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

[PHYSICS, CHEMISTRY & MATHEMATICS]

PART - A-PHYSICS

SECTION A

Q.1 Two stars of masses m and 2m at a distance d rotate about their common centre of mass in
free space. The period of revolution is :
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Q.2 Two equal capacitors are first connected in series and then in parallel, The ratio of the
equivalent capacities in the two cases will be :
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Ans:

Sol:

LEp 1

2

C
In series = C; = 3
In parallel => C2=C+C=2C

!

Q.3 A cube of side "a" has point charges | Q located at each of its vertices except at the ongin
where the charge is — Q. The electric field at the centre of cube is
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Ans:

Sol:

2

The net electric field at the centre will be due to-only two charges
— One at origin
— One at diagonally opposite to it and'its direction will be towards the origin.

Ecentre = s— —cos B :>_—,_f for E
¢ 3MEpa 3\"§1T5nﬂ" 3
1
As cos 0 = v3for a cube (angle between diagonal with x axis)
= -20 . .
E = —(E+F+Z
CEmtTE PN (E+ P2

Q.4  The focal length fis related to the radius of curvature r of the spherical convex mirror by :

Options f=r
2. f=+ %r
3. f: %r

Sol:

For a spherical mirror



r=2f
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:.'Ff:E:EI'

Q.5 In the given figure, the energy levels of hydrogen atom have been shown along with some
transitions marked A, B, C, Dand E

The transitions A, B and C respectively represent :

of Paschen series,
2

Paschen series.
3

of Paschen senes,
4

of Paschen senies,

Ans: 2

Sol:  The series limit of Lyman series, third member of Balmer series and second member of Paschen

series

+eV
I Continuum o I
OeV
n=3 -054 eV
n=4 —0.85eV
n=3 E —151eV
gl € |p
n=2 T —34¢V
A E
n=]-—% = —136eV
Options 1.

The ionization potential of hydrogen, second member of Balmer series and third member
The series limit of Lyman series, third member of Balmer series and second member of
The first member of the Lyman series, third member of Balmer series and second member

The series limit of Lyman series, second member of Balmer series and second member

Q.6 IfY, K and n are the values of Young’s modulus, bulk modulus and modulus of rigidity of
any matenial respectively. Choose the correct relation for these parameters.
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Q7 Match List I with List 11.

List | List Il
(a) Isothermal (i) Pressure constant
(b) Isochoric (ii) Temperature constant
(c) Adiabatic (iti) Volume constant
(d) Isobaric (iv) Heat content is constant

Choose the correct answer from the options given below :
Optons 1. (a) — (i), (b) — (i), () — (i), (d) — ()

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

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

4 (a) = (iii), (b) — (i), () = (i), (d) = (W)

Ans: 2
Sol:  Option (2)

Q.8 A current through a wire depends on time as
1=t B2
where «g=20 A/sand B =8 As %, Find the charge crossed through a section of the wire in
155,

Options 4 2100 C
2. 11250 C
3.260 C
4.2250 C

Ans: 2
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3
Putd, =20 and B=8
.. q=11250 C



Q8  nmoleofa perfect gas undergoes acyclic process ABCA (see figure) consisting of the following

processes.

A—=B Isothermal expansion at temperature T 50 that the volume is doubled from
V to Vy=2V, and pressure changes from P, to P,

B-C Isobaric compression at pressure P, to initial volume V,.

C—=A Isochoric change leading to change of pressure from P, to P!\

Total workdone in the complete cycle ABCA is -

Q10 A cell E; of emf 6 V and internal resistance 2 {1 is connected with another cell E; of emf 4 V
and internal resistance 8 () (as shown in the figure). The potential difference across points
Xand Yis:

p B x B y

Options 1. 10,0 V
220V
336V
456V

Ans: 4



2
Sol: Currentin the circuit I = T 0.2

Potential across 4V cell, V =€ +1ir
V=4+0.2x8=56V

Q.11 Moment of inertia (M.L) of four bodies, having same mass and radius, are reported as ;
I, =M.L of thin circular ring about its diameter,
I, =M.L of circular disc about an axis perpendicular to disc and going through the centre,
Iy =M. of solid cylinder about its axis and
Iy = ML of solid sphere about its diameter.
Then ;

Optosty. L+l <L+,

Ans: 3
Mr®
Sol: IL_T
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Q.12  If the velocity-time graph has the shape AMB, what would be the shape of the corresponding
acceleration-time graph 7
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Ans: 4

Sol: If the total time T is divided into four part
0T/ 4 (deceleration constant)

T T .
— — — (constant acceleration)

4 2
T 3T :
s= T (const deceleration)

3T .
i T (constant acceleration)

Q13 2
The workdone by a gas molecule in an isolated system is given by, W= apZe olT, where x

is the displacement, k is the Boltzmann constant and T is the temperature. « and § are
constants. Then the dimensions of g will be ;

Options +. ML T9)
2 [ML2T3

3 [MLT Y
4 ML TY
Ans: 3
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Dimension of F = W =

..] =M~T?

Sol: Dimension of @ = [

Q14 |p the given figure, a mass M is attached to a horizontal spring which is fixed on one side to
a rigid support. The spring constant of the spring is k. The mass oscillates on a frictionless
surface with time period T and amplitude A. When the mass is in equilibrium position, as
shown in the figure, another mass o is gently fixed upon it. The new amplitude of oscillation
will be

=

LTI ITTI 77777
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Ans: 4

Sol: Let initial velocity of M before change = V at mean position and velocity of the system (m + M) after
change =V’
M
=—7V
v (m + M)
1 1 M™VIM + m)
o =
- - - T
RaT = gm+ MV 2(M + m)

Q.15 Consider two satellites S, and S, with periods of revolution 1 hr. and 8 hr. respectively
revolving around a planet in circular orbits. The ratio of angular velocity of satellite 5, to the
angular velocity of satellite S, is

Options 4 1.4
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Ans: 2
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Q.16  If an emitter current is changed by 4 mA, the collector current changes by 3.5 mA. The value
of B will be :

(Options 1_ ().5

o =l + 1
4=35+1,
Iy = 0.5mA



=—=_=?
B I, 05

Q.17  Four identical particles of equal masses 1 kg made to move along the circumference of a
circle of radius 1 m under the action of their own mutual gravitational attraction. The speed
of each particle will be
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Ans: 2

Sol:

et
Q.18 Each side of a box made of metal sheet in cubic shape is ‘a’ at room temperature “T", the
coefficient of linear expansion of the metal sheet is ‘a’. The metal sheet is heated uniformly,
by a small temperature AT, so that its new temperature is T+ AT, Galculate the increase in
the volume of the metal box,

Options 1_ 3a3aAT
4
2. gﬂag‘aAT

3. 4madaAT
4. 423aAT

Ans: 1



Sol: Coefficient of volume Expansion = 3a
AV =V, (3a)ht
= a3 x 3a x AT = 3a3 AT

Q.19 Given below are two statements :
Statement 1 :  Two photons having equal linear momenta have equal wavelengths.
Statement 11 :  If the wavelength of photon is decreased, then the momentum and energy

of a photon will also decrease.
In the light of the above statements, choose the correct answer from the options given below,
Options
PEORS 1. Both Statement 1 and Statement 11 are false
2. Statement | is true but Statement Il is false

3. Statement | is false but Statement 1l is true

4. Both Statement | and Statement 1l are true

Ans: 2
sol: E= ¢
Ol: —T
ot
A

Given P1 = P2 =A1 = A2 statement | is true E and P are inversely proportional to A. If A decreases, E
and P will increase
-l is false.

Q.20 In a Young's double slit experiment, the width of the one of the slit is three times the other
slit. The amplitude of the light coming from a slit is proportional to the slit-width. Find the
ratio of the maximum to the minimum intensity in the interference pattem,

Options 1_ 4 .
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Ans: 1
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SECTION B

Q.1 The coefficient of static friction between a wooden block of mass 0.5 kg and a vertical rough
wall is 0.2. The magnitude of horizontal force that should be applied on the block to keep it
adhere to the wall will be _ N.

[g=10ms 2]

Ans: 25.00

Sol:
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WF = mg
F_mg_U.S:(lU_ZEN
=T =0z -

Q.2 A ball with a speed of 9 m/s collides with another identical ball at rest, After the collision,
the direction of each ball makes an angle of 30" with the original direction. The ratio of
veloaties of the balls after collision is x : y, where xis =

Ans: 5.19

Sol: By momentum conservation along perpendicular direction
mx sin 30 = my sin 30
=Xx:y=1:1
=>X=y
m x 9 =m x x cos 30° + m x y cos 30°
V3

Q=2x —
3
g

x= —=2=519
V3

Q.3  An unpolarized light beam is incident on the polarizer of a polarization experiment and the
intensity of light beam emerging from the analyzer is measured as 100 Lumens, Now, if the
analyzer is rotated around the honzontal axis (direction of light) by 30" in clockwise direction,
the intensity of emerging light willbe Lumens,

Ans: 75.00

Sol: 1= Iocos 8
=100 x cos? 30

—lﬂﬂxs—?S
= 1=

Q4 A hydraulic press can lift 100 kg when a mass ‘m’ is placed on the smaller piston. It can lift
kg when the diameter of the larger piston is increased by 4 times and that of the
smaller piston is decreased by 4 times keeping the same mass ‘'m” on the smaller piston,

Ans: 25600.00

Sol: |, 100 -
e
A B
Pa=Ps

100g mg =g mg lamg
T:T:’ﬂ:[afm}: 8

1
~ 16

1600
Dividing,T = x = 25600ke

Q.5 In connection with the circuit drawn below, the value of current flowing through 2 ki}

resistoris _____ x10°% A,
A
1k}
2 kil 5V




Q.6

Q.7

Q.8

Q.9

Ans: 25.00

Sol:  Voltage across 2 kQ = ¥V = 5%
v
Current in the load =i = 7
D _25x107A=25x10"%
21000 '
A common transistor radio set requires 12 V (D.C,) for its operation, The D.C. source is
constructed by using a transformer and a rectifier circuit, which are operated at 220 V
(A.C)) on standard domestic A.C, supply. The number of tums of secondary coil are 24, then
the number of turns of primary are o
Ans: 440.00
Sol: ﬁ = E
Ny Vs
Ny _ 220
24 1z
SNy =440
An audio signal v, =20 sin 27(1500t) amplitude modulates a carrier
v, =80 sin 2m(100,000t).
The value of percent modulation is
Ans: 25.00
Sol: Am=20 A:=80
Am
h=—=
AL
g 0.25
g0~
* % modulation = 25%
A resonance circuit having inductance and resistance 2 %10 * H and 6.28 () respectively
oscillates at 10 MHz frequency. The value of quality factor of this resonator is —
[==214]
Ans: 2000.00
Sol: GivenL=2x10%H
R=6.28Q
f=10 MHz
) Lu
sQ=7
20mx 2% 1074 % 10° 300
- 6.28 .
An indlined plane is bent in such a way that the vertical cross-section is given by y = %
where y is in vertical and x in horizontal direction. If the upper surface of this curved plane
s rough with coefficient of friction y= 0.5, the maximum height in cm at which a stalionary
block will not slip downwardis __ cm.
Ans: 25.00
dy 1 X
—_ Wy ——
Sol: ax 31 732
X
—=tanh =
z B
e, Xx=2Zpu
x4t .
y= Isz p- =0.5"=0.25m =25.00 cm



Q.10  Anclectromagnetic wave of frequency 5 GHz, is travelling in a medium whose relative electric
permittivity and relative magnetic permeability both are 2. Its velocity in this medium is

%107 m/s.
Ans: 15.00
Sol: He=g =2
n=iE =2
v_c_c_SxmB_lem:,
“nz7 2z mfs

PART - B — CHEMISTRY

SECTION A

@1 Identify products A and B.

CH;
dil. KMnO CrO,

Options 1.

) O

A : OHC—CH,CH,CHy—C—CHy B : HOOC —CH,CH,CHy — € —CHy

CH,3 CH;4
A Qi B:

OH O

CH; CH,

3A: q OH B:

OH O

CH,4 CH,
A :Cg OH B: OH

OH O

Ans: 4

CHs Mno4 /OH" Cro3
Sol:

Q.2 Qut of the following, which type of interaction is responsible for the stabilisation of a-helix
structure of proteins 7

Options 1. yander Waals forces
2. lonic bonding
3. Hydrogen bonding
4. Covalent bonding



Ans: 3

Sol: a-Helical structure is stable due to hydrogen bonding between —CO- group and —NH group of peptide
bond.

Q3  Match List I with List 11

List 1 List 11
{Monomer Unit) (Polymer)
(a) Caprolactum (i)  Natural rubber
(b) 2-Chloro-1,3-butadiene (i) Buna-N
(c) Isoprene (iii) Nylon 6
(d) Acrylonitrile (iv) Neoprene

Choose the correct answer from the options given below :
Options 1. () — (i), (b) — (iv), (c) — (i), (d)—> (i
2. (@) = (iv), (b) — (i), (c) — (i), (d) — (i)
3 (@) = (i), (b) — (i), (c) — (iii), (d) — (iv)
4 (@) = (i), (b) = (i), (¢) — (iv), (d) — (iii)

Ans: 1

Sol: Isoprene — Natural rubber
Chloroprene — Neoprene
Caprolactum — Nylon 6
Butadiene-acrylonitrile — Buna-N

94 Which of the following are isostructural pairs ?

Al 5042 - and CrO42

C. NH,;and NO,;~
Options y C and D only

2. A and C only

3. Aand B only

4. B and C only

Ans: 3

Sol: sgi~  sp® hybridised with 4 bp — tetrahedral
crof-  sp® hybridised with 4 bp — tetrahedral
SiCls sp® hybridised with 4 bp — tetrahedral
TiCls sp® hybridised with 4 bp — tetrahedral
NHs sp® hybridised with 3 bp and 1 Ip — pyramidal
NOg sp? hybridised with 3 bp — trigonal planar
BCls sp? hybridised with 3 bp — trigonal planar
BrCls sp3d hybridised with 3 bp and 2 Ip — T-shaped



@5 ‘A’ and ‘B’ in the following reactions are :

NH,
NaNO,/HCl SnCl,/HCI/H0"
o (&) > (B)
Options CN cl
1.
(A): (B):
+ =
\,Cl CHO
2.
(A): (B):
- =
N,Cl Cl
3.
(A): (B):
CN CHO
4.
(A): (B):
Ans: 4
NO» NH, Np* CN CHO
@ Sn + HCI @ HNO, CuCN @ SnCly + H* @
Sol: —_— —_— e —_—
(A) (B)
Qs

Which of the following ore is concentrated using group 1 cyanide salt ?
Options 5 Sphalerite
2. Siderite
3. Malachite
4. Calamine
Ans: 1

Sol: NaCN is used as depressant during the froth floatation process of sulphide ores.



%7 (A) HOCI+H,0, - H,0* +Cl~ +0,
Choose the correct option.

Options . H,0, acts as reducing agent in equations (A) and (B).
2.
H,0, act as oxidizing and reducing agent respectively in equations (A) and (B),
3.
H,0, acts as reducing and oxidising agent respectively in equations (A) and (B).

4. HyO, acts as oxidising agent in equations (A) and (B).

Ans: 1
Sol: In both cases H20: acts as reducing agent
Q8 The electrode potential of M?* /M of 3d-series elements shows positive value for :
Options {_ Fe

2. Cu
3. Zn

4 Co

Ans: 2

Sol:  The reduction potential EEuz. jouis +0.34V

9% What is the final product (major) ‘A’ in the given reaction ?

OH
CH,

C”\C' i HC ‘A
(major product)

1 Cl
CH,—CHj,
CH;
2 CH==CH,
CH,
3 CH
ScH,
al
CH,
4
CH
“NcH,



OH ®
H* 1, 2 H shift Cl”
Sol: -H,0 Cl

Q.10 Given bolow are two statements ;
Statemvent 11 Cobourkess cupric metaborate & raduced 1o cuprous metaborabe ina luminous
flame
Statement 11 Cuprous metaborate s obtained by heating boric anhydride and copper
sulphate m a non-luminous Hame.

In the light of the above statements, choose the mest appropriate answer from the options
#iven below

Options 1 Statement | is true but Statement 1l is false

2. Both Statement | and Statement 1l are false
3. Both Statement | and Statement Il are true

4. Statement | is false but Statement Il is true

Ans: 1

Sol: Luminous flame is reducing therefore statement | is correct. Non-luminous flame is oxidizing therefore
statement Il is incorrect.

Q11 Which of the following compound gives pink colour on reaction with phthalic anhydride in
conc. H,80, followed by treatment with NaOH ?

H,C CH
i ¢ O
OH

HO

Cl‘l:;
{ood
OH
CH,
. /@/\/

Dptions

HO
HO CH,
D0 O
HO CH,4
Ans: 3

Sol: P should be a phenol with para position carrying hydrogen. So that it can form phenolphthalein (or its
derivative) with phthalic anhydride.

Q12 Consider the elements Mg, AL S, P and Si, the correct increasing order of their first ionization
enthalpy is:

Optionsy Al < Mg <S<Si<P
2. Mg < Al<Si<P<S§
3. Al<Mg<Si<S<P
4. Mg<Al<Si<S<P



Ans: 3

Sol: The 1% ionization potential of Mg is more than Al due to the stability of completely filled 3s
configuration of Mg
The 18t ionization potential of P is more than S due to the stability of completely half filled 3p

configuration.
Q.13 CH CH
What is the major product formed by HI on reaction with 3>C/ xa i ?
CHy
CH,
Options
CH,
1. CHj C CH CH,
I CH;,
CHj,
2. CH;4 C CH CH,l
CHj H
CH,
3. CH'; C CH CH;
CH, 1
CH; CH CH CH, — CH,4
4 |
CHy I
Ans: 1
GHs " ?Hi 1,2 Me shift ® C|:H3 T é CHs
Sol: CH3—CII—CH=CH2 —>CH3—CIZ—CH—CH3 —>CH3—CIS—CH—CH3 —>CH;— | —CH—CHj4
CHs CHj CHs CHs

le'carbocation



- The product formed in the first step of the reaction of

Br
|
CH3;—CH,— CH—CH, —CH—CHj with excess Mg/ELO(Et=C,H;) is :
I

Br
Options  CH,—CH,—CH—CH,—CH—CHj
1.
CH;—CH—CH,—CH—CH,—CH,
2 CH3—c312—c|H—c112—cIH—m3

' CHy—CH,— CH— CH,—CH—CH,
3. CH3—CH <TH2
CH— CH,
MgBr
. CH3CI{2—(ZI}I—CI{2—C}1—C}l3
h!438r

Ans: 4
Sol:  Grignards reagent should be formed.
Q.15

The gas released during anaerobic degradation of vegetation may lead to :
Options 1. Ozone hole

2. Corrosion of metals

3. Global warming and cancer

4. Acid rain

Ans: 3
Sol:  Anaerobic vegetative degradation releases excess of CH4 which causes global warming and cancer.

Q.16  ALO, was leached with alkali to get X. The solution of X on passing, of gas Y, forms Z.
X. Y and Z respectively are :

Options 1 X = Al(OH),, Y=CO,, Z=AL0,
2. X=Nal[Al(OH),], Y =CO,, Z=A1,0,.0H,0
a3 X=Nal[Al(OH),], Y=50,, Z=AL,0,
4. X=Al(OH),, Y=50,, Z=Al,0;.0H,0
Ans: 2

MaOH co
Sol:  ALO,.xH,0 = Napal(oH), "= 41, 0,. x#H,0
T



@17 In Freundlich adsorption isotherm, slope of AB line is :

T A

-~ lE -,f’
&0
Q

B

po”

logP ——>

Options , 1\ with (n, 0.1 to 0.5)
2. 2 with (l = Oto'l]
n n
3. log n with (n>1)
4. log_l_ with (n<1)
n

Ans: 2

Sol:  Freundlich isotherm = % = k(p)l/m
taking log on both sides
X 1
].n{a]l = ]nkx+ “In(P)
a plot of In {E} against In P gives a straight

1 1
line with a slope — (U z == 1)
n n

Q18 [ the following reaction the reason why meta-nitro product also formed is :

NH, NH, NH, NH,
Cone. HNO,
I . +
Cone. H,50,, 285 K
NO,
NO,
[A] [B] (€]
51% 47% 2%
Options ; _ NO, substitution always takes place at mela-position
2. Formation of anilinium ion
3

i > group is highly mela-directive

4. low tlemperature

Ans: 2



Sol: In acidic medium aniline partially get protonised to form anilinium ion

+
NH, NH3
@ H+ @

NHZE group is meta directing

Q1% The major components in “Gun Metal” are :

Options 1y, Zn and Ni
2. Cu, Sn and Zn
3. Cu, Ni and Fe

4. Al, Cu, Mg and Mn

Ans: 2

Sol: Gun metal is an alloy of Cu, Zn and Sn

920 Which of the following reagent is used for the following reaction ?
?
Options 1 Copper at high temperature and pressure

2. Manganese acetate

3. Potassium permanganate

4. Molybdenum oxide

Ans: 4

Molybdemum oxide
Sol: CH; - CH, - CH; ——— CH; —CH. — CHO

SECTION B
a1 The reaction of sulphur in alkaline medium is given below :
58(5) +a OH ) (ﬂq) —_— b S"M (dq‘+c 5203‘- (aq)+d Hzo([,
The values of ‘a” is _ . (Integer answer)

Ans: 12.00

Sol: 5S¢+ 120H — 4577 + 25,05~ + 6H.0

Q2 AL 1990 K and 1 atm pressure, there are equal number of Cl, molecules and Cl stoms in the
reaction mixture. The value of I\P {or the reaction CIZl 5 = Zam under the above conditions
is ¥ %10 ). The value of v is . {(Rounded ‘ffg 1o the nearest integer)

Ans: 5



Sol:  Since the total pressure is 1 atm the partial pressure of Clzg and Cl) should be 0.5 atm each

(P)® _ (05)°
Kp= G 55 = 05w

Kp=5x 10" atm

Q3 4 proton and a Li’* nucleus are accelerated by the same potential. If Ay, and A, denote the

. . A ¢
de Broglie wavelengths of Li** and proton respectively, then the value of ZH js yx 107!

A,.
The value of xis _
[Mass of Li'* =83 mass of proton|

— (Rounded off to the nearest integer)

Ans: 2.00

hpm | yJ2xmpxgxV

fp _,_,I'ZKB.Sxmux:iquV

1 -1
= R=—=02=2=x10
24, 3

'JH

Q4 The stepwise formation of [Cu(NH.,) JF* is given below :

Cu®* + NHy = [CugNH)*

24

[CuNHy )Pt + NHy =<2 [Cu(NH;), ]

24

24 K -
[Cu(NH3a |*" + NHy —2= [Cu(NH3)3]
[CutNHy)s Pt + NHy =S4 [Cu(NH, ) [**

The value of stability constants K, K, K, and K, are 104, 1.58 10 5x 102 and 102
respectively. The overall equilibrium constanis for dissociation of [Cu(NH,) |** isx x 10~ 12,
Thevalueof xis ___, (Rounded off to the nearest integer)

Ans: 1

Sol:  Cu?* + 4NH3 == [Cu(NHs3)4]**
Overall stability constant K = k1 x k2 x ka x ks
=10*%1.5 x 103 x5 x 102 x 102
=7.5x% 10%!

1
Dissociation constant = TExiol" 1.33x1012=1x107%?

Q.5  When 945 g of CICH,COOH is added to 500 mL of water, its freezing point drops by (L5°C.
The dissociation constant of CICH,COOH is x x 10 } Thevalueofxis . {Rounded
off to the nearest integer)

[Kst4,0)=1.86 K kg mol ™'}

Ans: 36

Sol: CICH2-COOH == CICH2COO™ + H*

. W 100D
ATi =i x k x MBK A

_ 05x945x500 _ 25
'=186=945x1000 186
_i-1_ 25 0.64

=TI Tes 1T 1ge - 0




Co®  0.2x(034)°

= =36=107"
1—a  (1-034) "

K, =

Q.6 The coordination number of an atom in a body-centered cubic structure is
|Assume that the lattice is made up of atoms.|

Ans: 8

Sol: Ina BCC lattice one atom is in contact with 8 other atoms

Q.7  Number of amphoteric compounds among, the following is ;

(A) BeO (B) BaO (C) Be(OH), (D) Sr(OH),

Ans: 2

Sol: BeO and Be(OH)z are amphoteric

Q8  Gaseous cyclobutene isomerizes to butadiene in a first order process which has a “k' value of
33 %1074 5 1at 153°C. The time in minutes it takes for the isomerization to proceed 40% to
completion at this temperature is . (Rounded off to the nearest integer)

Ans: 26

cor 2308 100
o tow =33 103 850

=2.303 x 10* x 0.3 x [log 5 - log 3]
= 1532.75 sec

=25.54 min

=26

Q8 For the reaction Ay = By the value of the equilibrium constant at 300 K and 1 atm is equal
to 100.0. The value of A G for the reaction at 300 K and 1 atm in | mol ~ !is —2R where x is
. (Rounded off to the nearest integer)

[R=831 ] mol 'K~ ! and In 10=23)

Ans: 1380

Sol:  AG° =-2.3 RT log Keq
= -2.3 x 300 x R x log (100)
=-1380R
X =1380

Q.10 45 g of compound A (MW =90) was used to make 250 mL of its aqueous solution. The
molarity of the solution in M is x> 10 ! The value of 1 is _. (Rounded off 1o the
nearest integer)

_ 45 1000

I — — -1
_gux 350 =02=2=10



PART - C - MATHEMATICS
SECTION A

Q1 I'he distance of the point (1, 1, 9) from the point of intersection of the line
x-3 y~-4

l 2 z 2

> and the plane x ty 1+ 217 &5 :

Optlonst 38
2 193
3. 38
4. 219

Ans: 3
Sol- x—3:y—4:z—5:x
1 2 2
=>X=A+3, y=2A+4, z=2)L+5
Substituting in x +y +z =17,
SA+12=17=A=1
. Point of intersection: (4, 6, 7)
sd= \/(4—1)2 +(6-1P+(7-9F =\9+25+4 =438
Q2 o P _—
The system of linear equations
3x-2y—-kz=10
2x -4y ~22=6
x+2y—2=5m
is inconsistent if :
|Options 1
. k=3 m=—
)
4
2k=3 m#—
3
4
3 k23, m#—
o)
4 k=3 meR
Ans: 2
Sol: 3x-2y-kz =10
2x—-4y—-27=6

X+2y—-z=5m

(1)+(2)= 4x—(k+1)z=10+5m—(A)
(1)x2 = 6x— 4y —2kz = 20
(1)x2-(2)= 4x+2(1-k)z =14 — (B)
Consider (A) and (B)



4 -4 10+5m

— = *

4 20-k) 14

:1:_—231—k:—2:>k:3
1-k

and 10+5m¢14:>5m¢4:>m¢g

Q3 433 — 332
The function f(x)= T 2sinx+ (2x— 1) cosx
Options 1
!- decreases in [:' :'3')
" ! o
2. increases in | —°% =
. 1
3. decreases in |~ 2
) 1
4 increases in |7+
Ans: 4
2 3.1 5 .
Sol: f(x):gx -5 X —2sinx+(2x=1)cosx

dy _2

3x2 - L ox _2608X 42 cosx
dx 3 2

+(2x - 1)~ sinx)
= 2x% —x—(2x-1)sinx
= x(2x —1)—(2x—1)sinx
= (2x-1)(x —sinx)

We know that, As x > 0, X > sinx

Hence f(x) is increasing when x > %

Q4 Two vertical poles are 150 m apart and the height of one is three times that of the other, If

from the middle point of the line joining their feet, an observer finds the angles of elevation of
their tops to be complementary, then the height of the shorter pole (in meters) is

Options ‘70\/'—{

Ans: 2



Sol: E

A
3h
h
I 6 90 - 0
Baino="" and C D
150 m
tan(90—e):3—h
75
tanG:L , cot6:3—h
75 75
2
tan0O.coto =
75x75
— 3h? =752
2
=h? :E =h= E
3 V3
=25v3 m
Q5  The value of
JSQI ; :xs(,: 335¢, 4 ]523(_.“' E “‘-1 ¢ 80, 4+ Cq 4 4 uL.” {s <
Options ; 514
2. 21314
3. 2161
4.213-13
Ans: 2
Sol: Consider,
(1— x)15 =1- 15C1x + 15‘C2x2 = 15C3x3 ... 3 15C15x15 Differentiating,
15(1- xM(~1) = 15C, +2.15C,x 3.
e, X2+, -15.15C ¢ x4

x=1="1°c +2. 1%, -3. ¥C4..........

~15%C 5 =0 (1)
We know that

"C+"C3+"Cg+..unn (up to last possible term) = 2"
314 C1+ 14(:3 + 14(:5 +.........+14 C11+ 14(:13 = 214ﬁ1
:>14C1+14C3+14C5 +..........+14C11:213—14—>(2)

(1)+(2)= The required sum=2'3_4



Q6 The locus of the mid-point of the line segment joining the focus of the parabola * =4ar to a
moving point of the parabola, & another parabola whose directrix is

Options a
1% —_
2

0

2 X

Let x:m and y=5
2 2

= h=2x-a and k=2y

We know that k? = 4ah

= 4y2 = 4a(2x - a)

e
regeled

=v?=4(%)x

Directrix is X = ?

a -a
S X——=—

2 2
=x=0

Q.7 A man is walking on a straight line. The arithmetic mean of the reciprocals of the intercepts

X 1
of this line on the coordinate axes is 1 Three stones A, B and C are placed at the points

(1, 1), (2 2) and (4, 4) respectively. Then which of these stones is/are on the path of the

man 7

Options 1 B only
2. Conly
3. All the three
4. A only

Ans: 1



Qs

Sol: y

A
~Jeeb)
o X
P(a, 0) i
1
2 4
1 1 1
=>4+ —==
a b 2
:>3+3=1
a b
=1

This means that (2, 2) lies on the line X, b
a

Which is the equation of the line

l.‘
v
I(suwl )dt
lim
x—) '1"
Options 1
Lo
15
2
2 et
3
3. 0
3
4. -
~
Ans: 2
r e
J.sin(\/f)it
SOl: I|m 0—3 :?
X—0| X

XQ

% J.sin(\/?)dt

. 0
lim 5
x—0 3x

is equal to :

Using L’ Hospitals rule,




sir(\/x_z).ZX -0

= lim| ——————

X—0) 3x2

V(x)
véi Iﬂ&nzﬂh@ﬂv@y4m@ﬂu@)
u(x)

.| 2xsinx . (2 sinx 2
= Ilm{ }: Ilm(—.—j:_

x—=0  3x? x-0\3 X 3

Q.9  Anordinary dice is rolled for a certain number of times. If the probability of getting an odd
number 2 times is equal to the probability of getting an even number 3 times, then the

probability of getting an odd number for odd number of times is

Options 1
1. ?2‘
1
D —
2
3
3A —
16
5
4 —
Ia
Ans: 2
Sol: Let the number of trials be ‘n’.

Probability of getting odd number 2 times

w{de] i

Probability of getting even number 3 times

ref3)[5) el
2 2 2
n n
= ncz[lj = nC3(lj = nCz = an =n=5
2 2
[ If "Cy ="Cy thenx=yorx+y=n]

The required probability
=P(X=1)+P(X=3)+P(X=5)

5 5 5
5~ (1 5~ (1 5~ (1
="Cq = | +7C3|=| +°Cg| =

1[2] 3[2] 5(2j



Q.10 . pOOSX - SinX

If ' e dx asm_ll w | + c. where ¢ is a constant of integration, then
the ordered pair (a, b) is equal to :
Options 4 (3_ 1)
2. (1, 3)
3.:(—1,3)
4. (1, -3)
Ans: 2
Sol: Let sinx + cosx = t = (cosx — sinx)dx = dt

and (sinx+cos x)2 =t? = 1+sin2x =t
= sin2x=t>-1=8-sin2x = 8—(t2 —1)
=9t

COSX —SinXx

= I% = sin‘1[%]+c

:sml[@}c:a:landbzs

dx

Qn

If the tangent to the curve y=217 at the point P(t, £) meets the curve again at Q, then the
ordinate of the point which divides PQ intemally in the ratio 1: 2 is:

Dptions 1.9 13

2. —t3
3 =20
4. 0
Ans: 1
Sol: y=x3
S—Z =3x% =3t? ( Xy = t)

Tangentis y—t° = 3t2(x P t) =3t?x-3t3
=>y= 3t°x —2t> which meets the curve
y=x?

Solve:

y=3t’x-2t3 > (1) and y=x* > (2)
=x3=3tlx—2t*=2x% -3t2x+2t* =0
=x3—t’x-2t>x+2t3 =0
:X&Z—Q%QFQ—ﬂzo

= (x—t)lx(x+t)—2t2J: 0
:j&—0@2+M—mﬂ=o

= (x—t)(x—t)(x+2t)= 0

= x=-2t (x =t represents point P)
=y=(-2tf =-8t3



- Pl ) and Ql-2t, -8t

1:2

PE® R Q (-2t, —8t3)

a3 o3
Ordinate of R is —o- 720 _ 53

Q.12 The equation of the plane passing through the point (1, 2, ~3) and perpendicular to the

planes 3x ty~22=5and 2x -5y - 1=7, is :
Options 4. 11x 4 y+17z +38=0

2. 6x-5y+2z+10=0

3. 6x-5y—-2z-2=0

4. 3x-10y-2z+11=0

Ans: 1
Sol:
] Required
plane
P(x, y, 2)
» 2x — 5y — z=7

Clearly Fl:3f+]—2ﬁ and Esz—S]—ﬁ are parallel to the required plane
AP, n_i and E are coplanar

x-1 y-2 z+3
=| 3 1 -2|=0

2 -5 -1
= (x-1)(-1-10)-(y-2)(-3+4)

+(z+3X—15—2)=0

= -1Ix+11-y+2-172-51=0
= -11x-y-17z-38=0
=1Ix+y+17z+38=0

Q13 A scientific committee is to be formed from 6 Indians and 8 foreigners, which includes at
least 2 Indians and double the number of foreigners as Indians. Then the number of ways,
the commitiee can be formed, is

Options 1. 1625

2. 1050
3. 575
4560



Ans: 1625

Sol: 61, 8F = [21, 4F or [31, 6F or 4l, 8F

No: of selection 6C2.8C4 + 6C3. 8Cs + 5C4.8Cs = 1625

Q14 The statement among the following that is a tautology is :

Options_ A (A v B)
2 [Arn(A—=B)]—=B
3. Av(AAB)
4 B=|AAr(A—=B)]

Ans: 2
Sol:  Consider Option (2)
A B A—>B ANA—-B) | {ANA—>B)}—B
T T T T T
T F F F T
F T T F T
F F T F T
Q15 p and q be two positive numbers such that p + =2 and p*+g'=272 Then p and q are
roots of the equation :
Options
1 x2-2x+16=0
2. x2-2x+2=0
3. x2-2x+8=0
>
4. x*—-2x+136=0
Ans: 1
Sol: p +q=2and pq = k (assume)

p? +o? = (p+a)f ~2pq=4-2k
ot 40 = p? + 2 - 2p%? = (4- kP - 22
=16 16k + 4k — 2k

= 2k? ~16k +16 = 272(given)
=k?-8k+8=136 = k?-8k—-128 =0
=(k-16)(k+8)=0=k=16 or -8
pq=16(-.' p,q>0) and p+q=2
S Ans is x2-2x+16=0



Q.16

%
=9, 5 :

Opllonsm 127 4 ,’\/';
2. 247 4 "\.H
3 U7 - 33
“ 127 - 33
Ans: 3
Sol: x2+y2 = 36, y2 =9x

A

y? = 9x

\

I'he area (in sq. units) of the part of the circle ©* 1 y*

36, which is outside the parabola

The required area =Area of the circle — Area of OABC

:n(ez)—(ZxArea of OAB)
To find A

Solve: x? +y2 =36 and y2 =9x
=x2+9x=36= x> +9x-36=0
:>(x+12)(x—3)=0:>x=3 ('.'x>0)

Area of OAB = JA%\/;dx+J.36\/36—x2 dx
-3.2 xJ_E [ V36 - x2
6
+ % . sinl(gjL
:2(3ﬁ)+3( )+3—26 E—E\/_ 18 I
— 643 +9n _9\/_ 3\/_

= ~3n=6n

". Required area = 36n - 2[61: +

3J§
7

—36n-121—33 = 247-343



QA7  The population P=P(t) at time ‘' of a certain species follows the differential equation

dr

o 0.5P — 450. If P(0) =850, then the time at which population becomes zero is ©
\

Options

Sol: d—p:0.5p—450:jd—p:j.dt

- log(0.5p — 450)

=t+C
0.5

—log P—a50|=Lt12c
2 2

+2CJ t t
:%—450:e(2 :ezc.eé :C'eé

t t
P _Ge/24 4505 p-ke'? +900

2
p(0) =850 =850 = k +900 =k = <50
t t
.’.p:—50e4+900:0:e4 =18
t
:>§=Ioge 18
=t=2loge 18

Q.18

1
§

Letf: R — R bedefined as f(x)=2r - land g: R - [1} — R be defined as glx) = —;l
x
Then the composition function f(g(x)) is :

Options 1 hoth one-one and onto
2. onto but not one-one
3. neither one-one nor onto

4. one-one bul not onto

Ans: 4
1
2
Sol:  f(x)=2x-1 g(x)= —
_1
f[g(X) =2 j -1

_(2x-1 1o 2x-1-x+1
X-=1 X-=1



X

:x—l

Let fog(x,)= fog(x,)
X1 __ %X

X1-1 Xx,-1
= X1Xp — X1 = X1Xg =Xy = =X = —Xg = X1 = X3
.. fog is one-one

X
fog:y:X—_lzxy—y:x

Xy—X =y:>x(y—1)=y
—x=F
y-1
Clearly y = 1 does not have a pre image
Hence fog(x) is not onto

°‘19 wortoom Tt aw |log, 2
I e “ satisfies the equation 12291 4+ 8=0, then the value of
2l { —
— "’"!:',_‘, N<y<— :u
sinx b V3oosa 2
Options , \/‘
1. 2J3
1
- Beas
“
3.3
2
Y e
2
Ans: 2
Sol: The given expression
[ log2 c0s? X+c08* X+€0s°® X+....... 1o oo)
=le
2
[ s X ] a+ar+ar® ... t0 o
_ pll-cos’x
= a
=—, =1<r<1
1-r
2
=2%UX t2_9t4+8=0=(t-8)t=1)=0
=t=1o0r 8

= 200X _ 90 o 2COtX 58 ooty = 3

O<x<E
2
= x =30°

2sinx 2(%) 1

o= = :E
SinX ++/3 cos x ;J"/E‘/Zg




Q.20

If f: R — R is a function defined by f{x)=[x - 1] (m;‘ :‘.‘—] ;— where [-] denotes the greatest
integer function, then fis :
Options 1 continuous only at x=1
2. discontinuous at all integral values of x except at x=1
3. continuous for every real x
4. discontinuous only at x=1
Ans: 3
Sol:  f(x)=[x-1] cos[ 2X2_1]n

Let us check the continuity arx =n,n € Z
lim f(x)= lim f(n+h)
x—n* h—0

- rllﬂqo[(n +h)-1] cos{z(mTh)_l}n
= (n—l)cos@ =0

{ cos[odd multiples of gj X o}
A

- r|]|_r12)[(n ~h)-1] cos{z(n_Th)_l}n

=(n-2)x cos( 2n2— 1j1r =0 and f(n)=0

- f(x) is continuous for all x & Z

2X =

1 . . .
If x¢2Z [x-1]and cos[ )n are continuous. Hence there is also continuous.

SECTION B
Q.1

a9
if j(\ tx—2)dyr =22, (a > 2) and [x] denotes the greatest integer = x,
a

"
then In t [x])dx is equal to

Ans: 3

a a a
Sol: ZIMX+J|X—2|dx=a2+I|x—2|dx

0 —a —a




From the graph,

I|x—2|dx=%(a—2)2+%(a+2)2
-a

:%(2a2+8)=a2+4

.-.a2+(a2+4):22:>2a2=18:>a2=9:>a:3

T(x + [x])dx = —_E(ldx —jl‘ [x]dx = —jl‘ [x]dx

a

_ f[gx]dx - f[x]dx+ f[x]dx+j‘[x]dx

+ j. [xJox + j‘ [xJox + j: [xJdx

-2 -1 0 1
- j‘—3dx+J.—2dx+J.—1dx+J.0dx
-3 -2
Ildx+ 2dx
= {-3(1)+-2(1)+ 1(1)+0+J(1 +2(1)
- {-3}-3
Q.2 Let M be anv 3 %3 matrix with entries from the set [0, 1, 2}. The maximum number of such

matrices, for which the sum of diagonal elements of M is seven, is

Ans: 540
a b a dg
Sol: Let M=|d e :>MT b e h
g h i c f
a d glra b.c
MT.M l hl d e fl
illg h i
a +d2+g ——— —=——
= —-—-—- b?+e?4+h? ————
-——— —==— c? +12 412

Sum of the diagonal elements
= a?+b% +c? +d? +e? +f? +92 +h?+i2=7
where a2, b?,........ i2e{0,1, 4}
Case:1 (excluding 4)
1,1,1,1,1,1, 1,0, 0 and its arrangements
9  9x8
720 2x1

Case: 2 (including 4)
4,1,1,1,0,0,0,0, 0and its arrangements
]
N 9l _ Ix8x7x6 _504
3Ix5! 1x2x3
Ans: 504 + 36 = 540




Q3 If the least and the largest real values of o, for which the equation z 4 az-1 +21=0

(z£ C and 1 == T) has a solution, are p and q respectively; then 4(p* + q°) is equal to

Ans: 10

Sol: Z+o|z-1|+2i=0
LetZ=x+iy= (X+iy)+a|(x—-1)+iy|+2i=0

:>(x+iy)+a\[(x—1)2+y2 +2i=0
:{x+a\/(x—1)2+y2}+i(y+2)=O+i0

=y=-2and

x+oq/(x—1)2+4 =O:>oq/(x—l)2+4 =-X

a? [Xx =1]%+ 4] = x?

a? (X2 -2x+5)=x?

(0® — 1)x? — 20?x + 502 = 0
Since xe R,

(-20?)? - 4(a® - 1) (502) > 0
40* - 2004 + 2002=0
-160* + 2002 > 0
=5-402>0

=402 -5<0

£n
Ln

S
2

= "? < g

_,.E

Cmin = =
;
)

1
o= —
4

5
Cimax =
4[p* + o’]

5 5
=4 [:E+_) =10

Q4

a| . where ueR. Suppose Q= q,] is a matrix satisfying PQ=KkI, for
5 0}

W W
<

k K2 5 Ea
some non-zero ke R I g = 3 and £ = - then o*  k* is equal to

Ans: 17

Sol: Q=K =0=kp*
3 —1 -2
F'=[2 0 u]
3 -5 0

F'L:L.ade: !
17T T 3(5a) + 1(—3a) + 20

I- — —(3a+4)

Q=kp ‘= - —(3u+4)

k-
{1zu+zuyl_ _ _
3q23:—k(3a+4):—_k3M:1
(120+20) 8  12a+20 8
2400+32=120+20 =120 =12 =>a=-1
S|P =1Zo+ 20 =12(-1)+20=8



IPQ|=IKI|=|P|.|QEK3 1]
K° .

ax;:kﬂ =4k'=k'=k=4i{~k=0)
a2+ k?=1+16 = 17

Qs 4 1
I'he minimum value of « for which the equation —— + - — =@ has at least one

sin x I - sinx

solution in : 0, is

SR

Ans: 9
Sol. oot i1
sinx 1-sinx
da _ —4cosx -1 (~cosx)
dx  sin®x  (1-sinxf
-4 Ccos X COSX
= — + . > =0
sin®x  (1-sinx)
4 cosX COS X
—— = — = cosx =0 or
sinfx  (1-sinx)

a1
sif®x  (1-sinx)?

:>4(l—t)2 = t2 when t=sinx
2
=t=2o0r tzg where —1<t<1

2 :
S t=—=orsinx =
3

Ifsinxf2 o= + !
=3 Rzt~
g

If cosx = 0 then sinx =1 or sinx = -1
But sinx = 1 is not possible, for which a is not defined:

B ol

=6+3=9

Sinx = -1 is not possible since X e [0, g}

Asx—>0orx—>1,a—>x

. . . 2
Point of local minima is at sinx = 5

Otmin=9
Q6 s 3 : y oo
Let three vectors a, b and ¢ besuch that ¢ iscoplanarwith 3 and b, 3 ¢ =7 and
|\. is perpendicular lo (. ,where a =1 + J +k and b = 2§ + k, then the value of
‘ a $2

2la + b c| IS

Ans: 75

Sol:

Ty

jo

>

a, b and ¢ are coplanar

cis L' tobandcis 1" toaxb



DE:h.Bx(axgj

=[b5k-bapl- {5 P a-(aop)
:k[S(—|+j+k) 2+1)(2| )]

k
:X( 5I+5J+5k+2l+k) ( +5]+6k)
a-(::x(3+5+6)=7:x_%
La+b+ 6=—f+]+|2+2?+|2+_73f+g]+312
A

2la+b+eF =2(5+2 +25):

5 4 . oy
Q If one of the diameters of the circle x=+ = 2r - 6y + 6=0 is a chord of another circle ‘C
whose center is at (2, 1), then its radius is
Ans: 3
. 2 2 -
Sol: XS+y“-2x-6y+6=0

Centre: (1, 3)andr=2

B

ﬁ'

cC'=\(1-2P+(8-1F =1+4 =45
=J4+5=3

Qs Let A«[n=N:nisa3-digit number )
B=[9%+2: keN]
and C={9k+1: keN} lorsome [ (0 <] <9)

If the sum of all the elements of the set A ~ (B C) is 274 » 400, then [ is equal to

Ans: 5
Sol: B ={101 110, 119,..ccrcc worrn 992}
n(B)= 992-101 .\ _ 100
Sg = @ [101+992] = 54650
C={99+/, 108+ /yecrrrs oo 990+ e} 40cm
n(C)= 990-99 1 100
Sc = 100 ——[99+¢+990 + /] = 50(1089 + 2/)

Sg + sC = 54650 + 50(1089 + 2¢) = 109600
=(=5



Qs

Let B, (i=1, 2 3) be three independent events in a sample space. The probability that only
B, oocur is a, only B, occurs is § and only B, occurs is y. Let p be the probability that none of

the events B; occurs and these 4 probabilities satisfy the equations (o - 28) p=aff and

P(B,y)
(B~ 3v) p=2y (All the probabilities are assumed to lie in the interval (0, 1)), Then Fm is

|‘qu.l| to

Ans: 6

Sol: Let P(B1) = x, P(Bz2) =y and P(Bs) = z
a=x(1-y)(1-2)
B=y(l-x)(1-2)
y=z(L-x)(1-vy)
P=(1-x)(1-y)1-2)
(a—2pP=ap
po MZPIMY) (o g
(1-z)x(-y)-2y(1-x)] (L-xfi-y)i-2)
Xy(l_ X)(l— y)(l— z) Y ¥
= (X—Xy_2y+2Xy) _(1 XXl yX]_ Z)
S XY=XY+X-2y =>X=2y _)(1)
(P _BY)D = 2By
C 2By 2y(l-x)1=z)z(a-x)1-y)
-3y yll-x)J1-z)-3z(1-x)1-y)

= (1-x)1-yJi-z)= (12_)/)2(()%),_(1)(222(;: gl((ll_—zy))]

=P

1 2yz _ 2yz
(y—yz—32+3zy) y=3z+2yz
=y=3z —>(2)

(1)&(2):x:2(3z):x=6z:>§=6
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lim tan < 2 tan {'—T fisequal to

n—« f—l \ l ' r * I
Ans: 1

_ 1 _ 1)- _ _
Sol: tan 1( 2]: an7t (r+)-r —tan"Y(r+1)-tan*r wherer=1,2,3,....... n
1+r+r 1+ (r+2)

1stterm = tan"t2—tan"t1
2nd term = tan 13 —tan12

3 term = tan 14 —tan"13

n™ term = tan"Y(n+1)—tan1n
Sp=tan(n+1)-tant1

As n—w, S=tantw—tant1=L_T_

r
4 4

n
- tan E tanl[ 1 ZJ —tan==1p
14r+r 4
r=1 (n—m)




