photochemical smog

In the light of the above statements, choose the correct answer from the options given below
Options 1 Gratement | is true but Statement 11 is false

2 Both Statement | and Statement 11 are true

3 Statement | is false but Statement Il is true

4. Both Statement | and Statement 11 are false

Ans: 4

Sol: Reducing smog consist of SOz
Photochemical smog consists of oxides of nitrogen

Q€  Jdentify A in the given chemical reaction.

_CH,
H Mo,0: .

‘[ 2 CH, 0,03 e

! > ol 773 K, 10-20 atm major product
CH, /CH

Ny cH;

Options



Ans: 3

Sol: Aromatisation reaction results in the formation of toluene

Q.7  The solubility of AgCN in a buffer solution of pH=3 is x. The value of r is
ssume : No cyano complex s formed ; K Ag =22x 1 Bl \ =h2 =
A No o plex is f 1: K(ApCN) =22x 10 16 and K (HCN)=62x 10710

Optionsy 2 2x 10~ 16

2 0.625x10°°

319x10°°
a1.6x10°°
Ans: 3
Sol: AgCN == Ag¥ + CN~
8 A% (8'-x7
M~ + HY == HCN
(g'—x"y 1o0=F i’
1 [HCH] xr

K., [CN JH'T™ (8-x"x10"

sr
E—l:ﬁxlu‘?

1 s'=x
o —

=R, T HT

(5?2 1073 2.2 107"
= —_
£ 62710 0

s'= /355 %1070 = 19 2107
Q2 Which of the following equation depicts the oxidizing nature of H 0, ?
Options 5. K10, + H,0, — KIO; 4+ H,0 + O,
2 Cly+ H,Oy = 2HA + 0,
3 2" +H,0,+2H* = 1, +2H,0
I+ HyO, +20H™ = 217 +2H,0 + O,

~

Ans: 3

Sol: In the reaction 21~ + H202 + 2H* — I2 + 2H20
hydrogen peroxide act as oxidizing agent

@9  The correct statement about B,H, is :

Options 1 Tts fragment, BH;, behaves as a Lewis base.

2
Terminal B—H bonds have less pcharacter when compared to bridging bonds.

3 All B—~H-B angles are of 120",
4 The two B—H~—B bonds are not of same length.

Ans: 2

Sol: The terminal B—H bonds have less p-character than bridged B—H bond.



Q10 | which of the following pairs, the outer most electronic configuration will be the same ?

Options 1 \/24» and Crt
2 Cr* and Mn2*
3 Ni?* and Cu*

Sy X
4 Fe*t* and Co*

Ans: 2

Sol: V2* — [Ar] 3d3
Cr3* — [Ar] 3d®
Mn?* — [Ar] 3d®
Ni2* — [Ar] 3d8
Cu* - [Ar] 3d1°
Fe?* — [Ar] 3d®
Co* - [Ar] 3d7 4s!

Q11 The hybridization and magnetic nature of [Mn(CN)J*~ and [Fe(CN)J*~, respectively are :
Options 1 ¢p3d? and diamagnetic
2 @sp? and paramagnetic
3 spd® and paramagnetic

4 Psp® and diamagnetic

Ans: 2

Sol: The central metal ion in the given complexes are Mn?* and Fe®*, both have 3d° configuration, since
CN- is a strong field ligand both complexes will have d?sp® hybridisation, odd number of d subshell
electron makes then paramagnetic.

QA2 Which of the glycosidic linkage between galactose and glucose is present in lactose ?
Options ; C-1 of glucose and C-6 of galactose
2 C-1 of galactose and C-6 of glucose
3. C-1 of glucose and C-4 of galactose
4. C-1 of galactose and C4 of glucose

Ans: 4
Sol: Lactose is a disaccharide consists of galactose and glucose linked by C1-Ca B glycosidic linkage.
Q13 Which statement is correct ?
Options ;  Synthesis of Buna-S needs nascent oxygen.
2 Buna-N is a natural polymer.

3 Buna-S is a synthetic and linear thermosetting polymer.

4
Neoprene is an addition copolymer used in plastic bucket manufacturing,.

Ans: 1

Sol: The synthesis of Buna-S needs nascent oxygen.



e Ellingham diagram is a graphical representation of :

Options 1 AHvs T
2 AGvsT
3 AGvwsP
4 (AG-TAS) vsT

Ans: 2

Sol: Ellingham diagram is a plot between AG (for the formation of metal oxide from element and one
mole of oxygen) versus absolute temperature.

Q15 Which of the following reaction/s will not give p-aminoazobenzene ?

NO,
A- i) Sn/HCI
ii) HNO,
iii) Aniline
NO,
B i) NaBHj
B ii) NaOH
iii) Aniline
NH,
c i) HNO,
" i) Aniline, HCl ~
Dptions 1. C only
2 AandB
3 Aonly
4 Bonly
Ans: 4
Sol: There is no reaction between nitrobenzene and sodium borohydride

Q16 Which one of the following reactions will not form acetaldehyde ?

Options
Pd Cu(ll
2
05— H,S0,

% CH4CH,0OH

Cu
3. CHyCH,OH ——>»

573K
i) DIBAL-H
4 CH;CN —
ll) H20
Ans: 2

Cr0.-H_ 50,
Sol:  CH,CH.0H ———CH, — COOH



Q.17 Compound(s) which will liberate carbon dioxide with sodium bicarbonate solution is/are

NH, COOH OH
NO, NO,
A= B = C=
N, NH,
OH NO;
tions
Opton®; B and C only
2 Conly
3 A and B only
4 Bonly
Ans: 1
Sol: Benzoic acid and picric acid are more acidic than carbonic acid, thus they react with NaHCO3 to

form sodium salt and CO2

Q18 The major product of the following chemical reaction is :

1) H;O+, A
2) SOCl,
3) Pd/BaSO,, H,

> ?

CH3CH,CN

Options . CH,CH,CH,OH
2 CHyCH,CHO
3 (CH,CH,C0),0
4 CH,CH,CH;

Ans: 2
H.O! S0CL H.-Pd/Bas0,
Sol: CH;CH,CM — CH,CH,CO0H — CH3CH,COCl ——— CH,CH,CHO

.19 According to melecular crbital thecry, the species among the following that does not exist is:
Opticns

1. 03

2. Be,

3. Hel

4, He,

Ans: 2

Sol: The bond order of Be2 is zero



820 gentify A and B in the chemical reaction.

OCH,
HC [A] Nal - (B]
(major) dry ceions (major)
NO,
Opiicas OCH,4 |
Cl Cl
1A= B o=
NO, NO,
OCH; I
Cl Cl
Y\O, NO,
OCH;4 OCH,
Cl
3 A= B=
Cl
NO, NO,
OCH, OCH;
Cl 1
WA= B =
NO, NO,
Ans: 4
OCH, OCH, OCH, OCH3
H* cl- cl Nal |
Sol: —_— — —_—
dry acetone
NO, NO, NO, NO,
more stable A
carbocation
SECTION B

Q1 A car tyre i Billed with nitrogen gas ot 35 patat 270 10 will burst if proessare excesds 41 pei
The temperature in “C at which the car tyre will bumst is _ (Rounded-off to the
neares! integer)

Ans: 70
P, B 40 = 300
Sol: -2 =1 "~  _34285K=5070°C & 70°
T, T : 35
Q.2

N
04 g mixture of NaOH, Na;CO4 and some inert impurities was first titrated with 0 HCl

using phenalphthalein as an indicator, 175 mL of HCl was required at the end point, After
this methyl orange was added and titrated. 1.5 mL of same HCl was required for the next
end point, The weight percentage of Na,CO, in the mixtureis . (Rounded-off to
the nearest integer)

Ans: 4



Sol: 0.4g  (NaOH + Na2COs + Impurity) x % HCl

Hph 17.5 mL = 16 mL for NaOH
MOH 1.5mL

2HCI + Na2COs
2x15mLx0.1 1.5m. moles x 0.1 Na2COs

Wt. = 1.5 x 103 x106 x 0.1
=159x10°%gx0.1
159 x 1074 107 _ 159

of wft=———= —— =3975=4
i 0.4 4 %

Q3 Among the following, the number of halide(s) which is/are inert to hydrolysis s

(A) BF, (B) SiCl, © Pa (D) SF,

Ans: 1
Sol: Only SFs is inert towards water

4
9 For the reaction, aA + bB — ¢C + dD, the plot of log k o % i given below :

slope = —10000 K
log k

1 =——e

T

I'he temperature at which the rate constant of the reaction is 1074 s~ 1 is K
(Rounded-off to the nearest integer)

[Given : The rate constant of the reaction is 10" %s ' at 500 K.
Ans: 526

Eﬂ.
Sol:  Slope= S———= —10000

E, [l 1
2.303 R[T_,_T_,.

1074 1 1
log (ﬁ) = 10000 = [ﬁ_T_:]

T2=526 K

ke
log P

o8 Using the provided information in the following paper chromatogram :

“™sSolvent front
Be

2cm
5¢cm

A
2cm

v °

1
Spot
Fig : Paper chromatography for compounds A and B.
the calculated R, value of A x«107 1,

Base line

Ans: 4



Distance moved by the constant 2
=-=04=4x10"

Sol: R = Distance moved bysclvent ~ 5

In hasic medium L’r()‘:' oxidises s:(),:’ to form ,\U‘:“.md itself changes into Cr{O11),”

Qs
The volume of 0,154 M CrO,* required to react with 40 mL of 0.25 M 5.0 is

mL. (Rounded-off to the nearest integer)

Ans: 173

Sol:  Equivalents of Cr0;~ = equivalents of 5,03~
+6 +3
Cr0i™ — Cr(OH); n=3

+2 +6

5.01 > 503 n=28

0154 = 3% Vepge =025 %40%8
V=173mL
Q.7  The ionization enthalpy of Na' formation from Na , is 495.8 k] mol "1, while
the electron gain enthalpy of Br is ~325,0 k}] mol " 1"Given the lattice enthalpy
728.4 k} mol ~ 1. The energy for the formation of NaBr ionic solid is

of NaBr is
() %1071 K mol 1,

Ans: 5576

AHr = 495.8 + (-325) + (~728.4)
= -557.6 kJ mol-?!
= -5576 x 10! kJ mol?

Sol:

Consider the following chemical reaction

Qs
CH = CH 1) Red hot Fe tube, 873K Prodict
e 2) CO, HICI, AICl, = rodue
The number of sp? hybridized carbon atom(s) present in the product is
Ans: 7
o]
Il
SN
_ _ Red bbt Fe Co+ HCl H
Sol: 3CH=3CH AlC,
Q.9 1 molal aqueous sotution of an electrolyte A,B, is 60% jonised. The boiling point of the solution
K. (Rourxled-off to the nearest integer)

atloatmis
[Given K, for (H,0)=052 K kg mol ']

Ans: 375

I=1+(n-1) a
=1+4x06=34

AT =3.4%x052x1=1.768

Boiling point = 373.15 + 1.768 = 375 K

Sol:



Q.10 The reaction of cyanamide, NH,CN, with oxygen was run in a bomb calorimeter and AU
was found to be - 74224 k] mol ", The magnitude of AHyqg for the reaction

3 ;
NHC \J(,) + —‘( \-_\'m —’r\:m, + (‘Zm’ + ”1(1'”

is ) kl. (Rounded off to the nearest integer)
[Assume ideal gases and R=8314 ] mol 1K 1]

Ans: 741

Sol: AH = AU + AnRT = -742.24 + 0.5 x 8.314 x 103 x 298 = -741 kJ mol-?
Magnitude of AH = 741

PART - C - MATHEMATICS

SECTION A

Q1 Let f g :N = Nsuch that fin + 1)=f(n) + f{1) ¥ n=N and g be any arbitrary function. Which
of the following statements is NOT true ?

Options 1 fis one-one
2. If g is onto, then fog is one-one
3. If fis onto, then f(n)=n ¥V neN

4. If fog is one-one, then g is one-one

Ans: 2

Sol:  f(n+1)=f(n)+1
f(2)=2f(1)
f(3)=3f(1)
f(4) = 4f(1)

f(n) =nf(1)
f(x) is one-one
Generally gof is one-one = f is one-one
gof is onto = g is onto
Q2 Let a be the .mg,lc between the lines whose direction cosines satisfy the equations
L4m-n=0and 7+ m? n2=(. Then the value of sin'a + costa is ;

Options
1.

N
I‘~J|v-' | W

w
®| W w|n

g




Ans: 3

Sol: /+m-n=0& 2+m?>-n?=0

n=¢+m= 2 +m?-((+mf =0

=-2/m=0
=/m=0
=/¢=0(or) m=0
=0 m=0
0:1:1 1:0:1
oSO = 0+0+1 1
B V22 2
4B
= sina =—
2
.4 4 9 1 10 5
ssinfa+costo=—+—="—"==
16 16 16 8
Q3 L "N ) )
f0<0, b <'?' e \-— cos™"0, y= l. sin™ and 2= ¥ cos?0. .-un:"d» then :
= n=0 n«d n.—l.l
Options y xyy+yz+zx=2
2. xyz=4
xytz=(x+ty)z
4 xy-z=(x+y)z
Ans: 3
1 1

Sol: X =1+¢0S%0+C0S* 0+ one

- 1-cos® 0 - sin? 0
[infinite G.P series]
1 1

y:1+sin2¢+sin4¢+ ............ = 5= k
1-sin“¢ cos®¢

1

z=1+sin? gcos? 0+sin® cos* B+ i ... i —
1-sin®¢cos” 6

1
Ty, 1)
)
X y
Z:L
xy—(xy—x—y+1)
zZ= Xy
X+y-1

2(x+y)=xy+z

Q4 2 2 2 2

X o c X v S
If the curves, — 4 yl—— =1and — + ‘T = 1 intersect each other at an angle of %)°, then
a y < ¢

which of the following relations is TRUE ?

|Options 4 a-c=b+d
2.at+b=c+d

c+d
a+b

4 a-b=c-d

3 ab=




Ans: 4

2 2

Xy
Sol: —+—=1->1(1

0 ©
diff w.r.t ‘X
§+2_yd_y:0
a b dx

dx ay
2 yz

XY _15(
Ct 1o 0)

diff w.r.t ‘x’

§+ﬂd_y:1
c d dx

dx cy
mm, = -1
-bx —dx
_——
ay cy

= bdx? = —acy? - (5)

=-1

2EX2+ H Lbdxzzo
ac bd ac

=(c-a)-(d—b)=0
=c-a=d-b
=c-d=a-b

Q5  The total number of positive integral solutions (x, y, z) such that xyz=24 is :
Options ¢ 30)
2. 36
324

4. 4

o

Ans: 1

Sol:  Given xyz =2y
Xyz = 23x3

xj =No. of 2's

yi =No. of 3's

X1, Y1 X2, Y2 X3, Y3

X1+ Xo+X3=3

Non-negative integral sol = ***7*C;_, =% C,
Yity2+yz =1

= No.of ways="3"c, , =3¢,

Total no. of ways = 502 X 302 =30



.6 1
9 When a missile is fired from a ship, the probability that itis intercepted is 7 and the probability
3
that the missile hits the target, given that it is not intercepted, is 1 If three missiles are fired
independently from the ship, then the probability that all three hit the target, is :
Options 3
1
8
1
2 —
27
3
B
-
1
4. —
8
Ans: 4
4
23 1
Sol: Prob=|—-.—| ==
3 4 8
Q7 2 vy = (2 v = NF 2= \
Letthelines(2 -4)z= 2+ ) and (2 4 i)z + (i = 2T ~ 41 = 0, (here¢ = - 1) be normal
toaarcde C Iftheline iz + T+ 1+ 1= 0 is tangent to this circle C, then its radius is :
DOptions ,
132
3
2. —
V2
3
[ S
22
2 1
22
Ans: 3

Sol:  Given lines (2—iXx+iy):(2+iXx—iy)
:>(2x+y)+i(2y—x)=(2x+y)+i(x—2y)
=2y-X=X-2y
=2x-4y =0
=x-2y=0-(1)
2+i)z+(-2)z-4i=0
= (2+i)z=(2-i)z+4i
= (2+i)\x+iy) = (2-i\x—iy)+4i
= (2x—y)+i(x+2y) = (2x—y)+i(4—x~-2y)
=>X+2y=4-Xx-2y
= 2X+4y-4=0
=x+2y-2=0-(2)

Solving (1) & (2)
Xx—-2y=0

X=2y

From(2) 2y +2y-2=0
4y =2



iz+z+1+i=0
i(x+iy)+(x—iy)+1+i=0
iX—y+x—-iy+1+i=0
X-y+1=0 (or) X-y+1=0

X-y+1=0

1, %)

Q8 A man is observing, from the top of a tower, a boat speeding towards the tower from a
certain point A, with uniform speed. At that point, angle of depression of the boat with the
man’s eye is 30" (Ignore man's height). After sailing for 20 seconds, towards the base of the
tower (which is at the level of water), the boat has reached a point B, where the angle of
depression is 45°. Then the time taken (in seconds) by the boat from B to reach the base of the
tower is :

Options 1 10

21043
3. 10(¥3 - 1)

+10(J3 + 1)

Ans: 4
Sol: Time to cover distance = y =A = 10(J§+1)sec
v o J3-1
Q9

If Rolle’s theorem holds for the function flx)=x"—ar* +bx -4, 2= [1, 2] with f I %J =0,

then ardered pair (a, b) is equal to

Options , (5 g)
2. (=5, —8)
3 (5 -8
4. (5,8)
Ans: 4
Sol:  f(x)=x3-ax?+bx -4

f(1) =f(2)
=l1l-a+b-4=8-4a+2b-4



=3a-b=7-(1)
f‘(x):3x2 —2ax+b

:>3><E—§a+b:0
9 3

= -8a+3b=-16—>(2)
From (1) & (2)
a=5b=8

Q.10 . .
The statement A — (B — A) is equivalent to :

[Options 4 A _. (A — B)

2 A—-(A<B)
3 A—=(AAB)
Ans: 4
Sol:
A B B—oA A—(B>A)
T T T T
T F T T
F T F T
F F T T
Verify option (4)
A— (AvB)
A B AvB A—> (AvB)
T T T T
T F T T
F T T T
F F F T
Q1

The image of the point (3, 5) in the line x—y +1=0, lies on :
Options 1_ (v 4)2 | (y - 4)2=8
2. (x=2)2+(y—2)2=12
3 (x-4+(y+2)%=16
4 (x—-2)%+(y—-4)7>=4
Ans: 4

Sol: 3, 5)

X-y+1=0

(h, k)



h—xq _ k-y1 _ —2(ax1+by1+c)

a b a% +b?
h-3 k-5 -2(3-5+1)
1 -1 2
h—3=5-k=1
h=u k=4

(h k)=(4, 4)
Clearly (4, 4) lies on (x - 2)2 + (y - 4)2 =4

. e value o ¢ integra
@12 The value of the integral
[sind).sin 20 (sin®0 + sin*0 4 sinzn) st'm"(l + 3sin0 + 6 40 is
J 1 - cos20
(where ¢ is a constant of integration)
Jdptions 3
1. = [9 ~ 2sin®0 — 3sin?0 - bsinzl)}z F oo
3
l -
2. Tg 9 — 2c0s®0 - 3cos40 - bcosan + C
3
1 r G
3. = 11 - 18cos20 + 9cos?n zcos"u]l .
3
IS L ) . | . Bn Tl
4'ﬁ 11 — 18sin20 + 9sin*0 — 2sin n]. 2
Ans: 3

Sol: Putsind=t
cos6 do = dt

j(te +t4 2 N2td 3% 6t =I(t5+t3 +th2t® + 3t + 612 dt
Let 2t° +3t* +6t* =z

3
12[t5 + € + thit = oz =%I\Edz :%zé +C =%[Zsin69+3$in4 06 sin’ e% +C
%
2
= % [2(1— cos? 9)3 +3(1— cos® 6)2 ¥ 6(1— cos? 9)} +C
=%[11—18c0329+9cos46—20032 e% +C

Q13 The coefficients a, b and ¢ of the quadratic equation, ax® + by + ¢ =0 are obtained by throwing
a dice three times. The probability that this equation has equal roots is :
|Options
1.

2= Bl NI~ 8|~



Ans: 3

Sol: a by ce{l 23, 4,5, 6}

n(s) = 6°
equal roots = D=0
= b? =4ac

b2
= ac=—

4
Ifb=2,ac=1=a=1,c=1
Ifb=4,ac=4

5
.. probability = —
P ity 216

Q14 Al possible values of 0 € [0, 2%] for which sin 20 + tan 20 > 0 lie in :

o633

Dptions

2(03) o (= )
. 2 iy
ot 2w (R, 2 SN D)
4) 2 4 2 &
oo, Z)u(Z, ) [,, ox )i fox: )
\ 4 \2 4 / 4 / 2 4
Ans: 4
Sol
(o) T 2n
tan 26(1+ cos 26) >0

efo = 5o 5o 5
RUENEE PR NEY



Q15 e ¢quation of the line through the point (0, 1, 2) and perpendicular to the line
=1  -y+L - 2=-1

150

2 3 2
Options. y y—-1 2z-2
Yic— - - —

3 4 3

> > D

& ¥ R R -
3 -4 3

. RO,

51X LN i . z=32
3 4 3

; 5 D
UL, 0 gt TR
S 4 -3

Ans: 3

Sol:  Given point (0, 1, 2)
Line X__l — y_+1 — Z__l
2 3 -2
Verify option (3)
dr's 2(-3)+4(3)+(-2)3)=0
clearly passing.through (0, 1, 2)

Q16  |f 5 curve passes through the origin and the slope of the tangent to it at any point (x, y) is

o

X —4x+yt+ 8
-2

0ptions1_ (5' 5)

. then this curve also passes through the point :

2. (4, 4)
3. (5, 4)
4. (4,5)

Ans: 1

y+4
X-2

dy x2-4x+y+8 (x-2F+y+4
dx X—2 - (x=2) &
Letx-2=t=dx=dt
y+4=u=dy=du

Sol:

(x—2)+

dy _du
dx dt
%:t-ﬂ,—g
dt t
du_u_,
dat t
1
IF:eiJ‘t _goot 1
t
u}:.[t.—dt
t
Yotic
t
Y+4 _(x_2)+cC




Passing through (0,0) => C =0
;y+4:@—2f
Option (1) (5, 5) satisfy the equation y + 4 = (x — 2)?

Q17 i
| I \
14—+ ... |
: 2 n y
lim | 14 < l is equal to :
n—x n®
J
Options 4 0
l
2A AL
2
31
|
7 P
tl
Ans: 3
n
e o
Sol: Let L= Ilim 1+——3L——§———J1
N—o0) n
1+1+1+ ......... L
im 2 3 n
N> n [1 ]
lm| =+ —4—F.nainns
SoL=e ! [1°° modal] " N 3" 4
_e0+0+ ............ +0
=g
=1

Q18 The integer K, for which the inequality y2-2(3k - 1)x + 8k2 -7 > 0 is valid for every x in R,

IS |

2. 3
3.2
4 4
Ans: 2
Sol: D<0O
23k~ 1)P - 4(8k? - 7)< 0
alok? — 6k + 1)- 4[8k? - 7)< 0
k?-6k+8<0
(k-4)k-2)<0

2<k<4
Thenk =3



Q.19 1
3
The value of Ixzcl‘ ]d.t', where [t] denotes the greatest integer = t, is:

=1
Options ¢ 4 1]
1.

3¢
2R
3e
g & + 1
3
e—1
4.
3e
Ans: 1
1
Sol: LetI:Ixze[Xs]dx
-1

0 1
I= sz ~e‘1dx+jx2dx
e 0

0 1
x3 x3
I=|— +| —
3e 3
-1 0
=t 1
3e 3

Q20 4 tangent is drawn to the parabola y*=6x which is perpendicular to the line 2x + y=1

Which of the following points does NOT lie on it ?

Options 4 (5' 4)
2. (4,5)
3. (-6,0)
4. (0, 3)
Ans: 1
. 2
Sol: Equation of tangenty = mx+—
3m
Perpendicular slope of 2x +y =1is %

- Tangentisy = §+ 3

:>x—2y+6=0—>(1)
(5, 4) does not lie in equation (1)

SECTION B
Q1 3 R L TRan yE Y 3 ; A _ 4
Leta=(+2]-k b= jand ¢ =4 f — k be three given vectors. If r isa
vector such thatr x a = ¢ x aandr- b =0, then r- a is equal to



Ans: 11

Sol: rxa=cxa

Q2 Let f(x) be a polynomial of degree 6 in x, in which the coefficient of 2 is unity and it has
flx)

extrema at x= - land x=LIf lim == = 1, then 5-f(2) is equal to
—0

Ans: 144

Sol:  f(x)=x®+ax® +bx* +x3

~ ' (x) = 6x° + 5ax? + 4bx> + 3x?
Roots 1 & -1
~.6+5a+4b+3=0 & —6+5a—-4b+3=0
5a+4b+9=0 & 5a-4b-3=0
-3 -3

Solve we get a=—, b=—
5 2

f(x):xﬁ—gxs—éx“-rx3
5 2

5f(2) = 5[64—% —24 +8] =144

Q3 If the system of equations
kx+y+2z=1
Ix-y-2z=2

2x—-2y—4z=3
has infinitely many solutions, then kisequalto .
Ans: 21
k 1 1
Sol: D3=|3 -1 2
-2 -2 3
0=k(-3+4)-19+4)+1-6-2)
0=k-13-8
k=21

Q4 The locus of the point of intersection of the lines (V3)kx 4 ki 43 =0 and

V3x y — 41 J3) k = 0 is a conic, whose eccentricity is

Ans: 2



Sol:  3kx+ky—443 =0 - (1)
V3x-y-4/3k =0 (2)
(1)+k(2)
J3kx+ky-443 =0
V3kx—ky-44/3k? =0

23kx- 43 [Kk2 +1)=0
x:2[k+%j—>(3)

From (2) y = 2\/5(% - kj —(4)

1

X 1
From (3) & (4) —=k+—, ==—k
@& 2 k k

Y
23

J16+48 Jea

8

e=—— — ——— —_—=2
4 4 4

Qs ¥ y 2]

Let A=|y =z x|, where x, y and = are real numbers such thatx +y+ 2 > Oand xyz=2,

r vy

If AZ=1, then the valuc of ¥ v y* 12 4s

Ans: 7

Sol: A2—13

Xy z
y z X
y

N < X
X N <
Il
o O
o = O
= O O

zZ X

N < X N

Clearly X2 +y2 +z
Xy +yz+2zx =0

=1

Now (x+y+z)2=x2+y2+22+2(xy+yz +zx)
X+y+z=1

|AP=|1]

|Al=+1

= 3xyz —(x3+y3+z3)=ir1

:x3+y3+z3 =3-2+1=7 (or) 5
.'.x3+y3+z3=7

Q.6 I'he number of points, at which the function f(x)=2x+1 - 3x+ 2 4 =+r-2,xeRis
not differentiable, s

Ans: 3

Sol: f(x)=| 2X+1] -3 | x+2|+| X% +x-2|
=|2x+1| 3| x+2|+|(x=-D)(x+2)]|

Non differentiable at x = _?1 -2,1



Q.7

I'he total number of numbers, lying between 100 and 1000 that can be formed with the digits
1,2,3,4,5, if the repetition of digits is not allowed and numbers are divisible by either 3 or 5,
is

Ans: 32

Sol: Divisible by ‘3’
Sumis 12 - 3,4,5—-53!=6
Sumis9—>2,3,4->3'=6
Sumis9—-1,3,5->3=6
Sumis6—>1,2,3->3!'=6
24
Divisible by 5

fixed

®

b

4 ways 3 ways =12
3,45
4, 3,5
~.Total no=24+12-4
135
3,15
=32

Q8 e ApAy Ay ... be squares such that for each n =1, the length of the side of A equals the

length of diagonal of A_, . If the length of A, is 12 cm, then the smallest value of n for
which area of A is less than one, is

Ans: 9
Sol: Letas, az, as............ an are length of sides of squares A1, Az,............ An
ap = \/Eaz
a
a, =—
J2
ie, a1 = _An_

(2

Length of side A1 =12
Length of side A, = 12

2
Length of side A3 = L2y

(V2

12

a]™

Length of side A, =

Area of A, = L—1 <1
)
_144 <1
2['1*1

n-1=8=n=9



Q9 The graphs of sine and cosine functions, intersect each other at & number of points and
i
between two consecutive points of intersection, the two graphs enclose the same area A,
Then AY is equal to

Ans: 64

Sol:

\\

7
A= ,L(SinX_COSX)dX =[—005X‘Sinx]i/? :_K_iz_iz]_[%+i2ﬂ

A% = (2\/5)4 =64

Q.10 [ 0]

| | '
0 fani =) a b

If A= and (I, + A) (I,- A) " '=| b al then 13(a+ b?) is equal to

Ans: 13

L 2R

1 tany
_A_[—tan% 12]
(Y [ ' _tan%]

1+ tan? % tan% 1
1 —tan9 1 —tan
(I +A) (I -A) " =cos? 92! o /ZM on A}
tan y

1 tan% 1
20 1-tan /2 —2tan/
S8 2 2tan/ 1- tanzy2

~ 1—tan2% b 2tané
- 1+ tan? % T 1+tan? %
a = cos0, b =sind
- 13(a? +b2) = 13[cos? 0 + sir? 0) = 13




