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SOLVED PAPER - 2015 (COMEDK)

Instructions

= Thaere are 180 questions in all. The number of questions in each section is as given below.

Sections

Section | : Physics
Section Il : Chemistry
Section Il : Mothemaotics

No. of Questions

1460
41-120
121-180

+ All the guestions are Multiple Cheice Questions having four options out of which ONLY ONE is correct.
« Candidates will be awarded 1 mark for each correct answer. There will be no negative

marking for incorrect answer.
Time allotted 1o complete this paper is 3 hrs,

PHYSICS

1. A uniform circeular dise of mass 400 g and radius
4.0 em is rotated about one of its diameter at an
angular speed of 10 rot/s. The kinetic energy of
the disc is
@ 32x107° ]
e.32x 107 ]

Several lamps of 50 W and 100 V rating are
available. How many of them can be connected
in parallel across a battery of a 120 V of internal
resistance 10 €, so that all bulbs glow in full
power?

a 2 b. 4 c. b d. 8

b. 16 x 107 ]
d. 6.4 > 107

g

3. A stone weight 100 N on the surface of the
earth. The ratio of its weight at a height of half
the radius of the earth to a depth of half the
radius of the earth will be approximately
a. 3.6 b. 22 e. 1.8 d. 0.9

4. The gravitational field strength at the surface of
a certain planet is g. Which of the following is

the gravitational field strength at the surface of a

planet with twice the radius and twice the
mass?
agf2 b. g c.2g d. 4g

5. A crane with a steel cable of length 11 m and
radius 2.0 em is emploved to Lift a block of
concrete of mass 40 tons in a building site. If
the Young's modulus of steel is 2.0 % 10'! Pa,

what will be roughly the inerease in the length
of the cable while lifting the block?

(Take, g =10ms )
a. .75 cm b. 1.25 em

e. 1.75 em d. 2.50 em

6. | and V are respectively the current and voltage
in a metal wire of resistance R. The IV graph
for the two different temperatures T, and T,
given, then

T1
! T,
Vv
a.T =T, b.T,>T,
. T, <T, d. T, =2T,



7. A charged particle moves in a uniform magnetic
field. The velocity of the particle at some
instant makes an acute angle with the magnetic
field. The path of the particle will be
a. a straight line
b. a circle
c. a helix with uniform pitch
d. a helix with non-uniform pitch

8. A certain length of insulated wire can be bent
to form either a single cireular loop (case ) or a
double loop of smaller radius (case 11). When
the same sleud_\r' current is pzl.‘ised thruugh the
wire, the ratio of the magnetic field at the
ventre in (case 1) to that in (case 1) is

b2 c. 12

9. Inside a evclotron, a charged particle is
subjected to both an electric field and a
magnetic feld. It gains kinetic energy due to the
a. electric field b. magnetic field

c. Both {a) and ()
The graph showing the variation of the
magnetic field strength B with distance r from a
long current carrving conductor is

uI Er.T

TR B

d. 1/4

a. l

d. None of these

10

|

F—
c g d. ;
—— T—

n

The temperature at which centigrade and
Fahrenheit scales give the same reading, is
a. — 40° b. 4@ . — 307 d. 30°

12. The correct definition of Meissner effect is

a. the phenomenon of perfect paramagnetism in
superconductors

b. the phenomenon of perfect diamagnetism in
superconductors

c. the phenomenon of perfect diamagnetism in
semiconductors

d. the phenomenon of perfect ferromagnetisin in
metals

13

A jet plane is travelling west at 450 m/fs. If the
horizontal component of earth’s magnetic field
is 4 % 107" T and angle of dip is 30°, then the
vertical component is
a.3x107'T

c.23%x107 T

b.ax10™*T
d. 12308 107'T

14.

15.

16.

17.

18.

19.

20

21.

A bicyele generator creates 1.5V oat 15 kmm/h.
The emf generated at 10 kim/h is

b2V

d 1V

a. 13V
c. 05V

The instantaneous voltage of a 50 Hz generator
giving peak voltage as 300 V. The generator
equation for this voltage is

a. V = 50sin 300wt b. V = 300sin 100wt

c. V = Gsin 100wt d. V' = 5lsin 100

A transformer is used to light a 100 W, 110V
Lamp from a 220 V supply. If the supply corrent is
0.6 A, then the efficiency of the transformer is

a. GG b. T6%

c. B6% d. 96%

If instantaneous current is given by
i = dcos(wt +), then the rms value of
current is

a. 242 A
. 41@ A

[ the surface is a perfect reflector, then the
change in momentum of the wave after falling
on the surface is

b4 A
d. zern

a. b. 2p
c.% d. — 2y

A person sitting firmly over a rotating stool has
his arms stretched. If he folds his arms. his
angular momentum about the axis of the rotation
b. decreases

d. doubles

a. increases
c. remains unchanged

The temperature of two bodies A and B are
T27°C and 327°C respectively. the ratio H, 1 H
of the rates of heat radiated hy them is

a. 727 : 327 b.5:3

c.25:9 d. 625 : 81

The refractive index and the permeahility of a
medium are respectively 1.5 and 5 % 107 Hm ™.
The relative permittivity of the medium is nearly
a. 25 b. 15 c. b d. 10

All lights are switched off, except for a bright
point-light source kept at the bottom of a
swimming pool filled with elear water of
refractive index 4/3. As a result, l'l'l'll}" a circular
patch of 6 m diameter of the water surface is
visible to spectators standing around the
swimming pool. Which of the following gives
the nearest value of the df_"]_'lfll of the pm:]?

b. 20m

d. 3.0 m

a. l.6m
c. 2.6m



23. An equiangular glass prism of refractive index

1.6 is kept fully immersed in water of refractive
index 4/3, for a certain ray of monochromatie
light. What is the closest value for the angle of
minimum deviation of the light ray in this
setup? (Take, sin 37° = (0.6)

a. 107 b. 14°

c. 18° d. 22°

A concave mirror gives an image three times as
large as its object placed at a distance of 20 cm
from it. For the image to be real, the focal

length should be
a. 10 cm b. 15 em
c. 20 cm d. 30 cim

Two coherent monochromatic light beams of
intensities I and 41 are superimposed. The
maximum and minimum possible resulting
intensities are

a. 531 and 0 b.51and 31
e.90and 1 d. 9fand 31

The momentum of electrons having a
wavelength 2k (given, h = 6.626 x 107 J-s,
m=91x10"% kg)is

a 6313 % 107 kgom 57!

B 3313 %107 kg s~

£.9.313 % 107 kg-m 5™

d. 12313 x 1075 kg 57!

The photoelectric current of voltage in a certain
experiment is 1.5 V. What is the maximum
kinetic energy of photoelectrons emitted?

a 24x107"] b.— 24 =107

e 24x107"] d. 2.04 = 107%]

. The best waves for emission of electrons from a
surface are

@. microwaves b. ultraviolet rays

. infrared rays d. X-ravs

. The shortest wavelengths of Paschen, Balmer
and Lyman series are in the ratio

@9:1:4 h.1:4:9

e.9:4:1 d 1:9:4

A sample of a radioactive element whose
half-life is 30 s contains a million nueclei at a
certain instant of time. How many naelei will be
left after 10 s?

a. 3.33 % 10° b. 3.78% 107

e. 111 % 10° d. 1.26 % 10°

31. A nuclear fission is said to be eritical when
multiplication factor or k
a k=1 b k=1 e k<l d k=0
32. In case of a p-n junction diode at high value of
reverse bias, the current rises sharply. The
value of reverse bias is known as

a. cul-in b. zener voltage
. inverse voltage d. critical voltage
33. The truth table of a logic gate is given below
Input Onitput
A B Y
0 0 1
0 1 1
1 a 1
1 1 0

The logic gate is
a. OR gate b. AND gate
c. NOR gate d. NAND gate

34. In a semiconductor diode, the reverse biased
current is due to drift of the free electrons and
holes caused by
a. thermal expansion only
b. impurity atoms only
. Both (a) and (b)

d. Neither {a} nor (b}

35. A TV tower is 120 m high. How much more
height is to be added to it, if its coverage range
is to become double?

. 120 m b. 240 m
. 360 m d. 450 m

36. A message signal of frequency 10 kHz and peak
value of 10V is used to moderate a carrier of
frequency 1 MHz and peak voltage 20 V. The
modulation index and side bands produced are
a. 0.4 and 1200 kHz, 990 kHz
b. (0.5 and 1010 kHz, 990 kHz
. 0.2 and 1010 kHz, 1000 kHz
d. 0.5 and 1500 kHz, 1000 kHz

37. Vector A has a magnitude of 10 units and makes
an angle of 30° with the positive X-axis. Vector
B has a2 magnitude of 20 units and makes an
angle of 30° with the negative X-axis. What is
the magnitude of the resultant between these
two vectors?

a. 203 B35 e. 1543 d. 10+3



38. A uniform chain of length L is lving partlv on a

39

40

41

42

table, the remaining part hanging down from the
edge of the table. If the coeffivient of friction
between the chain and the table is 0.5, what is
the minimum length of the chain that should lie
on the table, to prevent the chain from slipping
down to the ground?
a. Lf3

c. 2L/3

b.Lf2
d. 3L/4

A bomb of mass 18 kg at rest explodes into bwo
pieces of masses 6 kg and 12 kg, The velocity of
12 ki mass is 4 mfs. The kinetic energy of the
other mass is
a. 288 ]

. 96]

b.192]
d. 144]

A soap bubble of radius r is blown up to form a
bubble of radius 3r under isothermal conditions.
I[fois the surface tension of soap solution, then
the energy spent in blowing is

a. 3nor’ b, e

c. 12xor” d. 64ror’

The diagram shows a barrel of weight L0 x 10° N
om a frictionless slope inclined at 30° to the
horizontal.

Force of slope
on barrel Forea

10108 N

The force is parallel to the slope. What is the
work done in moving the barrel a distance of
5.0 m up the slope?
a. 25 x10° |

c. 5.0 % 10°]

b 43 x 107 ]
d. 1.0 % 107]

A 2 kg mass lving on a table is displaced in the
horizontal direction through 50 em. The work
done by the normal reaction will be

a. 10| b. 0

c. 10 erg d. 100 ]

43. The dimensions of four wires of the same

material are given below. In which wire the
increase in length will be maximum when the
same tension is applied?

a. Length 100 cm, diameter 1 mm

b. Length 200 em, diameter 2 mm

c. Length 300 cm, diameter 3 num

d. Length 50 cm, diameter 0.5 mm

44,

45.

45.

47.

48.

49.

50.

Under a constant pressure head, the rate of
flow of orderly volume flow of liquid through a
capillary tube is V. If the length of the capillary
is doubled and the diameter of the bore is
halved, then the rate of flow would become
a.V /4 bV/S c. 16V d. V/j32

A ball is dropped from the top of the building
100 m high. Simultaneously, another ball is
thrown upwards from the bottom of the
building with such a velocity that the balls
collide exactly mid-way. What is the speed in
~! with which the second ball is thrown?

ms

(Take, g =10ms™2)

a. 31.6 b 275
. 224 d. 19.6

In an isochoric process

a. work done is constant

b. volume changes, work done remains same

c. volume remains constant and no work is done by
the system

d. Both volume and work done changes

The average energy of molecules in a sample of
oxygen gas at 300 K is 621 x 1072 ], The
corresponding values at 600 K are

a. 1212x 107 b. 8783 107 ]

e 621 x 1077 d. 1242 % 107

A mass M is suspended from a light spring. An
additional mass m added displaces the spring
further by a distance X. Now, the combined
mass will oscillate on the spring with period

a.T=2x mg b.T = o (M + m)X
X(M +m) mg
c.T=£ : mg 2T = 9% (M + m)
2Y X(M + m) mg

A 10 kg collar is attached to a spring (spring
constant 600 Njm), it slides without fiction
over a horizontal rod. The collar is displaced
from its equilibrium position by 20 cm and

released. What is the speed of the oscillation®
a. -JE * 02 m/fs b. G0 x 0.2 mfs

c. 60 % 2mfs d. 6% 02m/fs

A body of mass 1 kg starting from origin with
initial velovity of 31 + -l] ms ™. If a constant
force of 21 = 3j acts on it, find the coordinate of
point it reaches in 3 s,
a.(18 - 15)

c. (18, 1.3)

b. (9. 1.5)
d.(9,—15)



51

52.

53

54

§5.

56.

61.

62,

A steel wire has a length of 90 em which is
under a constant tension of 100 N. The speed of
the transverse waves that can be produced in
the wire will be (take, the mass of the steel wire
to be 6x 107 kg)

a. 3 m/s B, 50 cin/fs

el fﬂ-.‘E s d. mqﬁmfs

The number of electrons in 1 C of charges is
a. 6.25 x 10" b. 625 = 10"
€. 625 % 10" d. 6.25 x 10

An electric dipole consists of two opposite
charges, each of magnitude 1.0uC separated by
a distance of 2.0 em. The dipole is placed in an
external field of 10° NC ™. The maximum
torque on the dipole is
a. 0.2 107 N-m

€.2% 107 Nom

b1 %107 Nom
. 4% 107 Nom

Two small charged spheres A and B have
charges 10 pC and 40 pC respectively and are
held at separation of 90 em from each other. At
what distance from A, electrie field intensity
would be zero?

a. 225 em b 18 em

c. 30 cm d. 36 cm

A charge g is placed at the centre of a4 cube. The
electric flux passing through the cube is
o e. L d.

1l g
a3, —— N
6 g, £,

3e,

e | =
:ml":

A parallel plated ecapacitor has area 2 m*
separated by 3 dielectrie slabs. Their relative

57

58.

59

60.

permittivity is 2, 3, 6 and thickness is 0.4 mm,
0.6 mm, 1.2 mm, respectively. The capacitance is
a5 %10 F b1l x 1075 F

295 =10 F d. 10 % 1075F

A particle A has charge 4 and particle B has
charge +4¢, each of them having the same mass m.
When allowed to fall from rest through the
same electrical potential difference, then the
ratio of their speeds will become

a.2:1 b.1:2

c.l:4 d. 4:1

A body accelerates from rest with a uniform
acceleration a for o time t. The uncertainty in a
is 8% and the uncertainty in t is 4%. The
uncertainty in the speed is

a. 32% b. 12%

c. 8% d. 2%

A parallel plate capacitor has a capacity C. The
separation between the plates is doubled and a
dielectric medium is inserted between the
plates. If the capacity is 3C, then the dielectrie
comstant of the medium will be
b.3 e. i

a. 1.5 d. 12

Two resistances A and B have colour codes
orange, blue, white and brown, red, green,
respectively. Then, ratio of their resistances
A:Bis

a. 3:1
e.1:3x10¢

b.1:3
d 3x10':1

| CHEMISTRY |

20 mL of acetic acid reacts with 20 mL of ethyl
aleohol to form ethyl acetate. The density of
acid and aleohol are 1 gfmL and 0.7 gL
respectively. The limiting reagent in this
reaction is

a. acetic acid

b. ethyl aleohol

¢. acetic acid and ethy] alcohol

d. ester

The mass of oxvgen gas which oceupies 5.6 L at
STP would be

a. the gram atomic mass of oxvgen
b. one-fourth of the gram atomic mass of oxvgen

63.

64,

c. double the gram atomic mass of oxygen
d. half of the gram atomic mass of oxvgen

Energy associated with the first orbit of He ™ is
a 872x 107" ] b. 0.8T2x 107" ]
o —0.872x 107" | d. —872x 107" ]

Pick the incorrect statement among those given

below.

a. Multiple covalent bonds are shorter, than single
covalent bonds between same set of atoms.

b. Bond strength varies inversely with bond length.

¢. Bond order of isoelectronic species will be same.

d. Bond enthalpy increases with increasing bond

length.



65. For one mole of NaCl(s) the lattice enthalpy is

67

68

Nas) + 1/2 Cly(g) T1084 Knol - nig) 4 172 Cly(g)
121 kffmal N;{g} + 12 Clyfg) +4495.6 k] fmiol

—348.6 kJfmol \;@} 4 C]_@}

Nal(g) + Clfg)
A" lattice

=12 kjfmol  woo (s}

Nafs) + 1/2 Clafg)

a. — 788 k] fmol
c. + 788 k]/mol

b. + 878 k] /mol
d. — 878 k]/mol

An endothermie reaction is found to have +ve
entropy change. The reaction will be

a. possible at high temperature

b. possible only at low temperature

. not possible at any temperature

d. possible at any temperature

For an adiabatic change in a system, the
condition which is applicable will be

a.w=10 b.g=—w

d.qg=1)

Which of the following equations give ionic
pmduct of water?

I. NH3{aq) + H,0 =—= NH;{aq) + OH {aq)

[L. NH{aq) + HjO == H,0" + NH,(g)

. NHZ (@) + H0 = NH;ig) + OH {ag)
IV. NH(g) + OH ™ (ag) —= NH3{aq) + H,0

a. 1l and 111 b. 111 and IV

c. Land 11 d. [1and 1

C.f =1

69. The number of H* ions present in 1 mL of a

70

solution whose pH is 13
a. 6.022% 10"
e. 6.022x 10™

b. 6,022 107
d. 6.022x 10%

Strongest reducing agent among the following is
I. Na* + ¢ — Nals) E*=-271V
IL AP+ 3e™— Alls) E®=—-166V
M. Fy{g)+ 2™ — 2F~ E°=4+287TV

IV. 2H 0+ 2" — H,(g)+ 20H (aq);
E°=—083V

b. only 111

d. only 1

Choose the correct statement applicable for the
reaction: 2H,04 2F, —— 4HF + O,

a. water is oxidised to 0,.

b. F; is oxidised to HF.

c. water is reduced to HF.

d. F, acts as reducing agent in the reaction.

a. only IV
c. only 11

72.

73.

74

75.

76

78

Decomposition of hydrogen peroxide can be
prevented by adding

a. NaOH b. MunO),

©. ured d. oxalic acid

Mg is an important component of

a. haemoglobin b. chlorophyll

c. ATP d. florigen

Pb,0, + 4HNO,—— 2Ph(NO,}, + PhO,
+ 2H0

Which is true about the lead ions in Fb;0 2
a. Ph** reacts with HNO ; to give lead nitrate.

b. PL'™ reacts with HNO ; to give lead nibrate,

. Pb™ reacts with HNO; to give PhO),.

d. Ph'*reacts with HNO,; to give Ph) .

Which of the following chemicals does not
liberate hydrogen gas on reaction with
aluminium metal?

a. Dil. sulphuric acid

b. Aqueous sodium hydroxide

. Dil. hydrochloric acid

d. Cone. nitrie acid

The decreasing order of reactivity towards
electrophilic substitution of the following
compounds is

ol Ny CHy
1 2 3 1

bhd>1>3>2
dl>4>3>2

al>3i>4>2
cd>1>2>3

An organic compound weighing .15 g gave on
Carius estimation, 0.12 g of AgBr.

The percentage of Br in the compound will be
close to (Atomic mass of Ag = 108, Br =580)

a. 6% b 34.1%

. 3.41% d. 4.6%

[dentify the correct [IUPAC name of the
following compound.

CH,CH,CH,CH.CN
a. Butyl cvanide b. Butanenitrile
c. Pentanenitrile d. Pentvl cyanide

[dentify the main product in the following
reaction.
20% HaPOy

C(CH;);0H

a.(CH;),C = CH,
. CH,CH = CHCH,

b. (CH,),CHOH
d. CH,CH,CH=CH,




80.

82.

83.

84.

8s.

86.

87.

BOD is a measure of

a. ozone depletion in the stratosphere due to too many
free radicals.

b. suspended particulate matter in the air causing lung
problems.

. pesticides which are non-hiodegradable in the soil
and water.

d. organic material present in water needing dissolved
oxveen to break them down depleting oxygen
content in water.

If same bype of atoms are packed in hexagonal

close packing and cubic close packing separately,

then

a. density of hep will be greater than cop

B. density of hep will be smaller than cop

. density of hep will be equal to cep

d. density of hep and cep will depend upon the
temperature ol the svstem

Silicon doped with arsenie is

a. p-tvpe semiconductor

B. n-type semiconductor

. intrinsic semiconductor

d. insulator

Which of the following compounds have the
same value of van't Hoft's factor (f) as that of
AL(S0,),?

a. K, [Fe{CN), ] b. NaCl

c. AINO,), d. Na,SO,

The standard electrode potential for Daniell cell
is 1.1 V. What is the standard Gibbs energy for
the reaction ?

a. 2123 k] mol™
c. 106.15 k] mol™

b. —212.3 kJ mol™
d. —106.15k] mol™

The cathode reaction in the dry cell will be
a Znls)— Zn" "+ 267

b MnO 3+ NH ] +¢ — MnO(OH)+ NH,
c. Zn{Hg)+ 20H™— Zn0is)+ H 0+ 2™
d. MaO(OH)+ NH;—— MnO, + NH] + 227

Ay, for NH,CL NaOH and NaCl are 130, 248
and 1265 Q7" em” mol™ respectively. The }'..:“
of NH,OH will be
a. 251.5 b, 2445

c. 130 d. 504.5

In a chemical reaction i.e., A + 2B—— products,
when concentration of A is doubled, rate of the
reaction increases 4 imes and when
concentration of B alone is doubled rate
continues to be the same. The order of the
resaction is

b.2 c. 3 d 4

a. l

88.

89

90.

=2

Q2.

Q3.

o4.

5.

6.

Zeolites are shape selective structures because
of

a. high adsorption capacity

b. three dimensional network of atoms
c. presence of aluminosilicates

d. honey comb like structure

Sulphur sol is a tvpe of
a. emulsion

b. multimolecular colloid
c. lvaphilic colloid

d. macromolecular colloid

The magnetite ore is
a. terrous oxide b. ferric oxide

e. ferric hydroxide d. lervous-ferric oxide

In the metallurgy of aluminium, when the
fused matrix is electrolvsed, the overall
reduction reaction is

a. ALO; + 3C—s 2Al+ 3C0

b. ALO, — 2A1P* + 30,

e. 2A1,05 + 3C—s 4Al+ 3C0,

d. ALO; + 2 CO—s 241+ 2C0,

Carbon monoxide forms volatile compound
with

a. Ni b. Cu

c. Al d. 5i

Which of the following reactions does not
produce PH,?

a. White phosphorus with water

b. White phosphorus with cone. NaOH
. Metal phosphide with dil. HCI

. Metal phosphides with water

The decreasing order of stability of oxides of
halogen is

a. fluorine > chlorine > iodine > bromine

b. fluorine > chlorine = bromine > iodine

c. indine = bromine > chlorine > fluorine

d. iodine = chlorine > bromine = fluorine

N 3 does not show property of catenation

because

a. it has no d-orbitals in the valence shell

b. interelectronic repulsion between non-bonding
electrons is greater

e. N=N has high bond enthalpy

d. nitrogen has very high ionisation enthalpy

Hybridised state of bromine in bromine
pentafluoride is

a. spd b. d?sp?

c. dsp’ d. spd”



Q8.

97. An element belonging to chalcogen group is

a. carhon

. chlorine

b. phosphors
d. sulphur

More number of oxidation state are exhibited by

the actinoids, than by lanthanoids. The main

reason for this is

a. greater metallic character of lanthanoids than that
of their corresponding actinoids

b. more active nature of actinoids

c. more energy difference between5 f and
Gel-orbitals, than that between 4 f and 5 d-orbitals

d. lesser energy difference between 5 f and
fid-orbitals_ than that between 4 f and5d-orbitals

A transition elements with atomic number 24
will hiave its magnetic moment

a. 5.92 BM

b, 6.93 BM

c. it will be diamagnetic

d. it will be more than § BM

100.1n tetrahedral permanganate ion m-bonding

tvpe between metal and oxveen is

a.pr-pr b dr-pr c. dn-dx d. dr-s

101. Which of the following pairs has the same size?

b. Zv't, Titt
d. Fn?t H*

a iy
a. Fe™t, NiT

c. 7't Hi

102.[Ti(H,0)4]*" is 2 3d” system, the value of

crystal field stabilisation energy decreases by
a 4x107'A, b. 4.0A,

c. 804, d. $x107'A

103. Among the complexes of Ni listed below, the

following is the only correct statement about the

given compounds.

L[Nifco)y,

1L [NiCl, -

a. all of them have tetrahedral geometry.

b. 1 and 11T are tetrahedral and 11 has square planar
geometry.

¢. Land IT are tetrahedral and I1T is square planar.

d. all of them have square planar geometry.

IL[NI(CN) 17

104.The formula for sodivm trioxalatoaluminate (I11) is

a. Na [Al(C,0,),]
. Nag[AllC0y )51

b. Naslﬁlﬂcgﬂl }']1
d. Nag[Al(Cy0, )]

105.Which one of the following coordination entity

is chiral?

. tmn.'p{{.‘mli{m)glu_
b. cis{Co(NH,),CL, "
e. cis{CrCls(ox), 5

d. trans{Co({NH; ), CL,]*

106. Which of the following compounds is

107.

108.

responsible for depletion of ozone laver?
a. Freon
c. DDT

b. Chloroform

d. lodoform

Ethianol, when warmed with iodine and sodium
arbonate gives a vellow coloured ervstalline
solid, which is used in preparation of antiseptic

ointments. The }'eHuw coloured L‘T}'Htl-.‘lnill.t'
substance is

a. chloroform

c. carbon tetrachloride

b. iodoform
d. dichloromethane

Consider the acid strength of the carboxylic
acids,

I. FhCOOH

L p-NOCgH, COOH

a.l=11=1I1=1V
cll>I=>IV=>1

I1. eNO ,CH,COOH
IV. mNO ,CH,COOH

BIV=1=11=>1
dll>=INV=>1I1>1

1092.Which of the following is the correct seguence

1M0.

111.

12.

13.

of relative acidic strength?

a. FCHCOOH > CICH,CO0H > BrCH,COOH
b. CICH,COOH > BrCHCOOH > FCHCOOH
¢, BrCH ;COOH > CICHCO0OH > FCHCOO0H
d. CICH;COOH> FCH,COOH >BrCHCOOH

A mixture of methylamine and dimethy] amine
is given to you. The reagents used to separate
the components of the mixture are

a. CHCL; and HCI b. CH;S0,C] and KOH
c. CgH;50,Cland HCl d. CHCI; and KOH

Guabriel phthalimide synthesis is used for the
preparation of

b. amides

d. tertiary amines

a. secondary amines
€. primary amines
The correct increasing order of basic strength of
following amines,

C,HNH, NH,. (C,H,},NH, C,H.NH, in
Faseous state is

a.(C,H,),NH < C,H,NH, < NH, < C,H,NH,

b. CsH-NH, < (CoH; }aNH < CoH.NH, < NH,

e. C,H.NH, < NH, < C,H.NH, < (C,H. ),NH

d. (C,Hs ),NH< C,H;NH, < CHNH, < NH,
The sequence of bases on RNA molecule
synthesise on the GCATA strand of DNA is

a. CGUAU b, CGTAT

c. TACGC d. AYCGC

14. o-helix and B-pleated structures of proteins are

classified as
a. primary structure b. secondary structure

c. tertiary structure d. quaternary strocture



115. Which statement is not true for describing

116.

117.

121.

122.

123.

enznymes?

a. They are polvpeptides.

b. There are glveosidic linkages between the
molecules.

e. Thev are specific for a particular reaction.

d. They catalvse biological reactions.

Which of the following are monosaccharides?
a. Glueose and maltose

b. Glucose and sucrose

c. Glucose and ribose

d. None of the above

Nvlom-6, 6 is an example of a polvmer formed
by

a. chain growth polvmerisation

b. erossed linked polymerisation

. addition polymerisation

d. step growth polymerisation

118. Which of the following will form a
biodegradable polymer?
a. Glyeine and aminocaproic acid.
b. Ethyvlene glveol and phthalic acid.
e. Hexamethvlenediamine and adipic acid.
d. 1, 3-butadiene and acrvlonitrile.

19. Detergents can be made [:iud.egmdul:le and
pollution free by

a. using cvelie hvdrocarbon chain

b. shortening the hvdrocarbon chain

. using unbranched hydrocarbon chain

d. hyvdrocarbons with more branching

120. Sodium rosinate is generally added in the soap
because it
a. prevents rapid drving of soap
b. produces rich lather
c. gives antiseptic property
d. acts as a perfume

| MATHEMATICS |

If two sets A und B have 99 elements in
common, then the number of elements common
to the sets A x Band Bx A is

a. 2™ b. 09°

. 100 d. 18

If fix)=¢" and g{x)=loge”, then which of the
following is true?

a. f{z(x)} #g{f(x)

b f{glx)} =g{f(x}}

e. fglx)} +alfx)} =0

d. f{e(x)} —g{flx)} =1

The number of bijective functions from the set
Atoitself if A contains 108 elements is

a. 108 b. (108)! c.(108)° d 2™

124.1f a class of 175 students the following data

125.

shows the number of students opting one or
more subjects. Mathematics 100, Physics 70,
Chemistry 40. Mathematics and Physics 30,
Mathematics and Chemistry 28, Physics and
Chemistry 23, Mathematics, Physics and
Chemistry 18, The number of students who
have opted Mathematics alone is

a. 35 b, 45

. Gl d. 22

If a set A has 4 elements, then the total number
of proper subsets of set A is

a. 16 b. 14

e 15 d. 17

126 . lftan{x + y)=33and x = tan " 3 then y is
3 33
. — b, —

10 10

o) el

127. cot™(21) + cot ™ {13) + cot~H{—8) =

b. cot™ 26
d. None of these

an| cos™ L —sin”! 2 is equal to
e[
29 29 J3 3

a. —— b x d. —
3 3 29 29

a.
c. T

129.The number of solutions of the equation

1
|eotx|=cotx + A0=x =2m)is
sinx

a. b. 1 c. 2 d. 3
S — ST
11'5'(3.!.“:‘:$ is equal to
sin” x —CcosT x
a. — 2sinx b. --g--
sinx
—-]— d. 2sinx
sinx
131. In a AABC, cosec Alsin BeosC + cos BsinC) =
a. b. 1
c.—1 d. None of these



132. Amplitude of the complex number isin.[%] is

x peah wk P R

a. — ;
19 19 2 2 19
133. Given, 5 line segments of lengths 2, 3. 4. 5. 6
units. Then, the number of triangles that can be
formed by joining these segments is
a0, -3 b.%C,
e 301 d.?C, -2
134. How many numbers greater than 1000000 be
formed rom 2, 3, 0.3, 4,2, 37

a. 420 b. 360 c. 400 d. 300
135. The expression
T 7
1 L+.3x +1 1=f3x+1 :
== 15
J(3x+1) 2 2

a polynomial in x of degree
a. 7 b.5
c.d d. 3
136.1f in the expansion of (1 + px)", ne N, the
coefficient of x and x” are 8 and 24, then
an=3 p=2 b.n=5p=3
dnrn=4p=2

137117 +12% 4133 + ... +20% is

a. an even integer.

b. an odd integer divisible by 5.

c. multiple of 10.

d. an odd integer but not a multiple of 5.

138.The medians AD and BE of a triangle with
vertices A(0, B), B(0, 0) and C{a, 0) are
perpendicular to each other, if
b a
a.a=— b.h=—
2 g

d.a=+2

c.n=4p=3

c.ab=1

139.Let ¢ and b be non-zero real such thata # b.
Then, the equation of the line passing through
the origin and the point of intersection of

£+JIE':Iuur_!£+-£'-r—=1is

a b b a
a.ax + by =10 b.bx+ay=10
c.y—x=1 dx+y=10

140.A straight lines meets the coordinates axes at A
and B, so that the centroid of the AOAB is (1. 2).
Then, the equation of the line AB is
ar+y="0 b.Zx+y=6
c.r+2y=6 d.3x+y="06

141. The direction ratios of the line which is
perpendicular to the lines

z2—7 y+IT z—6B r+3 yp+3 =z—-4
= = and = = are
2 -3 1 1 2 -2
a.< 457> b =4 -5 7>
e.<4 -5 —7T> d<—45 7>

14 2. A line making angles 45° and 60° with the
positive directions of the axis of X and ¥, makes
with the positive direction of Z-axis, an angle of
a. GO b. 120°
e. 60° and 120° d. None of these

14 3. The shortest distance between the lines
x-3 y-8 =z-3 r+3 y+7 -6

= = and = = is
3 -1 1 -3 2
a. /30 b. 2430 e. 5430

144, lim (yJa's" +br +x —ax)=

I—3 =

4
d. 34/30

e tl, o0 .0 a2
2a a a

d 2
145.1f y =| cos x| 4 |sina] . then =5 =?ﬁ is
‘

dx
1-43

b. O
2

c.—i{ﬁ—l}l

.

d. None of these

146.The slant height of a cone is fixed at 7 em. If the
rate of increase of its height is 0.3 em/sec, then
the rate of increase of its volume when its
height is 4 em is

a. %cefsm:- b. @ cofsec
€. G cofsec d. lctfsec
o 10

147. A ladders 5 m long is leaning against a wall. The
bottom of the Ladder is pulled along the ground
away from the wall, at the rate of 2m/sec. The
speed at which its height on the wall decreases
when the foot of the ladder is 4 m away from the

wall is
a. -3‘ myfsec b.i myfsec
8 3
c. 3 mfsec d. é'-nufseo
148.The angle between the curve y* = 4ax and
ay = 2% iy
a. ta.n_lii- b. l:an_IE
4 5
€. tan™" ) d. tan™' 2
3 3



149.The maximum area in square units of an
iSEplSL‘EII:;S triangle inseribed in an ellipses
x” - s L
=+ y—o =1 with its vertex at one end of the
a- b~
TEOT AXis 18

a. 3 ab 5] units b. 33

ab sq units

[ ]

d. None of these

c. ab s units

1S0.If fix +y)= flx) fly) for all x and y and
fi5)=2, £/{0)=3, then f*(5)is

a. 5 b. 6
c. 0 d. None of these
151 If fix)= |t1g:2 {log x), then f'(x)atx=eis
a. 0 b. 1 c. I— d. L
e Qe

152. The value of ¢ in Lagrange’s mean value
theorem for the function f(x)=log(sinx)in the

n 3W
interval | —, i is
6
a. . b. .2
4 2
c. ZTE d. None of these

1
153. _[{:r T oosx +e7)dr =
-1

2e—1 tII_¢'+1 1 1

e [ € @

a.
154.The value of the integral

b3 :
rsin™ x G
[

. Za
psin T r4eosT T

2 2
a. n* b. 2r° i a
4 2
x? =1
155.[ —dx =
U 4x
a.x—logr+log(y® + 1) —tan " x + ¢
!&..1.'—1|::~g:|.'+-;-]|:Jg{:f2 +1l}—tan x4
c. x+logx + logix®* + 1) —tan x4 ¢
d o+ logy + % log{s® + 1) —tan " x + ¢
os8x +1
15&.“_[% dr=acosSx + ¢ thena =
a.—L h.l c.i d,—i
16 8 16 8

nf2

157. ]fj.rfl:sin dx=A j_f{sin_r}ffx. then A is equal
u i

to

a. il b. 2n

C. i dn
4

158. Area bounded by the curve y=x 3, the X-axis

and the ordinates at x==2and x =1, is

a. — Y sq units b. — LT, s units

=

1! 17
c. T: st] ks d. T‘sr] units

159.The area in square units bounded by the normal
at (1, 2) to the parabola y* = 4x, X-axis and the

curve is given by

a. L) b. L
3 3
4 d :
c. = d. None of these

160. Area bounded by the Yoaxis, y=cosx, y=sinx,
when 0 <x ‘EE is
2

a.2-1 b.A2-1)
c.(V2+1) d. 2

161. The area in square units of the region bounded
by y* =9rand y=3xis

a. 2 b.%
c. -1- d. 1
2
©
162._[ logx dx =

1

a. l b.e—1
c.e+l d. 0

163.The differential equation of the family of

a = =
pli]"..ll)l}}ii_'i !_j'_ — 4!’]‘1'7 “'I'I{’-I'l:" i 15 :l'Jdﬁ"-lﬂ'I(-."tl_‘r1 15

dy _y dy y
e bo—L=—2L
T dr . 2
dy 2y dy _ 2y
i e T d—2=="2
¢ dx x dr T
d y+1'tan£ :
164.0f L= % then sin[i}=
(X x x
a. ex’ b. cx

e ex’ d. logx



165.The general solution of the differential equation

[n;_y] +y-g"(x)=glx)-g"(x), where g(x)is a
fx

given function of x is

a. glx)+ logll + 4y + gzl =c
b glx)+ log{l +y—glx))=¢
c.olx)—logll +y—gix)h=¢
d. glz)— log{l —y + glx)l=c

166.The product of the degree and order of the

167.

g 32 3
differential equation [‘lil y] --[dy] :ys 15

2

R
a4 b. &
e 2 d. 3

Given, two vectors i —j and i— 23'. The unit
vector, coplanar with the two given vectors and
perpendicular to (1 — j)is

R

S

5 J

d. None of these

:l+j:} b.

1
a.ﬁ{

c.:t%f‘i+j}

168.1fa, b, c are three non-zero vectors such that

each one of them are perpendicular to the sum
of the other two vectors, then the value of
la+b+c|*is

a.|al” + |1 +|d°
e. 2|af +bf +|d7)

b.1al +1H +1d
d. S +167 +|d)

169.1f A and B are 2 matrices such that AB= A and

170.

7.

BA =B. then B? is equal to
a. B b. A
€. Zero matrix d. 1

Ifa, b, ¢ are in AP, then the value of the

x+2 x+3 x+2a
determinant [v +3 x+4  ©+ 2hlis
144 x+3 142
a. ) b.1
c.x d. 2x
a 00
[fA=|0 & 0O} thendet(adjA)is
00 a
a a” b.a®
c.a” d.a®

172.

173.

174.

175.

176.

177.

178.

179.

1 0
[fA:[l I]MIdA":aA'I-IJL then (e, B) =

a. (8,7) b.(-7.8)

. (8,—7) d (-5-T)

An urn contains 9 balls, 2 of which are white,

3 blue and 4 black. 3 balls are drawn at random
from the urn. The chance that 2 balls will be of

the same colour and the third of a different
colour is

= gx g 2%
a2 { Rl .. = R
51 51 51 51

6 boys and 6 girls in a row at random. The
probability that all the girls sit together is

1 12
a.— b —
432 431

1

d. None of these

Three dice are rolled once. The chance of
getting a score of 5 is

a. S b. i c. i— d. Lﬁ
216 (i} 36 ris
A bag contains 3 white, 4 black, 2 red balls. 1f 2

balls are drawn at random, then the probability
that both the balls are white is

1 1 1 1
a.— .— €. — —
18 a6 12 24
z . 1
The solution of <—is
dr-1 2
-1 —
oy — b.—ltzxﬂ:—
8
-1 1
c.xc—andys— d.x:»l
8 4 5

If52 =at? + 2Bt +¢, then acceleration is

a. directly proportional to 5

b. inversely proportional to S,

e. directly proportional to 8%,

d. inversely proportional to 5%,

The mean and variance for the data 6, 7, 10, 12,
13, 4, 8, 12 respectively are

a. 842625 b. 9,4/9.25

€. §26.25 d. 9,925
180.1f the conjugate of (x + iy} (1 — 2i)is 1 + i, then
n.\'—f—l_j bt+|’=l_i
Sy T T
€ r=é d.1=—é
5 3
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HINTS & SOLUTIONS

Physics
L {*) Given, mass of dise, M = 400 g =04 kg
Radius, A=4em=4x 107 m
Angular speed, w = 2 x 10
= 20 7 radfs

- Moment of inertia of disc about its diameter

e
I, =LMR
™%

. Kinetic energy of dise
i 1!, 2
L lyrixei=l
2 4
= lﬂ % 0.4 % (4 % 107) x(20m)°
=32=107]
Hence, no option is correct.

2. {b) According to given condition, let n number of
bulbs are connected in parallel as shown below

I
i

m.ﬁ'
m R
Ifin

! =100

Ifn

V=120V

,2

- [
Resistance of each bulb, R = l'? l P=

=£=gm}n

Using KVL in the lowest loop,

liﬂ—lﬂi—ix2m}=ﬂ
n
=% 12—!=E
n

—_

-
=| %

o i)

Power delivered by battery = Sum of power used in
bulbs

(120 — 101)I =500

= (12— I} =5n
201 -
= —-I=5n
n
= 417 =a*
=5 f=i
2

[from Eq. (i)]

- i)

From Eqgs. (i) and (ii), we get
19-Ba2yB iy
2 n

. () Weight of stone at the surface of the earth, 10 = 100 N

At height h from the surface of earth, gravitational
acceleration,

&

(+5)

R
At depth d from the surface of the earth, gravitational
acceleration,

d
g4 =g[1 _E)

According to question,
Weightath= R /2 0 (ah = 5ez)
Weightatd=RB/2  mggiup =

=

o
=

Jl 5
L= —pye
+ ] (ath=R/2)

[
(i

]
L) ad=r/2
& at( /2
1
[”HM)_ 4/9 8
RJZD. 2 09

T R/2Z 172 9

1
It
. {a) At the surface of the planet, gravitational
acceleration,
_CM ;
E="3 i)

where, M = mass of the planet
R = radius of the planet.
When M’ = 2M and R’ = 2K, then

,_CM’
a RIZ
G-2M GCM 1
= = ———— [from Eq. {i)]
(2R 2R 2° 9
= g’ = g
2
. (¢} Given, length, I =11 m
Radius. r=2cm
=2x10%m

Mass, m = 40 tons

=4x10" ke



Inerease in length, Al =7
We know that, Young’s modulus,
Y= mgl
mr(Al)
_ mgl
'Y
_ 4x 10" x10% 11
314 x(2x 107°) x 2% 10"
=175 %1070 m

= L7% cm

. {¢) From the I-V graph,

Slope of the line = %

1

== K=
slope

Since, slope of line having temperature T; is greater
than slope of line having temperature T;.

Hence, R.= R,

Since, on increasing temperature of a conductor, its
registance increases. Henee, T3 > T)

. {c) When a charged particle moves in uniform

magnetic field making an acute angle with the
direction of magnetic field, then it moves on helical
path with uniform pitch.

. {d) Magnetic field at the centre due to current carrving

circular loop having N turns is given as

T
2
If I be the length of wire, then for the first case,
2m~1 =1
!
=> f‘.l = —
o
. -1-1 [T |
». Magmetic field, B, = £0—"2 - _Ea
agartieficld, B; 2r 21/
= ot i)
For the second case.
2% 2, =1
!
== ry =—
T 4w
o .
2 QJ‘E EL
4n
= B = “‘i‘?“‘= 4% B, [from Eq.{i)]
B 1
= el e
A

. {a) Inside a eyclotron, charged particle gains kinetic

energy only due to electric field, because in magnetic
field, its kinetic energy remains unchanged.

10.

11.

12.

13.

14.

15.

{e) Magnetic field strength B due to long straight
current carrving conductor at a distance r is given as

B 1

2K r

=% Ensl
r

Hence, correct variation of B with r is shown in the
graph given in option {(c).
{a} Using relation,
F-32 © ]
_—= s {Ij
150 106
If F =C = x, then substituting value of Eq. (i), we get

x—Si_i i_x—ﬂi
150 W00 5 9
= Oy =5x— 160 =160 =— 4%
- I=_mﬂ‘

This is the required temperature at which centigrade
and Fahrenheit scale give same reading.

{b) Superconductors in the Meissner state exhibit
perfect diamagnetism or superdiamagnetism, meaning
that the total magnetic field is very close to zero deep
inside them.
{c) Given, By =4 x 107 T
Angle of dip, § = 30°
B, =?
We know that,
tand = i
By
= B, = By tand
=4x 107" tan 30°
=107

J3

=23x107' T
{cl) Initial speed of bicvele, o, = 15 kan/h

Emf produced, e, =15V
Final speed of bicvele, v, = 10 kin/h
If emf generated at speed v, be e, then

& = Bel
= ge
= G0 10
O T
g 3
= 63=£=>e2.-—91=—xl;;.—-1‘\.r
e 3
{b) Given, frequency of AC, v=50 Hz
Peak voltage, Vi, = 300V
Cenerator equation for the voltage is given as
V =V, sinwi
=V} sin 2mvi
= 300sin( 2 % 50 x )

= 300 sin 100wt



16.

17.

18.

19.

20.

21.

il For a transformer.

Input voltage, V, =220V
[nput current, I, = 0.6 A
Output power, F, = 100 W
From, input power, F =WV,

= 220 x 0.6
=132W
We know that, efliciency of transformer,
=iz 210 _ 47578
P 132

{a) Instantaneous current,

i= 4coslot + &)
Comparing with standard equation, i = i; cos{at + ¢),
we get

2 Peak current, i, =4 A

Hence i, = 3'"3.
4
=g 22
2

{el) p is the momentum of incident wave.

= Momentum of reflected wave after reflecting from

perfect reflector=— p

o Change in momentum = Final momentum — Lnitial

momentum
=—p—p=—2Ip
{c) According to conservation of angular momentum,

when no external torque is applied on the rotating
system, then its angular momentum remains

unchanged.
{d) Given, T, =727°Cand Ty = 327°C
As we know, rate of heat radiated,

@WTJ
. Q, _H, _(213+727)' _625
05 Hy \213+327) 81

(e} Given, refractive index of the medium, n =15
Permeability of the medium,
w=5x%10"7 Hm™
Relative permeability of the medium,
_M_5x1W07 5
pr?uu_ imx 107 A=m
We know that, refractive index,

n= ..JErl.lr

nt=g
n® (15)°
W, 5/4m
{15)7 x 4=
-

=57=6

22, (¢) For the given situation, the ray diagram is shown

helow.

Source of light

Refractive index of water, p =

Lo | =

r= .E.— = -l:j- =3m
2 2
The given situation is possible only for the case of total
internal reflection. Ifi . be the critical angle, then

o 1
siniy = —
- he 1
sini = ——
LT
e i
= 51|1|L=-.i-
=5 & -l I—"qiui(-— . !
r2ep? 4 [ ) :|-|r£+h£J
3 3
= __\.—=—
-.,1'.‘.‘.‘+.i'i2 4
=2 9+h*=16
= h!=7‘..fi=-vr?_=2.ﬁm

23. (b) For equiangular glass prism, A = 60°

Refractive index of prism, p, = 1.6
Refractive index of water, 1, = %

We know that,

: [A+8m]

sin| —%
- 2
'_Lﬂ:—

sinAf2
} [ﬁ-ﬁ +5mJ
sin
Be __\ 2 )
[T sin 6 f 2
. (60+8,
16 sin &
= =— 7
4713 sin 30°
= sin[%‘-‘—]= Sl = 5in 30°

= sin[ﬂ-'—a"' )=l.l.£i
2

= sin A -;8"‘ = 5in 37° [~ 5in 37 = 0.6]




A+38,

= =437°

2
= G0+8, =2x37="T4
= 8, =T4-60=14

24. (b Given, size of image formed by concave mirror,

hy = 30,

where, h; is the size of object.
pala Sy
My
But for real image, magnification m will be negative.
S m=—23
=5 = S 3
u

— U= Ju
Here, i =— 20 em,

e u=2{—2[l‘,|.—-—ﬁﬂem
By using mirror formula,

L
f u o
1 1 1
SE—t—=—
20 —60 15
= f=-15¢cm

25. {c) Intensities of two monochromatic sources,
L=TandI,=41
Maximum intensity,

T TP
=1+ 15+ 211,
=1+41+ 241 JaT =9I
Minimum intensity,
Lin = (Y1 = {I5)*
=1, +1,-2f1, JI;
=1+4I —2-\5 Jﬂ
=51-41=1
26. (b) Given, h = 6626 x 107 J-s
m=91x 10 kg
Wavelength, L = 24
=2x10™"m

2 Momentum of electron is given as

p =..:._I [ p= %}
6.626 % 104
-— e ::r'“ =3.313 % 1072 kgoms™!
g 4

27. {¢) Given, V, =15V
Maxinum kinetic energy of emitted photoelectron,
K. =&V,
=16x107" x15=24x107"]

25.

3L

{d) The best waves for emission of electrons from a
surface are X-ravs because when Xeray photon strikes
a metal surface, then produce Compton or
photoelectric effect more suitably,

. {c} Wavelength & of spectral lines in H-atom is given as

1 1 1
L [ R e (i)
A [ﬂf n3 }

For shortest wavelength of Paschen series,

n =3 and ny ==
2. From Eq. (i), we get

= R .. (i)

For shortest wavelength in Balmer series,
n = 9 ny =sa
. From Eq. (i), we get

L R[L_ '_) =5
1—55 22 A 4
= :Lsﬁi .. (i)
- R
For shortest wavelength of Lyman series,
m =land ng ==
= From Eq. (i}, we get

gttt
Ay I® =
= A =2

A

9 4 1
hpsihpeihpg=—1—:1—
psibgsi s = pigiy

=9:4:1

. (*) Halllife of radioactive sample,

T

12 =305, N, =10°

If N be the remaining number of nuclei after t =10 5,
then according to radivactive decay law,

1y 1)/ %
N= Nu(— = m"{ —)
2 2

(L1}
—_ /3
= 1{:-'5[1]‘“J = m"[l
2 2
= 10%0.796) = 7.96 x 10°

{a) A nuclear fission is said to be critical when
multiplication factor k will be equal to unity.

ie., k=1

. () In case of a p-n junction diode at high value of

reverse bias voltage, the current rises sharply due to
zenet breakdown. At zener voltage, zener breakdown
occurs and current rises sharply.



33. (d) According to given truth table, logic expression of
the output ¥ for the given input A and B is given as
Y=4B
which is the output expression for NAND gate.

3. (¢} Ina semiconductor diode, the reverse biased
current is due to drift of the free electrons and holes
which are produced by thermal expansion, impurity
atoms ete.

35. (¢ Initial height of TV tower, hi; =120m
Coverage range of TV tower is given as

d =+/2Rh

where, R is radius of the earth.

= Oy B
dsy hs
4, [120
= E= = [vdy=2d,]
= _'1_ = 120
4 h,
= hi; = 480m

2 Height to be added = h, — Iy
= 480 — 120 = 360 m
36. (b} Frequency of message signal, f,, =10 kHz
Carrier frequency, f =1 MHz= 1000 kHz
Peak value of message signal, V,, =10V
Peak value of carrier signal, V. = 20V
v, 10
V. 20
Upper side band frequency,
Jrusn =_|‘r +f,_ = 1000 + 10

- Modulation index, p =

= 1010 kHz
Lower side band frequency,
fm=1. 1.

= 1000 — 10 = 590 kHz

37. (d) Given, A= 10 units
B = 20 units
8=30°

The given situation is shown in the figure. The angle
between & and B,

8= 150° — 30° — 30° = 120°
o Magnitude of the resultant vector,
R= 1!'.42 + B® + 2ABcos@
= J10° + 20° + 2 10 x 20 cos120°
= J100 + 400 — 200
=1043

38. (¢} Let length of chain lving the table be g.

Mass per unit length of the chain = %

Mass of the chain lving on the table, M’ = %.y

Mass of the length( L — y)of hanging chain = %{L —y)

At equilibrivm,
Friction foree between table and chain
=Weight of hanging part of the chain

M M
e = )
M[Ly]g --{L ylg
by

—- =L-y
= 05y=L-y [u=05]
= y=%

3

39. (b) Mass of bomb, M = 15kg
Mass of pieces, my = G kg, my = 12kg
Velocity of 12 kg mass, v, = 4mfs
Let o, be the velocity of 6 kg mass.
According to conservation of linear momentum,
M x 0=mp; + maty

= HE; = — Mals
6o, =—12x 4
= ry =— Sm/fs
Kinetic energy of other (6 kg) mass,
K= lzmlr.f
1

=Exﬁx(—3}f=3xﬁ4,—_1g~21

40. () Surface area of bubble of radius, r = 47r®
Surface area of hubble of radius, 3r = 47(3r) = 36ar”
Therelore, increase in surface area
= 36mr® — 4nr? = 322
Since, a bubble has two surfabes,‘_tl:e total increase in
surface area = 2x 32w~ =64 mr™

- Energy spent=Waork done = Surface tension x Total
increase in surface area = G4 mwor”



41. {a) The given situation is shown below
Force on
slope of barrel

Work done in moving the barrel on the frictionless
slope is equal to change in potential energy.

ie. W =mglh, — h3) i)
Here, mg=1x10°N
From figure, sin 30° = @
5
= .Fll—!iz=55in:34}°=i——-2.‘-im

Putting these values in Eq. (i), we get
W=1x10%25)=25 x107]

{b) Since, displacement on the body of mass 2 kg is in
the horizontal direction while normal reaction acts on
the body in perpendicular to the displacement.
Hence, B=0

2 Waork done, W = Fsoos 90°=1()

. {d) We know that, Young's modulus of elasticity,

Y= F—i'li [where, lis change in length]

T

[where. d =diameter]
— ] oe —

L
Among the given options, — is maximum for the values
d_

of L =350 cm and d = 05 mm.

4. (d) Given, Vi =V, L=l n=r

l=2 =2
el
a2
v, =?

liguid through a narrow tube is given as

Ve mpr
snl
= Voee i
I

{EQTLTFTL_L
A r a1) l2) 2 a3
% ¥

= TR

45. {a) The given situation is shown in the figure.

I

50m

A 100m

50m

I

For the first ball, time taken to reach at mid point A

2h
t= |—
4
250 r
= =+10%s
10
For the second hall,
v=0u=Pa=—g
s From equation, © = u + gt
U=u—gt
= = E
&
Since, both balls collide at some time,
Hence, t=1
Jig=2
£
- o = 10410 m/s = 31.6 m/fs
46. (¢ In isochoric process, volume of the svstem remains
constant.
Le. AV=V-V,=V-V= 0 Vi=sVes= L% |

Hence, work done, W=px AV=px =0

47. (d) At temperature, T, = 300 K

Average kinetic energy, E; = 6.21 x 107 ]

[ T,=600K E,="
We know that, average kinetic energy of gas molecule,
EeT
= E- = E =5 Ey= E = EI
E, T - h

=800 o1 ™
300

=2x 621 x 107"
=1242x 107"

48. (b} At initial condition of spring,

Mg = kl’l} {i)
When mass m is added, then at equilibrium,
(M +mleg=k(X+X)



= Mg +mg =kX + kX,
= Mg +mg=kX + Mg
= mg =kX
_mg
X

o Time period,

T =5 JTm!al mass of the block

Force constant k

M+m
A ] i
ing /X
(M + m)X
mg
49. {u) Given, amplitude, A= 20cm=02m

Force constant, k = 600 Nm ™

m=10kg
Maximum speed of oscillation,
Oonas = Awm

k [ k
= A |— =L l—

[from Ex. {i}]

=

.. (i)

=2

[

=02, f% = 0.24/60 m/s

50. fa) Given, initial velocity, u = 3+ 43:
Force, F=2i— 3]
Initial velocity along X-axis and Y-axis are n, = 3ms™
and w, = 4 ms™', respectively.
Similarly, F, =2Nand F, =— 3N
If acceleration along X and Y-axes are a, and a,,. then

i -——f‘-=5=2nﬁs‘ [ F = ma)
ik
F, 2
_,_—y —3.:—3“14"5_
Y om 1

sl=urt+%arr2=3x3+13x:2x9=13m

s-y=u!!+-;-a!t2 = 4x3+1§x(—3} X9
=12-135 =-15m

So, required x and y-coordinates of point = (18 — 15)
51, {d) Given, tension is the wire, T = 100 N

Mass of steel wire, m = 6 x 107 kg

Length, [ = 90 em = 0.9 m

Mass per unit length of steel wire,

m

i
6 1070
09
2 — -
= =% 107 kgt
= g

52.

Speed of transverse wave,

= 200 = 5046 mfs
J6
{a) Charge, g =1C

If n be the total number of electrons in 1 C of charge,
then g = ne

T1Ex10®

=625 % 10" electrons

. @l =lgsl = lpC=10"¢C

A=2em=2%x10"m
E=10° NC™
S Maximum torgue, T, = pEsin 907
=pE=gl2A)E
=107 x 2% 107" x 10°
=2% 107 Nom

. (¢} The given situation is shown below,

A F —Ff=—s B
S — ge=40uC
=10
e ]fc r=90cm *

Let eleetric field at point P at a distance ¢ from A is
zero.

Atpoint P.E, = E,
1 ga__1 _ 9
me, o Ame, (r—2x)

W0x10" 40x10”"

x (r—xf
(-6
=% - =
T LAl
1 2
= —-=
X r—x
=4 Zx=r—x
r
=% Y= —
3
=E=S{h:*m
3

. (g} According to Gauss's law, total electric flux passing

through the cube,
_ total enclosed charge g
£

(] EIJ



56. {c) The given situation is shown below,

a7,

A

Ky=2 | K;=3 | K3=6

F— Oy —— dz—#— 03—
d=04mm=4x10"m
dy =06 mm=6x10"" m
dy=12mm=12x10"m

The given arrangement will be equal to three
capacitors connected in series.

ie. C, = Eu;‘l"", (o L
1

d;

and C;= A
d;

Equivalent capacitance is given as,
e Y
Cyq € G O gAlK K K

11 |-4x10‘*+5><]|]“+1£x1{)‘3-|

C Eﬂﬁt 2 3 G

A S8Sx10¥x2

= = =205 x10°F
6x 107 Gx107"

*exq

{b) Given, my =my =m

hm=q
g2 =1q
We know that

1
E=—-mp~ =gV
2mr. g
= o’ =g
[For same value of potential difference V]
=

= G

= b, fa
Uy ffa
_ q-_]
B 4q 2

=5 i, =1:2

A
58. (b) Given, uncertainity in acceleration, 24 100 = 8%

13

Uncertainity in time, E w100 = 4%
t

Since, body starts motion from rest, hence by the fivst
equation of motion,

v=u+ at

v=10+at
Ar A M
=y —_—s—t—
s i t

=5 Eacmnu=£><1u|cs+%><1~:m
(] ¥

= /% + 4% =12%

(¢} We know that, capacitance of a parallel plate
capacitor,
»ld )
where, A= area of plate
d = separation between the plates.
When d” = 2d, then

£,4K
C'="t
dl
= IC= E":;‘ [+C* = 3C]
= 3 =-ﬁE
d 2
= AC =C.§ [from Eq. (i)]
=4 3=£
2
= K=6

. {d) Using colour code for carbon resistor, (For A)

(range  Blue White
d 4 l
3 [ 9
R, =36x10°Q
Similarly, (For B
Brown Red Creen
i { !
1 a 5
Rpy=12x10° Q
R, _36x10°
R, 12x10°
=3x 10

~ Ry Ry=3%10":1



Chemistry

6l.

(I} Mass of 20 mL of acetic acid=20x1=20g
Mass of 20 mL of ethv] aleohol = 20x0.7=14¢g

For the reaction,

CHCOOH + CoH-0H — CH,CO0C,H;
s0g &g —Hat)

60 g of acetic acid requires = 46 g of ethy] alcohol
20 g of acetic acid requires = :;'E_ ® 200=15.3 g of ethvl

aleohol
Therefore, ethyl aleohol is the limiting reagent.

62. (d) Mass of oxygen in 224 Lat STP=32¢g

67.

Mass of oxygen in 5.6 Lat STP= 22 xhh=8g
224

1 2
= — ¥ gram atomic mass of oxygen
a

Therefore, mass of oxvgen gas in 5.6 Lat STP would be
the half of the gram atomic mass of oxygen.

. {d) For H-like particles,

—2LT5x 107"

g

E, = ZE]

_ —2178x 107"
s

=—872%107" ]

#(2§ [For helium, Z=2 n = 1]

. {d) Bond enthalpy decreases with increasing bond

length as the intermolecular force of attraction
decreases with increase in the distance between the
constituent particles.

) Nafs) + 112 Clyfe) H1EATAL | \ole) + 112 Clafe)

121 kfmol  + @+ 112 Clske) +49.-';: Kol
Naf(g) + Cly (g) =220 Ny 4 Clfg)
—i12 k]fmnl AHY lattice

v NaClis) «

Nafs) + 12 Clofg)

Aecording to Hess law,
AH =S+ D+IE+EA+U

—4112=1084 + 121 + 4956 — 3486 + U/
U = — 7876 k]/mal = — 788 k] fmol

. {a) Given, AS = + ve and AH = + ve (For endothermic

reaction)
Now, Al = AH — TAS
For a reaction to be spontaneous, AG should he —ve

which is possible only at high temperature ie., when
TAS= AH.

{d) For an adiabatic change in a system. no heat is
exchanged between the system and the surroundings
e, g =10,

68. () lonic product of water is given by following reaction,

69.

70.

7.

T4.

I. NHy{ag) + H,O0 = NH} + OH (aqg)
II. NH}{ag) + HsO =—= H0" + NH(g)
(b pH=13
[H]f = 107" =10 mol 177
== 1000 mL solution contains
=107 % 6.022 % 10™ H* ions
= 6022 10" H* jons
1 mL solution contains

_ 622 10™"
1000

(e} Lower the E® value (more negative), stronger is the
reducing agent.

= 6.022% 10" H' ions.

~ Na* is the strongest reducing agent.
{a) Water is oxidised to O, and F; is reduced to HF as

follows.
Oniclation
=2 0 -1 0
S0 + 26 —— 4HF 4+ O

Feshuactivn

. () Hi0,; decomposes slowly on exposure to light.

2H0,(l)— 2H0(]) + 04(g)
Its decomposition can be prevented by adding wreaas a
stabiliser.

() Mg is an important component of chlorophyll which is
used in synthesis of food by plants in presence of
sumnlight.

fa) Phy0, is a mixture of PhO, 4+ PhO and only PhO)
i.e., Pb™ reacts with HNO; to form Ph(NO ;),.

. (d) Dil. and cone. HNO; has no effect on AL

Aluminium is rendered passive by nitric acid due to
the formation of a thin film of oxide (A1,0 ;) on its
surface.

24l + BHNO {cone. )—s ALO, + 6GNO; + 3H0
Aluminium reacts with H,80, to libreate H, gas.
2Al + 3H80,— AlL(S0,); + 3H,T
Aluminium also reacts with aqueous alkali and
liberates dilhvdrogen.
241 (5)+ 2NaOH(ag)+ 6H O/} —
INA[ANOH), ] (ag) + 3H,(g)

Aluminium dissolves in dil. HCI and liberates
dihyvdrogen.
2Al(s) + 6HCN ag) — 24 ag) + 601 (ag)

+3H,(g)

. {c) Due to + I-effect of —CH; group (4) has higher

electron density, than benzene (1). Due to strong
—I-effect of —Cl group and strong —I and —M-effect of



Fir

T8

5L

52.

83,

84,

—NO, group. both (2) and (3) have lower electron
density, than benzene (1).
As —I-effect of —Cl group is weaker, than that of
—NO; (3} has much lower electron density than (2).
Hence, nitrobenzene will have high reactivity towards
electrophilic substitution due to lower electron density
on benzene ring.
Thus, the overall reactivity ovder towards electrophilic
substitution is4 > 1 > 2 > 3.
{h) Percentage of bromine in the compound
_ 5o o Mass of AgBr formed < 100
188  Mass of substance taken
80 012

=—x——x 100 = 34.04%
1585 013

{c} The IUPAC name of compound

5 4 3 2 1
CH,CH,CH;CH,CN is pentane unitrile.

. {a} The major product in the reaction is

CH, CH,

| -
HS(I—II’;—UH + HY—— H._i[",—(lj—(lll-lg

r:H.:; CHE
1-Hq_n
CH,4 CH,4

HC—C=CH, «H_ Hs{:_-.i:+

2-methylpropene CH
+15a

. (d) BOD is a measure of organic material present in

water needing dissolved oxygen for decompaosition
Hence, depleting the oxygen content in water.

fc) Hexagonal close packing and cubic close packing
are equally efficient.

. Density of both the packings will be same.
{h) When, Si (having 4 valence electrons) is doped

with As (having 5 valence electrons), 4 electrons form
eovalent bonds, while the fifth electron remains free
and increase conductivity. Hence, Si doped with As is
n-type semiconductor.

{a)} The dissociation of compounds take place as
follows:

AlL(S0, );— 241" + 3807, i=5
K, [Fe{CN)g]— 4K* + [Fe{CN), ', i=5
NaCl—s Na* 4+ Cl7,i=2
AlNO,);— AP* + 3ND5, i=4
Na,80, — 2ZNa®™ + 80;.i=3
{h) Net reaction occuring in a Daniell cell is
Znis)+ Cu®{ag)— Zn?(ag) + Culs)
AG=—nFE" = - 2x 96500 % 1.1
=-212300] mol™ =—212.3 k] mol™

5.

56,

A7.

9l

{l) The cathode reaction in dry cell is

MnO, + NH; + ¢ — MnO(OH) + NH,

{a) lm’:\'ﬂmm . l:n{f\'ll,l:f] e j"‘:'n.u\.'-.n.vtl-ﬂj _;":nﬁﬁ.lfill
=130 + 245 — 1265 = 251.5 0 'em” mol™

{I) Let the order of reaction w.r.t. Ais x and wort. B
is y.

r, = K AF[BP i)
r = k[ 2AF[ B]Y i)
ry = k[ AT[2B) . (i)

B MATIB :,l=['_)'

r:  k[2AF[BY 4 \2
EE B
= -] ==
2 2
— =2

Similarly,
n _ MAFIBY _

rs  k[A]'[2B]

HRH]
= -] ==
2 2
y=0
Hence, the rate of equation is
Rate = k[ A]'[ B]"

Order of reaction = 2

4

. {d) The reactions taking place in zeolites depend upon

the size and shape of the reactant and product
molecules and upon the pores and cavities of the
zeolities. Hence, they are shape-selective catalyst.

. (B Sulphur sol is a type of multimolecular colloid as it

consists of particles containing a thousand or more of
S5 sulphur molecules.

. {d) Chemical formula of magnetite is Fe;0,.

The IUPAC name is iron (I1, 111) oxide and common
chemical name is lerrous-ferric axide.

{£) The overall reduction reaction of fused matrix is
21,0, +3C —s 4A1+3C0,

. {a} Nickel on heating in a stream of carbon monoxide

forms a volatile complex, nickel tetracarbonyl.

330 350 K
Ni+ 400 ———— [NilC0), |
Impure Valatile
companmd

. {a} White phosphorus (P, ) with water do not produce

PH,, while with NaOH, Ca P, + HCl and
(Ca,P, + H 0 it gives PH; as follows :

P, + 3NaOH + 3H,0—> 3NaH.PO, + PH,
Ca,P; + 6HCl — 3CaCl, + 2PH,
Ca,P, + 6H,0 — 3Ca(OH), + 2PH,

. {d) In oxides of halogen, the bonds are mainly covalent

due to small difference in electronegativity between



100,

101.

102,

the halogens and oxygen. The bond polarity, however,
increases as we move from F to 1.

The stability of oxides of iodine is greater than those of
chlorine, while bromine oxides are the least stable.
lodine-oxygen bond is stable due to greater polarity of
the bond, while the stability of the chlorine-oxygen
boud is due to multiple bond formation involving
d-orbitals of the chlorine atom. Bromine being in
between lacks both these characteristics. Thus, the
stability of oxides of halogens decreases in the

{ollowing order
1=Cl=Br>F

. (B} Nitrogen does not show property of catenation.

Since, N—N single bond is very weak due to large
interelectronic repulsions between the lone pairs of
electrons present on the N-atoms of N—XN bond

having small bond length.

. {d} Hybridisation = number of ¢ bond + lone pair +

coordinate hond
=5+1+0=F6(sp ")

Distarted octahedral
or square pyramidal

. {d) Group 16 elements are called chalcogens.

= Sulphur belongs to chaleogen family.

. () More mumber of oxidation state are exhibited by

the actinoids, than by lanthanoids. The main reason for
this is lesser energy difference between5 f and
tid-orhitals, than that between 4 f and 5d-orbitals.

. (I3} Outer electronic configuration of the element with

atoric number 24 is 3d° 45",
Number of unpaired electrons = 6

;.I.=-Jlu{n+9.] EM:.J[‘{G+£] =JE
=6928 = 6.93 BM

(B} The n-bonding type between metal and oxvaen is
dr- pr bonding. (d-orbital of Mn and p-orbital of

oxygen)

0
)
VLT,
F BN
& o0
sp il hiridisation
(Tetralsedral)
{e) The similarity in the size of ions of the elements
belonging to the same group of the second and third
transition series is due to the effect of lanthanoid
contraction. Thus, Zr' " and HF'* has same size.

{id) For a 3d” system, electrons will go into more stable
f5, orbitals and each electron going into a t5, orbital is

103.

104.

105.

106.

stabilised by 0.4A  ie.. 2 electrons will be stabilised
by 0.8A, or 8x 1071 A

th) o4 Ni = 3d° 45

d 4z 4p
G A] L]

In [Ni{CO), | CO is a strong field ligand which causes
pairing of electrons.

ad 45 4p
70 O 0
—_————

;;Jg-l:r_dn'l'di.ﬁ:iuu
(Tetrahedral)

In [Ni(CN),*~, CN™ is a strong field ligand which
causes pairing of electrons.

3 A ip
[]
g Teybridlisation
(Stguare planar)

In[NiCl,]*", CI” is a weak field ligand, so no pairing of
electrons takes place.

3d 4s 4p
0 I N D S G
e —
sp by Diriddisation
(Tetrahedrl)
{e) The formula for sodium trioxalatoaluminate (I1) is
Nag[ANC0, )1

fe)} Octahedral complex of general formula
[ My M}Eﬂg]"i show optical isomerism. Trans form of

[ M{AA)ya5]"* does not show optical isomerism due to
symmetry.

—ox, i [ ex
;o Voo Y
Gl fe . __Hr '( -:“‘-.._‘l‘ci
Lox 0x
cig-d-isomer  Mirror  is-l-isomer

cis{Cn{NH,;),Cl,]" and trans{Ca(NH,),C1,]" do not
show optical isomerism due to symmetry,

fa) Freons are chlorofluorocarbons introduced into the
atmosphere from aerosol sprays and refrigerating
equipments. They have a very long life time and when
they reach stratosphere, they undergo photochemical
decomposition and destroy ozone by the following
sequence of reactions.

CFRCL -®5CcFCr +cr

CcFCl, "5 cFcl + o

" + 0;— ClO" + 0,
Clo® +[0]— CI' + 0,



107. {b) Ethanol gives iodoform test to produce vellow ppt

as follows
CHCHOH + 415 + 3Na,COy——s CHI,
Ethanal Indoform
(Yellow ppt)

+ HCOONa 4+ 5Nal + 2H,0 + 3C0,
108, {&) Due to —I and —R-effects of —NO, group,
nitrobenzoic acids are stronger acids, than benzoic acid

Due to ortho-effect, o-nitrobenzoic acid is the strongest
acid.

In p-nitrobenzoic acid both —R-effect and —I-effect of
the —NO,; group increase the acidity, while in
m-nitrobenzoic  acid only  the weaker —I-effect
increases the acidity.
Hence, the order of acidic strength is
e-nitrobenzoic acid > p-nitrobenzoic acid

> m-nitrobenzoic acid > henzoie acid.

109. {a)} Acid strength increases as the electronegativity of
halogen increases because the anion formed after H*
ion release, is stabilised by —[-effect.

The order of —I-effect is F > Cl > Br> L
o Order of acidic strength is as follows :
FCH,COOH > CICH,COO0H > BrCH,COOH

118, ) A mixture of methylamine (1° amine) and
dimethylamine (2° amine) can KOH be separated with
the help of CgH-50,Cl and (Hinsherg's method).

Methyvlamine will form N-methvlbenzene -
sulphonamide, which is soluble in KOH.

Dimethylamine will form

N, N-dimethyvlbenzenesulphonamide which is
insoluble in KOH.

111. {¢) Gabriel phthalimide synthesis is used lor the
preparation of pure aliphatic and alkyl primary amines.

112. {c) Aniline is less basie than ammonia and aliphatic
amines due to delocalisation of lone pair of electrons
on the benzene ring.

Mathematics

121. (& Since, n{ A B) = 99
nl{ Ax By (B x A))
=n((Am B)x{BnA))
=u{AnB)-n{BrA)
=n{lAnB)-n{An B=99-99=(99)°

122, {B) We have, f(x}=¢" and g(x) = loge”
Now, fla(x)) = flloge*) = e’ = e*
and gl f(x)}=gle’) = loge” = ¢ loge ="
Hence, f{a{x)) = g(f(x))

123. I Since, number of one-one onto lunctions from a set
Ahaving n elements to itself is nl

Aliphatic amines are stronger bases, than ammonia due
to +l-effect of alkyl group. More the number of alkyl
groups stronger is the base.

Hence, basic strength will follow the following order
(C,Hs),NH > C,H.NH, > NH, > C,;H.NH,

113. {a) In RNA molecule, the base uracil (U} appears
opposite to base adenine (A), evtosine (C) appears
opposite to guanine (), adenine (A) appears opposite
to thymine (T) and guanine (G) appears opposite to
cvtosine (C),

The sequence of RNA is CCUAU.

114. (b} o-helix and B-pleated structures of proteins are
classified as secondary structure.

115. () Glycosidic linkages are present in carbohydrates.

116. (¢} Clucose and ribose are monosaccharides.

117. (d) Nvlon-6, 6 is an example of step growth
polymerisation as monomers adipic acid and
hexamethvlenediamine are bifunctional and form bond

with the loss of simple molecules. The dimer formed

also contains two functional groups, thus undergoes a
series of condensations in a stepwise manner.

118. {a) Glveine and aminocaproic acid forms
nylon-2-nvlon-6, which is a biodegradable polvmer.

nHN—CH,—COOH
Ghveine 4 H,N—(CHZ),—COOH
Aminocaproic acid

I —in—1)H0
ﬁ —CHs—N H—(lf‘r—{CHﬂs—N H
0

n
Nylon-2-nylon-6
(Biodegradable)
119. (¢} Detergents ean be made biodegradable and
pollution free by using unbranched hydrocarbon chain.

120. (B)Sedivm rosinate is generally added in soap because
it produces rich lather.

124. () Let M, P and C be the set of students who opted
Mathematics, Physics and Chemistry respectively.
Then, n{M) = 100, n{ P) = 70, n(C) = 40
n(M P} = 30, s(MAC) = 28 n(PAC)= 23 .
M P C)=18
Number of students who opted Mathematics alone

=M P ' nC’)

=nM N (PuC))

=n(M)—n{M A{PUC))

=n(M) —nl{{M A P) (M A C))
=n(M)—a{MnP)— oM NnC)+nlM N PNC)
=100 -30— 28+ 18= 60



125. {¢) n{ A) = 4 (given)
. Total number of subsets of A= 2! =16
o Number of proper subsets=16—-1=15
126. (d) We have, tan(x + )= 33
tanx + tany
1 —tanx tany

=33

3+ tany
= —

1—3tany
=3+ tany = 33 — 99tan y
= 100 tan y = 30

=33 [+r=tan'3=tanx = 3]

::bta.ny=%

:)y:[n_n_li
10

127. (&) We have, cot™{21) + cot ™ (13} + cot (- §)

= tan™ (L] + :;m'l[i] + cot ™' {—8)
21 13

= tan™! }S'] - tan"[%] +M=n

125. (d) m[m[—j;] - “[?%‘]]
el ={3)

129. (b} With the help of group of cot 1, we know that

Whenxe |0, ET w [II.'. G—KT then cotx = 0
2] 2]

| cot x| = cot x +
sin x

1 1
= oty = ooty + —— = ——=1)
simx sinx

=5 No solution exist. i)

When re [%, n] u [%‘, 211:} then cotx < 0

| cot x| = cot x + —
sin x

1
— ooty =coty + —

sinx
=y — 2cotx = ]—
sinx
-1 n ”
= cosT=—=31=— - (i)
2 3

. From Eqgs. (i) and (ii), only one solution exists.
sinx —sin 3x

sin®r —cos?x

i.sin[ r—3x ms[ I+ .3::]
B 2 2

130. (d)

—(ros™x —sin”x)

_ 2eos Zrsin —x) ol —2sinx cos 2o = Bein

— cos 2y — cos 2v
131. (b} cosec Afsin B cosC + cos BsinC)
= eosec Asin{B +C)
= gosec Asin{150° — 4)
[- A.Band C are angles of a triangle]

sinA=1
sin A

132. (o) Let z= l'sinl1
19

[

z2=10+ isin—

or isin +

Let amplitude of z be 8, then

. I
sin = [ b '[
sinfl = —es-—e—o— sinf = ——e
2 2 2
11' +1
0? +[sin£] ? ‘ J
19
sin—
orsinf = =1 :}B—%
sin —
19

133. {u) To form a triangle, 3 line segments are needed.

We can choose 3 line segment from 5 line segments in
05 wavs. We know that in a triangle, sum of two sides

is always greater than third side.



So, line segments of length (2, 3, 5), (2, 3, 6)and (2, 4, 6)
do not form any triangle.

= Total number of triangles formed = *C; — 3.

134. {B) Since, the number is to be greater than 1000000 it
must be of seven digits and should begin with either 2
or3or 4

6 = B! "

Number of numbers lormed =
2lx 3!

135. {d) We have,

,1{3.:1+ 1) [H‘J?T]I_[I_J?T]T

= . {1+ 3+ —(1-J3:c+ D)}
zf:ﬂl{aﬁlj

- i)

Now, (1 +4Bx+1)" —(1 — Bx +1)7
[7C, + 7C, J(3x + 1) + TCo( B+ 1% +

it O f3x +1)7]
7€y = "€ f3x + 1 + 7Co(4f3x + 1)

wu= 1C; (B +1)7)
=97C (B + 1)+ Cy(4Br +1)°

+ 05 (Br+ 177 + 7B+ 1)7]
=2 3x + 1 x[7+35(3x +1)
+ 203+ 1P +(3x+ 1))

Now, putting above value in Eq. (i), so the given
expression becomes

1 a
14241052+ 21(3x + 1) + (32 + 1)°]

So, degree of ¥ in given expression is 3.
136. {d) We have, (1 + px)"
T ="CA)" (px)’ =T, ="CpTa"
Coefficient of ¥" = "C p"

Now, coefficientof x="Cjp=8§ (putr =1)
= np==5 (i)
Also, coefficient ofx” = "Cap™ = 24 (putr=2)
mn— 1}Hg s
2
Me-1) [E]_ =24 (from Eq. (i)
2 n
Gdln—1)

= M=dn—-1)=3n=n=4

2n
From Eq. (i), we getp=2
137. (b) We have,
1% 4127 +13% + ..+ 20°
=1+ 25 +10° +11° 12 + . +20%)
—(1*+ 22+ +10%)

= 5200 - (10
=[2mzu+ 1}]3_[10{1{” 1}]’
2 2
={10 % 213 — (5 = 11)* =(210 —53){210 + 55)
=155 x 265 = 41075 =5 x 8215

138. {d) We have, BE and AD are the medians. So, E and D
are the mid-points of AC and BC respectively.

AlD,B)
B{0.0) i) Ciz,0)
- a b
2. Coordinates of E = [—. —]
22

and coordinates of D = [%, {}]

Now, slope of median BE =m, = b
a

—,
Also, slope of median AD = m, = i
a

Now, my and m, are perpendicular if mypm, =—1
b (-2 : oz
=>—J>{{ J}=—]=5ﬂ}'=u'da=i-d@1

i i

139, (¢} Given, equation of lines are

R i)
a b

amd el wa (id)
b a

= by + ay = ab <. i)

and ax + by = ab o fiv)

Solving Eqs. (iii) and (iv), we get
(o> =B wy=ah—ab® =ab{la—b) = y= _'ml'__,

a+h
Substituting the value of y in Eq. (iii), we get
2
bt + a ab =ab=sbr=ab- 2 b
a+h a+h

ah’ ab
=y

I-= =
=0 +h a+h

. Point of intersection is ab . i :
a+b a+b

Since, equation of the line passing through origin is
iy = mx

ah aly
a+h a+

2. When it passes through [ - } then we get

m=1
Hence, required equation of line is y — x= (.



140.

141.

142,

143.

{b) Since, straight line meets the coordinate axes at A
and B, so equation of line intercept form isX+ ;i =1
a b

Let & represents the centroid of AOAB. Civen that
C=(1,2).
0.0y B

Gi1.2)

A
(a.0)

]=<1,z} (given)

(o]

(0.0

O+a+0 0+0+hb
3 ’ 3

- Centroid [

=8 o1ma=32c00p=6
3 3

Hence, required equation of line is

Z+¥ 1t y=8
3 6
{a) Let DRs of line are < a. b, ¢ >, then
20—3h+e=0 and a +2h—2e=10
a b IS a b e
—— = = N
i—2 1+4 443 4 5 7

DR's of line are <4, 5, T=.

{a) Let the line makes an angle x with positive
direction of Z-axis. Then, we have
cos245° + cos 60° + cos"x =1

S .
=4 — +]|=] +toosTx=1
LE] h]

= T
2 4
3. ] 1
= cosTr=—beosy=—
+ 2

Neglecting cos x = __—zl, hecause line is in l-octant)

= x = G0°
x—3 -8 z—3
@L ===
-1 1
x+3 y+7 z—6
Ly = =
- -3 2 4

Shortest distance between two lines
g —Xp Wa—M 22—5

g by €

a, b, ,

JU’I% —byey P+ (egay — cpn, P+ {ayh, — ayb, )?

144.

145.

146.

(= 4— 2% +(-3-12) +(6-3)°

(- 672

+(=158 +(3)°

On expanding the
determinant along C .

_ 6 -3)-1{—12—-45)+ 46+ 45)

J36+225+9

ZIl-—-\JI'ZT.‘S-J_

9+57 +204

- 32?!] 270

fa) We have, lim {-..||4-1"7_t1 + by + x —ax)

= lim
I ==

r’

er} (o s e r o)

nJa 2 by +x +HT}J

(a2 +br+x)—a’s?

= lim

T3 { 2 B 1 ‘l
x ..’u'+—+—+ﬂ
| XX

[
— lim (h+1)x =h+l
o {J s b1 } 20
x +—+—+u
4 X ¥
{e} We have, y = |cos x| + |sinx|
At x= %, cos 1 is negative and sin v is positive.
W=—rcosx+sinx

iy s
=% —— =ginx+ cosx
dx

#reren (5] 5]
= sin| — | + cos| —
dxly - sapa 3 3

=3 P=h®+¢
= F=T-4
= =33

= r=33 em

)

[when h = 4 cm]



Now, differentiating Eq. (i) w.r.t. [, we get Solving Eqs. (i) and (ii), we get

A e A x=aandy =24
e dt Differentiating Eq. (i) w.r.t. x, we get
dr _ hdh . dy
em= DL oy 2L = 4
= dt i () i
Volume of the cone, V = lnr"‘ﬁ Now, I—di-l = da =
3 2 7
dv 1 dr 2 edh]
e A t g,-,l el j — iy =1
dt 3 r Now, differentiating Eq. (i) w.r t. x, we get
— i‘"_.l. ’l' dh “,.“'E'_ {from Eq. (ii)) :.‘l dx rdy-[ _ 4a 4
L EL Z| ¢ A .
dx dy fi; 0 @
L av 1 il e H T
& E 2h* = g = 4
- Angle between curves is equal to angle between their
ﬂ = l_ [_ My _.-2] tangents.
dt 3 dt i s
rrﬁ] 1 tan® 2| B = siad
Ek . = SM03[ - 2x 4 +(+33)7] 1+ mying 1+ 4 x(1)

- = tanﬂ=§=59= I‘.am_'{g]
= E[ 1]= ﬁccisec 3 2
149. (b} Let ﬁ;ﬁBC E‘ae an isosceles triangle inseribed in the

147. {b) Let AB be the ladder of length 5 m. pe Y
dx ellipse —+ —==1.
We are given, 5 = 2 mfsec a- b
g Let coordinate of A be (a, ()
B
T Area of AABC, A:—;—K AD x BC

=%x{n+x}xi’.y=y{rz+r}

s} h &
= bz[] - T—z- (o +x) =i—;.«,||e'i1 —la+x)

iJ

gl
A % c =
In AABC. \

AB® = AC” + BC* 5]
(-a.0) o fa.0)
= (52 =27+ 1 i) =0
Differentiating Eq. (i) wor.t. £, we get
=4 Fh— (=)
dt dt [ 1
dh  —x da -y dA b 1 —2y T &
e ... id) = Eﬁzl{n+x]|§x ﬂl—.':2+1lld -x J
Now, from Eq. (i), when x = 4
hi=25-16 _E{—:(u +-r}+{a3—rz}]|
=h'=9=h=3m al -.fi—.ti |
From Eq. (i), we get l—ﬁ-[ <o x2=_ Put A =10
| ™3 3 dx
= 2 tar—at=0

= The negative sign shows the height decreases and
= 2 +2ax—ax—a" =0

=1 (Zx—afx+a)=0
145. () We have, i~ = dar ; oo (i) s _ i‘ s
and ay = 2~ ... (id) 2

decreasing rate is % myfsec.



Since, -{-f—i«: 0, for x -—f;-

'l.‘

i I [ u]  a
oo Maximum area=—-|a + = |yfa” ——
a 2 4

_____{ .J'JEE! 343 ab
4

8] units

150. (i) We have, f{x +y)= flx) f{y)
Puttingx=y=10
= FLo+0)= £(0) £(0)
= foy=[f(o)F
=% flop=1
Now, f° {“.h_]_ ||m -—-——-—--—-vfh +h)— f(5)

J’"h}f{h} fh} _ [ fih)-1]
h—w h ﬂuﬂlﬂl I3 j

= f(5) J‘L‘%[M] [ £(0) =1]
=2x f(0)=2x3=6
151. {d) We have,f(x) = lng'g {logx)

]

= flx)= %ﬁngxﬂngx}[ [ log b= :Tlng, hJ

- i A [log (logx)] oz b= lozh
f{]*E logx [ | gnbvlngﬂj
=
1 102 L foglog())] - ogtlogs) Ltog
Frle)y== dx dx
2 l (logx)®
rlngl,'x} s o= —[ log(logx) l]—l'
e logx X
g 2[ (log:)* J
[1 loglogix)) ]
S P
2 {logx)*
gz [1- log lng(xﬂ
SRR o
= Fe)= 1[1- log Ing{c}—F 1f1-0]1 1

7|_ z{lngf}‘ Zl_ @ J D
..E'I

152, (B f(x) = log(sin{x)) is continuous in [-E 15“] and
differentiable in [E EJ as its derivative
G 6

1
f{1)= ——cosx = cotx
sinx

e el

j[ﬁ?ﬂz) = logsin [ET:-I] o lngsin[ﬂ - -E) = log [1.2)

Now, according to Lagrange’s mean value theorem,

T Am
there exists a point ¢ & = L] such that

i G
b ¢ 51
)5)
f’{t"J.—-—E:—ﬁzamf:[l Sims
(E_ _ﬂ) 2
G &
1
153. (c) Let = j{r”'mgx +e")dy
2
L 1
= I= jx“‘j'unsrd_r+ _re' dlx
-1 -1
Since, f(x) =" cosx is an odd function.
= jf{x}tf_r = 0if f(x)is odd function}
x1l 1
So, I=0+[e"], =e——
e
i xsin®™ x
154. (o) Let I —-I—---—-—-—ir (i)
pSinT X+ cosx
i ;=} (7 —x)sin®(m— x) e
nsin!"{n — 1)+ cos™(m —x)
J- {11:—1} sin™ x ok oo )

Ssin® v+ cos™ x
Adding Eqs {}I.md[: :I we gel

A=x j' _sin™x ... (i)

sur" T+eos™x

sin X

Letl; = | ———————dx
: {sini"x+msi"r
2n
— o S 2_[ Ll_,-n—d_r o iv)
sin”™"x+o0s " x
_— sini"[%—r]
= -1 —-ZJ- dx
0 sip E"[n —.1']+m52"[£—:r]
2 2
x/2 In
2| —————dr )
3 COS " X+sinr

Adding Eqs. (iv) and (v}, we get
2
21, =2 J'ldx ;L—-— x

i
2
Substituting the value of 1) in Eq. (iii), we get

2l = {n:][ ]::-J'—

=5 I, =

T
4



155. (b} Let Adding Eqs. (i} and {ii), we get

L ®
]=I - d'_: j 1- x 1 dx :ZI=rl!f{sinx}df::rl——-i_rf{sin:}rﬁ
P x P ax s 24
r+1 r+1 Y £i2
g et o et o I
= [i]
Now, .1:4+1 =£+E::+C _—
dr-+1) x 1 +1 = !=11:_[j'{sinx}ix
(By using partial fractions) ¢
=x+1l=Ax"+1)+(Br+C)x S On comparing, we get A=x

=xr+l=(A+B +Cxr+A

Comparing cocfficients of ¥*, ¥ and eonstant, we get 155. (d) &7 Y &=
A+B=0C=1LA=1=B=-1 2

*. From Eq. (i), we get ¥

]=.\:—_I-%dr—_[:i_+rl dr

1 1 Ly
"l_]ngl_j_:z+idx+ijﬁ e e ’ X

=1—logy —tan"x + lIﬂnglrE +1)+e

156. () LHS= _[ coelrtl o
—r_-n:Er i)
=I 2.‘Ems -l:l.'; dx ¥
sin” 2¢ — cos™ 2x o 1
sin 2x cos 2x Required area:l_[.ta d1:1+ jr“ dx
[2 cos2x = 2eos@x—1] # & : -
-I-t 4 5
P J’ms 411251“2”“53‘},{ = L |:r ] _E-trl.—_l_sq:mlts
{cos™ 2v —sin™ 2x) 4 4
——.I-{mS e 159. (o) We have, y* = 4x
R Differentiating w.r.t t
[ sin 2v = Zsinreos 1] e ng:;.l..x, wc-:ige 3
1 _?Jj y: —I"-[.:—
=—-2-j-2_qiu4: cos 4x dx de g
d 2
1 1 cosSr . D
=— —[sinSrds =~ x + [—] =—=1
215m e - c &)y, 2
Now, Lmsm+r=nmﬁr+c :
2 8 \
% :11——L (1.2 yP=dx
16
157. {d) We have,
4 xf2
fo{sin:t]:ir-—-— A If{sm:}f.‘.r e x
0 o
"
Let 1= [x f(sinx) dx e )
0
n
= 1 =I (1t — x) fisin(m—x))dx
il x+y=3
x v
= 1= [(r—x) flsinx)dx . (i)
0



Equation of normal to the curve at (1, 2) is

1
1 1 . Required area = J-[E — 3x) dx
V=t =g{r-n) = (G-Y=—1-1) 0

REAa 1 r a3 :I-II
5 i
= y—2=—zx+1=2x+y=3 o ! n
The line x + y = 3 meets the X-axisatx =3 _ [g—l]—a{]—]—lsqunit
h H "3 2] U] :
. Required area:_l-mir+_!‘{3 —x) dx :
. o ” L 162, () We haw:,j'lugx dy
[#2] [ 2] i
o 7T I | £(d
o ! = Lee]y — || =1 L | dx
[Inng I '!.[dx ng.tj r]

4 =ﬂngr-r]1'—_|'i.x dx
oy 1¥
3 3 e
=[el —1log(1)] — | 1dx
160. (a) sinx and cos v intersects each other at[E, : J [eloge og(1)] j g
i 1
¥ =e—[zll=e—[e—1]=1

e ] 163. (1) Given, equation of parabola is i” = dax (i)
(TE} Differentiating Eq. (i) w.r.t x, we get

1 y=cos dy
Mp—=4
J(.[t a

a2 2n
¥ On/a A # o dy _2a _ _ydy
de gy 2 dx
y=sinx Substituting the value of & in Eq. (i), we get
2= 4- E d_yr

1 2 d
¥ d dy
x4 i = y1=2:yEy=:~ d__f=j
- Required area = I cosx dx — jsin.t dx y
o i y Y Ttan =
: . - x
=[sinx]g’* — [~ cosx3 " 1658 Welaw: & 8

i

i)
x
e ) Fi " 1] -2 1=42-1 Given, diflerential equation is in homogeneous form.
J2 kxﬁ ﬁ o Puty = vx in Eq. (i), we get
dy

161. {2} Intersecting points of y* = 9 and y = 3xis (0, 0) o +r-{!£=r; + Fan b= oo BX
I

and (1, 3). d il ¥
Taking integration on both sides, we get

logfsine) = logy + loge

= ]ﬂgﬂ = loge ::rsiu.[ E] =xe
x X

165. (b} Given, differential equation is
dy ' p
- - = i
gl =gln)-2')

This is in the form of linear differential equation.

o So, [F=£‘J‘rtr:ldr = p£lr)
o Required solution is

y.e“" = Igtx}-g'{r:]-e‘mdr +¢

Put glx)=t=g'(x)dv=dt
Y oo = [t v e




166.

167.

1G8.

169.

170.

= e ool — ot 4o
=y = (g(z) - Def™) + o
or (y—glx)+ Ljest = ¢

Taking log on both sides, we get
glr)+logll +y—glx))=c

Where, ¢ = loge’

. 3 ; — [xfgy]g [d'y ]:s _ .1
{a) Given, differential equationis| — | —| —|] =1
dx ax

So, Order = 2and Degree = 2

o Ovder x Degree=2x2=4

{c) Leta=i—jandb=1i— 2j

The required vector is along the vector

ax(axb)=(a-bja—{a-a)b
=3(i-j-2(i-2j)
=3i-3j—2i+4j=i+]j

Hence, required vectors arve given by

l:;+]:l + 1 .2 =
==%. 1+
S+ Ly
{a)} According to the guestion,
a-(b+c)=0,b{c+aj=0c-(a+bj=0

= a-b+a-c=0 i)
b-e+b-a=0 ... (i}
c-a+c-bh=0 L. [il)

Adding Eqs. (i), (ii) and (iii), we get
Ha.b+b.ce+ea)=0 oo (iv)

Now,|la+b+d?
=laf +|4* +|d° +2{a-b+b-c+c-a)
=|a]® +|bl* +|c® [using Eq. (iv)]

{a) We have, BA=B

=(BA)B=BB= B{AB)= B’

= BA=B =B=F§

+2 x+3
+3 x+4 x+2h

i+ 4

x+ 2a
{a) Let A=
r+5 r+ 2

Applyving R; — 2R,, we get

tr+2 x¥+3 x+2a
ﬂ.:%ﬂrmﬁ I+ 8 2+ 4h
r+4 x+5 r+2¢

Applying B, — R, — (B, + R;). we get

r+2 r+3 r+ 2
ﬂ.:% 0 0 4b—(2a+2)
k+4 x+5 x+ 2

171

172.

173.

174.

175.

r+2 x+3 x+2a

1 “»d, b, ¢ are in AP]
=A=E . . e [ L2h=a+e
+4 x+5 r+2
= A=10
[@a 0 0]
{c) Since, A={0 a 0
00 a

=:~[A|=u-d-a=a3

Using formula jadj Al =| A" ", we get

det{adj A) = (HS]S_[ ={E3}1 =g°

{c) We have,A=|:i I:}

" l olf1 ol N1 ol

wemsndety ally al®e
[1 oll1 o] 1 ol

AS:AE"JG[?_ il 175 1]

Similarly, A“-——[; [:}

Now, A® = agd + bl
o] o] Irl 0
s 1~ 2P o
=brl lﬂ_|—ﬂ+b 0 ]

|_S ljv|_ a a+h

ca=8ada+b=1

= b = 1 — H =— T

{B) Let E,, E, and E_be the the events such that
drawn ball is white, blue and black respectively.
The required probability

= *RP(E)P(E,)ME), + *BP(E,) P(E;)P(E,)

+ B P(E;)P(E;)P(E;)

b1 r [y 4 =

=3x—%xixi+3xix}-x2+3xixixi

9 8 7 9 8§ 7 9 8 T
_gl1+36+60]_ 3x110 _55
Ox8xT O9x8xT &4

{e) 6 bovs and 6 girls sit in a row in 12! ways. Number
of wayvs when all six girls sit together = 7!x 6!

il 1
Required probability = — 2. O
12! 132

{¢) Total number of outcomes = 6 % 6 % 6= 216

When sum of numbers is 3, then outcomes are (1, 1,

3 (L 2.2), (1,3, 10,42, 1. 2), (2, 2. 1)and (3. 1. 1).

G 1
Required probability = —=—
el proda iy 216 36



176.

177.

178,

() Total number of balls = 9
Probability of drawn two white balls

3.2 1
98 12
(B} Given, inequality is
Gx 1 12x
< == <1
4x—1 2 4xr-1
12 Sr+1
= % 1< = <) i
4x—1 4x—1

For above inequality Eq. (i), we have two cases either
CaselSsx+1>04x—1<0

Casell8c+1<0, 4x—1=0

From Case (I), we get x> :F;l_ £ ::vl_‘-

(-33)

From Case (IT),x < % > l—_ both of which can not be

i)

true.,

. Eq. {ii) represent the solution set of given inequality.

{d) We have, F =at® + 2t 4+ ¢ 1)
Differentiating Eq. (i) w.r.L. f, we get
S
aic

8 —=at + 2
d d

ds [m‘+b]
Cr ol ol
dt g

Differentiating Ex. (i) w.r.t. t, we get
d ds
4% Sa{ar +h)—{at +'b:|;r?

- (i)

dt* §
228 as—(at + I}}M
o = 5 [using Eq. (ii}]

ds 2 as —(at + b)y*
dr* s

179.

150,

= f."_;'= alat® + 2t +¢)—[{at)” + b* + 2t b]
di* s

[using Eq. {i)]
d% b aZt® + dabt + ac —a’t® — B* — 2ath

= m—
di* 5
d®8  ac—b*
= —=
di® s
2
= Acceleration = d—: aﬁL
it g
() Data is 6,7, 10, 12, 13. 4, 8,12
Here,n=8
o Mean
_6+7+10+12+13+4+8+12
8
2_g
5

=17

Now, variance = lﬂ-f —(¥)
n

=lﬂ1{ﬁ)2 +(TP + (108 +(12° +(13)°
+{4) +(8F +(120]-81
=%I7ﬂ] —81=9025—5§1 =925

b We have, (x + iyl — 2i)=1+1i
= (x+igfl—2i)=1+i
= {x—iy)(l+ 2)=1+i
- t_l__l+|'
ST
= 1+ 1—i
= r—iy= - =——
[1+21) 1—2i
—i
+ iy =——
= T+ iy —



