(°CTC Gh aD b b Gb G Gh Gh b Gh Gh G G Gh Gh Gh G G Gh Gh Gh G G Gh Gh Gh Gh G Gh Gh Gh G Gh Gh Gh GD GD Gb Gb D an an o

WB JEE

Engineering Entrance Exam

Solved Paper 2021

[ Physics ]

Category-I (Q. Nos. 1 to 30) 5. 1
Carry 1 mark each and only one option is correct. £ 1kQ
In case of incorrect answer or any combination of 9V
more than one answer, 1/4 mark will be deducted. _|_ 10V

1. A spherical convex surface of power 5 D

separates object and image space of refractive
indices 1.0 and 4/3, respectively. The radius
of curvature of the surface is

and forms interference fringes on a screen 1.2
m away. If the difference between 3rd order
maximum and 3rd order minimum is 0.18 cm
and the slits are 0.02 cm apart, then A is

(@) 1200 nm (b) 450 nm

(c) 600 nm (d) 300 nm

. A 12.5 eV electron beam is used to bombard

gaseous hydrogen at ground state. The
energy level upto which the hydrogen atoms
would be excited is

What is the value of current through the
diode in the circuit given?

(a) Zero (b) 1 mA
(@20cm (b)1cm (c)4cm (d)5cm (c) 19 mA (d) 9 mA
. In Young’s double slit experiment, light of 6. A
wavelength A passes through the double slit B / o

For the given logic circuit, the output Y for
inputs (A =0,B=1) and (A=0,B=0)
respectively are

(@ 0,0 (b) 0, 1

(© 1,0 (d)1,1

@2 () 3 © 4 (@ 1 7. From dimensional analyms., the Rydberg .
constant can be expressed in terms of electric
. Let r, v, E be the radius of orbit, speed of charge (¢), mass (1) and Planck constant () as
electron and total energy of electron [consider =1 unit]
respectively in H-atom. Which of the 4Tg,
following quantities according to Bohr theory, w2 4
. . me
is proportional to the quantum number 7? (a) e (b) 7
r r
(@) vr (b) rE © — (@ - 2.4 2
E v (e (@ me
h? h
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8

10.

11.

r 3
F, m 2m m

Three blocks are pushed with a force F across
a frictionless table as shown in figure above.
Let N, be the contact force between the left
two blocks and N, be the contact force
between the right two blocks. Then,

(@) F>N, >N, (b) F>N, >N,

() F>N, =N, (d)F=N, =N,

v K

——

A block of mass m slides with speed v on a
frictionless table towards another stationary
block of mass m. A massless spring with
spring constant k is attached to the second
block as shown in figure. The maximum
distance, the spring gets compressed through
is

N

m k k
(@) 2 (b) o (© e (d) o

s

-l ————————— x (inm)

0 20 35
The acceleration versus distance graph for a
particle moving with initial velocity 5 m/s is
shown in the figure. The velocity of the
particle at x =35 m will be
(a) 20.62 m/s (b) 20 m/s
(c) 25 m/s (d) 50 m/s

A simple pendulum, consisting of a small ball
of mass m attached to a massless string
hanging vertically from the ceiling is
oscillating with an amplitude such that

Tax = 2T min, Where T, and T,;, are the
maximum and minimum tension in the
string, respectively. The value of maximum

tension T,,,, in the string is

@70 omg @ @smg

12. In case of projectile motion, which one of the

following figures represent variation of
horizontal component of velocity (#,) with
time ¢ ? (Assume that air resistance is

negligible)
uX uX
(@) (0)
t —t
Uy Ux
t

13. A uniform thin rod of length L, mass m is

lying on a smooth horizontal table. A
horizontal impulse P is suddenly applied
perpendicular to the rod at one end. The
total energy of the rod after the impulse is
2 2 2 2
@ ot e 92
m 8m 2m m

Centre of mass (CM) of three particles of
masses 1 kg, 2 kg and 3 kg lies at the point
(1,2, 3) and CM of another system of
particles of 3 kg and 2 kg lies at the point

(= 1,3, —2). Where should we put a particle of
mass 5 kg, so that the CM of entire system
lies at the CM of the first system?

(@) (31,8 (b) (0.0, 0)

(© (1,32 d) (-1,2 3)

A body of density 12 x 10> kg/m” is dropped
from rest from a height 1 m into a liquid to
density 2.4 x10° kg/m>. Neglecting all
dissipative effects, the maximum depth to

which the body sinks before returning to
float on the surface is

(@ 0.1m (b)1m (©)0.01m (d)2m
Two solid spheres §; and S, of same uniform

density fall from rest under gravity in a
viscous medium and after sometime, reach
terminal velocities v, and v,, respectively. If

) m v
ratio of masses —L =8, then —L will be equal to
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17.

18.

19.

20.

21.

jeo
o
1
1
1
1
1
1
1
w
% .

Vo 2V v

In the given figure, 1 represents isobaric, 2
represents isothermal and 3 represents
adiabatic processes of an ideal gas. If AU,
AU, and AU, be the changes in internal
energy in these processes respectively, then
(@) AU, < AU, <AU,  (b) AU, > AU, < AU,
(C) AU, =AU, >AU,  (d) AU, > AU, > AU,

If pressure of real gas O, in a container is

given by p = 25{ p - Lz, then the mass of
the gas in the container is

(@329 (b) 169

(© 49 (d)64g

300 g of water at 25°C is added to 100 g of ice
at 0°C. The final temperature of the mixture
is

(@) 12.5°C  (0)0°C () 25°C

Ez

(d) 50°C

Zla

The variation of electric field along the Z-axis
due to a uniformly charged circular ring of
radius a in XY -plane as shown in the figure.
The value of coordinate M will be

1

@ 02 (01 ()

2
A metal sphere of radius R carrying charge g

is surrounded by a thick concentric metal
shell of inner and outer radii 2 and b,
respectively. The net charge on the shell is
zero.The potential at the centre of the sphere,
when the outer surface of the shell is
grounded will be

22.

23.

24.

25.

@ 4T[50% Q (b)élgiq);

Odngth 2t Vg

411E, R
Three infinite plane sheets carrying uniform
charge densities — 0,20, 4 o are placed
parallel to XZ-plane at Y =a, 34, 4a,
respectively. The electric field at the point

(0,24, 0) is
5 70 %
() 2] (b) -]
2¢, 2¢,
~ 5 A
© 2] )22 j
2¢, -2¢g,

Two point charges +¢, and +g, are placed a

finite distance 4 apart. It is desired to put a
third charge g5 in between these two charges,
so that g5 is in equilibrium. This is

(a) possible only, ifq 4 is negative

(b) possible only, ifq, is positive

(c) possible irrespective of the sign of g,

(d) Not possible at all

Le

Consider two infinitely long wires parallel to
Z-axis carrying same current I in the positive
z-direction. One wire passes through the
point L at coordinates (-1, +1) and the other
wire passes through the point M at
coordinates (— 1, —1). The resultant magnetic
field at the origin O will be

Mol Mol 4
a b
()Z«EHJ ()2nJ
Mol 2 Mol 2
c i d) =% i
()2«@11 ()411

A thin charged rod is bent into the shape of a
small circle of radius R, the charge per unit
length of the rod being A. The circle is rotated
about its axis with a time period T and it is
found the magnetic field at a distance d away
(d >> R) from the centre and on the axis,
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26.

27.

28.

29.

varies as R"/d". The values of m and n
respectively are

@m=2,n=2 (bym=2,n=3
(c)m=3n=2 (dm=3n=3
1/x
A

N

For two types of magnetic materials A and B,
variation of 1/X (X : susceptibility) versus
temperature 7' is shown in the figure. Then,
(@) A is diamagnetic and Bis paramagnetic

(b) Ais ferromagnetic and B diamagnetic

(c) Ais paramagnetic and Bis ferromagnetic

(d) Ais paramagnetic and Bis diamagnetic

%

Vo

0o T2 T

The rms value of potential difference vV
shown in the figure is

v
Vv 0
2 ®) %o © J3

—{
l

Red  Yellow Orange

(d

ol

.

The carbon resistor with colour code is
shown in the figure. There is no fourth band
in the resistor. The value of the resistance is
(a) 24 MQ + 20% (0) 14 kQ + 5%

(C) 24 k Q + 20% (d)34kQ+ 10%

L
Uy00000

)
~ V=V, sin wf

Consider a pure inductive AC circuit as
shown in the figure. If the average power
consumed is P, then
@ P>0

(c)P=0

(b)P<0
(d) Pis infinite

30.

The cross-section of a reflecting surface is
represented by the equation x* + y* = R? as
shown in the figure. A ray travelling in the
positive x-direction is directed toward
positive y-direction after reflection from the
surface at point M. The coordinate of the
point M on the reflecting surface is

M TR
oF5a  wfy-il

Category-II (Q. 31 to 35)

Carry 2 marks each and only one option is
correct. In case of incorrect answer or any
combination of more than one answer, 1/2 mark
will be deducted.

31.

32.

33.

For a plane electromagnetic wave, the electric
field is given by
E =90sin(0.5 x10°x +15 x 10"/ k V/m. The
corresponding magnetic field B will be
(@) B=3x107"sin(0.5 x10°x +15 x10'"t)i T
(b) B=3x107sin(05 x10%x +15 x10'") jT
(©) B=27 x10°sin(0.5 x10°x +15 x10'"t) j T

j
(d)B=3x10"sin(05 x10°x +15 x10""t)k T

Two metal wires of identical dimensions are
connected in series. If 0, and 0, are the
electrical conductivities of the metal wires
respectively, the effective conductivity of the
combination is

@0, +0, (b)-2% () 29% (it
0, + 0, 0, + 0, 20,0,
A uniform rod of length L pivoted at one end
P is freely rotated in a horizontal plane with
an angular velocity w about a vertical axis
passing through P. If the temperature of the
system is increased by AT, angular velocity
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34.

35.

w . . . .
becomes > If coefficient of linear expansion

of the rod is a(a << 1),then AT will be
1 1 1

a) — b) — c) — d)a

( )a (0) oa (©) (@

An ideal gas of molar mass M is contained in
a very tall vertical cylindrical column in the
uniform gravitational field. Assuming the gas
temperature to be T, the height at which the
centre of gravity of the gas is located is

(R- universal gas constant)

RT RT
nr py 7L
(@) . (b) Mg
(c) MgR (d) RTg

Under isothermal conditions, two soap
bubbles of radii a and & coalesce to form a
single bubble of radius c. If the external
pressure is p, then surface tension of the
bubbles is

o pc® -a® +b%)
4@% + b? -c?)
- pc® + a® - b?)
4@° + b% -c?)

b oc® -a® -b%)
4a% + b? -c?)
q p@@® + b® -c%)
4a® + b® -c?)

Category-III (Q. Nos. 36 to 40)

Carry 2 marks each and one or more option(s)
is/are correct. If all correct answers are not marked
and also no incorrect answer is marked, then score
=2 x number of correct answers marked + actual
number of correct answers. If any wrong option is
marked or if any combination including a wrong
option is marked, the answer will be considered
wrong, but there is no negative marking for the
same and zero marks will be awarded.

36.

=Rl

A small bar magnet of dipole moment M is
moving with speed v along x-direction
towards a small closed circular conducting
loop of radius a with its centre O at x =0 (see
figure). Assume x>>a and the coil has a
resistance R. Then, which of the following
statement(s) is/are true?

37.

38.

39.

(a) Magnetic field at the centre O of the circular coil
M
due to the bar magnet is —
X

(b) Induced emf is proportional to %
X

(c) The magnetic moment . due to induced current
in the coil is proportional to a*.

(d) The heat produced is proportional to iG
X

Electric field component of an EM radiation
varies with time as E =a (cosw,t + sinw¢
cosw,!), where a is a constant and w =10"s7",

w, =5 x10"s™". This radiation falls on a

metal whose stopping potential is — 2 eV.

Then, which of the following statement(s)

is/are true? (4 =6.62 x107* J-s)

(@) For light of frequency w, photoelectric effect is
not possible.

(b) Stopping potential versus frequency graph will
be a straight line.

(c) The work function of the mutual is =2 eV.

(d) The maximum kinetic energy of the
photoelectrons is =2 eV.

D
2pof------ @
Po [----- 5 L‘jA

TR T

Consider the p - V diagram for 1 mole of an

ideal monatomic gas shown in the figure.

Which of the following statement(s) is/are

true?

(@) The change in internal energy for the whole
process is zero.

(b) Heat is rejected during the process.

(c) Change in internal energy for process A - Bis

- 5 PoVo-
(d) Work done by the gas during the entire process
is2PgV.
The potential energy of a particle of mass
0.02 kg moving along X -axis is given by
V =Ax(x —4)J, where x is in metre and A is a
constant. Which of the following

statement(s) is/are correct?
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40.

(a) The particle is acted upon by a constant

A particle of mass m and charge ¢ moving with

force. velocity v enters region-b from region-a along the
(b) The particle executes simple harmonic normal to the boundary as shown in the figure.
motion. . . .
L . Region-b has a uniform magnetic field B
(c) The speed of the particle is maximum at .
x=2m perpendicular to the plane of the paper. Also,

(d) The period of oscillation of the particle is l; S.

X
X
X

region-b has length L.

Choose the correct statement.

(@) The particle enters region-c only if v > 21— qLB
m

(b) The particle enters region-c only if v < @.

m
(c) Path of the particle is a circle in region-b.

X X X
L (d) Time spent in region-b is independent of velocity v.
—>

[ Chemistry]

Category-I (Q. Nos. 41 to 70)

Carry 1 mark each and only one option is correct.
In case of incorrect answer or any combination of

44. p-nitro-N, N-dimethylaniline cannot be
represented by the resonating structures.

41. The exact order of boiling points of the
compounds n-pentane, isopentane, butanone

and 1-butanol is
(@) n-pentane < isopentane < butanone <

0 0
more than one answer, 1/4 mark will be deducted. MeZNO N7 MeZNO N<
0
)
()

0O
=
1-butanol MeZN M62N2®: N\Oe
(b) isopentane < n-pentane < butanone <
1-butanol (V)
(c) butanone < n-pentane < isopentane < (@ landll () Il and IV
1-butanol (©) land Il (d) lll and IV
(d) 1-butanol < butanone < n-pentane <
isopentane CHg
42. The maximum number of atoms that can be HO H
in one plane in the molecule
p-nitrobenzonitrile are
(@6 (b) 12 COOH
(c) 13 (d)15 CHs

43.

Cyclo [18] carbon is an allotrope of carbon
with molecular formula C . It is a ring of 18
carbon atoms, connected by single and triple
bonds. The total number of triple bonds
present in this cyclocarbon are

(@9 (b) 10

(c) 12 (d) 6

TL
@ :
5C

and G cl
>~

o
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46.

47.

48.

The relationship between the pair of

compounds shown above are respectively

(@) homomer (identical), enantiomer and
constitutional isomer

(b) enantiomer, enantiomer and diastereomer

(c) homomer (identical), homomer (identical) and
constitutional isomer

(d) enantiomer, homomer (identical) and
geometrical isomer

The exact order of acidity of the compounds

p-nitrophenol, acetic acid, acetylene and

ethanol is

(@) p-nitrophenol < acetic acid < acetylene <
ethanol

(b) acetic acid < p-nitrophenol < acetylene <
ethanol

(c) acetylene < p-nitrophenol < ethanol < acetic
acid

(d) acetylene < ethanol < p-nitrophenol < acetic
acid

NH, T
N CO.H
1.Me/l\(\/ ?
0
NH, T
N CO,H
Z'Me)\ﬂ/\l/ 2
0

H
3. HoN /\H/,LY COzH
0 Me
|
NN oo
)

The dipeptides which may be obtained from
the amino acids glycine and alanine are

(@ Only 1 (b) Only 2

(c) Both 1and 2 (d) All of them

49.

50.

51.

52

The compounds A and B above are
respectively.

Ph OMe CO,H

(a) and Ph/\/

Ph OMe

and  pPhCOCH,

Lol o o

OH
Ph OMe /VCOZH
(©) and ph
Ph OMe COLH
() and pp N
OMe

For a spontaneous reaction at all temperatures
which of the following is correct?

(a) Both AH and AS are positive

(b) AH is positive and AS is negative

(c) AH is negative and AS is positive

(d) Both AH and AS are negative

A given amount of Fe?" is oxidised by x mol of
MnO, in acidic medium. The number of moles

of Cr,02” required to oxidise the same amount

of Fe?* in acidic medium is
(@) x (b) 0.83 x
(©) 2.0 x ()12 x

An element crystallises in a body centered
cubic lattice. The edge length of the unit cell is
200 pm and the density of the element is 5.0 g
cm ™. Calculate the number of atoms in 100 g
of this element.
(@)2.5x10%

(c) 50 % 107

(b) 2.5 x 10%*
(d) 50 x 10%*

Molecular velocities of two gases at the same
temperature (T') are #, and u,. Their masses are
m, and m, respectively. Which of the following
expressions is correct at temperature 77?

my _m,

Benzaldehyde + methanol (@) 22 (b) muy = myu,
1 2
oy 1. dil. HCl m _my 4 mu? = mu?
DDEH AL, (ci130),0, © U U, () myi = mat
CH 3COONa
Page 7 of 47
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53.

54.

55.

56.

57.

58.

When 20 g of naphthoic acid (C;;HgO,) is
dissolved in 50 g of benzene, a freezing point
depression of 2K is observed. The van't Hoff
factor (i) is [K, =172 K kg mol~ N

(a) 0.5 (b)1.0 (c) 2.0 (d) 3.0

The equilibrium constant for the reaction
N,(g) +0,(g)=—==2NO(g) is 4 x10™* at
2000 K. In presence of a catalyst the
equilibrium is attained 10 times faster.
Therefore, the equilibrium constant, in
presence of the catalyst at 2000 K is

(@) 4 x 107 () 4x107°

(c) 4 %107 (d)2.5x 107"

Under the same reaction conditions, initial
concentration of 1.386 mol dm > of a
substance becomes half in 40 s and 20 s
through first-order and zero-order kinetics

. . k0O
respectively. Ratio B%HOf the rate constants
0

for first-order (k) and zero-order (k,) of the
reactions is

(@) 0.5mol™" dm?
(c) 1.0 mol dm™

(b) 0.5 mol dm ™2
(d) 2.0 mol™" dm?®
Which of the following solutions will have

highest conductivity?

() 0.1 M CH,COOH
(c) 0.1 MKNO,

(b) 0.1 MNaCl
(d) 0.1 MHCI

Indicate the products (X) and (Y) in the
following reactions

Na,S+nS(n=1-8) - (X)
Na,SO;+S - (V)

) ")
(a) Na,S,0, Na,S,
(b)Na,S, 1) Na,S,04
(c)Na,S, Na,S,04
(d)Na S, Na,S,0,

2.5 mL 0.4 M weak monoacidic base

59.

60.

61.

62. A solution is made by a concentrated solution

63.

64.

Solubility products (K,) of the salts of types
MX, MX, and M;X at temperature T' are

40 x107%,32x107* and 27 x107"
respectively. Solubilities (in mol dm ) of the
salts at temperature T are in the order.

(@) MX > MX, > M X (b) MyX > MX, > MX

(©) MXy > MgX >MX  (d) MX > MX > MX,

The reduction potential of hydrogen half-cell
will be negative if

(@) p(H,) = 1atmand [H"]=10M

(b) p(H,) =1atm and [H*] 2.0M

(c) p(H,) =2 atm and [H ]—1OI\/I

(d) p(H,) =2 atmand [H"]=2.0M

A saturated solution of BaSO, at 25°C is

4 x107 M. The solubility of BaSO, in 0.1 M
Na,SO, at this temperature will be
(@16x10° M (b) 16 x107° M

(c) 4x107° M (d)4x10™* M

of Co(NO;), with a concentrated solution of
NaNO, is 50% acetic acid. A solution of a salt
containing metal M is added to the mixture,
when a yellow precipitate is formed. Metal *
M is

(@) magnesium (b) sodium

(c) potassium (d) zinc

Extraction of a metal (M) from its sulphide
ore (M,S) involves the following chemical
reactions

2M,S + 30, %  2M,0 + 2680,
M,S +2M,0 "% 6 M +80,
(a) Zn (b) Cu (c) Fe (d) Ca

The white precipitate (Y'), obtained on
passing colourless and odourless gas (X)
through an ammoniacal solution of Nacl,
loses about 37% of its weight on heating and
a white residue (Z) of basic nature is left.

(
Identify (X), (Y) and (Z) from following sets.

(K, =1 %1072 at 25°C) is titrated with 2/15 M (X) (v) @)
HCl in water at 25°C. The concentration of @ N (NH,),CO,4 NH,ClI
H" at equivalence point is (K, =1x107'%, a b) O, NaNH,CO, NaHCO,
25°C)

c) CO NH,HCO NH,),CO
(@) 37 x 1071 M (b) 32 x 107 M © 2 A (NH,).CO5
(C) 32 x 10—2 M (d) 27 x 10—2 M (d) COZ NaHC03 Na 2603
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65.

66.

67.

68.

69.

70.

71.

Which structure has delocalised Tt-electrons?
(a) Oy (b) CO

(c) HCN (d) O4 and HCN

The H;0" ions has the following shape

(a) tetrahedral
(c) triangular planar

(b) pyramidal
(d) “T” shaped

For the reaction "*N(a,p)'’0, 1.16 MeV

(Mass equivalent =0.00124 amu) of energy is
absorbed. Mass on the reactant side is
18.00567 amu and proton mass = 100782

amu. The atomic mass of 7O will be

(@) 17.0044 amu (b) 16.9991 amu
(c) 17.0114 amu (d) 16.9966 amu

A solution of NaNO;, when treated with a
mixture of Zn dust and ‘A’ yields ammonia. *
A’ can be

a) caustic soda

b) dilute sulphuric acid

c) concentrated sulphuric acid

d) sodium carbonate

(
(
(
(

Indicate the number of unpaired electrons in
K;[Fe(CN)¢] and K4[Fe(CN)g].

K,[Fe(CN)4] K4[Fe(CN)s]
(@) 1 0
(b) 5 6
(c) 6 5
(d O 1

Which of the following compounds have
magnetic moment identical with

[Cr(H,0)¢]’"?

(2) [Cu(H0) " (b) IMn(H,0) "

(c) [Fe(H,0) I (d) Mn(H;0) 1 *
Category-II (Q. Nos. 71 to 75)

Carry 2 marks each and only one option is
correct. In case of incorrect answer or any
combination of more than one answer, 1/2 mark
will be deducted.

Among the following chlorides the
compounds which will be hydrolysed most

72,

73.

1. Methoxymethyl chloride
2. Benzyl chloride

3. Neopentyl chloride

4. Propyl chloride

(@) 1and 3
(c)2and 4

(b) 2and 3
(d)3and 1

The products X and Y which are formed in
the following sequence of reactions are
respectively.

dil. HNO
Phenol D]]iHN I

OH

1. Zn/HCL, A
2. (CH 3C0)5 O(T equiv.)

COCHg

(@ and

Q%

NO NH,
OH OCOCH;
(b) @ and @
N02 NH2
OH OH
(c) @ and @
NO, NHCOCH;
OH OH
(d) and
COCH4
NO

NH,

The atomic masses of helium and neon are
4.0 and 20.0 amu respectively. The value of
the de-Broglie wavelength of helium gas at
—73°C is M times the de-Broglie wavelength
of neon at 727°C. The value of M is

. . (@5 (b) 25
easily and most slowly in aqueous NaOH ©) 1 @ 1
solution are respectively: 5 o5
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74. The mole fraction of a solute in a binary
solution is 0.1 at 298 K, molarity of this
solution is same as its molality. Density
of this solution at 298 K is 2.0 g cm ™.
The ratio of molecular weights of the
solute and the solvent (M, /M

1 1
(@9 () 5 (c) 45 (d 15

1S

solute solvent )

75. 5.75 mg of sodium vapour is converted
to sodium ion. If the ionisation energy of
sodium is 490 kJ mol ™" and atomic
weight is 23 units, the amount of energy
needed for this conversion will be
(@) 1.96 kJ (b) 1960 kJ
(c) 122.5 kJ (d) 0.1225 kJ

Category-III (Q.Nos. 76 to 80)

Carry 2 marks each and one or more
option(s) is/are correct. If all correct answers
are not marked and no incorrect answer is
marked, then score =2 x number of correct
answers marked + actual number of correct
answers. If any wrong option is marked or if
any combination including a wrong option is
marked, the answer will be considered
wrong, but there is no negative marking for
the same and zero mark will be awarded.

76. The product(s) in the following sequence
of reactions will be
1. Na/NH 3 (liq.)
ethanol, —33°C
Meld & @ NMHI

2. dil.alkaline KMnO 4

Product(s)
Me Me
@ H—— OH (b) H——— OH
H—T—OH HO——H
Me Me
Me Me
HO—1—H HO——H
© H——oH @ Ho—tf—H
Me Me

77. The compounds X and Y are respectively

(@ HsC

(0) HsC

(c) HiC

(d) HsC

78.

79.

80.

1. Mg, ether
2. Acetaldehyde
e PR

3. Br, / NaOH
4. H,0"

Br CH3

.

1. S0Cl,
2. NH,

3. Br, / NaOH

CHa CHs
and HsC
OH NH,

O Q
o
o
3
T
©

COH and HsC

CHs
and HsC CONH,
OH

0

Aqueous solution of HNO;, KOH, CH;COOH and
CH;COONa of identical concentration are
provided. The pair(s) of solutions which form a
buffer upon mixing is (are)

(@) HNO4 and CH;COOH

(b) KOH and CH,COONa

(¢) HNO4 and CH,COONa

(d) CH,COOH and CH,COONa

Reaction of silver nitrate solution with
phosphorus acid produces

(a) silver phosphite
(b) phosphoric acid
(c) metallic silver

(d) silver phosphate

N,H, and H,0, show similarity in
(a) density

(b) reducing nature

(c) oxidising nature

(d) hybridisation of central atoms
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[ Mathematics ]

Category-I (Q. Nos. 1 to 30)

Carry 1 marks each and only one option is
correct. In case of incorrect answer or any
combination of more than one answer, 1/4 mark
will be deducted.

a 20

- x -1 —X—[I

1. IfI = hmsmEliﬂ then limit
x -0 X

) does not exist

) exists and equals 1
c) exists and equals 0
)

(@
(b
(
(d) exists and equals%
2. Let f:R - Rbe such that f(0) =0 and
| f'(x)|< 5 for all x. Then f(1) is in
(@) (5, 6) (b) [- 5, 5]
(€) (=0, =5) U (50 ) (d [~ 4 4]

sin2x

3. IfIi dx
(@ + becos x)?
O
=a dog,|la + bcos x| + +¢,
a+ bcost
then a is equal to
2 2
(@) o2 (b) 7
2 2
(C) - ? (d) - 67

PIi0)
4. Let g(x) = J’Tdt where x >0 and f be
X
continuous function and f(2x) = f(x), then
(@) g(x) is strictly increasing function
(b) g(x)is strictly decreasing function
(c) g(x)is constant function
(d) g(x)is not derivable function
S x-1 .
5. J'| dx is equal to
1

x =2| +|x =3
(@) 1+ %mge 3 (b) 1+ %oge 3

4 3
()1 —gloge 3 (dy1- ZIoge 3

6.

10.

11.

The value of the integral

ARged meg B
I%B BX—H |:| x is equal to

a)log, %@ (b) 4log, %@
¢) 4log, %@ () log, g@

LI [ @ - dx = 108% then the value of x

log, 2
is
(@)1 (b)e? (©)log4  (d)

=

. The normal to a curve at P(x, y) meets the

X-axis at G. If the distance of G from the
origin is twice the abscissa of P then the
curve is

(a) a parabola (b) acircle

(c) a hyperbola (d) an ellipse

. The differential equation of all the ellipses

centred at the origin and have axes as the
co-ordinate axes is

@y*+xy-yy'=0

(b) xyy" + xy2 -y =0

@y +x/2-x/=0

(d) Xy’ + xy' = 3y=0

e
where
/= dx’ v ax?
Ifxd—y y= M , then| f(xy)| is equal to
dx J"(xy)
(a) keX/2 (b) ke */2
(©) ke** (d) ke¥”
The straight the through the origin which

divides the area formed by the curves
y=2x —-x*,y =0 and x =1into two equal
halves is

(@y=x (b) y =2x
©) =53X (d)y:%x
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12.

13.

14.

15.

16.

17.

5
The value ofJ'maX{xz, 6x —8}dxis
0

(@) 72 (b) 125
(c) 43 (d) 69

A bulb is placed at the centre of a circular
track of radius 10 m. A vertical wall is erected
touching the track at a point P. A man is
running along the track with a speed of 10
m/sec. Starting from P the speed with which
his shadow is running along the wall when
he is at an angular distance of 60° from P is
(@) 30 m/sec (b) 40 m/sec

(c) 60 m/sec (d) 80 m/sec

Two particles A and B move from rest along a
straight line with constant accelerations f
and f' respectively. If A takes m sec. more
than that of B and describes # units more
than that of B in acquiring the same velocity,
then

(@) (f + fym® = ff'n

mﬂﬂ—ﬂnzgﬁmz

(o) (f =ffYm? = ff'n
(mga+mm=ﬁ¥

Leta,B,y be three non-zero vectors which
are pairwise non-collinear. If a + 3f is
collinear with y and 3 +2y is collinear with a,
thena +3f3 +6yis

@y 0)0

Ca+y (d)a

Let f:R — Rbe given by f(x) =|x* -1

Then

(@) fhas alocal minimum at x = + 1but no local
maximum.

(b) fhas alocal minimum at x = 0 but no local
minimum.

(c) fhasalocal minima at x =+ 1and a local
maxima at x = 0.

(d) fhas neither a local maxima nor a local minima
at any point.

,xOR.

Let a,b, ¢ be real numbers, each greater than
1, such that %logba + %logc b+ gloga c=3.

If the value of bis 9, then the value of ‘a’
must be

3 27
(a) V81 ©) =

18.

19.

20.

21.

22

.

23.

Consider the real valued function #: {0, 1, 2,
..... 100} - R such that /#(0) =5, #(100) =20

and satisfying 4(p) :% {h(p +1) + h(p — 1)} for

everyp =12 ...... 99. Then the value of /(1) is
(@) 5.15 (b) 5.5
()6 (d) 6.15

If |zl =1and z # + 1, then all the points

lie on

representing 3
1-2z

a
b
c
d

=

a line not passing through the origin
the line y = x

the X -axis

the Y-axis

-

(
(
(
(

=

Let C denote the set of all complex numbers.

5

Define A ={(z, w)|z, w OC and |z| = |w
B={z,w)|z,w OC and z* = w?}. Then

(@) A=B by AOB

©BOA (dAnB=¢

Let o, be the roots of the equation

x?=6x -2 =0witha>p.Ifa, =a” =B" for

n =1, then the value of %10 =245 ¢
2a,
(a1 (b) 2
(€3 (d 4
For x OR, x£ — 1, if
L+ 206 4 x(l + )20 + 21 +x)20
2016 ,
+...+x%° =3 4. x', then a,, is equal to
i=0
2016! 2016!
@) ——— (o) ——
1711999! 16!
! |
c 2017! (d) 2017!
2000! 1712000!

Five letter words, having distinct letters, are
to be constructed using the letters of the
word ‘EQUATION’ so that each word
contains exactly three vowels and two
consonants. How many of them have all the
vowels together?

(a) 3600 (b) 1800

(c) 1080 (d) 900
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24.

25.

26.

27.

28.

29.

30.

What is the number of ways in which an
examiner can assign 10 marks to 4 questions,
giving not less than 2 marks to any question?
(@) 4 (b) 6

(c) 10 (d) 16

The digit in the unit’s place of the number
11+21+31+... +99!is

(@3 (0)o

(© 1 @7

If M is a3 % 3 matrix such that (0, 1, 2)

M=(100),(3,45)M=(0,1,0), then
(6 78) Mis equal to

@@E 1 -2) (by(0 0 1
(c)(-1 2 0) (d)(9 10 8
a 0 0 0d
Let A= % cost sin)fIj

—sinf cosf

Let Ay, A,, A5 be the roots of det(4 — AI5) =0,
where I; denotes the identity matrix. If

AL HA, A =42 +1, then the set of possible
values of t, - TT< t < TS

1L
b
Q=i
L 1
ot — — (o) N A
© % 4 4 @ @ 3 3
Let A and B two non singular skew
symmetric matrices such that AB = B4, then
A’B*(ATB) (4B is equal to
(a) A (b) - B
(c) - A® (d) AB

(a) avoid set

If a, (> 0) be the n™ term of a G.P. then

loga, loga,,, loga,,,
loga, .5 loga,,, loga,,s|isequalto
1Ogan+6 IOgan+7 1Ogan+8
(@)1 (b) 2 (c) -2 (@0

Let A, B, C be three non-void subsets of set S.
Let(AnC)O (B € ¥ @ where C' denote the
complement of set C in S. Then

@ AnB=¢ (b) AnB% @

C)AnC =A d)ADC= A

31.

32.

33.

34.

35.

36.

Let T and U be the set of all orthogonal

matrices of order 3 over R and the set of all

non-singular matrices of order 3 over R

respectively. Let A ={-1,0,1}, then

(a) there exists bijective mapping between Aand T,
U.

(b) there does not exist bijective mapping between
Aand T, U.

(c) there exists bijective mapping between Aand T
but not between Aand U.

(d) there exists bijective mapping between A and U
but not between Aand T.

Four persons 4, B,C and D throw and

unbiased die, turn by turn, in succession till

one gets an even number and win the game.
What is the probability that A wins the game
if A begins?

(@ (0)

N —
—
[&)]
-
[&)]

1
4

The mean and variance of a binomial
distribution are 4 and 2 respectively. Then
the probability of exactly two successes is

7 21 7 9
a) — b) — c) — d) —
()64 ()128 ()32 ()32
Let S, =cot™'2 +cot™ 8 +cot 18

+cot™32 +...to n'™ term. Then lim S, is

n— o

Tt Tt
(@ 3 () — © s (d)

|

If a >0, b >0 then the maximum area of the

parallelogram whose three vertices are 0(, 0),
A(acosB,bsin6) and B(acosO, — bsinb) is

(a) abwhen @ = 1741 (b) 3ab when 0 = ;

T

(¢)abwhen® = - (d) 2ab

Let A be the fixed point (0, 4) and Bbe a
moving point on X-axis. Let M be the
midpoint of AB and let the perpendicular

bisector of AB meets the Y-axis at R. The
locus of the midpoint P of MR is

@y+ =2 (0) %+ (y -2 =

A=

1

(© (y-2f -x* = (d) X% + 2 =16
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38.

39.

40.

41.

42.

43.

37. A moving line intersects the lines x + y =0

and x — y =0 at the points A, B respectively
such that the area of the triangle with
vertices (0,0 ), A and B has a constant area C.
The locus of the mid-point AB is given by the
equation

() (x® + y?)? =C?
(©) (x + yf =C?

The locus of the vertices of the family of
parabolas 6y =2a’x* +3a’x —12a is

105 64
a) Xy = — b) xy = —
(@) xy o4 ()y105
35 16
c) Xy === d) xy = —
() xy 16 (d) xy =

A ray of light along x + \/gy =3 gets
reflected upon reaching X-axis, the equation
of the reflected ray is
(@ y=x++3
(©y=+3x-+3

Two tangents to the circle x* + y* = 4 at the
points A and B meet at M(- 4,0). The area of
the quadrilateral MAOB, where O is the origin
is

(a) 443 sq units
(c) /3 sq units

(b)V3y=x-+3
(d) 3y =x -1

(b) 2+/3 sq units
(d) 343 sq units

From a point (4, 0) three normals are drawn

to the parabola y* = x, then

(a)d:% 0)d>1
©d<t

5 (d)yd =

W =N

If from a point P(a, b, ¢), perpendicular PA and
PB are drawn to YZ and ZX -planes
respectively, then the equation of the plane
OAB is

(@) bex + cay + abz =0
(c) bcx —cay + abz =0

(b) bex + cay —abz =0
(d) bex —cay —abz =0

The co-ordinate of a point on the auxiliary
circle of the ellipse x* +2y% =4
corresponding to the point on the ellipse
whose eccentric angle is 60° will be

(@) W31 (b) (1.V3)

© (.1 @ (1.2

44.

45.

46.

47.

48.

49.

50.

The locus of the centre of a variable circle
which always touches two given circles
externally is
(a) an ellipse
(c) a parabola

(b) a hyperbola
(d) acircle

A line with positive direction cosines passes
through the point P2, -1, 2) and makes equal
angle with co-ordinate axes. The line meets
the plane 2x + y +z =9 at point Q. The length
of the line segment PQ equals.

(a) 1 unit (b) /2 unit
(©)V3 unit (d) 2 unit
[ 2
For y =sin”’ M% |x| <1 if
H 13 H

a(l - x*)y, + bxy, =0 then (a,b) =

@1 (0) (1, -7
© 1.1 (d) (1.2

f(x)is real valued function such that
2f(x)+3f(— x) =15 —4x for all x OR. Then
f@ =

(@ -15 (b) 22 () 11 ()0

Consider the functions f(x) = x,

f>(x)=2 +log,x, x>0 . The graphs of the
functions intersect

(@) oncein (0, 1) but neverin (1, o)

(b) once in (0, 1) and once in (€2, )

(c) once in (0, 1) and once in (e, e?)

(d) more than twice in (0, o)

The equation 6* +8* =10" has
(@) no real root.
b) infinitely many rational roots

(
(c) exactly one real root
(d) two distinct real roots

Let f:D — Rwhere D =[-0,1] 0[2,4]be
defined by
O x, if x0[0,1]
=0 . T
o -x, if x0O02,4]
(@) Rolle’s theorem is applicable to fin D.
(b) Rolle’s theorem is not applicable to f in D.
(c) there exists £ 0D for which f'(§) = 0 but Rolle’s

theorem is not applicable.
(d) fis not continuous in D.

J(x)

’
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Category-II (Q.Nos. 51 to 65)

Carry 2 marks each and only one option is
correct. In case of incorrect answer or any
combination of more than one answer, 1/2 mark
will be deducted.

51.

52.

53.

54.

55.

56.

57.

Let f(x) be continuous periodic function with
a+T

period T. Let I = If(x) dx. Then

(@) lis linear function in ‘a’

(b) / does not depend on ‘@’

(c) 0</<a® +1 where | depends on ‘@
(d) l'is quadratic function in ‘a’

1 1 a -t

_ e e .
Ifb—{t_'_ldt, thenaJ' — s

J 1-a-1
(a) be® (b) be

(c)=be™ (d) - be®

The differential of f(x) =1log,( +¢'*) —tan™
() at x =0 and for dx =0.2is
(@ 0.5 (b) 0.3 (c)-02 (d)-05

Given that f:S - Ris said to have a fixed
point at ¢ of Sif f(c) =

Let f:[1, ) - Rbedeflnedbyf =1++/x.
Then

(@) f has no fixed point in [1, o)

(b) f has unique fixed point in [1, «)

(c) f has to fixed points in [1, o)

(d) f has infinitely many fixed points in [1, o)

Bx - 10"

-

The li |
(] . l_I'nm ma equa S

(@) 1 (b) 0 ©e™®  (@e™?
The area bounded by the parabolas

2
y=4x?,y= % and the straight line y =2 s
a) 20;)/5 sq. unit (b) 10/5 sq. unit
(0)107\F3 Q. unit (d) 1042 sq. unit

Ifa (@ xB) +bB xy) +c(y x0) =o, where
a,b, c are non-zero scalars, then the vectors
a,B,y are
(a) parallel
(c) coplanar

(b) non-coplanar
(d) mutually perpendicular

58.

59.

60.

61.

62.

63.

If the tangent at the point P with
co-ordinates (4, k) on the curve y* = 2x7 is
perpendicular to the straight line 4x =3y,
then

( )(/7 k) = (0, 0)only

) (h, k) =% fgonly
© (OOor%mg

(d) no such point P exists

The co-efficient of a’b*c’ in the expansion of
(bc + ca + ab)° is
12! 6!
(o)~
31415! 3!

(©) 33 (d) 3 %@

Three unequal positive numbers a, b, ¢ are

such that a, b, ¢ are in G.P. while

log %@ log %ng log gﬂgare in A.P. Then
a c b

a,b,c are the lengths of the sides of

(a) an isosceles triangle
(b) an equilateral triangle
(c) a scalene triangle

(d) a right-angled triangle

The determinant
a®+10 ab ac
ab  b?>+10 bc |is

ac bc  c?+10

(a) divisible by 10 but not by 100

(b) divisible by 100

(c) not divisible by 100

(d) not divisible by 10

Let R be the real line. Let the relations Sand T
or R be defined by
S={xy):y=x+10<x<2L T={(xy): x—yis
an integer}. Then

(a) both S and T are equivalence relations on R

(b) T is an equivalence on R but S is not

(c) neither S nor T is an equivalence relation on R
(d) S is an equivalence relation on R but T is not

The plane /x + my =0 is rotated about its line
of intersection with the plane z =0 through
an angle a. The equation changes to
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64.

65.

(@) tx + my * tana/ % + m? =0

(b) tx+ my + ztana/ (% + m? +1 =0
(c) tx+ my iztana\/ﬁ =0

(d) x+ my + ztana/ (2 + m? =0

The points of intersection of two ellipses
x* +2y* —6x —12y +20 =0 and

2x%+y? =10x =6y +15 =0 lie on a circle.
The centre of the circle is

(a) (8,3) (b) 8, 1)
@%6@ (@) (3 8)

A
LetI = J' Smx dx. Then

% X
@B ) Y3< /<28

8 6 2T T

(c)gs/s% (d) ns/s%”

Category-III (Q. Nos. 66 to 75)

Carry 2 marks each and one or more option(s)
is/fare correct. If all correct answers are not
marked and also no incorrect answer is marked,
then score =2 x number of correct answers
marked + actual number of correct answers. If any
wrong option is marked or if any combination
including a wrong option is marked, the answer
will considered wrong, but there is no negative
marking for the same and zero marks will be
awarded.

66.

67.

If|z +1i —|z =1 =|z] =2 =0 for a complex
number z, then z is equal to

@~2 (1+1) (b)~2 (1)
©~N2(=1+1i) (d)v2(=1-1)

X 3x +2 2x -1
2x -1 4x 3x +1|=0is true for

7x -2 17x+6 12x -1

(a) only one value of x

(b) only two value of x

(c) only three values of x

(d) infinitely many value of x

68.

69.

70.

71.

72. lim

7

The remainder when 77’ (22 time 7) is
divided by 48 is

(@) 21 (b) 7

(c) 47 (d) 1

Whichever of the following is/are correct?
2

(@) To evaluate /, =I
-2

1
(b) To evaluate /, =I«/(x2 + 1) dx, it is possible to
0

it is possible to x = tl

X2

put x =sect
1
(c) To evaluate /, =J’1/(x2 + 1) dx, it is not possible
0

to put x = cosec®
(d) To evaluate /,, it is not possible to putx = ;

A plane meets the co-ordinate axes at the
points 4, B, C respectively such a way that
the centroid of AABC is (1, r, ?) for some

real r. If the plane passes through the point
(5,5,—12) thenr=

Let P be a variable point on a circle C and Q

be a fixed point outside C. If R is the
midpoint of the line segment PQ, then locus
of Ris

(a) acircle

(b) a circle and a pair of straight lines

(c) a rectangular hyperbola

(d) a pair of straight lines

HVn Jn Jn
B + +
e gled) Jmra? sy
+... +L§is
JIn+4mn -’ F
(a)5—ﬁ (b)5+\/§
10 10
(c)2+\/§ (d)2—«/§
2 2
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’

0,
H, if
2

73. Letf(x)

™

< (a9}

= <
-t
. 1_,4
@ﬂ;Gﬂ;S
o It
c 3 =
wE «E «E
a8 =

—

(]

L

o

=]

©
O p—
Vi o v
=< o=
VI
- % Mv
|
oo

1

F(x) = J’f(t)dt, —-1<x <1, then

periods 7} and T, respectively. Then f + gis

75. Let f and g be periodic functions with the
(a) periodic with period 7, + T,

—
— =
T
— —
[
L o
C
£ 0 I
c =
O x
o & —
52 0
C O ®
mmuu__.%
835 X 2
2 =0
0E£®w®2
2SS90 q
= 0O *
.T\C.@e
€ Q% O
8522
oo XX
oW
TQOoT

(
(
(
(

e
ko)

9o
o=
a ll
O
= c

©
ecg
5 =3
= o 0
o L L
T O
250
So o
c aQa
00T

(
(
(

74. The greatest and least value of

01 0
, N3 are
H

1

X ——/I(nxon

1

=tan

J(x)

55

2

( Answers |

Physics

— S _
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—Nm L 1o~ — N M <N o N
(@) =

(*) None of the option is correct.
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[Answer with Explanations}

Physics

. (d) The situation is as shown in the figure below

py =1 =4
Ho 3
Given, P=5D
O f= 1 lm =20 cm
P 5
Let u = — oo (object distance)

Then, v = f (by sign convention)
Using formula for refraction at spherical surface,

Mo My Mo~y

Vv u R

4 1 2-1

O -~ =3 [.-v =20 cm]

3%(20 (- R
0 1_1
15 3R

0O R = 5cm

. (c) Given, D =1.2m, d = 0.02 cm = 0.02x10™* m

According to question,

ﬁ—@:msx]o’z

d A
0 3x1.2 5x12 [ 5
A - =0.18 x10
Fb.02x1072  2x0.02x1072H

0 )\E&—EEX 1.2= 018 x1072 x0,02 X107
2

_018%107* x0.02x2
= m

O A
1.2
] A= 0008 10™*m
] A= 608 107°m
= 600nm

. (c) Let initially the electron in hydrogen atom be

in ground state, i.e. 7, =1and after bombarding, it
jumps to nth energy level i.e. n, = n, then

036 1360
12.5eV = = — ¢V
d? 28

6.

0 -1 2125
n 136
. o151
136 n?
O Lzzo.oso
n
] n=353=4

So, n, = n =4 th excited state.

2
. (a) Radius (r) of nth orbit in H-atom = " x05294
Z

Speed (v) of electron in nth orbit in H-atom

= 2.19X106§g§m/5
n

Energy (E) of electron in nth orbit in H-atom
_"13.6 e

nZ

A%

So, the quantity which is proportional to quantum
number 7 is rv.

. (a) The net voltage in the circuitis 10 =9V =1V

This leads to reverse bias of diode in the circuit.
Hence, current through the diode will equal
to 0 mA.

(c) The given logic circuit is

AB

SR

Output is written as
Y = AB + AB
When A=0,B=1,
then y=00+00
=0 +1D
=0+1
=1
When A=0,B=0,
then Y=00+000
=00 +100
=0+0=0
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7.

(*) According to question, from dimensional
analysis,
R Oe"mbh
O R = ke“m’h*
Using dimensional formula of R, ¢, m and #,
[MOL*ITO] - [M1/2L3/2T*1 ]a[M]b[MLZT*l ]C
2

2
{Since, F = ! D% =
4T, 1

= |
[N]

0O e*=Fr
[e] = [FrZ]l/Z = [MLT—Z mZ]l/Z = [Ml/2L3/2T—l]}
0 [MOL—ITO] - [MG/ZLBa/ZT—u][Mb][McLZCT—c]

Ly ¥+2:

0O [ML7IT0) = M2 L2 T

0 Chp+c=0 ()
2
# e =-1 (i)
2
-a—-¢=0 ... (1ii)

On solving Eqs. (i), (ii) and (iii), we get
a=2b=1c=-2

O R Oe*mh™
2
0 RO 37’2”
Hence, no option is correct.
. (a) Given,

3
F) m 2m 7

Since, the table is frictionless, hence acceleration of
the whole system is given as
_ F _ F
a=—" @ =__
m+2m+3m 6m

Free body diagram at 1st block (left most)
—>a

=k

From Newton's equation of motion,

F—lema:mxi Q.'a:i
6m om
O N1 = E
6
Free body diagram of 3rd block (right most)
—a

aEd
L

10.

11.

From Newton'’s equation of motion,

N2 = 3ma =3m Xi Q"a :i@
6m o6m
F
O N, =_
)

Hence, F> N; > N,.

. (a) At maximum compression of spring,

total kinetic energy of first block = potential
energy of spring

] L mv? = 1 kx?
2 2
g X = \/E o
k
(c) During first half of the motion (i.e. upto x = 20
m) acceleration in increasing linearly is given by

a:ix+5 0 a:£+5
20 4

O @:£+5 @_'a:@
4 dt
O @:54_5 Q,'dl:v 0 de dl@
dx 4 dt v
v 20
0 vy = %w@m
|
g2 o
u %D:EXF*'SXD
02G o8 )
2
0 v _25_400 100
5 2 8
2
u| Y o150+ 22 O =325
2 2

Now, in second half of motion, acceleration is
constant, i.e. 2 =10m/ s?
O v: —u? = 2as

v’ =2 = s (take,v=v,u=v)
p'? = 325=2x10%(35-20)  (~v? =325)

v' =625 = 25m/s

[ I R |

(a) The given situation is shown below
7
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12.

13.

Tpin = mgcosO ... (1)

2
—mg—# (i)

By law of conservation of energy,

1,

max

mgh = 14//11/2
2
O nfzg(l—lcosezlzmv2 [-h=1-1cosf
2mg(l — 1cos® = mv?

| 2mgl(l = cos® = mv? ... (iii)
From Eqs. (ii) and (iii), we get

2mgl(l — cos

7;!1[1)( - mg = M

O Thax — Mg = 2mg(l —cos6)
u 2Tmin —mg = ng(l —COSQ [.'.’Z;nax = zz;mn]
0 2mgcos® —mg =2mg(l —cos® [from Eq. (i)]
| 2cos0 —1 =2(1 —cosH
| 2c0s0 -1 =2 —2cos0
O 4cos0 =3
ad cos0 =2

4

_ _ _ 3_3
o 7;na>< - 2Tmin - 2mgc059 - ng XZ - Emg
_3

0 znax =—mg

(b) In projectile motion, horizontal component at
velocity remains constant with time.

Hence, correct representation of graph between ¢
and u, is shown in option (b).

(d) L
Q 0

|

The given impulse acts as both linear and an
angular impulse.

Linear impulse = P = mvy (where, vg,, = velocity
of centre at mass of rod)

Angular impulse = P x L. Iopw
2

2
where, Iy = mL?
12

and w is angular velocity at rod about centre of
mass,

PL

e

i.e w=

14.

15.

Kinetic energy

_ag 1 |
= B*vaéM +EICM('“)ZB
2 272 0

= omn ] o Ll P
% 212 4xm’xI'g
P2
=—[+3

2m

ZPZ
Cm

(a) Centre of mass of three particles ( i.e. 1kg, 2kg
and 3kg)
Iy + 2r, + 313 =[ﬁ+2} +31;]
6

EFCM _mx + mon + myr O
ad m o+ ny tms [
where, 1,1, and r; are position vector of mass 1kg
2kg and 3kg, respectively.
Now, centre of mass of two particles ( i.e. 3kg and
2kg)
+ A A
Mt 2 -4 3f -2k
5

where, r, and r5 are position vector of mass 1 kg and
2 kg.
Now, according to question, if 5kg mass is added to
whole particle system, then entire mass lies on CM
of first system,

I + 2r, + 313 + 31, + 25 + 51, _

16

where, 1, is position vector of 5 kg mass.

i + 2j + 3k

O 6 +12j+18k - 51 +15j -10k + 5r,
=161 + 32j +48k
0 5r, =150 + 5j + 40k
0 r,=3i+j+8k
Hence, position of 5 kg mass is (3, 1, 8).
(b) Given, density of body =1.2x10’°kg / m? = [0
Density of liquid = 24 x10’kg / m® = o)
Height of fall =1m =H
Let the volume of the body be V.

Then, buoyant force acting on the body when it is
totally immersed in liquid = (p,Vg)

Weight at the body = (p,V9)
Net upward force acting on the body = (9 - g)Vg
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16.

Net deceleration produced
_ Net upward force

Mass of body

-n) Ve
@ = @ -pVy
pv
(@ = @ - g
B
Let initial velocity of the body be #, then
1
5(g,V)u2 =pVgH
| u* = 2gH

Final velocity of the body will be zero.
| Vi —u? = 2as

0 (02 —2gH = —2@ "R
5

0 os=_® = 12x10° f
p -0, 2.4 x10° =12 x10°0
:E:lm
1.2

(b) Given densities of both spheres are same. Let
it be punit and density of liquid be o and n be its
viscosity.

Let radius of sphere S, be r; and that of sphere S, be
r, and volumes are V| and V,, respectively.

Now,
- (- density is same)
won
mo_m
- 4 5 4 3
S S
3 3
uf 0
0 i =HmH-8
0,0 DOm0 1
O i = g
o1
Now, terminal velocity is given by
,=2’P-0)g
on
20 - 0)g
O Vil = > 9n
v, 25(p-0)g
on
O ‘i = %g = 22 =4
v, OO

17. (d) Given figure is

oV

Process 1 is isobaric expansion (p = constant).
Hence, temperature of gas will increase, therefore
AU, will be positive.

Process 2 is an isothermal process, AU, = 0

Process 3 is an adiabatic expansion, hence
temperature of gas will fall.

O A U, = negative
Therefore, AU, > AU, > AU,

. (b) The van der Waals” equation for real gas is as

follows
2
p+ %(V —nb) =nRT
Vv

where, p is the pressure, a andb are constants, V is
the volume, T is the temperature and #n is the
number of moles.

van der Waals’ equation can be rearranged as
nRT _ an’
V-nb V2

Dividing first part with 7 and the 2nd part with #?,
we get

nRT an
o 2
- n___n
TV om Ty
noon 52
RT a .
O P= - ..(1)
“-p V-
n >
The equation given in question is as follows
p=tL_- 2 (i)
W -b  4b? h
By comparing Eqs. (i) and (ii), we get
K =2V
n
O n=l=£ (i.e.n=£mole)
2V 2 2

By using mole formula to determine the amount of
O, as follows
Mole = Mass ... (i)
Molar mass
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The molar mass of O, is 32g/mol. Substituting in Eq.
(iii), we get
0 1 _  Mass
2 32g/mol
0 Massof O, =16 g
19. (b) We know that, latent heat of fusion at ice is
79.7 cal per gram.

Let final temperature be 7.

Then,
my sAT = m,L
O 300 %1 x(25 = T) =100 x75
O 25-T =25
O T=0°C

After that total energy left, Q = 4.7 X100 =470 cal
Total mass of water =400 g

Amount of water again converted into ice,
Q _ 470

L; 79.7

1ce
O m=59g
Thus, whole mass is converted into water at 0°C and
about 5.9 g water is again converted into ice whose
temperature is also 0°C.

After achieving the temperature of 0°C, latent heat
of fusion is required firstly for conversion of water
into ice, then further lowering of temperature as
possible.

So, the final temperature will be 0°C.

20. (d) The electric field along Z-axis due to uniformly
charged circular ring of radius a in XY-plane is
given by
kqz

2+ a)?

where, g is the net charge on the ring and z is axial
distance on Z - axis from the centre of the ring.

Now, at point M in the graph shown, electric field is

maximum.
So,
3.2 213/2 .2
kq(Z? + a»¥? -2 +a?)?? 2z
aE _ 2
az (2 +a)

For maxima, d—E =0
az

0 2 +a?)?? _3 x 27222 +a?)!/>2
2
O F+a’=3" 0 2°=a’
z 1
O =
a 2

21.

22,

23.

(a) The given situation is shown below

A radial electric field E exists in the region
between the two shells due to charge on inner
shell only.

Electric field at point P is calculated according to
Gauss’s law,

ie g =E@an’ =1
€
0 E=_—9_ ()
4TEr

The potential at the centre of sphere,

b b b
v =-[Elr=[Fdr= A _ar
a a a4TE,r

o vk

(b) The given situation is shown in the figure

[from Eq. (i)]

X
-0 20 40
@'0‘0
O} y
«cats| p
3a
Z —lg—>

We have to calculate electric field at

point P (0, 24, 0).

Net electric field at point P,
_—045_ 20+ _ 40~

E=—j-—j-——]
2¢g, 2¢, 2¢,
5= _70]
2€,

(c¢) The given situation is shown below
+a4 q3 +Q2
d
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24.

25.

Case 1 If charge g5 is taken as positives.

In this situation, force on charge g5 due to charges
g, and g, will be repulsive and in opposite direction.
Hence, at a certain location between +g, and +¢,,
charge g; will be in equilibrium, when both
repulsive forces will be equal in magnitude.

Case 2 If charge g5 is taken as negative.

In this situation, force on charge g5 due to charges
g, and g, will be attractive and in opposite direction.
Hence, at a certain location between +g, and +¢q,,
charge g; will be in equilibrium, when both
attractive forces will be equal in magnitude.

(b) The given situation is shown below

Length, OL =12 + (-1)* =42
and OM = (1) + (-1)? =2

- Magnetic field at point O due to wire L,

_Mo I Hi+jf =Moo O
O
o V2042 0 E P =
Magnetic field at point O due to wire M,
0-i + 30
By, :“A.Lgliﬂg
2m V20 V2 O
O Resultant magnetic field at the origin 0O,
B=B, + B,
Hol [E+JE W, I 3-i+j0

ZT[IDID ZHTD\ES

_ Bl G+j-i+j0
22nH f H

— Mol
T2 (2 =

(d) Charge per unit length of the thin rod = A
If I be the length of the rod, the charge on the rod,

=IA (1)
According to given situation,
[ =2TR

26.

27.

0 From Eq. (i), we get

q =2TRA
Current associated,
=4
T
1= ZRA ...(i)
T

Magnetic field on the axis at a distance d away from
the centre,
B= WoIR?
2AR? + 32
Ford >>R,
= KR’
- 232
_H oIR?
24°

~ Ho @@QZ

3 m
O BUO L [given, B O R—]
d d"

a m=3n=3
(d) Since, susceptibility x of diamagnetic material
is independent of temperature.

1/x A

B

e e

1. .
Hence, — is also independent of temperature.
Therefore, material B is diamagnetic. For

paramagnetic substance, susceptibility varies
inversely as temperature.

ie. x O L or L ar
T X
Therefore, material A is paramagnetic.
(d) Y
Vo
t
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Rms value of potential difference is given as

V. = M
ms " 4 5

Sl

28. (c)

Red  Yellow Orange

The colours of the four bands of carbon resistors are
red, yellow, orange and no fourth band.

0 Red Yellow Orange No colour
l ! l |
2 4 3 20%
O R=24x10°Q +20%
=24kQ +20%

29. (¢) L

()

N\
V=V, sin wt

In pure inductive circuit, alternating voltage leads

n angle from alternating current.
2

i.e. Phase difference, ¢ =

R

Average power consumed,

)
P = Vs X s XCOS—

rms

O P=0 D'COSEZOD

H 2 H

30. (c) The given situation is shown below

Reflecting surface (x° + y? = R?)

31.

32.

33.

Here, i=r
Since, i+r=90°
] i+1=90°
O i =45°
i =r =45°

Coordinate at point P is
(RcosB, Rsin® =(Rcos135°, Rsinl35°)

- 660 ity
2 2

22
(b) For a plane electromagnetic wave, the electric
field is given by

E = 90sin(0.5x10°x +1.5 x10'' ) k V/m

Here, E, =90V/m
O BO = ﬂ

c
90

3x10°

=30x107°T

=3x107T
Since, electric field vector and magnetic field
vector, both are perpendicular to each other and

also perpendicular to direction of propagation of
electromagnetic wave. Hence,
B = B,sin(0.5x10%x + 1.5 x10'' 1)jT
B=3x1077sin(0.5x10°x +1.5 x10'' )T
(c) Since, both wires are identical, so they have
same cross-section A and same length /. Also, in
series combination of wires, effective resistance,

R=R +R,
0 (+)H_1 + 1
o4 OA OA
0 21,1
Ogy 01 Oy
O O :ﬂ
g, + 0,

(b) Initial length of rod = L

Initial angular velocity, w; = w

When rod pivoted at one end is freely rotated in
horizontal plane, then its angular momentum,

L =hoy
2
1, = M g
030
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34.

oz

N
N e
~o -

When temperature of the system is increased with
temperature AT, then change in length of rod AL is
given as
AL =aLAT
Now, new length of the rod,
L'=AL+ L =oLAT + L = L(0AT +1)

O L' =L(Q+0AT) (1)
Now, new angular momentum,
ML? @
L, =1 = —
f 20 55
By the law of conservation of angular momentum,
Ly =L,
2
ILw, = ML D
3
2 2
ML? o _ M o
3 2 3
2
| L™ - p2
2
2 2
O M =1? [from Eq. (i)]
2
| 1+ 0AT)? =2

] 1 + o?AT? + 20AT =2

Since, a is very small, hence the term a?AT? may be
neglected.
0 1+ 20AT =2 [0 20AT =1
O ar=L
20

(b) As the gravitational field is uniform, therefore
centre of gravity and the centre of mass are at
same location.

[OThe location of centre of mass is

“hdm
h=10
dm
0
Tipdh
h= Om ..(1)
Iopdh
But from barometric formula and gas law,
p= poe—Mgh/RT

395.

36.

OPutting the value of pin Eq. (i), we have

0

(—Mgh/RT)
h= OhRJe R = LT
J-:R)e—(Mgh/RT)dh Mg

(b) Under isothermal conditions,
nVi +pV, =pV

O Qg—ﬂgfmﬂ@—ﬂgiﬁnb}
a U3 b 3

_% 4T§§ 3
=p-—O T
¢ U3

where, T is surface tension of soap bubble.
O plc® - (@ + b*)] -4T@* +b* ¢ =0
. T:p(cs_as - b

4a’ + b? -c?)

b,

Magnetic field at the centre O of the circular coil

due to bar magnet (axial position)
B= “70 %
4T x°
Hence, option (a) is not true.
Induced emf, e = - dip: —i [BA
dt dt

=4 Mo 2M o
dt 4m x°
__MoMa’d 1

2 dt x°

=3 [dx
e
Ho e Odt

e = 3p o Ma® ﬁ
Y

X
1
0 e J—
o
Hence, option (b) is true.
2
Induced current, I = = Mdi
R x“R dt
2
0 Magnetic moment, i = IA = Md—x
x"R dt
0 o= 73nﬁ°Md—X at
x*R dt
g Oa*

[ Hence, option (c) is true.
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37.

38.

Net heat produced,

HOor
g HO @%g [from Eq. (i)]
X
1
O H DF

Hence, option (d) is not true.
(a,b) Given, E = a(cosw,! +sinwy +cos wf)
w=10"s""

w, =5x10"s7"

Since, W< W,
a 2T V<2 Ty
O V<V , [v, =threshold frequency]

Hence, for light of frequency w
photoelectric effect is not possible.
According to Einstein’s equation,
eVy = hv = hv,
eVy =hv-@
Hence, stopping potential versus frequency graph
will be straight line.

Stopping | (Vo)
potential

Frequency
(Vo)

Work-function of metal surface,

@ =hv, =h§%’§

5x%10"
X
2m

=6.62x1074

=527x107"%

-19

_ 527 ><1(i19 oV

1.6 x10

=329%V
[0 Maximum kinetic energy of photoelectron,
Kmax = _(evo) ==[e(2)] =2eV
(b,c) Since, given p-V diagram is not a cyclic
process, hence the change in internal energy for
the whole process is not zero.

39.

Vo 2Vo

Heat rejected by the gas in path AB during isobaric
compression,

dQ,p = nC,AT
ZIIZER(TB -T,) [-n=1]
2
— ngovo _ 200V Q: _PoY
2HUxR 1xR 2

Heat absorbed by the gas in path BC of isobaric
process,

dQye = nC, AT
3R
=1 x7(TC =Tz)
- 33@2”0‘/0 _ P Qz 30V
2 UI xR 1xR 2
Net heat =dQ,p + dQy
=5p,V, 3p,V,
= Po%o 4 PoVo = ~poVy
2 2

[JHeat is rejected during the process.

Change in internal energy in process A - B,

AU = nC,AT =1 x2R(T, —T,)
2

- E%ovo _ 2V Q
2 X R 1xR
3
= _EpOVO

Work done by the gas during entire process is W,
then
W =Wy + Wpe
=po(Vo —2Vp) +0=—pyV,
(b,c) Mass, m = 0.02kg

Potential energy,

U= Ax(x —4)J
o U = Ax® - 4Ax
Force, F=-4_ —i(mz —4Ax)
dx dx
O F=-24x +44 (i)

This force is dependent on x, hence particle is not
acted upon by a constant force.

From Eq. (i), it is clear that f [ x
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40.

Hence, particle executes simple hormonic motion.
Speed of particle is maximum at equilibrium
position, i.e. when F = 0

i.e. —2Ax +4A =0

O X =2m

Period of oscillation,

T:2n\/% (i)

From Eq. (i), F = -2A4x +44
Since, value of k will be obtained in terms of A.

Therefore, the value of time period will be also
obtained in terms of A, hence option (d) is not
correct.

(a,d) The given situation is shown below

a b I
PX 1 C

1 1

ix X xi

1 1

XX X

i i

XX X |

1 1

TX X X |

1 1

1 1

—— X X X!

v I I

1 1

XX X!

1 1

1 1

— L ——

Chemistry

41.

42.

(b) The exact order of the boiling points of the
given compound is isopentane < n-pentane

< butanone < 1-butanol.

The highest boiling will be of butanol because in
butanol, molecules are associated due to extensive
intermolecular hydrogen bonding.

Now butanone has higher boiling point from
n-pentane and iso-pentane because butanone has
stronger dipole-dipole interaction and »-pentane
has higher boiling point than isopentane because of
larger surface area, due to which n-pentane has
greater van der Waals’ force of attraction.

(d) All the atoms present in p-nitrobenzonitrile
are in one plane as show in the structure

14 15
H H
130 5 f
\;\] 6 2 1
St 7 3 C==N
Oi, 8
H1o Ho

43.

44.

Since, charge particle enters into magnetic field B
perpendicular to it, hence it performs a circular
path in magnetic field. Radius of circular path,

my

r=_—

Bq
Charge particle will enter in region ¢, when
L<2r

a L<2™
Bq
0 ﬁ<v Dv>@
2m 2m

O V>§Q@
U m

i.e. When v> @ then particle surely will inter
m

into region ¢, because @ > @
m 2m

Hence, option (a) is correct.

Since, charge particle enters into region ¢, hence
path of the particle is a circle not in region b.

Hence, option (c) is not correct.

Time spent in region b is given as

T= 2ﬂwhich is independent of v.
Bq

Hence, option (d) is correct.

Therefore, the maximum number of atom in one
plane in this case are 15.

(a) The total number of triple bonds present in
cyclo (18) carbon are 9. Its structure is shown
below:

/(;.—_'.—_C—C\
C ¢
Y AN
C
/ \QQ\
C
I %C
\ O///
C
N /
Na _C

~c =c— =
Structure of cyclo (18) carbon

(b) Resonating structures II and IV of p-nitro-N,
N-dimethyl aniline are incorrect. In structure II
and 1V, valencies of N are not satisfied correctly.
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45.

46.

47.

All the correct resonating structures of p-nitro-N,
N-dimethyl aniline are as follows

oo + + +
Nl\/|62 NMez NM62 Nl\/l82

N N N N
o F o o o o

(c) COOH

+OH and HO+ H are monomers.

COOH

When the same compound is represented in
different ways, then all the representations are
known as homomers of each other.

/@ are also homomers.
0, O,N

>_<
> < are constitutional
H;C Cl

trans
isomers.
Constitutional isomers are the compounds that
have the same molecular formula and different
connectivity.

(d) The correct order of acidity of the given
compounds is acetylene < ethanol <
p-nitrophenol < acetic acid.

Ethanol is stronger acid than acetylene. This is
because after the loss of acidic proton (H*) the
corresponding anion formed by ethanol is stabilised
by the electronegative oxygen atom. Now
p-nitrophenol is more acidic than ethanol because
the phenoxide ion obtained after the deprotonation
is stabilised by resonance effect and also by EWG
effect (which is caused by O NO, group).
Likewise, acetic acid is more acids than all of the
given compounds as the formed carboxylate ion is
stabilised by resonance which is due to the presence
of electronegative oxygen atom.

(d) All the given dipeptides can be obtained from
the amino acids glycine and alanine.

N COOH
LN /\[( \’/ .\
O Me

48.

49.

50.

The general formula of amino acid is
H,N[O CH(R) COOH, R is CH; for alanine and H
for glycine. The structure are as follows

(@] O

0 0
H,NO CH OCOOH+H,N CHOCOOH
0 O

CH, H
)\W -~ COOH + /km YCOOH +

|
COOH
N /\H/N\/

O
(d) Benzaldehyde reacts with 2 moles of methanol

OMe
in presence of dry HCI to give pp-”~ which
on reaction with dil. HCI OMe

gives respective aldehyde and alcohol. Aldehyde
on reaction with (CH,CO),0,

CH;COONa gives Ph X

OMe 4

D

PRCHO + CH;0H — > ph — dil. el
HC

Benzaldehyde OMe

PhCHO+2CH;0H

COOH

COOH  (CH3C0),0
PR
CH3COONa

Ph "

(c) The free energy change of a reaction is
AG°® = AH® — TAS®
Now, a spontaneous reaction is one that releases

free energy and therefore, the sign of AG must be
negative.

So, when AH is negative and AS is positive, the sign
of AG will be negative and the reaction will be
spontaneous at all temperature.

(b) In acidic medium,

+7

MnOj + 8H" + 5¢" . Mn** + 4H,0
and Fe** I, Fe®' +¢~

So, number of moles of MnO, = lmoles ..(1)
5

Also, in acidic medium,

+6

Cr,02" + 14H" + 6e” 0. 2Cr’* + 7H,0
and Fe?' . Fe*t +e”

So, number of moles of Cr03 = lmoles ... (ii)
6
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51.

52.

Now, from Eq. (i)

1 moles of MnO, = x moles of MnO,
5

g Lo X
5
5x =1 L..(iid)
Put this value in Eq. (ii).
lWlll be X
6 6

So, the number of moles of Cr,02™ required to
oxidise the same amount of Fe?" in acidic medium

is gx or 0.83x.

(d) Density of the element (d) = 5.0 g cm™

Edge length of unit cell (@) = 200 pm
=200x107"% cm
d= fxiM
a’ XNy,
[where M =mass of element
N, = Avogadro number
Z =number of atoms per unit cell]
For body centred cubic lattice, Z = 2
_ 2xX M
(200x1071%)% x 6.022 x10%
5% (200 x107'%)? x 6.022 x10*
2
_ 5%(200)° x10*° x6.022 x10”
2

| M =

=12.044¢

Now, 12.044 g of element have [ 6.022x10%
atoms

23
1 g will have [ watoms
12.044
23
100 g will have [ 6022107 100 atoms
12.044
= 0.5%10% atoms or
= 5x10** atoms
(d) Let two gases are A and B.
u, =molecular velocity of gas A
u, = molecular velocity of gas B
m; =molecular mass of gas A
m, =molecular mass of gas B
3RT

The root mean square velocity, #,,, =
’ M

(where, M = molecular mass, R = gas constant)

53.

54.

55.

For gas A,
3RT
u = |—
m
Mlz 3RT
m
2
T = %" (i)
3R
For gas B,
3RT
U, = |—
m,
uﬁ _ 3RT
m,
2
=% (i)
3R

From Eq. (i )and( i),
ulml — u§m2
3R 3R
O mut = myu?
(@) AT, =ixk, xm
AT, =depression in freezing point of solvent
7 =van't Hoff factor
k, = freezing point depression constant
m =molality

i= 20 2

mx k DB Wsolute % %x 1.72
oM solute X Wsolvent 0

OXIOOOQ 172

172%x 50
DMsolule = M(CuHst)
%12 x11 +8 x1 +2 x16

H=172

moOoOoo

O i=Z=05

IR

(a) The presence of catalyst does not change the
value of equilibrium constant. It only increases
the rate of forward and backward reaction to
equal extent. So, the equilibrium constant in
presence of catalyst at 2000 K is same as
equilibrium constant in the absence of catalyst at
2000 K, i.e. 4x107%,

(a) For 1st order kinetic, f,,, = % =40 (1)

1

For 2nd order kinetics, #,,, = % =20 ... (i)
0
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56.

57.

58.

From Eq. (i),
40 :E
ky
0 k, =1n2 (i)
40
From Eq. (ii),
20 = 14l ...(iv)
2%k,
K, = ol
40
Now, ratio 1 E:Exﬂ
ko 40 [4]
_In2 _ 0.693

[4,] 1386moldm™

=0.5mol 'dm®

(d) Among the given solutions, NaCl, KNO; and

HCI are strong electrolytes but conductivity also
depends upon size of ions. Smaller the size of
ions, greater its conductance, hence greater is the
conductivity than larger ions. So, out of NacCl,
KNO; and HCl ions, H* is the smallest and
therefore, 0.1 M HCI will have highest
conductivity.

(b) Na,S+ ST NaySg, 41y

Na,SO; + SO Na,S,04
X =NayS, 41
Y = Na,S,04
(d) Let a weak monoacidic base is BOH. BOH is
neutralised as follow
BOH + HCl - BCl + H,0O
At point of equivalence, all BOH get converted into

salt and the concentration of H' ions is due to the
hydrolysis of resultant salt, BCI.
B* + H,0+= BOH + H"
C(l —h) Ch Ch
Volume of HCI used
_NY, _25%x2x15

Vv, = =7.5mL
N 2%5

a

Now, the concentration of salt, [BCl]
_Conc. ofbase _ 2x25 1

=— =01
Total volume 5 (7.5+ 2.5) 10
2 -14
SO’I{h :i_&:loi_lz =102
h K, 10
2
or Ch =107
1-h

59.

60.

0.1 Xl’lz :10—2
1-h

On calculating, /# = 0.27 which is significant, not
negligible.
O [H']=Ch=0.1x027 =27 x10°M
(d) For salt MX, Ky, =[S]1S]
Ky, =4 x107° (given)
O 4x107° =[S
0 s=2x10""
For salt MX,, K, =[S][25]’
K, =32x10""
2x1074 "
[s]= P2x107"H
0 4 d
=(8 xIO—IS)l/S =2 %107
For salt MX;, K, = [35T[S]
Ky, =27 x107"

s f/4
(5] = %.7 x10 0
o 27 O

- (10—16)1/4 =107

[ Solubility of MX order is

MX > MX; > MX,
(¢) Reduction hydrogen half-cell is

+ . e
H™|(xM) [Pt (H,); Pressure py,
Half-cell reaction is
2H'(aq) + 22~ > H,y(g)
n=2

Pu,
H'F

Reaction quotient O Q =

o 0.0591
Ered = Ered _TIOgQ

_ 00591

Ered - lOg Q

Case(a),logQ:1031=0 0 Eq =0
1

Case (b),logQ = log}z = -ve O E,q = +ve

Case (c),logQ = logE =+ve O Eq = —ve
1

O Eq =+ve

Case (d),logQ = logi =-ve

UE .4 is negative for option (c).
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61.

62.

63.

64.

65.

66.

(d) Solubility of saturated solution = Solubility
product

0 K, =4x10" (for BaSO,)

Let the solubility of BaSO, in 0.1 M Na,SO, be x.
BaSO, =—"Ba®" + S03"
X

X

Na,SO, ="2Na* S03~

o
OTotal (SO37) = x + 0.1

=0.1M
Thus, K, =[Ba’"][SO;]

4 %107 =[x](0.])
0 x=4x107*
O Solubility =4 x10™* M

(c) The given reaction is as follows:
Co(NO5), + 7Na,NO, + 4CH,COOH &
Na;[Co(NO,)¢] + 3NO, + 2H,0 + 4CH,COONa
Sodium cobalt nitrile

With the salt of potassium, sodium cobalt nitrile
forms insoluble double salt K,Na[Co(NO,)4]H-0.
This salt is yellow coloured ppt.

(b) The metal (M) is copper and the reactions are
as follows:

2Cu,S + 30, & 2Cu,0 + SO

Cu,S + 2Cu,0  6Cu + SO3

(d) When CO, is passed through ammoniacal

solution of NaCl, sodium bicarbonate (NaHCO,)
and (NH,CI) are formed.

NH,OH + NacCl +CO, & NaHCO3 + NH,CI
(x) Sodium Ammonium
bicar(b;))nale chloride

On further heating NaHCO;, we get Na,CO,.
2NaHCO; . Na,CO, + H,0 + CO,

Sodium

carbonate

(white ppt.)
(Z)

(a) Structure of ozone (i.e. O;) has delocalised
Trelectrons. Its resonance structure are as follows:

.' D OQ D

R O3 — \/E \128 pm
P 9] Jur

(b) The structure of the hydronium ion is

le' O 'O
pyramidal because it has three bonding pairs of
electrons and one lone pair of electrons.

67.

68.

Zinc Caustic
metal  soda

69.

Its structure is as follows:

Q.
o)
H/ ‘ \H

Hybridisation = sp> and shape = pyramidal

(b) Mass on the reactant side =18.00567 amu
Mass of the proton =1.00782 amu
Energy absorbed in the reaction =116 MeV

= 0.00124 amu
I4N(0(, ) 170

This reaction can be simplified as
AE

ineg £ Yo i

where, AE is the energy absorbed.

In this reaction, highly energetic alpha particle with
kinetic energy 1.16 MeV are absorbed by %4N

nucleus to form § O isotope and a proton.

Hence,

1.16MeV
14 4 1 1
PNesj [ o 1H

18.00567 amu
According to conversation of mass-energy.
18.00567 amu = ( }370 +1.0078 - 0.00124) amu

70 =1800567 —1.0078 + 0.00124
=16.99914amu

1.00782 amu

(a) A solution of NaNO;, when treated with a

mixture of Zn dust and NaOH (caustic soda)
yields ammonia gas.

Complete reaction is as follows
Zn +NaOH +NaNO; . Na,ZnO,+ H,0 + NH; 1

Sodmm Sodium Ammonia
nitrate zincate

(a) In K5[Fe(CN)g]Fe present in +3 oxidation state
outer electronic configuration of Fe>* =

3d 4s 4o
1 CIT

As CN is a strong field ligand. So, it causes the
pairing of electrons.

Therefore, K5[Fe(CN)g] =

DHD%Q
x

. CN CN CN CN CN CN |

d25p3
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Thus, in this complex, number of unpaired electron is
one.

In K,[Fe(CN)¢]Fe, present in +2 oxidation state
outer electronic configuration of Fe®*

3d 4s 4p
) O] T

As in this case also the ligand is CN (which is a
strong field). So, it again causes the pairing of the
electron. This can be shown in following way.

K ,[Fe(CN)g] =

3d 4s 4
gl 17 [ T

Thus, in this case the number of unpaired electron
is zero.

70. (d) When two complexes have same number of
unpaired electrons, they have same value of
magnetic moment. The number of unpaired
electrons present in [Cu(HZO)6]2+, [Mn(HZO)6]4+,
[Mn(H,0)61°", [Fe(H,0)1* and [Cr(H,0)s1*" are
0, 3,4, 5 and 3 respectively.

Thus, the magnetic moment of [Mn(HZO)ﬁ]3Jr and
[Cr(H20)6]3+ are identical as they have same
number of unpaired electrons (i.e., 3).

71. (a) Methoxymethyl chloride (CH;OCH,Cl)

hydrolysed most easily and neopentyl chloride
[(CH;);CO ClI] hydrolysed most slowly. Primary
halide readily undergoes Sy 2mechanism and
forms intermediate whereas tertiary halides due
to steric hinderance reacts slowly with water.

72. (c) Phenol on nitration with dil. HNO; gives
p-nitro phenol (X) which on heating with Zn/HCl,
form p-amino phenol, which on acetylation with
[CH;(CO), 0] gives p-hydroxy acetanilide. Reaction
is as follows :

OH OH OH
dil HNO; Zn/HCl, A
_— _—
(CH;C0),0
NO, NH,
(X) OH
NHCOCH;

p-hydroxy acetanilide

73. (a) de-Broglie wavelength, A = n

my
. Mute _ Mye _ 20
Ave  Mpye
U A He = e
74. (a) Given,
Xsolute = 0.1
Molarity = Molality
Density of solution = 2g cm™
_2x10~ kg
107
=2x10% kg/m’
=2kg/L
Miolute MMiolute.
solute  — Mso]ute

Volume  Mass of solvent (kg)

Volume of solution = Mass of solvent (kg)
Mass of solution
d

Mass of solution _

Mass of solvent
Mass of solute+ Mass of solvent _

= Mass of solvent

ad 2

Mass of solvent
Mass of solute _

Mass of solvent
Nsolute =0.1
Nsolute + Nisolvent

Mgolute

M

solute
- =01
Molute + Mgolvent

M M

solute solvent

1

Msolute =01 { Msolute

1 1 using (i)}

= Mgolyent

M M

solute solvent

0 Msolute =9

M

solvent

75. (d) IEy, =490kJ/mol

_575x107
3

O IEy, =490 x 0.25 X107~
=0.1225kJ
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76. (b,c) Butyne Me & € Me)on reaction with Na/ NH;(lig.) undergoes reduction to give but-2-ene which
on reaction with dil. alkaline KMnO, gives diol.

H H OH H H OH

Na/NH,(liq.) [ Dil. alk. KMnO, | |
Me—C= C—Me——>—"_ Me—C— C—Me ———————> Me—C—C—Me + Me—C—C—Me
Ethanol, -33°C ‘ | ‘ ‘

But-2-ene
H OH HO H
Butan—lz, 3-diol
77. (d) Complete reaction is as follows :
OMg*Br~
l—@— Mg, ether }_ng CH, CH3C H H3C—C| @CH3
b

4-bromotoluene

Blz/NaOH
HOOC@ Socly, c1oc@

4-methyl benmlc acid 4-methyl benzoylchloude
N Hs
BrZ/NaOH C
Ho“mann HZN/
bromamide
degradation 4-methyl benzamide

78. (c, d)Buffer solutions are made by mixing weak acid with its salt of strong base or mixing weak base with its
salt of strong acid. It is never formed by mixing strong acid and strong base. The pair(s) of solutlons which

form a buffer upon mixing are (¢) HNO; and CH,4 COONa, (d) i.e. CH;COOH and CH,4 COONa.

79. (b, ¢) Reaction of silver nitrate solution with phosphorus acid produces phosphoric acid and metallic silver.
Complete reaction is as follows:
H,PO, + AgNO, + H,0 -[1. H,PO, + Ag | + 2HNO,

Phosphorus Phosphoric
acid acid

80. (b, ¢, d) NyH, and H,O, show similarity in reducing and oxidising nature. They have same hybridisation of
central atoms i.e. sp°. The structure of hydrazine and hydrogen peroxide as follows.

H
H H \
SRR 0—0y
/ ~ H
H H
Hydrazine Hydrogen peroxide
(N2Hy) (H>02)
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Mathematics

2 1 a .0
=—-= A-dt - (=dt
bzg IIZ

X -0 X2 D 2l g
H H Ia o+ ¢
+10
g x2 0
EPX—X_I_*D = Zgo t +7+C
sind 20 b? glfl B
g x? g . 1 ’ g
lim H er x B 0 I=—%aog\a+bcosx|+LD+C
T 2 b O a+ b cos x[]
ef—x-1-" 5
Oa=-=
x? b’
2
& —x—-1-2 4 ()Giveng():J'zxmdt,x>O
= lim 5 %form@ ! td i
x -0 X 0 ' - f(ZX) “ (2)() _ f(X) 7()()
- lim sinx_lg 2x dx X dx
" x- 0 (Using Leibnitz Rule for Differentiation)
-1 - _J20) 5 _ S
= lim ¢ 1-0-x form B 2
P b 2x X
. _fe9- £
.ot =
= lim X
X -0 2
X -
o == (2 f@0) = ()
== lim X x X
2 X 0 gw=0
=1 ¢ x lim x 0  g(x) is constant function
2x -0 X X -0
-0 5. (b) We have,
- - [ x+1]
2. (b) x) |< 5for all x J‘|X 2[+|x =3]
O s Nds [ 5d = R e —
f .[f I * Il—x+2—x+3 2x=2-x+3
a -5 fiy & 5 '-|x|=xx20,—X,X<0)
O - 5 5
/g =J’27X dx+J’ dx
0 SO Ot 59 2+ 5
in 2x
3 ()Letl= (X 4y 2= 2x + 2 O O
I(a+bcosx)2 = J'Xi o+ B - X0
_ et T 0,
2sin x cos x
| dx

= A
I(a+bcosx)2

Puta + b cos x =t

"% 0 psinxde df

bJQLQ%
i

O cosx—[
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Izﬂd}(+§_3§_(2_z)
21 -2x+5 2

dx+é

L—2x+5 2
2|:| 3

g’

1D2—2x+5 2 3

zg 2x+5

de +710g[ 2x +5]

=7log 3+1
4
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g]x—l x +1

1 L
=ZS}X—+1—X_1EZ§dX
_J’[%]x—l X+1DH

2

1
_2D4x[|
= [ Oa o

S -10

2

1

%04y O 20 4x O
= [ Or O - [oe o
S -lg " -1
2

X X
=-4 dx + 4 dx
_J-ll—xz -!1—)(2

2

- 2[log(l - x))]2

= —210g§ —lg—zlog@ —lg
4 4

:—4102&322410gé
4 3

= 2[log(l - )’

[SE R

X

7. (c)LetlI= LI
-1

log, 2
Put e -1=t0¢e" =t+1

etdx =dt
O de= Ao At
er r+1

When x = x, t =¢* -1

and when x =log, 2, t =¢%% 2 -1=2-1 =1
t

I:J' 1
i+
1 :é_'_ B

Ht+1) r+1

1 =A(t+1) + B(t)

=0 A=1

t+1=00 t=-1,B=-1
1 _1_ 1

dt

=[log, t = log,(t + D]

-~ Hog ¢ 0
0 et+1D
_a t 10
- Ogei_lgefu
O 20
:logei
r+1
O 2 :é
2041 2
0 4t =3t + 3
Or=3
Now, e -1=t
O -1=3
0 =4
O x =log 4

. (¢) Equation of normal

Yy-y= (X = x)

dy/dx
When y =0

Then, G= QX + yi o@

According to the question,

dy dy
x+y==2x 0y>~Z=x
dx dx

ad J’ydy=J‘xdx

2 .2
rcn 21X -¢
2

O

N\N

2
2
0 which is hyperbola.

. (b) We know that the equation of an ellipse

whose centre is at origin is X+ v =1
a’> b

Differentiate both sides w.r.t x, we get
2x | 2y dy

LY )
a?  b? dx

O Q@:—Zix

b* dx a’

2

O Xﬂ:—bi

X dx a?

Again differentiate both sides W.I.t X, we get

By SBEo

xdx dx Ux

0 Ly
X X
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10.

11.

12. (c

0 Tray @{y—ygzo
X x?

O X"+ x(y) = =0
Which is the required differential equation.

(a) Given, xdy+y )(M
dx I'(xy)
0 4a .. )= x J(xy)
dx I (xy)
f'(x) -
| d(xy) = x dx
J(xy)
SO 400 =
(xy) = [x dx
If(xy) I
XZ
O log | f(xy) | 7+C
O | Sy [=e2 +C
=ke?
(d)-y=(x-1* -1
y=1-(x -1’
Hence the required area is
! 0 (-1’0
fi = Ge-yPac=ge-
0 O > 0
0 (-1’0
=1 ‘I]'( ) 0
o 30
=1 —l :E
3 3

Hence, y = gx will divide the entire area in 2 equal

parts.
5
)J’max {x2, 6x — 8} dx
2 4 5
=J'X2dx + J’(6x - 8)dx +J’X2dx
ool D2 O IZIX3D5
=0—n0*t D— 8X
030 02 Ei D3 Di
= § + [3)( 8)(]2 +E %
3 3 3
=48-32-12+16) +
3
=20+ 23
=43

13. (b

14.

15.

) Given, radius of circular track is 10 m.
/1
Y
p P
- . _.doe _
and speed of man =10m/sec. i.e.v = rd— =10
1
Now, tan0=7
r
y=rtan®
LAY Eﬂe
dt
=sec’ B Dde
dt
=sec” 60° [{10)
=(2)? x10
= 40m/sec.
(c) Let B travels x units,
v=u+at
According to the problem,
fre=fle+m)
O f f :ﬂ
f t
7
g P=mot o (i)
of-fo
Again, n+ x =15f(t +m)?
0 ft L it + my? (i)
2
Now from Eqs, (i) and (ii), we get
m_2(f"~= /)
n mif"
. 1
O (f' = fn=" fp o
(b) Given, a + 3f is collinear with y
O a+ B=Ay
A o .
O ="ly-= .. (1)
3 3
and 3 + 2yis collinear with a

0 B+ v=Ag
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16.

17.

O B=Ao- 2 (i)

A ,=-6andA, =

-1
3
From Egs. (i) and (ii), = - 2y -

w |

0 ao+3B +6y =a +3§—2y —%@+ 6y

=0
(c) Given,f(x) = | x* =1|, x OR.
The graph of f(x) is clearly, from graph.

f(x) has a local minima at x = +1 and has local
maxima at x =0

(d) Given,
2 3 5
Zlog,a+ Zlog, b+ =log,c=3
3 gp 5 8¢ > Sa

210ga+3logb+ 5logc _
3logh 5logc 2loga
glogba+§logcb+élogac

5

Since, A.M = 3 2
3

w W
1
—

1

and G.M= %logh a Dz log. b Dg log, c@s

_2loga Xélogb i dlog ¢ -1
3logh 5logc 2loga
O AM.=G.M
2loga _ygg22p
3log b

18.

179.

20.

21.

N

O a=(3%2=3 =27

(a) Given, h(p) :12 {hp +1) + hip -1}

foreveryp =1, 2, ..., 99
2h(p) =h(p +1) + hip =1)
O hp —1), hp), h(p + 1) are in AP.

Now, h(100) = 20
g h(0) + 994 =20
0 5+ 994 =20 (+h(0) = 5)
d= E = i
99 33
O K1) = h(0) + d

=5+ =5+0.15
33
=5.15

(d) Letz = ¢™®

Also, let w = ¢ — =
1

~20sin® 2sin@
0 wis purely imaginary
O Locus of point is Y-axis.

(c) We have, 72 = w?

O Z-w=0

g (z=-w(E+w =0

g =W =W
0 lz|=|w]
OBOA

(c) Given, x2—6x-2=0

O x" ?*x*-6x-2=0
Ox"—6x""'=2x""2=0
When, n =10,

Then, X0 —6x" -2¢% =0
O x'0 = 2x% = 6x?
Since, o and B are roots of (i).

0 a0 10— 8 =g
and [310 —2(38 =6[59

0 @ -B") -20° -B%) =60’ —B%)
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g ay — 245 =6ay (va, =a" -B") 27, (c) Given,
O ay ~2ag _ 3 a 0 00
2a, A= S) cost sin tg

) -sint costg
22. (d) For xOR x # -1
Since, det(4A = AI5) =0

2016 2015 2 2014
1+ x) + x(1 + Xx) + x°( +x) +... =X 0 0
2016 _ ' i O 0 cost—A sin ¢ =0
+ x = Zai k
i'=0 0 -sint cost-A
Here, coefficient of x'’ O L=\ {(cost =N?2 + (sin %} =0
— 2016 2015 2014 1999
- G7 * Co ¥ Gs + t 776 O@=A)(cos>t+ N =2\ cos { +sin’f) =0
— 2016 2015 2014 1999
= 7 Cogp T T Crogp F T Clggg T F T Clogg O L-N) (A -2\ cost+1) =0
Lo n n —_n+l1
(G + 76 = ) OA 2-X cost+1Xx > 92%costx =0
!
=000 = (2017)! G-A 3N 2% 2costrA B 2cost)+1=0

(2000)! (2017 = 2000)! N
ON & “0I+2cost) X 1+2cost) -1 =0

_ 2017
(2000)! (17)! O AR L, 5 =(1+2cost)
0 1+ 2cost =+/2 +1(Given)
23. (c) Given, word “EQUATION" 1 T
0 cost=—0t=-—, —
Here, consonants—Q, T, N J2 4 4

and Vowel—E, U, A, I, O

O Number of word = °C, x 31 x °C, x 31 28. (c) Given A and B be two non-singular skew

symmetric matrices.

=10x6x3x6 Such that AB = BA
=1080 0 AT = - AandB" =-B (i)
24. (c) According to the question, Since matrices are non-singular
Consider, x; + x, + x;3 + x4 =10, where x; > 2 O order of these matrices are even.
U =2) +(xy =2) +(x5 =2)+ (x4 —2) =2 Now, A’B*(A™B)™ ' (AB™")T
Oy +y,+y;+y, =2 wherey, 22, = A2B*(- AB) 1 (AB™1)T
f(‘;m—c;zyjl)_z_yl’ X3~ 2=y, X3—2=y; and = - A A7Y) (B") AT
O Number of ways = 2**~'¢, _, =°C; =10 =-ABB HAT (=B (-4
—_ a2 ~1p-1
25. (a) We have, - AZB o _]19 4
114 20431+ 41450 + . +99] =-ABBAY A
Since unit digit of 5!, 6!, 7!, ... 99! are zero. =-A’B(AB)™" A (~AB = BA)
O+ 20+ 31+ 41 + 50 + ... + 99 =-A’BBT'AT'A
=1+2+6+24=33 = - A%BB™Y) (A7 4)
0 Unit digit = 3 2
=-A
26. (c) Given,
(012)M=(100) () 29. (d) We have, a, =ar" ™!
and (345)M =(010) 0 log a, =log(ar" ™)
U (6810)M=(020) -.(11) u| log a,, =log a + (n—1) log r
On subtracting Eq. (i) from Eq. (ii), we get loga, loga,,, loga,,,
(6810)m=(012)M=(020)-(100) Now, |loga, .5 loga,,, loga,,s

o (678)M:(_120) 10gan+6 10gan+7 10gan+8
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loga+ (nm-1)logr log a + nlog r

=|loga+ n+2)logr loga+ (n+3)logr
loga+ n+5)+logr loga+ (n+6)logr
loga+ (n+1)logr
loga+ (n+4)logr
loga+ (n+ 7 logr
On applying R, - R, =R, R; - R; — R,
loga+n-1)logr loga+nlogr loga+(n+l)logr
3log r 3log r 3log r
6log r 6 log r 6 log r

= 0 (Since R, and R; are proportional)

30. (a) Given,(An OO (B CF @

g AnC=¢ (1)
and BnC=¢ ...(i1)
From Egs. (i) and (ii), we get
AnB=@
31. (b) Since,
n(4) # n(1)
and n(A) £ n(U)
OThere does not exist bijective mapping between 4 and

T,U.

32. (d) Even numbers on die are 2, 4, 6.
and odd numbers on die are 1, 3, 5.

O P(even) = = = —

33. (a) We have,

Mean, np =4
and variance, npg = 2
0 g 21
np 4 2
_1 _1 -
O g=-0Op=—and n=38
2 2

34.

35.
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S 2x1 256 64
(b) Given,
S, =cot™! 2+ cot” '8+ cot” 18
+cot™! 32+ ... to n'™ term.
=cot™! 2x1% +cot™! 2x2% +cot ™! 2 x3?
+cot™! 2x 4% + .

O »n™ term = cot™! 27

- 1
0 t,=tan 1@?@

@i+ -@i-y f
d+@n+1)(2n-1)0O

= tan

=tan (1 +1) —tan”" ' (21 -1
O §,=tan '(2z+1) —tan ()

O lim S, = tan~'(c0) — tan™' (1)

(a) We have vertices of parallelogram 0(0, 0),
A(a cos 8, bsin 8)and B(a cos 6, — b sin 8)
A (acos b sin 0)

0(0,0) P
B (a cos 8,-bsin 6)

Here, OA =0B
[ Area of parallelogram = 2 x area of AOAB

=2X%X0P XAB@
=2><l Xa cos® x2bsin O
2

=2 x ab (sin 6 cos 0)
=absin 20

[0 Area will be maximum when 6 = E.
4

[ Maximum Area = ab when 8 = 1
4
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36.

37.

(a) Let point B = (2p, 0)

Y
A (0,4)
M
B
000 /p v
R

O Coordinates of M are (p, 2)

Now, Slope of AB = 4-0__2
0-2» p
EISlopeMR=E
2

P

OEquationsof MR=y -2=Z (x —p)

2

On putting x = 0, we get
2 2
y—Z:—ﬂm y:Z—pi
2 2

O pz
[ Coordinates of Ris [0, 2 - 5
O

oo

O

|:| r
OCoordinates of Pis &, 2

EZ 2

i.e. % 2-
R

r
4
[Iy:2—x2I]

+x2=2

< < OOO

(b) x-y=0

B

x+y=0

Let coordinates of A are (a, — o) and coordinates of B 40.

are (3, B)
B+o= 2handB-a =2

Now, Area of AAOB = Iy 0OA x OB

2
=220 [ =(aB | =c

af 2=¢?

0 16a$? =16¢°

38.

39.

O{B+a)?’-P-a)?} =16
0 (ah* - 4k*)? =16¢>
0 -k =c?

OLocus of the mid point P of MRis (x* — y})? =¢?

(a) Given equation of parabola
6y =22°x* + 3a’x —12a

0 6y +12 =2a§72/\'2 +§ax
= 211@12/\’2 + 207 ax +2§— 24
4 16 8

Let vertices are (%, k)
O h= iand k= ﬂ
4a 16

0 hk:@
64

Olocus of the vertices is

105
Xy =
64

(b) Given, equation of ray of light x + +/3y =+/3
X+V3y =V3
B

X-axis

B
On putting y = 0, we get x = /3
0 Coordinates of A are (+/3, 0)
Now, let B(0, 1) then B' = (0, - 1)
y-0_x-
0+1 +3-0
O N3y=x -3

0
(JZO) JX2+ yi=4
B

Given, equation of circle x* + y* =4

&

OEquation of AB'is

Centre = (0, 0) and radius = 2
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41.

42.

43.

0 MA=.(4)?-(2)? =12 =23
0 Area of quadrilateral MAOB
= 2 xarea of AMAO

=2><l X MA X 0A
2

=2/3x2

= 44/3sq. units.

(b) Given, equation of parabola y* = x

We know that for y* = 4ax

if we draw a normal from (4, 0) on it then condition
for three normal is 7> 2a

04>t
2

(b) A
OLB

According to question the coordinates of Aand Bare
(0, b, ¢) and (a, 0, c) respectively.
Now, perpendicular vector OA x OB

j ok
c

i
=/0 b
a 0 ¢

i(be = 0) = j(0 —ac) + k(0 - ab)

bei + ac}' - abk

ORequired equation of plane is bex + acy —abz =0
(b) Given, equation of ellipse x> + 2y* = 4

2 2
O L . (i)
4 2

Y
P (2 cos 60°

2 sin 60°)
60°

e

)

Now, equation of auxiliary circle is x> + y* = 4.

O Point on the auxiliary circle with eccentric angle
60° is P(2cos 60°, 2sin 60°)

ic., P, 3

44.

45.

46.

(b) According to the question, we have.
CC, =1 +n
and CCy=r+r,
ad CC,—CCy =(r+n) —(r+tn)=nr—n
0 Locus of centre is Hyperbola.
(c) Let direction cosines of line is (/, /, I).
0 P+ +1=1
1
O 3°=1 0 I=—
V3

. . . L 1 1 1

00 Direction cosines of line is %ﬁ ﬁ ﬁ@

Now, equation of a line passing through P(2, -1, 2
x-2_y+tl _z-2_ ()
/43 1/43 1/43

0 x=k+2y=k-land z=k + 2

Since line (i) meets the plane

2x+y+z=9atQ

O 2k+2)+(k-1)+(k+2) =9

O k+4+k-1+k+2=9
g 4k +5=9
g 4k =4 0 k=1

O Coordinates of Qare (3, 0, 3)
O PQ:\/(S—z)Z +(0 +1)2 +(3 =22

= 1 +1 +1 = /3 units.

H
u

ol - 2
(b) Given, y =sin™" M
B 13 B

21 = 2
=sir171%5—x+7l - %
EB 13 E

Letsin®, = % and cos6, = x

O y =sin”!(sin6, [tosH, + cosf [§inB)
=sin~' {sin®, +8,)}

=0, +6, =sin”! > + cos™! x
13
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47.

48.

49.

50.

0 bl e
and y=—
1- x2)1l1 - x?
u »l - x?) = X
o yz(I—XZ) —xy =0
O a=1,b=-1
O b=(@-1
(c) Given, 2f(x) + 3f(— x) =15 —4x (1)
On replacing x by — x in Eq. (i), we get
2f(— x) + 3f(x) =15 + 4x ... (i)
On solving Eqs. (i) and (ii), we get
flx)=4x + 3
gd f@=4x2+3=11

(c) Given, f(x) = x, f5(x) =2+ log, x
Now, Let A(x) = f5(x) = f; (%)
=(2+log, x) —x
=2+log, x —x
Here, h(0")< 0, h(l) >0, he)>0 and h(e?) <0 and
value of /(x) for all x = ¢? is negative.

Oh(x) = 0 has two roots is (0, 1) and (e, e?)

(c) Given equation, 6* + 8 =10*
: oH + HGH
0 0
. 2+ B
5 5

Let 3= sin@ [ 4. cosB
5 5

1

O (sin®)* + (cos®* =1

it is possible only x =2

Ogiven equation has exactly one real root.

(b) We have, f: D - Rwhere D =[0,1] 02, 4]
0 x, if x [0,1]

J) = Efl— x, if x O[2, 4]

51.

52,

53.

Clearly f(x)is increasing in [0, 1] and decreasing in
(2, 4]

O f(x) is neither continuous and nor differentiable
in D.

ORolles theorem is not applicable to fin D

(b) f(x) be a continuous periodic function with
period T
a+ T
Given, 1= J‘f(x) dx
a
T
I =(f(x)dx
!
Hence, I does not depend on ‘a’.
Lot
(c) We have,b:I dt
Ol‘+1
a e—;
Let I= Iidt
At-a-l
a —(a+a-1-1)
1= J' dt
s ata-l-t-a-l
ov¢ b O
D'J’f(x)dx=If(a + b —x)dxg
B a g
a  t-2a+1
I= J‘eidz
a—-2-t
a-1
put t—(a -1 =x0 dt =dx
whent=a, x=landf=a-1 0O x=0
1 pXra-l-2a+1
ad I=I—dx
Oa—z—x —a +1
I xm-a
0 I:I&dx
o~ (x+1)
1 eX
0 I=—e_“17dx
x +1
0
_ gt a
0 I==¢ %b) Q'I dt =bp
Boltl g
g I=-be™
(a) We have,
f(0) =log, (L +¢'™) —tan™" (™)
, 10610){ SeSx
a f(X): 10x B 10x
1+e 1+e
, _loel()x _Seix
0 S0
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u 1=

We know that,

Jlx + D) = flx) = f'(x) dx
5

O fix + &x) = f(x) == x0.2 [vdx =0.2]
2
g A f(x) =
54. (b) we have,
S =1+ x
flo=1++c
O c=1++/c [ flc) =c]
O € -1)? =(e)?
O -2 +1=c
0 *=3+1=0
O c= 345
2
0 f has unique fixed point in I, ]
O i
55, (c) LetL = lim padnity
X - ool:BX + ID
im BSX;I*IHZ}X
I :exﬂwD3X+I O
lim 3x—l—3x—IH4
L :ewaD 3x +1
lim “2x4
R T
L=e x
L= 83
56. (a) Given curve, y = 4x2 y = 5 andy 2
Graph of given curve
y=4x°
) 32/ y=x/0
\ i

(3A2,2) WSNEZ)

Area of shaded region

'ZI [B( (Ddy

—2J'2 Sfdy

57.

58.

59.

2
=5x 277

_10 22 - 0]

:Q X 2\/5
3
=2—f«/§sq unit.
(c) We have,
a@ xB) +b(B xy) +c(y +o =0

Clearly a(a xB), (B xy) and (y + o) are coplanar
vectord 3 and yare also coplanar

(b) Given equation
y? =203
dy 2
0 2y— = 6x
dx
2
O ﬂ = l
dx 4
xUny Kk
Slope of tangent is perpendicular to line
4x =3y
Bp? 0
O o D@‘%
Ok O
d ==k (i)
and k* =2’ ...(id)
From Egs. (i) and (ii)
(4h*? = 21’
O 161" = 21’
O = l
8
0 k=- 4%@2
g k=-4x 1 _-1
64 64

O
=
=z

n
é%\
=1
|l
0

=3
=

(d) Given, (bc + ca + ab)®

(be)” (ca)* (ab)"

General term =

plg'r!
- 6! aq+rb)p+r<c)p+q
plg'r!
Coefficient of a’b*c® in the expansion (bc + ca + ab)®

d qg+r=3,p+r=4,p+qg=>5
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60.

61.

=2Ap+q+r) =12
=p+qg+r=6

Op=3,g=2,r=1
6! _ 3 6! @
312111 13!
(c) Givena, b, ¢ are in G.P and log%i@ log Q@Q
Ra 5¢
log%@and AP

0 Coefficient of a’b*c’ is

0b% =ac
and Zloggﬁgz log%@+ log@jﬁg

5¢ b

2

0 490> _ 5c

25¢2  7b
o (7b)° = (50)°
0 Th=50c¢="b

5
and b =ac
0 p? =a§zb§
5

0 b="a

Sides are S—b b, zb
7 5

0 a, b, c are the length of the sides of scalene
triangle.

(b) We have,
a’>+10  ab ac
ab b*+10 b
ac bc 2 +10
a(@* +10) ab? ac?
=Ll wprro) b
abe a’c b c(c? +10)

Taking common 4,b,c from R;,R, and R,
respectively

a?+10 b? 2
= % a’ b* +10 c?
anc a? b? 2 +10

Applying €, - C; + C, + C5, we get

a?+ b+t +10 b 2
=|a?+ b2 +c2+10 b2 +10 2
a2+ b +c2+0 b* 2 +10

62.

63.

1 b2 2
=(@®+b*> +c*+10)[1 p*+10 (?

1 b? 2 +10

R, - R,—R andR; - R, — R,

1 v 2
=(@®+b>+c>+10)0 10 0
0 0 10

=(a® + b* + % +10) (100)
-+ If is divisible by 100.

(b) We have,
S={(x,y):y=x+1,0<x <2}
For reflexive (x, x) OS
x=x+1 08
S is not reflexive
S is not equivalence relation
T ={(x,y :x - yisan integer}
For reflexive (x, x) OT
x=x-x=00R
T is reflexive
For symmetric
(x, ) = x — yis an integer
(y,x) =y — xis also integer
0T is symmetric
For Transitive
(x,wOT,(y,o9OTalb (x,9 OT
(x, y) = x — yis an integer
(v, 29 =y — zis also integer
O(x =y + (y —2 =x —zis an integer
Ox, 0T
Hence, T is an equivalence relation.

(d) Given plane,

P =Ix+my=0and P,=2=0
Plane through common line of A and P,
0 Py=Ix+my+nz=0
angle between P, and P; = O

P+

\/12+ m* + n? \/12 +m?

1? + m?
0 cosa = 5
I“+m +n

0 cosa =

1? + m?

0 coso= —— 7
P+ m?+n?
2 2 2 2
+ +

O secZO(:l Zm Zn =1+2n 3
I“+m I“+m
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64.

65.

66.

=n=+.(? +m? tana
[JEquation becomes
Ix + my * ztana,/I> + m* =0
(c) Given ellipse
x2+ 2y —6x =12y +20 =0
and  2x?+ y* —10x =6y +15 =0

The point of intersection of the given ellipse is

(x* + 2> —6x —12y +20) +

A2x? + y2 —10x — 6y +15)
1L+ 2Nx* + 2+ Ny? —(6 +10N)x

Gh ap Gp b G GbD Gb Gb D GD GD GD GD GD GD GD @b @b GD Gp a» an an o

=0

—(2+ 6MA)y +20 +5\ =0

The points lie on circle
[JEquation becomes circle

O 1+2 =2+A OA= 1
[0 Equation of circle is

3x% + 3y* —16x —18y +35 =0

[0 Centre of circle is @é} 3@
3

T/ 35in x

(a) We have, I :Inm . dx
Let f(x) = Sinx
X

f(x) is decreasing functions

O J(m13) <f(x) <f(T/4)
ﬁ<f()()<27\/5
21 T
O ﬁ{" dx <1<i
21-[ n/4 n/4
O % n@<l< (t/3- 1U/4)
| £<1<£
8 6
(b,c)have|z+i|-|z-1]=|z] -2

|z|-20|z|=2represent a circle.

Ty
N

67.

68.

lz+i|-]z-1]=0
0 lz+i|=]z-1]
P (y+)? =(x =17 +y?

g x2+y2+2y+1 =x? —=2x +1 +y2

—y=-—x
y=-X
0 lz|=2 O x*+y* =4
From Eqs. (i) and (ii)
X+ x?=4
O ut=4x=%42
and y=F2
g z=x+1iy
=+\2F V2
7= £207F i)
=20 - 1)
and z7=2(-1+)
(d) We have,
X 3x+2 2x -1

2x —1 4x 3x +1 =0
7x -2 17x + 6 12x —1

R; — R; = 3R, — 2R,, we get
X 3x+2 2x -1
2x =1 4x 3x +1 =0
0 0 0

Oinfinite value of x is possible.
(b) We have
77" (22 time 7)
g 7777 is an odd number
o7t =77 x 7
= (7" x7
= (49" x 7
=(@48+1)" x7

=70 + 48K)
=7+ (48x%x7k
[0 remainder = 7
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69.

70.

71.

dx
4+ x°

2
(c,d)(a) 1, =

I
It is possible to put x = tant
Option (a) is incorrect.

(b) I, =j'1/X2 +1 dx
0

It is possible to put x = tant
O Option (b) is also incorrect
Hence, option (c) and (d) are correct.

(a, ) Let equation of plane be
1 + X + E =1

a b ¢
Centroid = é EQ
3 3 3
O E:Lé:nﬁzrz
3 3 3
] a=3,b=3r c=3"

Equation of plane be
Xy,
2

3 3 3r
Now plane is passes through (5, 5, =12
O 2212
303 3’
O 5% + 5r =12 =37
0 2’ + 51 =12=0
0 2%+ 8r =3 -12=0
=(2r-3)(r+4)=0
| r=3/2-4

(a) Let the equation of circle is
(x-a) +(y -p* =r’

O X =d+ rcosO
y=B+rsinB®
g P=(a + rcosB, B + rsinb)
0 =(a, b)
Let R=(hk

_a+ rcoserk _ B+ rsin®
2 2
rcos® = 21 —aand rsin® =2k -
O r*(cos?® +sin’@ = (2 —a)? +(2k —P)*

-5 B2 -

O h

2
0 LocusofRis@x—gg+ @—E@Z:L
2 2 4

Which represents a circle the locus of Ris circle.

72. (a)LetI = lim Hn Jn + n

+
" “Sﬁ Jin+a® i+’

+ +L%
B

m+4m-17

n-1
O 1= lim y v
=0 +4}’)3

"o o F

1" udn
0 I= lim — S
nee n,.;,/(n + 4r)°
1! 1
O I=lim727
e g
+
n
1 dx
O I = -
I0(1+4X)3/2
-32+1 ()
0 ;= Hit+4x) .

g4-3/2+1)

0 1:;21[(1+4x) Ly

0 ="y
2

-101 .0
0 =22 -
2 Bs5 H
-10-450
O I=—-F~20
20450

0
73. (a, d) We have, f(x) = % if

F(9 = [odr + [2dt
-1 0

00, -1=x<0

F(x) =
x, 0<x<1
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Graph of i(x) is
0.2

Clearly F(x) is continuous in [- 1, 1]
F'(x) does not exist at x =0

74. (b, c) We have,

f(x) = tan™! —lzlogxon é% «BE
! = 1 —L
) 1+ x> 2
fig= 2 oLox
2x(1 + x%)
ey = (X2 -2x +1])
F'i) 2x( + x?)

v _1\2
fog= D
2x(1 + x7)

f"(x) is decreasing function 0 x> 0

1
ﬁnax atx = T and ﬁnin atx = \/g

3
1 1 1 1 1
g @2 tan” — —~log—
f%s V32 gﬁ

ol

+£log3
4

fW3) =tan" '3 —lilogﬁ

:E—£]0g3
3 4
m, 1
U fmax:g-'-zl()gs
m 1
ﬁI)i[lzg_ZlOgs

75. (d) We have, f and g be periodic function with

periods T, and T, respectively
[+ gisperiodicif T, = T,
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