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Instructions
= There are 180 questions In all. The number of questions in each section is as given below.
Sections Mo. of Questions
Section | : Physics 1-60
Section Il : Chemistry 61-120
Section Il : Mathematics 121-180

= All the quastions are Multiple Cholce Questions having four options out of which ONLY ONE is correct.

+ Candidates will be owarded 1 mark for each correct answer. There will be no negative
marking for incorrect answer.
= Time aliotted to complete this paper is 3 hrs.

PHYSICS

1. A ray of light enters from a rarer to a denser 3. Figure shows a mixture of blue, green and red
medium. The angle of incidence is i. Then, the coloured rays incident normally on a right
reflected and refracted rays are mutually angled prism. The critical angles of the material
perpendicular to each other. The critical angle of the prism for red, green and blue are 46°, 44°
for the pair of media is and 43°, respectively. The arrangement will
a. sin” '(tan i) separate
b. tan” (sin ) 4
e. sin” {coti) - =
d. cos™ '{tan i) G s B

2. A fish in water (refractive index n) looks at a 460
bird vertically above in the air. If y is the height B— 2
of the bird and x is the depth of the fish from 1
the surface, then the distance of the bird as a. red colour from blue and green
estimated by the fish is b. blue colour from red and green
a,,+y(1_l] c. green colour from red and blue

n d. All the three colours
bx+ny 4_ A convex and a concave lens separated by
c.x+ y[l + l] distance d are then put in contact. The focal
N length of the combination

d.y+r(l—l) a. decreases b. increases

n c. becomes zero d. remains the same



10.

"

12.

. A comvex lens is made of 3 layers of glass of

3 different materials as in the figure. A point
object is placed on its axis. The number of
images of the object are

b. 2
d. 4

a1l
e 3

. If ., is permeability of free space and £ is

permittivity of free space, then the speed of
light in vacuum is given by

o \Jl, g, b \Ju, /g,

' 1
c. d. Jeg/n
2 0

. In Young's double slit experiment, a third slit is

made in between the double slits. Then,

a. intensity of fringes totally disappears

b. only bright light is observed on the screen

c. fringes of unequal width are formed

d. contrast between bright and dark fringes is
reduced

. The maximum number of possible interference

maxima when slit separation is equal to 4 times
the wavelength of light used in a double slit

experiment is

. == b.9
c. 8 d 4
. In a Fraunhofer diffraction experiment at a

single slit using a light of wavelength 400 nm,
the first minimum is formed at an angle of 30°.
The direction 8 of the first secondary maximum
is given by

a.sin”{(2/3) b.sin"'(3/4)
c.sin”'(1/4) d. tan~'(2/3)
Maximum diffraction takes place in a given slit
for

a. Y-rays b. ultraviolet light

c. infrared light d. radio waves

An unpolarised beam of intensity I, falls on a
polaroid. The intensity of the emergent light is

a.l,/2 b. 1,

eIy /4 d. Zero

Which of the following is a dichroie erystal?
a. Quartz b. Tourmaline

c. Mica d. Selenite

13.

14.

15.

16.

17.

18.

Two identical metal spheres charged with

+ 12puF and — 8 uF are kept at certain distance in
air. They are brought into contact and then kept
at the same distance. The ratio of the
magnitudes of electrostatic forces between them

before and after contact is
a 12:1 b.8:1
c.24:1 d4:1

A small conducting sphere of radius r is lying
concentrically inside a bigger hollow
conducting sphere of radius R. The bigger and
smaller spheres are charged with Q and g{(Q > g)
and are insulated from each other. The potential
difference between the spheres will be

eulfsl iy
4neg \r R dmeg, R r
c_#(i_g] H_L[_Q.__;_E]
dneg, \r R dne, \R r

The charges , + g and + g are placed at the
vertices of an equilateral triangle of side L If the
net electrostatic potential energy of the system
is zern, then ( is equal to

a—qf2 b.—q
c.+ql2 d. Zero
How many 6uF, 200 V condensers are needed
to make a condenser of 18 uF, 600 V?
a. 9 b. 18
e 3 d. 27
The total energy stored in the condenser system
shown in the figure will be
6 uF
v —— 2uF >

uF
a. 2u] b. 4]
c. 8yJ d. 16 )

A metal wire is subjected to a constant potential

difference. When the temperature of the metal

wire increases, the drift velocity of the electron

in it

a. increases, thermal velocity of the electron decreases

b. decreases, thermal velocity of the electron
decreases

. increases, thermal velocity of the electron increases
d. decreases, thermal velocity of the electron increases



19. The equivalent resistance between the points A

and B will be (each resistance is 15 Q)
o 15 02 c
1510
150

¥

150 150
F150Q
150
AW
4 150 L

a. 30 2
e 10 &

b. 80
. 40 &2

20. The terminals of a 18 V battery with an internal

resistance of L5 Q are connected to a circular
wire of resistance 240 at two points distant at
one guarter of the circumference of a circular
wire. The current through the bigger arc of the
circle will be

a. 075 A b.15A
c. 225 A d . 3A
. The potential difference between A and B in the
following figure is
60 a0 50
AWWL—»—AM»—-B

a 2V b. 48V

.24V d. 14V

22. The magnetic field at the centre of a circular

23.

current carrying conductor of radius r is B,.. The
magnetic field on its axis at a distance r from the
centre is B,,. The value of B, : B, will be
a.1:42 b.1:242

c.242:1 d.2:1

Current [ is flowing in a conductor shaped as
shown in the figure. The radius of the curved
part is r and the length of straight portion is
very large. The value of the magnetic field at the
centre O will be

24, Two tangent galvanometers A and B are

identical except in their number of turns. They
are connected in series. On passing a current
through them, deflections of 60® and 30° are
produced. The ratio of the number of turns in A
and B is
a. 1:3
e.l:2

b.3:1
d 2:1

25. The resultant force on the current loop PQRS

26.

due to a long current carrying conductor will be

A 15 cm
20 A
=
2 cm 10em

a. 107N

b. 36 x 107N

c. 1L8x107'N

d.5x107'N

A certain current on passing through a
galvanometer produces a deflection of

100 divisions. When a shunt of one ohm is
connected, then the deflection reduces to

1 division. The galvanometer resistance is

a. 100 2 b. 99 Q c. 102 d. 990

27. Two similar circular loops carry equal currents

in the same direction. On moving the coils
further apart, the electric current will

a. increase in both

b. decrease in both

e. remain unaltered

d. increases in one and decreases in the second

The value of alternating emf E in the given
cireuit will be

— Vg=80N — V=100 V—r

ANV SLLLN il
=V =40 V—r
E, 50 Hz
a.220V b. 140V
e. 100V d. 20V



29.

30.

31.

34.

35.

36.

A current of 5 A is flowing at 220 V in the
primary coil of a transformer. If the voltage
produced in the secondary coil is 2200 V and
50% of power is lost, then the current in the

secondary will be
a 25A b.5A
c. 025 A d 05A

For a series L-C-R circuit at resonance, the

statement which is not true ?

a. Peak energy stored by a capacitor = peak energy
stored by an inductor

b. Average power = Apparent power

c. Wattless current is zero.

d. Power factor is zero.

Solar spectrum is an example for
a. line emission spectrum

b, continuous emission spectrum

c. band absorption spectrum

d. line ahsorption spectrum

. When a piece of metal is illuminated by a

monochromatic light of wavelength A, then
stopping potential is 3V-s. When same surface is
illuminated by light of wavelength 2i, then
stopping potential becomes V,_. The value of
threshold wavelength for photoelectric emission
will be
a. 4
c.4/3 A

b. 8
d. 6 A

. The maximum kinetic energy of emitted

electrons in a photoelectric effect does not

depend upon
a. wavelength b. frequency
c. intensity d. work-function

The ratio of minimum wavelength of Lyman and
Balmer series will be
a. 1.25

c. 3

Hydrogen atom does not emit X-rays because
a. it contains only a single electron

b. energy levels in it are far apart

c. its size is very small

d. energy levels in it are very close to each other
If an electron and a proton have the same
de-Broglie wavelength, then the kinetic energy
of the electron is

a. Zero

b. less than that of a proton

c. more than that of a proton

d. equal to that of a proton

b. 0.25
d. 10

37. Two protons are kept at a separation of 40 A. F,

38.

39.

40.

41

44,

45.

is the nuclear force and F, is the electrostatic
force between them. Then,

a. FE, >>F, b.F, =F,

c.E, <<E, d. E, =F,

Blue colour of sea water is due to

a. interference of sunlight reflected from the water
surface

b. scattering of sunlight by the water molecules

c. image of sky in water

d. refraction of sunlight

The ratio of the nuclear radii of elements with

mass numbers 216 and 125 is
a. 216 : 125 b. /216 : 4125
e.6:5 d. None of these

On bombarding U™* by slow neutron, 200 MeV
energy is released. If the power output of
atomic reactor is 1.6 MW, then the rate of
fission will be
a.5 %102 s
e.8x10" /s

b.5x10" /s
d. 20x 10" fg
The masses of two radioactive substances are

same and their half-lives are 1 year and 2 years,
respectively. The ratio of their activities after

6 years will be
a. l:4 b.1:2
ec.1:3 d. 1:6

K ‘:,ﬂUMs undergoes suecessive disintegrations

with the end product of mphm. The number of
o and B particles emitted are

aa=6p=4 b.a=6pg=0
coa=8p=6 da=3p=3

. The most stable particle in Barvon group is
a. neutron b. omega-particle
. proton d. lamda-particle
In an unbiased p-n junetion

a. potential at p is more than that at n

b. potential at p is less than that at n

c. potential at p is equal to that at n

d. potential at p is + ve and that at n is — ve

To get an output ¥ =1 from the circuit shown,
the inputs A, B and C must be respectively

A
2 [
c
a.0,1,0 b.1,0,0
e.1,0,1 d.1,10



46. Dimensional formula for the universal

47.

gravitational constant G is
a [M T3 b. [ML7TY]
e [MIAT d [MIT Y

A body is projected vertically upwards. The
times corresponding to height h, while
ascending and descending are ¢, and ¢,
respectively. Then, the velocity of projection is
(g is acceleration due to gravity)

a4 g tl’! b. .ﬁiz_
t +1s
i g4tz d. glty +13)
2 2

48. A mass of 10 kg is suspended from a spring

49,

51

52.

53.

balance. It is pulled a side by a horizontal
string, so that it makes an angle of 60° with the
vertical. The new reading of the halance is

a. 20 kg-wt b. 10 kg-wt

c. 104/3 kg-wt d. 204/3 kg-wt

A body weight 50 g in air and 40 g in water.
How much would it weight in a liquid of
specific gravity 1.57
a g

c. G5 g

b.35g
d.45¢g

. A body of mass 4 kg is accelerated upon by a

constant force, travels a distance of 5 m in the
1st second and a distamee of 2 m in the 3rd
second. The force acting on the body is

a 2N B.AN

e. BN d 8N

A simple pendulum is suspended from the

ceiling of a lift. When the lift is at rest its time
period is T. With what acceleration should the
lift be accelerated upwards in order to reduce

its period to T / 2 P

(g is acceleration due to gravity)
a. 2g b. 3z
c.dg dg

Ify is the ratio of specific heats and R is the
universal gas constant, then the molar specific
heat at constant volume C, is given by

p (Y- LR
Y
R yR
¥-1 y-1
An ideal gas is taken via path ABCA as shown in
figure.

a. YR

.

54.

o
ap,|-—
pif-2 + |E
[ Y
The network done in the whole cycle is
a. 3V b. 3p V) c. 6pVy d. Zero
In which of the processes, does the internal

energy of the system remain constant?
a. Adiabatic b. Isochoric
¢. Isobarie d. Isothermal

55. The coefficient of thermal conductivity of

copper is 9 times that of steel. In the composite
cylindrical bar shown in the figure, what will be
the temperature at the junction of copper and
steel?

100°C PC

LD

p—— 18 cm ——— 6 cm—4
b. 67°C c. 25°C

a. 75°C d. 33°C

56. The equation of a simple harmonic wave is

S7.

58.

59.

given by y = 6sin 2m(2¢ — 01x), where x and y
are in mm and t is in seconds. The phase
difference between two particles 2 mm apart at
any instant is

a. 18° b. 367 . 347 d. 72°

With what velocity should an obhserver approach
a stationary sound source, so that the apparent
frequency of sound should appear double the
actual frequency? (v is velocity of sound).

a.of? b. 3o c 2o d o

If a black body emits 0.5 ] of energy per second
when it is at 27°C, then the amount of energy
emitted h}' it when it is at 627°C will be
a.405] b.162] . 135] d.135]

A string vibrates with a frequency of 200 Hz.
When its length is doubled and tension is
altered, it begins to vibrate with a frequency of
300 Hz. The ratio of the new tension to the
original tension is
a.9:1 b.1:9

c.d:1 d. 1:3

How many times more intense is a 60 dB sound
than a 30 dB sound?
a. 1000 b.2

c. 100 d. 4



61.

65.

67.

68.

69.

 CHEMISTRY |

Which of the following is not an ore of
magnesium?
a. Camallite

c. Calamine

b. Dolomite
d. Sea water

. The atomic numbers of Ni and Cu are 28 and 29

respectively. The electron configuration
152252 2p% 352 3p° 3d" represents

a. Cu* b. Cu®*

e. Ni** d. Ni

. In the following, the element with the highest

ionisation energy is
a. [Ne] 352, 3p!
e. [Ne] 352, 3_|'J2

b. [Ne] 352, 3p®
d. [Ne] 357, 3p°

. In the conversion of Br, to BrO3, the oxidation

number of Br changes from
a. zero to+ 5 b.+1lto+5
d. +2to+5

Among the alkali metals caesium is the most

reactive because

a. its incomplete shell is nearest to the nucleus

b. it has a single electron in the valence shell

c. it is the heaviest alkali metal

d. the outermost electron is more loosely bound than
the outermost electron of the other alkali metals.

e. zero to— 3

. Which of the following represents the Lewis

structure of N, molecule?

W b
a. sN=NI b EN = NI
R X e M
x — WX
ﬂ-;ﬂ_i‘im diﬂ—ﬁx
Hydrogen bond is strongest in
a.5—H -—-0 b.O—H -—-58
e.F—H-—-F d. O—H —---N

The decomposition of a certain mass of CaCO 4
gave 11.2 dm?® of CO, gas at STP. The mass of
KOH required to completely neutralise the gas
is

a.56 g b.28g
c.42g d20g

The density of a gas is 1.964g dm™ 2% at 273 K
and 76 em Hg. The gas is
a. CH,
e.CO,

b. CsHg
d. Xe

70.

72,

74.

75.

76.

0.06 mole of KNO, solid is added to 100 cm® of
water at 298 K. The enthalpy of KNO;(ag)
solution is 35.8 k] mol™ L. After the solute is
dissolved the temperature of the solution will be
a 293 K b 208 K e. 301K d. 304 K

. 4 moles each of 80, and O; gases are allowed

to react to form SO, in a closed vessel. At
equilibrium 25 % of O; is used up. The total
number of moles of all the gases present at

equilibrium is
a. 6.5 b. 70 c. 8.0 d. 20
An example for auto-catalysis is

a. oxidation of NO to NO

b. oxidation of SO; to 50

€. decomposition of KClO; to KCland O,

d. oxidation of oxalic acid by acidified KMnO,

. During the fusion of an organic compound with

sodium metal, nitrogen of the compound is
converted into

a. NaNO, b. NaNH,

c. NaCN d. NaNC

Identify the product ¥ in the following reaction
sequence

CHy—CH;—COO0,

Heat Zn-Hg
Ca X0 heat ¥
CH,—CH,—CO0"
a. pentane b. cyclobutane
c. cyclopentane d. cyclopentanone

The: reaction Cg['ls ONa+ CQH5I ———%
C,H.OC,H; + Nalis known as

a. Kolbe's synthesis

b. Wurtz's synthesis

c. Williamson's synthesis

d. Crignard’s synthesis

AG®ups T plot in the Ellingham’s diagram, slopes

downwards for the reaction

a. Mg+% 0y — MgO
b. '2.Ag+% 0y — Ag;0
c. C+1§ 0,— CO

d.CO{—%DE—)CDE



77. Which of the following reaction taking place in

the blast furnace is endothermic ?
a. CaCO, —» CaO+ CO,
b.2C+ 0, —> 2CO
c. C+ 0,— CO,
d. Fe,0 5 + 3CO—s 2Fe + 3CO,

78. Liquor ammonia bottles are opened only after
cooling. This is because
a. it is a mild explosive
b. it is a corrosive liguid
c. it is a lachrymatory
d. it generates high vapour pressure

79. The formation of O} [PtFg]" is basis for the
formation of xenon fluorides. This is because
a. 0, and Xe have comparable sizes
b. Both O, and Xe are gases
c. 0, and Xe have comparable ionisation energies
d. O, and Xe have comparable electronegativities

B0. The highest magnetic moment is shown by the
transition metal ion with the configuration
a. 3d? b. 34° c. 3d’ d. 3d°

81. A transition metal ion exists in its highest
oxidation state. It is expected to behave as
a. a chelating agent
b. a central metal, in a coordination compound
c. an oxidising agent
d. a reducing agent

82. In which of the following complex ion, the
central metal ion is in a state of sp*d*®
hybridisation?

a. [Co F'ﬁ]:_ b. [CD{NHSJEIH
e. [Fe(CN), I~ d.[Cr{NH,), [**

83. Which of the following can participate in
linkage isomerism?

a. NO, b. H, N CH,CH, N H,
c. H,0 d. INH,

84. Which of the following has the highest bond

order?

a Ny b. 0, e. He,y d H,
85. Which of the following is diamagnetic?
a. H; 5.0y e. Liy d. Hej

86. The concentration of a reactant X decreases

from 0.1 M to 0.025 M in 40 min. If the reaction

follows I order kinetics, the rate of the reaction
when the concentration of X is 0.01 M will be
al73x 107! Mmin™' 6. 3.47% 107" M min™

c. 3.47% 107° M min™! d.1.73% 107 M min™!

87. Chemical reactions with very high E, values are

generally
a. very fast b. very slow
c. moderately fast d. spontaneous

88. Which of the following does not conduct

electricity?
a. Fused NaCl b. Solid NaCl
¢. Brine solution d. Copper

89. When a quantity of electricity is passed through
CuSO, solution, 0.16 g of copper gets
deposited. If the same quantity of electricity is
passed through acidulated water, then the
volume of H, liberated at STP will be
[Given, atomic weight of Cu = 64]
a.40em® b.56em® e 604 cm®  d. 80 em®

90. Solubility product of a salt ABis1x10™* M? in

a solution in which the concentration of A* jons
is 10 M. The salt will precipitate when the
concentration of B~ ions is kept

. between 10 M to 107" M

b. between 10" M to 1075 M

e > 1007 M

d <107%M

91. Which one of the following condition will
increase the voltage of the cell represented by
the equation.

Cu(s) + 2Ag*(ag) ¥==Cu™"(aq) + 2Ag(s)
a. increase in the dimensions of Cu electrode
b. increase in the dimensions of Ag electrode
c. increase in the concentration of Cu® ions
d. increase in the coneentration of Ag* ions

92. The pH of 10~* M HCl solution is
a. § b. more than 8§
c. between 6 and 7 d. slightly more than T

93. The mass of glucose that should be dissolved in
50 g of water in order to produce the same
lowering of vapour pressure as is produced by
dissolving 1g of urea in the same quantity of
witer is
a. lg b.3g c.bg d 18g

94. Osmotic pressure observed when benzoic acid
is dissolved in benzene is less than that
expected from theoretical considerations. This
is because
a. benzoic acid is an organie solute
b. benzoic acid has higher molar mass than benzene
c. benzoic acid gets associated in benzene
d. benzic acid gets dissociated in benzene



95. For a reaction to be spontaneous at all
temperatures
a. AG and AH should be negative
b. AG and AH should be positive
c. AG=AS=0
d. AH < AG

@6. Which of the following electrolyte will have
maximum flocculation value for Fe{OH}, sol.?
a. NaCl b. Na,S
e. (NH, )3P0, d. K50,
97. For a reversible reaction,
X(g) +3Y(g) ™ 2Z(g)

AH =—- 40 k] the standard entropies of X, ¥ and
Z are 60, 40 and 50 JK~ 'mol™ 'respectively.

The temperature at which the above reaction
attains equilibrium is about

a. 400 K b. 500 K

e. 273K d 3T3K

98. The radii of Na* and Cl™ ions are 95 pm and
181 pm respectively. The edge length of NaCl

unit cell is
. 276 pm b. 138 pm
c. 352 pm d. 415 pm

29. Inductive effect involves
a. displacement of g-electrons
b. delocalisation of n-electrons
c. deloealisation of g-electrons
d. displacement of n-electrons

100.The basicity of aniline is less than that of
cyclohexylamine. This is due to
a. + R-effect of —NH, group
b. — I-effect of —NH, group
c. — R-effect of —NH, group
d. hyperconjugation effect

101. Methyl bromide is converted into ethane by

heating it in ether medium with
a. Al b. Zn
c. Na d. Cu

102_Which of the following compound is expected
to be optically active?
a. (CH,),CHCHO
b. CH,CH,CH,CHO
¢. CH,CH,CHBrCHO
d. CH,CH ,CBr,CHO
103.Which eycloalkane has the lowest heat of
combustion per CH; group?
a. cyclopropane b. cyclobutane
¢. cyclopentane d. cyclohexane

104.The catalyst used in the preparation of an alkyl
chloride by the action of dry HCl on an aleohol is
a. anhydrous AICL; b. FeCl,
c. anhydrous ZnCl, d. Cu

105.In the reaction,

3 Dilure <
R—X ) A — B, the product Bis
a. alkyl chloride b. aldehyde
c. carboxylic acid d. ketone

106.Which of the following compound would not
evolve CO, when treated with NaHCO

solution?

a. Salicylic acid B. Phenol

¢. Benzoic acid d. 4-nitro henzoic acid
107. By heating phenol, with chloroform in alkali, it

is converted into

a. salicylic acid b. salicylaldehyde

c. anisole d. phenyl benzoate

108.When a mixture of calcium benzoate and
calcium acetate is dry distilled, the resulting
compound is

a. acetophenone b. henzaldehyde

¢. benzophenone d. acetaldehyde
109.Which of the following does not give benzoic

acid on hydrolysis?

a. Phenyl cyanide b. Benzoyl chloride

c. Benzyl chloride d. Methyl benzoate

110. Which of the following would undergo
Hofmann reaction to give a primary amine?

O
a. R—C—Cl b. RCONH CH,
c. RCONH, d. RCOOR

111. Glucose contains in addition to aldehyde group
a. one secondary OH and four primary OH groups
b. one primary OH and four secondary OH groups
c. two primary OH and three secondary OH groups
d. three primary OH and two secondary OH groups
M2, A distinctive and characteristic functional group
of fats is
a. a peptide group
. an alcoholic group

b. an ester group
d. a ketonic group

113. At pH =4 glycine exists as
+
a. H,;N—CH,—C00~
+
b. H,;N—CH,—COOH

e. H;N—CH, —COOH
d. H;N—CH;—C00"~



114. Insulin regulates the metabolism of

b. amino acids
d. vitamins

a. minerals

c. glucose
115. The formula mass of Mohr's salt is 392 g. The

iron present in it is oxidised by KMnO, in acid

medium. The equivalent mass of Mohr's salt is

a. 392 b. 316

c. 278 d. 156

116. The brown ring test for nitrates depends on
a. the reduction of nitrate to nitric oxide
b. oxidation of nitric oxide to nitrogen dioxide
¢. reduction of ferrous sulphate to iron
d. oxidising action of sulphuric acid

117. Acrolein test is positive for
a. polysaccharides b. proteins

c. oils and fats d. reducing sugars

118. An organic compound which produces a bluish
green coloured flame on heating in presence of

copper is
a. chlorobenzene b. benzaldehyde
c. aniline d. benzoic acid

M19. For areaction, A+ B——C+D,
If the concentration of A is doubled without
altering the concentration of B, the rate gets
doubled. If the concentration of B is increased
by nine times without altering the concentration
of A, the rate gets tripled. The order of the

reaction is
a2 b1 c. E d. E
2 3
120.Which of the following solutions will exhibit
highest boiling point?

a. 0.01 M Na,80, (aq)
c. 0.015 M urea(ag)

b. 0.01 M KNO,(ag)
d. 0.015 M glucose{ag)

(MATHEMATICS |

121. fu=a-b,v=a+b,and|a|=|b|=2 then

|uxvlis
a -z.,,,l'm-{a-h:ﬁ b. z.,f.;—[a-h}*
c.q,‘llﬁ—(a-hz d. \J4—(a-b)*

122, The volume of the tetrahedron formed by the
points (1, 1, 1), (2, 1, 3) (3, 2, 2) and (3, 3. 4) in
cubic units is

Wl 58
6 3
e5 E
3

123. Unit vector perpendicular to i- 2} +2k and
lying in the plane containing i + j — 2k and
-1+2) +kis

a 8i—7j+ 11k b.8i+7)—11k

1 r 5 3
d. 8i-Tj-11k
i

124. In the group Q — {1} under the binary
operation * defined by a*b =a + b + ab the
inverse of 10 is

L oM - -l

c. 8- 7j-11k

3. — » C.
10 10 10 11
125. In the group {1, 2, 3. 4, 5, 6} under
multiplication mod 7, 2lx ? =
a. l b4
c.2 d. 3

126. The group (Z, +) has
a. exactly one sub-group

b. only two sub-groups

. no sub-groups
d. infinitely many subgroups

127. If 3x =5{mod 7), then
a. 1= Hmod7T) b. 1 = 3{modT)
c. = 4{modT) d. None of these

128.The argument of the complex number

o) {1+5)

10 G 10 5

129. The maximum value of n <101, such that

1+ Zi“ =0is
. |

a. 96 b. 97 c. 99 d. 100
130. The value of (=1+./=3)% +(=1-4/=3) is
a. 2¥ b. 27
c. 2% d. 0
131. All complex number z which satisfy the
equation z _E':|=1|iec:-n the
z
a. imginary axis b. real axis

e. neither of the axes d. None of the above



132. The value of sin[cot™{cos(tan"" x)}]is

a 1+x° b 2+x°
2+1° 1+x°
-2 -1

e d.

V21 -2

133. The value of ot (= 0) for which the function
flx)=1+ax is the inverse of itself is
a—2 b.2
e.—1 d. 1

134.If x occurs is the expansion nf[:r + }—] , then its
x

coeflicient is
n! n!
“r T Dlr—1)!

135. Iftan A — tim B=1x and cot B—cot A=y, then

cot{A—B)=

11 pl_1

y x r ¥y
|':.£+l d. None of these

r y

136.m52£+m525+m525—u=
12 4 12

3 3-43
o — b.

2 2
|':.E d. .

3 3+43

137. If sinf, cos0 and tan 8 are in GP, then
cot® 0 - cot® B is

| b.1l/2
c.2 d. 3
2
1381 3 =2 +d A LA L A
(x=1)% e+l (x+1)? (x+1)?
A, As Ag

+ + + ;
(x -b]:Id {I+1:!5 (I+I}E
(A +A; + A, —A, —Ag)=

a. {0.0) b.{-8& —12)
e.(8 -12) d.(-§12)

139.1f log,(2* " +6) +log,(4*~1) =5, then x =
a4 b.1

c.3 d2

140.1f g b, ¢, and d are the roots of the equation
420 +3x® +4x +5 =0, then
1+a® +b? +¢* +d® isequal to

a.—2 b.—1
c. 2 d 1
141. If ¢, ¢y, €4, ..., €, are binomial coefficients of
c;-rdmn,l:henﬂ:evaluenfc—l+c—2+c—3+...
2 4 6
& 2 +1 b, 2 —1
n—1 n+1
& 2" +1 d a"
n—1 n+l
BRI
—=f ==t . o
142 The value -:)fl{[m}hgg[‘ 5% )is
a 4 b.l
4
c 2 d.l
2

143.1f n( A) = n(B) = m, then the number of possible

bijection from A to B is

a. m b’

c. m! d. 2m
144.sin_l[:l:..lﬂ—:t —J; 1-x2|=

a.sin x—sin 7! 1 -2

b.sin ' x +sin~! ..fl —-x
€. sin”" x —sin’ J;
d.sin” x +sin™" -\E

145.1f tan 0 + tan 40 + tan 70 = tan O tan 40 tan 78,

then the general solution is
a0="% hg=D"
4
c.B=E d. None of these

146.1f a circle with the point (=1, 1) as its center
touches the straight line x + 2y + 9=0, then the
coordinates of the points of contact is
a. (-3, 3) b.(-3,-3)

e (0.0) d. [% i 13_7)

147. If the circles x* +y” + 2gv + 2fiy = 0and
22 +y® + 22" x + 2f’ y = 0 touch each other,

then
a jg=1'g b.f'g=Jg
e ff' =g d. None of these



148_The number of common tangents to the circles
4yt =dandx® +y7 —dr + 2y —4=0is
al b 2 c.3 d 4
149.The length of the tangent drawn from any point
on the circle x + 4% —dx + 6y —4=0to the
circlex® +4® = 4x + 6y =0is
a 8 b4
c.2 d. None of these

2 2
150.If the foci of the ellipse 2— + £ =1 and the
25 p2

2 2

hyperbola = - y . coincide, then the
144 81 25

value of b¥ is

a. 25 b9 c. 16 d 4

151. The latusrectum of the ellipse is half the minor
axis. Then, its eccentricity is

b 1

3

d. None of these

.

.

ol -

152. The ends of the latusrectum of the parabola
£ +10x =16y + 25 = 0 are
a. (3, 4), (- 13, 4) b.(5. - 8).(-5.8)
e.(3,—4).(13, 4) d. (-3 4), (13— 4)

153. Which of the following functions is
differentiable at x = 0P
a. cos(| x[) +] x|
c.sinf|x|)+| x|

b. cos(| x]) | x|
d.sin(] <) | x|

154.[fr=u[mst+lng t-.mé}y:usinf, then %:

a. tant b. coti
c. — cott d. tant
155.1f 1 - tan B 1 tan B _|a -b
tan® 1 —=tan@ 1 b a
then

aa=1l=h
b.a=cos™, b=sin
c.a=sin, b=cos?
d. a = cos8, b =sinf

156.1fA = k2 then A" is
01
1 "2
E.
- 2
e_[l 2 d_[l n]
0 1 11

157. If o B, y are the roots of the equation
x? + pr + g =0, then the value of the

a By
determinant |y o |is
Yy a B
a. i b.O o p dp’ -2
158._The number of distinet real roots of

Ssinx  COSY  COSX
-T T
cosx |in the inl:erva]{T,:}is

COST COSXT  sinx

cosx  sinx

a. 0 b. 1 e 2 d. 3
159.The sum of non-prime positive divisors of 430 is
a. 1209 b. 1299 e, 1199 d. 1099
50
160.The last digit of Zp! - 2{2:1}!{5
l<p=<l00 n=1
p — prime
a. 2 b4 c. 6 d 8

1
161. The interval I such that

dx o
{mehsgmmby

YT

e.1V2. ] d. [JE. }]
162.Tlng(mn LYy

.:. % 5.0 el d. %

2
163.The value of f{ax:" + bx + ¢) dx depends on the
-2
a. value of b b. value of ¢
e. value of a d. values of @ and b

164.The area of the region bound by the curves
y=xand y=4r —-x"is

a.%sq. units B.gsq_ units
4 2
€. — (). units d. — sq. unit
3 i
2
165.The particular solution of £ % =1*Y_ (4en
xdr 141t

r=1L y=2is
a.5(1 + %)= A1 +2%)
e 51+ %) =(1+2%)

b. A1+ y?)=5(1+1%)
d.(1 +ya]=i{l +:r!:|



166.The solution of the differential equation
B (e rg*is
dx

a. =i b.sin r+yl=x+ec

T+y
dtan Yr+yl=r+c
2

B¢
167. The maximum value or[l) is
I
a. ¢''* b. -J;

el d ¢

c.tan Nx+y)=c

168.Let x be a number which exceeds its square by

the greatest possible quantity, then x =

a. 12 b. 1/4 e. 34 d 1/3
169.The subtangent at x =7/ 2 on the curve y=x

sinx is

a. 0 b1

c.ml2 d. None of these

rFE
170. The value of J’ dx is
107 = 10°

a. —sm H10%) 4+ ¢

log_10
b. ‘2.\!10_" +10F + ¢
1

sinh 7107} + ¢

C.

log, 10

F e il h10%) + ¢
log, 10

17, [ {LM_} e

cos™ x
a.e*cosx + ¢ b. e secxtany + ¢

c.e'tanx + ¢ d e cosix—1+¢

Ii+ld’,t

= 'I-I{ +1

=

1 3 1 it +1
u.:,;]ng,{x +1)+¢ :lEhn [m.]+
1

:r.:Etmf'(:z—1]+c d. lﬂtan‘*[%]+

173.

174.

175.

176.

The locus of the mid-point of the intereept of
the line x cosa + ysina = p between the
coordinate axes is

n.r_z+y_"=4p_z b.x_2+y_2=p_
c.:i+yi=4p_! d.:r3+g,|li=p2
If the line through A =(4, —5)is inelined at an
angle 45° with the positive direction of the

2

X-axis, then the coordinates of the two points on

opposite sides of A at a distance of 342 units are

a.(7.2).(1.8) b.(7.2).(1.-8

e (7.-2.(1,-8 d. (7,2).(-1. 8)

If the line px + qy = 0 coincides with one of the

lines given by ax® + 2hay + by® =0, then

a.ap” +hpg+hg® =0  b.ag  +hpg+bpT =0
—2hpg+bp® =0  d. None of these

The function

) =( log, (1 +ax)=log, (1 —!xr'_l] G
X
undefined at r = 0. The value which should be

assigned to f at x = 0so that it is continuous at
x=0is

n.d+b b.a+b e logflab) d.a—b
2 2
177. lim (12+22+ _.4n )-J_
H—}W(n+l}(n +10}(n+lﬂl}}
a3 b.l E.E d. =
3 3
178. The number of triangles in a complete graph

179.

with 10 non-collinear vertices is

a. 360 b. 240 e 120 d. 60
The angle between hands of a clock when the
time is 4.25 AM is signed to

a. 17 1/2° b. 14 12°

c. 13127 d. 12 1/2°

180.The point (5, — 7) lies outside the circle

a.x+yt—8=0

by’ 4y —5x+Ty=0

e+ —5x+Ty—-1=0
d+y’ —S+Ty—2=0



Physics

1 c) 2. (b) 3. () 4. (a) 5. (a) 6. () 7. (d) 8. (% 9. (c) 10. {d)
11. (a) 120 18 (9 14. (a) 15. (a) 16. (&)  17. (9 18. ()  19.(b) 20 (a)
2L () 22 () 2 (x) 4. (b)) (D) W ()  2W.(a) W)  20.() 30 (d)
3L(d) 32 () 3% ()  34(b)  3m(d) 36  3T()  38.(b) 30.() 40 (b)
() 42 () 48.() 44 (b 45  46.() AT ()  48.()  49.(b) 50 ()
5Ly 52{() 5%.(b) S5&(d) 55() S56.() S5T.{() 58.() 59.(a) 60 (a)

Chemistry

6l.(c) 62() 63(b) 64.(a) 65() 66 () 6T.(c) 68.(a) 69 () 70 (a)
LB A TR 74. () () 760 T.( 18.() 79.() 80 (b
8L.(c} S2() 83 (s) S4.(a) 85() 86 () ST(b) S8 ()  S9.(b)  90.(d)
oL (d) 92 () 93 (b) 94.(c) 85.() 96 ()  97.(b) 8. ()  99.(a)  100. (a)
0L () 102 () 103 (d) 104 () 105.(c) 106 (b) 107. (b) 108 (a)  109.(c)  110. {¢)
1L () 12 () 118.(b) 114.() 115.(a) 116. () 117.(c) 118 (a)  119.(c)  120. (a)

Mathematics

121 (&) 122 (2) 123 (d) 124 (d)  135.(c) 126. (d) 127.(9)  128. ()  129.(c)  130. ()
181 (b) 132 () 138.(9) 134 () 135.(c) 136. () 137 () 138 (d) 139.(d)  140. (b)
141 () 142 () M43.() 144 () 145.(b) 146.(b) 147 (b) 148 (b)  149.(c)  130. ()
15L () 152 () 153.(d) 154.(d) 155.(b) 156.(c) I57.(b) 158. () 159.(c)  160. {a)
161 () 162 (b) 163.(b) 164 (b)  165.(b)  166.(d) 167.(a) 168 (a)  169.(c)  170. (a)
7L (¢) 172 () 178.() 174.() 175.(¢) 176. () 17%. () 178.(c) 179.(a)  180. (a)

Note (") None of the option is correct.



HINTS & SOLUTIONS

Physics
L. {¢) The angle of incidence = i reflection occurs for blue and green colours of light.
Yok v la thie mupls of et Again, since critical angle for red colour is greater than

According to given sitmation, reflected rays and
refracted rays are perpendicular to each other.

ie. i+r=90" i)
s According to Snell’s law,
_ sini
B sinr
_ sini
= ~ From Eq. (i
sm[!EH] i) [ ke B}
_ sini
cosi
U= tani (i)
If i be the critical angle for the pair of media, then
1
L=— ..{iii)
sinic
From Egs. (ii) and (iii), we get
tani= — 1_
sinig
= sini, = coti
= i = sin~ {coti)

2. (b) Refractive index of water = n

Since, fish looks the bird from water (denser medium)
to air (rarer medium).

Hence, normal shift d = (n — 1)k

But according to question, real depth h =y

X d=(n—1)y (. height of bird = y)...(i)
The bird’s height from the surface of the water is equal

to the summation of the normal shift and height of the
bird from the surface.

ie. d'=y+d=y+(n—1)y [From Eq. (i)]
d’ = ny L..{id)
Total actual distance between bird and fish
=r+d'=x+ny

3. (a) The given situation is shown below

B

43“ -
8 I,

a4 o
(£ 45‘,:’, )

46° .
” e

45"
A C
B G

Since, eritical angles for blue colour and green colour
are less than angle of incidence, hence total internal

angle of incidence hence red colour transmitted
outside from surface BC.

. {a) Let f; and f; are focal lengths of convex and

concave lens respectively, when they are kept in
contact co-axially, then focal length F of the
ecombination is given as

G A Focal length of concave
'E_T (-2 lens is negative.

1_1
F

-5
- fifs
- et
When both lenses are kept at a distance d, then their
combined focal length F” is given as
Loty L 4
Ffi (-fi) fAl-1f)
1 1 1 d
= —_— e — e o —
F fi fi fifs
=5 _l__rfz fi+d
F fifs
= paifs . (i)
fa—fi+d

From Eqs. (i) and (i), it is clear that F'< F
i.e. focal length of combination will decrease.

. {a} Since, convex lens made of 3 layers of different

materials have only one focal length. Thus, for a given
ohject, there is only one image.

{¢) Speed of light in terms of permittivity of free space
gy and permeability of free space 1 is given as

e ’L
JFnEn Hofa

. {d) When a third slit is made in between the double

slits in YDSE, then contrast between bright and dark
fringes is reduced. It is because in the case of double
slits, light passes only two slits. Now, the same light is
passing through the three slits which results in
reducing the contrast of bright fringes as well as dark
fringes.

. {*) In double slit experiment, for possible interference

maxima on the screen is given as

dsin® = nl
Given, slit width, d = 44
4A5inB = nik

= 4zinf =n

Since, maximum value of sin® = 1



s For maximum number of possible interference

maxima,
4-1=n

== n=4

i.e., n=0123

s Maximum number of possible maxima will be 7
ie0,+1 +2+3
Hence, no option is correct.
9. (c) Given, wavelength of used light,
A = 400 nm
For minima in Fraunhofer diffraction,
dzinf = nik
For first minima n = 1, where ® = 30°
e dlsin 30° = 1 x 400
= d = 800 nm
For maxima in diffraction,
dsing = (s 1].%

For first maximan = 0

dsin@ = (0 +1;.i2
= dsinf = X

2
= 800sin = E

2
= ginf = =
= B =sin _1[£]
4

10. (d) Creater is the wavelength of wave higher will be its
degree of diffraction, since radiowave has maximum
wavelength, hence maximum diffraction takes place in
a given slit for radio waves.

11. {(a) When an unpolarised beam of intensity I, falls ona
polaroid, then after polarisation, the intensity of the
emergent beam of light becomes r{é':-'-,

12. (b) Materials which have different absorption for
ndicular inciden tl;}\]ane for light are called
mmﬂmal crystal. Tourmaline is one example of
such type of erystal.
13. {c) Given, (), = 12uF = 12x 10°°F
Q.= - 8yF
=-8x10°F

Initial value of electrostatic force of attraction between
both spheres,

=1 0.0,
B A
dne, r
__1 12x10°x8x10°
4me,, r
1 96x107"% :
K= s e s L. i)

4ne, r

When both charged spheres are kept in contact, then
new charges on the spheres will be

0i=0; =220

_12+(—8)
==

o Final value of electrostatic force between the
spheres,

=2uF=2x10°F

1 Q:xQ;
4dne, r
1 2x109x2x10®
4ne, ’ rt
1 4xlo™ 5
= E-r—i ...{i)
From Egs. (i) and (i), we get
1 96x1072
F_dmeg 1
E 4x1072

F,=

Z

dne, p?
F, 24
= —_=—
E 1
= E;Fi=24:1

14. {a) According to given situation, potential at the
surface of small conducting sphere of radius r,

'I‘Fr - E + E
r R
Potential at the surface of bigger conducting sphere of
radius R,
VH — E + k_’@
R &R

- Potential difference between the spheres is given as

r R R R
_ka_k_,fa_1a
r R r R
__1la_gql
ame,lr R
15. {a) The given situation is shown below
gy=Q
I !
Qo=+3 ! Qa=+3
Net potential energy of the system = 0
ie. Uy =0
1 iz 1 85 ! Bh_ g,
dme, | dme, | dme, 1



16.

17.

18.

*?ILH-ILII.
il

filfz + qatfz +qath =0
Qugtgqg+qQ=0
Wq+q°=0

920 +4g)=0

E g#0
W +qg=0

.
= Q= 2
{d)} We know that, in series combination of capacitors,

net potential difference is equal to sum of the
individual potential difference of each capacitor

e, V=V, +V,+V;..... [V, =V, =V;=200V]
= 600 = nx 200
= n=3

So, there should be 3 capacitors in series to obtain the
required potential  difference. The equivalent
capacitance of 3 capacitors in series is given as

T

= Coq =2uF
Now, we require 18 uF capacitance for this, we need
9 number of such capacitors in parallel.

.. Total number of capacitors (condensers)

=9x3=27
{¢) The given circuit diagram is redrawn as

Equivalent capacitance is given as

o - _CiCs _6x3
|TC, 0, 843
.. Total energy stored in the condenser system,

U=%Ceq-‘i.’£=%x4xlﬂ'ﬁx22
=8x107° ] = 8u]

{d) Drift velocity of the electron is given as

Oy =—

where, & = charge on electron,
E = electric field,
1 = relaxation time

and m = mass of the electron.
Since, E =%
eVt
ﬂ —_——
Tl

Since, e, V, mand [ are constant .

i bge=T

On  increasing the temperature of metal wire,
relaxation time decreases, therefore drift velocity of
electrons also decreases.

But on increasing temperature of metal wire, thermal
velocity of electron increases.

19. (b} Redrawing the given cireuit network as

1502
D N c
150 150
150 3 o Z150
k| o :
150 1502
A Bt B

Equivalent resistance between points Dand (7,
_ {15 +15)x15 _ 30x15

= = =108
Boc (15 +15)+15 45
Similarly, R,;= R, =100
Now, circuit, diagram reduces as
1002
D c
150 3 2150
A 100 B
- Equivalent resistance hetween points A and B is
given as
4010
Ryg =(15 + 10+ 15)|j10 = 40| 10=
a1 )Io = o] 10= 2232
400
=——= R0
30

20. (a) Since, the terminals of battery is connected at one
quarter distance. Hence, ratio of lengths between two
parts will be

L 1
L 3
= hi:lb=1:3
Since, R ez |
Ry:RB;=1:3
= 2 = [}
1+3
Ry =24x =150
1+3
Since, potential difference across R; and R; is same, so
they are connected in parallel.

. Equivalent resistance of R, and R,



BR,R,
By + Ry
_6x18 -450
6+18
.. Total resistance, Ay = R'+r
=45+15
=60
Currenl,l:-—-‘:v.-_-lﬁ::ih
R, 6

Aceording to current division rule, current through
bigger arc (i.e. through R.)

R'=

[sr=150]

.i'ﬁz=.l'. & =3x L =075 A
R, +R; 6+18
21 B av
24 60
—'—Mﬁ—'l—%’\—lt—m—
A o s B

12

Applying Kirchhof's voltage law, we get
Vg +6x2+12+9x2-4+5x2=0
= —V,; +48=0
= Vg =48V
22. () Magnetic field at the centre of circular carrying
conductor,

B, ="T'f D
Magnetic on the axis at a distance x from the centre is
given as
Molr®
. o
Here ,x=r
_ j.lﬂ.l'l'2
Baxi Ar® + )2
Holr®  _  pglh?
qzr*" 2 9.949.¢°
g 439:
Mgl
= B. =
By, o
B _wlir sl .5
B, Kol 2r
41_.‘2!'
B :B, =22:1

23. (g} The given current carrying conductor is shown
below

[}

Magnetic field at the centre due to c'jn:u.lar wire,
B, bol (270 _pol 3
2r 35ﬂ 2r 4
& = ap'ﬂl
[m downward to the plane of paper]

Magnetic field at centre O due current carrving wire
ABwill be zero because point  lies along AB

. B,=0
Magnebc field at O due to current carrying wire CD
B, = :‘J (in downward to the plane of paper)

Tir

-~ Net magnetic field at the centre,
B, = B,+:32+}33-3““I +|c|+*“"I

=¥[§*E]*L%[E”]

24. (b) Given, B, = 60°,8, = 30°
We know that, deflection in galvanometer 8 and
current [ are related as
tan8 = KNT
where, K = constant,
N =number of turns in the coil of galvanometer
and [ =cwrent.

. t&nBA_NJ‘
tanfB; Ng
tan60° N,
= =
tan30° N
R A3 _N,
1 Ny
B
= 3_N,
1 N
= Ny:Nz=3:1
25. (d) I, = 20A, I, = 20A

i = 2em
r: =({10+ Zem =12cem
The given situation is shown in the figure.

st =

L=20A
I=15cm
] 1=20A
P Q

10 cm

The forces on arm SR and PQ are equal in magnitude
and opposite in direction and also having same line of
action, hence they cancel to each other.



26.

27.

249,

30.

. Resultant force on the current loop PORS,

F=Fpy— Fyy
_ o L%l _p_ﬂ_f,fzi
I n n

1 1
™ p_n- 1112'1:— T —}
2 nor

= ; 1
=2x107" x20x20x 15 xlﬂ_zl— ]

2x102  12x10° )

=5x107' N
{b) Given, shunt resistance, g = 102

Total current, I = 100 A
Calvanometer current, I, =14

We know that,
1 =B
£ R+C
100 1

=3 1=
140
=5 1+G =100
= G =990

{a) On moving the circular loops further apart, flux
linked with loops will be reduced. Therefore,
according to Lenz’s law, current will increase in both
circular loops to increase the linked flux.

. {¢) The given cirenit diagram is L-C-R. series circuit,

where
V=80V, Vo =100V
V=40V

Since, Ve =V

Value of emf E is given as

E=VZt(Ve-V,.)
= ,,'aﬂf + (100 — 40)?
= /6400 + 3600 = 100V

() For a transtormer,
I, =5A,V, = 220V
Vi = 2200V
Power at primary side, B = Vplp
= 2205 =1100W
Since, 50% power is lost, hence power at secondary side,

P, =50%of P, = 2% % 1100
100

= F,=350W
= VI, =550
=5 2200 = I, =350
- AP L S PP
2200 4
() In series L-C-R circuit,
X =X¢

Z=yR*+(X, - X\

31.

= JR? + 02

Z=R
. Power factor = cos ¢
R R
sm=—=l
Z R

Hence, power factor is not zero.
Therefore option (d) is not correct.
In L-C-R series resonance circuit, peak energy stored
by a capacitor is equal to peak energy stored by an
inductor.
Average power, £, =V %I % cos (F

=V %I .

= apparent power
L-C-R series resonance circuit is purelv resistive
because X, = X, hence no wattless current exists in
this circuit therefore wattless current is zero.
() Solar spectrum is a line absorption spectrum which
is also called as Fraunhofer line of missing
wavelengths.

. {a) According to first situation wavelength of incident

radiation,
Ay=4
Stopping potential, Vi, = 3V
According to Einstein’s photoelectric equation,

Knnx =fiI"III = ¢
[l he
= eVy = f - ;*-_n
[where, 3, = threshold wavelength.]
= e-3V, =h l — L
A Ap

- el

According to second situation, wavelength of incident
radiation,
i, =2
Stopping potential, Vi, =V,
Again, Einstein’s photelectric equation,

Km;n=hv!_¢
1 1
TR N e S
- R T Au]
= eV, = 'ZII — 11:] ..-(ii)

gt Ay
L
2h Ay
3 3 1 1
=3 —— e s,
B N, % g
= Ag=4A



33. {¢) According to Einstein’s photoelectric equation

maximum kinetic energy,
K . =eV,=hv—g

1 1
=;I{'U' = "’l}} =}LE[I—E]

Hence, in photoelectric effect, maximum kinetic
energy of emitted photoelectrons depends on work
function of metal surface, frequency and wavelength of
incident radiation but does not depend on intensitv of
incident radiation.

. () We know that, wavelength of hydrogen spectrum is

given by
L1l
A n, N

For minimum wavelength of Lyman series,
o =landn, ===

i R[L- L} 5
l""'l'..:lm'm. U-}i e

1
= (}'E)min = E
For minimum wavelength of Balmer series,
n = Z2and ny = ==

=t =R[1—.,—i]
(%8 ) i 2 e

—

—

4
R
LS
A1 )i it
Agdmin 2
R
. {d) Hvdrogen atom does not emit X-rays because its
energy level are very close to each other. Hence, the
transition of electron emits high energy radiations
having short wavelength.

36. {c) Given, =4, -.Ai)
Since, de-Broglie wavelength,
h _h I
A=e—=—=
me  p ImK

: h
= R

L
lp L3 Kf
» ", K:,

[From Eq. (i)]

37.

41.

=> JE ” J:
Kp m,

Squaring both sides, we get
K, my

KF g m,
m, >m,
K >K,
{a} Nuclear force between two protons at a separation

of 404 is much greater than electrostatic force
between them.

i.e. F =>F

since

. (b) Blue colour of water in the sea is due to scattering

of light by water molecules. As blue colour of light has
smaller wavelength, therefore scattering of blue colour
of light is exceptionally large.

Therefore, blue colour of sea water is due to scattering
of sunlight by the water molecules.

. (c) Nuclear radius and mass number A are related with

following relation,
B 13
R=RA

Ii3
e W
i=()

Civen, 4, =216and A, =125

R, _(216)"
R, \125

Z(GIl

5
Ry :Ry=6:5

. (b} Given, output power, P, = 1.6 MW

=L6x10°W
Energy released per fission,
E; = 200 MeV
=200%10° x LEx 107" ]
=320x107"]
=32x107"]
The rate of fission R is given as
£y
E
_ 16x10°
T 32x107"
=05x10"7 =5 x 10"
(a) Let initial masses of two radioactive substances be
N,.
If T, and T, be the half-lives of two radicactive

substances,

Then T=1wr

]



42,

43.

44.

T=2vrs
Total time, = Gyrs
Hence, remaining mass of the first substances after
t=6Gyrs
L B/1
‘ e R i !
%3] - 33)
_N,
N
= N, = No
4
Similarly, remaining mass of the second substance after
t=6yrs
L
— 612
i N5 . (1 N,
N.=N_|- =N = -
; “(2) "[2] 8
T
= N,= j\_u
=8
Na
N rm N 1 ¥
1 =¥=_ 1-_ L)
N, Ng 8 N, 8
8
Since, activity, A= AN = %:\'
= Aee l
I
A _NT, 1 ><;'i_ 1
A, N, 81 4
= -'l1 i r'l.2 =1:4
{£) When an o - particle emits from a radicactive

nuelei, then its mass number is decreased by 4 unit
and atomic number is decreased by 2 unit.

When a B-particle emits from a radivactive nuclei, then
its mass number is unaffected, whereas atomic number
is increased by one unit.

Here, initial nuclei = ,U*™

Final nuclei = ,P™™

Change in mass number = 235 — 203 = 32

Number of ct-particle emitted = 2 §
4

2. Number of emitted f-particles

=8x2-(92-82)=16—-10=6
{a) Neutron is the most stable particle in the baryvon
group.

(b} An unbiased p-n junction is shown below.
s n
e |-+ | '@
oen en - 4 | $i @l
e |-+ | ea
LB | -+ D@

TDapHian region

45.

46.

47.

From the diagram, it is clear that in depletion region,
n-side has immobile positive charge, whereas p-side
has immobile negative charge.

Therefore, potential at p is less than that of n.
(e} The given logic diagram is shown as
A A+B

B (A+B)C
c

Output of logic gate is given as
Y=(A+B)C
A=0.B=1,C=10
Y=(0+1)-0=0
lnolmnnﬂr}l A=L B=0,C=0

In option (a),

Y=(1+0)-0=0
]11{:-1}tiem el A=1,B=0C=1
: Y=(1+0)1=1
lnnphm:[d}-i—lﬂ—lf 0

Y=(1+1)-0=0

]{enee to get an output ¥ =1
A=LB=tandC =1

() According to Newton's law of gravitation,
Fe Gy
[

where, F = gravitational force between two bodies of
masses my and mg,

r = distance between the two masses

and @ = universal gravitational constant.

Fr?
iy

[FlIr3]
[y [ 125 ]

2
JIMLTEYILT oty spey
[M][M]

(e} Let u be the initial vertical velocity of the body by
which it is projected vertically upward.
1f t be the time taken by the body to reach a height h

from the point of projection, then using equation of
vertical motion.

o=

€)=

h =u!—lgt!
2
= ot =2t +2h =0
2 Z
i r='z’.|.~:i:«}'4it.r — 4g % 2h
2z
_ ui:!nz—fgh
£

It means t has two values which is alveady given in
fquestion,

u++u —2gh
e —=
£



and t, =
Rl
b bty =
i +1
= H=L.ﬂ_],‘

2

48, {a) Given, mass suspended from spring balance,

m=10kg
8 = 60°

The given situation is shown below

T sing

From the diagram, reading of spring balance,

F=T
Since, Teos = mg
T=—%
cosb
From Egs. (i) and (ii) we get
mg mg

- cos8  cosGOP
= ding
=2x10%g

= 20 kg-wt

49. {b) Weight of body in air,

5

m, =50g =5 %107 kg

Weight of body in water,

my=40g=4x107 kg

Buoyant force on the body,

F'=mg—myg
= glm; — my)
=gl3 %107 —4x107)
FF=10"gN
But buoyant foree is given as
F = Vpg
= 107%g = Vpe
= 1072 =pVv
107 =10"v
= V=10"m*

. Loss of weight in liguid = pVe
W= 15p %107 %10
=L3x10° %107 %10
=015N

.. i)

L)

[From Eq. (i)]

Fop =107 kg/m™]

[opr=15p]

- Loss of weight {in kg) = 2 = =2 = 0,015 kg = 15¢
£

2. Weight of body in water =50 — 15 = 35g

50. {c) We know that, displacement travelled by a moving
body with constant acceleration a in nth second,

1
s, =t+—alZn—1
L=t Za(on-1)
For first second, n=1

sl=u+12a1[i><1—l}

= a ; =2
o=i+— i) [osy =1
B=u = (i) [v5, =5 m]
For third second, n =3

33=u+%{2><3—1}

2=u+321 i) [ 55 = 2m]
Subtracting Eq. (i) from Eq. (i), we get
3=
= a=2me
2

Force acting on the body,
-3
F=ma =-1><[—]=—GN
2
Hence, force acting on the body in opposite direction of
its motion will be 6N,

51. (b} Time-period of simple pendulum is given as

T=MJI i)
g

I & be the acceleration of the lift, so that time-period of
simple pendulum is reduced to T / 2.

ie. T"=T/2
= 2n : =lx2n i
g+a 2 £z
! 11
= e By
g+a 4g
= g+a=4g
= a=3g
52. (¢} According to Maver's formula,
c,-C,=R

where, C, = specific heat at constant pressure,
C,- = specific heat at constant volume
R = gas constant.

C
— _P—]_=i
£ G
P13 ?—]:i
Gy
z..; i



53. (b} Net work done in cyelic process ABCA

W, = Area enclosed by path ABCA
1
=g %(3V =Vi)(4m — )

= %x 2V} x 3p, = 3p V)

Since, oyelic process is taken in anti-clockwise
direction, hence net work done will be negative.

Wit = —3pV)

. () In isothermal process, temperature remains
constant, hence internal energy of the system remains
constant in isothermal process.

. {a) The given situation is shown below

Ty=100"C T T.=0C
() Copper Steel
~——18cm BT
ly=18cm Iy=6cm

Thermal conductivity of copper
=9 thermal conductivity of steel
K. = 9K,
Since, both bar are connected in series, hence heat
current along the bar will be same.

ie d_(?= KI:A{TI =T
dt I
_KAT-T,)
s
9KA(100-T) K AT —0)
18 = G
= H100-T)=T
300-3T =T
= AT = 300
= T =T75°C

. {d) Eguation of simple harmonic wave is given as
y = Gsin 2m( 2t — (L1x)
Path difference, Ax = 2mm
Comparing with standard equation of wave,
i = Asin (ot — kr)

= Asin QJ{'\H —i-l‘)
2n

i =01
2n
k=02n
Wavelength, & = L. 10 mm
kE  02n

. We know that, phase difference,
= % » path difference { Ax)

2
=2 e B AXIOR o
10 5 51

a7,

58,

a9,

{d) Given, sound source is stationary, v; = 0

Apparent frequency, ' = 2f
where, { is actual frequency of sound.
By using Doppler’s effect,
o_ofBtug
7= f(2te)

[where, © is velocity of sound A ]

. 2f=f[l-.+[.“)

U

= =0+
= U =1,
= Oy =0
(a) Given, T, = 27° C = (273 + 27)K = 300K
T,=627C
= (627 + 2T3)K
=900K
Energy emitted per second
E =05]
E =7

Aecording to Stefan’s Boltzmann law,
Energy radiated per unit area per second is given by
E=oT'

4
= E el
E\T

300
= E, =S1E, = 81 %05
=405)
{a) Given, L, = 2L,, f, = 200 He, f, = 300 Hz

We know that, frequency of vibrating string is given as

1 [T
-

where, )L = mass per unit length of string

and L =length of the string.
JT
=1 O
! L
= Lhoah
h VI L
= Ty Jals SO0 AL,
L AL 20 L
.3
i
= L
T



60. () Loudness of sound is given as

L=10log,—-
IEI

So,weget [, —[; = ]l]lrlg.._,j—2

1
here L, = 30dB. L, = G0dB

Chemistry

Gl.

G7.

GS.

{e) Camnallite : KCI- MgCl, - 6H,0
Dolomite : MgCO 5 -CalC0;

Calamine : ZnCO 4

Sea water : ore of magneisum

s Calamine is not an ore of magnesium.

. {u} Electronic configuration of Ni, Cu and their ions are

Ni=15226"2p% 35235 30" 457
Cu=1s"2s2p"3s23p5 34" 44!
Nitt =1572572p% 357 3p" 3d5 45"
Cu’ =15 272537 3% 34" 4"

5 E L)
Electronic configuration represents Cu™ ions.

. (B} The element [Ne]3s23p? have half-filled p-orbital.

As a result, it is more stable.
2 The ionisation energy is highest for this element.

. {a)} The oxidation number of Br in Br; is zero.

The oxidation number of Br is BrO3
r+3x{-2)=-1
r=—-1+6
r=+5

. ) Among the alkali metals, caesivm is most reactive

because the outermost electron is more loosely bound

than the outermaost electron of other alkali metals.

{a) Electronic configuration of nitrogen is
N=1s"2"2%ie. 2.5

In outer most shell, it has five electrons.

2t share 3 electrons to complete its octet as follows -

o —
kN »——=xNX

{¢) Hydrogen bond is strongest in F—H - F, as the
electronegativity of fluorine is highest.
{a} Decomposition of CaCO ; as follows:

CaCO, —+ Ca0+ CO,

100 Mg
102 dis® o (1 2ol 22 gor ] f 2moke
Neutralisation reaction of KOH and CO 5 as follows:
ZKOH + CO,——K,CO, + H,0
2 modes 1 moke
imllh‘
2

1 mule

7l

T2.

Ll M =

m—.‘?.ﬂ=lﬂlngw%
L

= 3= logmf—'z
L
= §—2= 10¢ = I, = 10001,
1

1 mole of CO, reacts with 2 moles of KOH

1/ 2mole of CO, reacts with 1 mole of KOH

SMass of KOH=1x561=561lg=56 g

dRT _ 1.964 x0.0821 = 273

p 1
~p=T6em Hg = Latm, ]
d =1964 g dm ™

R =0.0821 dm*atm K mol ™

M =44 g /mol
~ 50, gas is CO,.

. (a) 0.06 mole KNO,, added to 100 em® of water at 208 K.

AH = 35.8 k]/mol
AH = m=C = AT
AH for 0,06 mole = 35.8x 0.06 = 2.]481(]]

Mass = 100 em? = 100 £
2145 = 100 % 0.004184 k] x AT
AT =5.133K
It is an endothermic process as heat absorbed.
So, temperature will decrease.
. Final temperature

T=2058-5133
T=20286TK=203 K
o) 280, + 0, —= 250,
Imitially dmaoles 4 moles L]
Al equilic =3 i —025=4) 2
=2 =3

. Total moles at equilibrium = 2+ 3 + 2= Tmoles.
{d) An example of auto-catalvsis is oxidation of oxalic
acid by acidified KMnO, solution.
In this reaction, one of the product (Mn™ ) formed act
as a catalyst and speed up the reaction.
2MnO; + 6H* + 5CH,0,
Permugnate o Oialic acid
—— 2Mn* 4+ 8H, 0+ 10C0,
Augbocatalyst

. {¢) When a nitrogeneous organic compound is fused

with sodium, the nitrogen present in the compound is
converted into sodium cvanide.
This reaction is also called Lassaigne’s test.



74. () The complete reaction is as follows -
CHy—CH;,

CHy— CHy — COO™
| = * (& 5l H—M:‘ I \h\(.'=u
CHy— CHy — COO™ CH,—CH
Caleimn salt
nfmrlunyl:irm‘id Clemmenson ZD-HE
rerduction HCL heat
CH,—CH
| U CH
iy |
CHy—CH~"
Cyelopenbine

75. () Williamson ether svnthesis is an organic reaction,
forming an ether from alkyl halide and deprotonated
aleohol i.e.

C,H.ONa + CoHil — s C,H-OC,H; + Nal
Sodinm ethoxide  Ethane indide Elll{::::;um

76. (c) For the reaction, C + ?;—D!—> O,

A T plot in the Ellingham’s diagram slopes
downwards.
As for this reaction AG® become more negative with
increase in temperature.

77. {a) Decomposition of calcium carbonate to form

calcium oxide and carbondioxide is endothermic

reaction.
CaCO;— Ca0 + CO,

78. (o) Liguor ammonia bottle is opened only after cooling
becanse it is a mild explosive.

Note The concentrated ammonia solution in water
results in liguor ammonia.

79. () The formation of O[PtF,]™ is the basis for the
formation of xenon fluorides because O, and Xe have
comparable ionisation energies.

80. (i) Magnetic moment of the element / ion is highest

for configuration 34°_[TT7]1]1 1] because

number of unpaired electron is maximum i.e. five.

81 {c) If a transition metal ion exists in its highest
oxidation state, then it behave as oxidising agent.

The oxidation number of metal can only decrease from
its highest oxidation number ie. it will undergoes
reduction and oxidise other element.

82. {a) In[CoF, 1", F~ is a weak ligand. It cannot pair up
d-electrons and form outer orbital octahedral complex
while NH; and CN™ are strong ligand.

In[CoF, >, outer orbital 4d is used in hybridisation.

Thus, it is called outer orbital or high spin or spin free
complex.

Co=[Ar] 3d7 4s% and Co™ =[Ar] 34°

87.

B
al

] OO0 11

s ip ;
bt o 0 N Y 0 S R
ad Sinx pairs of e—
From & F™ ions
(g}

. {a) Linkage isomerism can be shown by compound

containing ambidentate ligand. In NO,. NO, can bind
either by N or by 0.

er  [ColNH;)5(NOCL; and [Co(NH;); ONO]CL,
Yedlow Blue

. (@) N,[14 electrons] =

ols® 0" 1s”, 625, 6 257, n2pi = n2p], o]

N, —N r.'\’,, and N, are bonding and |
Bond order = =22 | anti bonding molecular
: I_m'hitnl 5= electron

oo N ; has highest bond order ie. 3.
While O, He, and H, have 2, 0 and 1/2 bond order
respectively.

. (e} H3 and He$ contains odd number of electrons

. They are paramagnetic.

Among Li; and O,

Liy(6) = 01s”, 6" 157, 02s®

Li have no unpaired electron.

oIt is diamagnetic

0,(18)=0ls" ols® o2 o2 n2p? = nﬂpf
opl. n'2p, =n"2p;

It has two unpaired electrons. So, it is paramagnetic.

. (b) For 1st order reaction

k= EEE]lnlgEE'L] 2 ]ug{——&l ]
1 [R] 40 70025

2333 xlog4 = 0.0347 min~"

Rate expression,
r=kAl= 00347 %001 = 347 = 107 M min™".

(b} According to Arrhenius equation
-,
k= Ae AT
Here, k decreases with increase in E_ (activation
energy).
Chemical reaction with very high E, values are
generally slow.



88. (b Solid NaCll does not conduct electricity because
the ions (Na™ and CI™) are well arranged in the crystal
structure and not free to move to conduct electricity.

89. (B According to second law of Faraday,

w _wy
El_Ez
A6 ws
T2
,=D'mx2=ﬂ=0m55
G4 2

Volume of H; = il

» 22 400 cm —%—aﬁﬂn

90. (t) K, = 10562
K, =[A*]B]
1078 = (1075 [B7]
[B]=10"M
=~ Salt will precipitate, when concentration of
[B7]>107 M.
91. {d) According to Nernst equation,
00591, [Cu*]
- og
n (Ag* )
2 The voltage of cell will increase with increase in
concentration nfﬁg+ inns.

92. {c) pH=—log[H"]
[H'1=10"+107 =Llx107"
pH = —log(1.1x107")

pH=7-log(l.1)
o It is between 6 and 7.

En = E:ell

93. (» Lowering in vapour pressure is directly
proportional to moles of solute particles

E‘ﬂpjglmﬂm {ﬂ'ﬁ"}
{xs]' = (%8 Jurea
. W, ]S 1x18
i, i
50 lHl] 50 = 60
Wp=3g

94. {c) Osmotic pressure is a collizative property. It
depends upon the number of solute particles. Benzoic
acid undergoes dimerisation.

s Number of particles reduces (i < 1) Hence, osmaotic
pressure observed is less than the theoretical

consideration.
95. {a} For a reaction to be spontaneous at all temperature
AC should be negative. As we know AG = AH — TAS
=—ve—T(+ve)=—
- AG and A H should be negative.
1

96. {a) Flocculation value s« ———————
L e s s Coagulating power

Fe{OH) is a positively charged sol.

JLLIR

1o1.

lo2.

1o3.

14,

105.

For coagulating Fe{OH), negatively charged
electrolyte is used and greater the value of —ve charge,
coagulating power will be strong. Among given
electrolyvte, NaCll has lowest coagulating power.
Hence, its flocculation value will be maximum.

. () AH = —40 k] = — 40 % 107 ]

.&S=&Smd - aSllen.l:linul

= 2{50) — 3(40) —
=100 — 120 — 60 = — 80
AG = AH — TAS
0 =—40x10° - T(—80)
T=M=5m} K_

. (¢} NaCl forms fee structure.

~{Diagonal length)® = (+2a)% = 2r*)? + 2 7)?
Where, a = edge length, r* and v~ are vadii of Na* and
Cl” ions.

a=2r*) +(r 1= 2(95 + 181)= 2x 276 = 552pm

. {a} Inductive effect involves the displacement of

a-electrons from less electronegative element to more
electronegative element in a compound.

{a} The basicity of aniline is less than that of
cvclohexylamine because of + R-effect of NH, group
in aniline.

() Methvl bromide is converted into ethane by
heating, it is ether medium with Na.

2CH;—Br + 2Na—— CH, —{"H 5+ ZNaBr
\{ﬂh\ﬂrmu}e Sodinm

{c}) The compound having chiral centre,
CH,CH,CHBrCHO is expected to be optically active.
H

CH,CH, Br
CHO

{d) Cyvelohexane has the lowest heat of combustion per
CH, group. As, stability increase upto 6 membered
ring due to decrease in angular strain. Also heat of
combustion is measure for chemical stability.

{c) The catalyst used in preparation of an alky] chloride
by action of drv HCI on aleohol is anhy. ZnCl,. This
process is also called Grove's process.

ROH + HCI RCI + H 0
Alewhal Alkyl
chloride

(¢} The cmnp]ete reaction is as follows -

Al KC
r—x ZXN g onDPlEdp  cooH

Allyd halide Allylevamide Carheoylic acid



106,

i) Phenol does not decompose sodinm bicarbonate
(NaHCO ;) as it is a weaker acid than carbonic acid.
~.C0; gas is not evolved by phenol.

107. (b} Phenol on heating with chloroform in allkali get

108,

109,

110.

111.

112,

113.

converted into salicylaldehvde.

This reaction is called Reimer-Tiemann reaction.

OH

Phenal

CHO

Sadicyladehyde

{a) When a mixture of calcium benzoate and calcium
acetate is dry distilled, the resulting compound is
acetophenone.

(CaHLCO0),Ca + (CH,CO0),Ca

Caleim benzmate Calcium acetate
A | Distillation
2C,H, C—CH, + 2CaCO,

Acetophenone

() Benzylehloride does not give benzoic acid on
hydrolysis. It forms benzyl alcohol as major product.

CH—C1 CH,OH
@/ + Hy0

Benzyl chlorde

_—
=H

Beneyl aleohal

{c) In Hofmann bromamide reaction, primary amide
reacts with bromine and sodium hyvdroxide to form
isocvanate, which is hydrolvsed to give primary amine
fwith one carbon less) along with decarboxvlation.
RCONH; + Br; + NaOH—— A—N=C=0

Frinary H a0
amicke ——=RNH,
—02  primary
amine

{h) Glucose contains in addition to aldehyde group on
primary OH and four secondary OH groups.
The structure of glucose is

l’T‘HD Aldehyde group

(ti_“l-l(JH],, +«— Four secondary OH group
CHyOH e One primary OH group

(b} Fats are triglyveerides which are triesters of fatty
acid with glveerol. So, the characteristic feature of fats
is an ester group.

() At pH = 4, glyeine reacts with H” ion as

114.

115.

116.

117.

118.

119.

120,

HN* —CH,—C00™ ——HN*—CH,—COOH
Fwitter ion

{¢) Insulin regulate the metabolism of glucose

(carbohvdrates).

{a} The reaction between Mohr's salt and KMnO,, is

2KMnO, + 10FeSO, (NH, ),S0, -6H,0 + 8H,SO,
Mohr's salt

— K,S0, + 2MnS0, + 10(NH, ),S0,
+ 2Fey(S0, )y + SH,0

Oxidation sate of Fe changes from + 2to + 3.
. Equivalent weight of Mohr's salt

= malecu]lar weight _ 392 392¢

n -factor 1

{a) The brown ring is appeared due to formation of a
brown complex hetween nitric oxide and Fe®* jon.
This nitric oxide is formed as a result of reduction of
nitrate. Brown ring test for nitrates depends on
reduction of nitrate to nitrie oxide.

{c) Acrolein test is positive for oils and fats when fat is
heated in presence of KHSO . the glyeerol portion of
molecule is dehvdrated and form unsaturated
aldehyde. CH, = CH—CHO (acrolein) a bad
smelling compound.

{a) An organic compound which produces a bluish
green {lame. when heated in presence of copper is
chlorobenzene. This is called Beilstein's test used to
detect presence of halogen in an organic compound.

() Let vate expression, r = k[ A]"[B]* i
If, [A ]=[24] thenr, = 2r
x=1
IL[B,] =[9B] thenr, = 3r
1
= —
g 2
Rate expression, r = k[ A]| B]'? [By Eq. (i)]
S Order=1+ =2
g 2
{a) For, assume complete dissociation
For Na,50,: i=3. m=001
AT, = iKym

AT, =3x K, x 0.01 = 0.03K,
For, 0.01 M KNO;
i=2 m=0.0]
AT, = 2x K, X 0.01 K, = 0.02K,
While, urea and glucose are non-electrolvte

They do not dissociate into ions highest boiling point is
shown by 0.01 M Na;50, (ag) solution.



Mathematics
121. {a) CGiven that u=a—-b_v=a+bh
and la]=]|b|=2
Now, luxv|=|la—-b =% a+h|
=2{axb)=2]a]||b|sin®
=2x 2% 2qinB = &sinf =

% l_[| :|-|I::|]2
-5

= ;Jlﬁ—{a b} = 2/16—(a-b)?

122, (a) Let A(L, 1, 1), B (2. 1, 3),C{3, 2, 2) and D (3, 3, 4).
So,AB=i+2k AC= 2i+j+ &

a
1—cos™8

and AD=2i+ 2j+ 3k

P 0 }2]
\-’nlumec}ftetrahedmn=-:f 211
’Lz 2 3J
1
=E|l{3—2}+0{ﬁ—2}+2(4—2}|
1 51
=—{1 + 0+ 4) == cubic units
& )=

123. {d) Leta= i—23+l-i,h=i+j—2]‘{ande=—i+23+|.(

i j k
Now,bxe=|1 1 -2|=5i+j+3k
-1 2 1

i
b E

-2 2|=-8i+Tj+11k

—
Lo

Now, any vector perpendicular to a and lving in the
plane containing i+ j— 2k and —i + 2:i +kis
tlax(bxe)).

(=8i +7j + 11k)

(—8)° +(7)7 +(11)°

2. Required unit vector = +

_ i{—si+ Tj+11k)
J234
124. {d) Let the inverse element of 10 be &, then
a*re=I
Therefore, 10+ e =10+ ¢ + 10e =0
= +lle=0

125. {¢) Under Multiplication Modulo 7, inverse of 2 is

126.
127.

128,

129.

= 1llg=-10
—10
= g=—
11

2x4=1 (mod 7)

Hence, Floy
Now, 2 xd=4x4=16
Now, 16=2xT+2

Hence dividing 16 by 7 gives a remainder 2,

Therefore, value of above multiplication mod is 2.

{d) The group {z, +) has infinitely many subgroups.

{c) Given, 3x =5 (mod T)
= 3-5=0(med 7)=

3x-5

= Ix—5=TP, where Pe Z
= x=4(modT)
{c) Letz = sin[%—m) - icm[l + cos [1—“]

3 5
Putting sin o - reosil

5
and 1+erﬁ€—n=rsinu
=1

On dividing Eq. (i) by Eq. (i), we get

l+r_~nsr{—ﬂ QMSE{—ﬂ
tanit = 2 = 0
. [ 61 A 3
sin — Pgin— 08 —
5 5 5
= cot3E = m[ﬁ_s_")
5 2 5
tanol = tan| — E]
10
n
SOArgumenttoziso = ——
10

{c) We have,

[ [

Nzt P+ +F + 47+ + 7+
=1

Nowas, ' == = " =1

andi+iE+2+i' =0

"
So, E:" =it +E P+ + O+ 8+

n=1

i)

L..[ii)

B I Y LI L T T e

=0+0+0+ ..



When we take n = 99 after 96th term, we will be left 133, (c) Lety =1 +ox [flx)=y]

with 0+i+i +if =-1 y-1
= [ —
So, for n=99 i3
i = x—1
= 1+ ¥ #=0 = )=
L= o
130. (c) We have, Itis given that, f(x)= f7'(x)
o B S A - P e
2 62 o
=2ﬁ[[_i;ﬂ) +[_1__:"E;} -| = wo+air=r—1
L B j On compare the coefficients, we get
= 20 + o] o =lando =-1
= [+ o] = a=-1
= 27(-1) =97 134. (¢} Let " occurs in the expansion nf(x + 1—)
131. () We have, %
= — b -1 T  ="C x"-.l'[l)p
=+ Gi i e x
or |:—Eii=':+ﬁ:'| =" C " PP N C‘,x"_ﬂ”
Let z=x+iy let n—Ip=r
or |fr+ iy —6i] =|x+ iy + 6i] n—r
e+ (y = 6)i] = | +(y + 6} = n-r= = p=—3
2 . 2 g |
= “J-'f +y-6)° = 'J-" +(y +6)° So, coefficient of x” = "C = ﬁ
5 _, plln—p)!
= +{y-67 =x" +{y+6)° ;
n!

=yt 43612y =y  + 36+ 12y

DR -5

= y=10 _ n!
Hence, it is lie on the real axis. [Ii —r ]!(ll + r)j
132. {a) We have, 2 2
sinfeot™ {cos(tan ™ x)}] 135. (c) We have,
tmA—tanB=1x
-1 -1 1
Now, cos(tan™ x) = :_-ns|: cos ] il B Ay
241
1 1
1 = =
= tan B tam A
:l:ci-i-l tan A — tan B
= — =y
[ cosleos ™ x) =x, Wre[-1 1]] tan Atan B

1 ] ey Y+l = tanAtanB=21
=sin
+1

So, cot™! i

1‘2 ;IE-I-Q. y

= cotAcotB==
Thus, sin| mt_l[ 3 ] =sin|—sin_' 2+ | Jl-1+::r.t AcotB
= +1 ;1'2-!-2 Now, cotl A - B) = ——
cotB—cotA

41
G, S | [ sin{sin ™ x)=x, ¥xe[-1, 1] 142

et 2 =_f=u=l+l



137.

4 12

2T af L W
+eos —+ens | ———
2 4 2
2 T 2T . a X
T—+00s T —+8inT —
12 4 12

=08

—l+ms£n—1+ : !—
3 Vel

{a} " sin@, cosA and tan® are in GP.

So cos28 =sinf -tan®

t]

. 2
= cos® B =sin’@

cot’8 = _] = cosech

s

=

Souaring both sides, we get
cot®® = cosec?d
= cot®@ =1+ cot®f

= cot®@ —cot’B =1

138. (d) We have,

139.

327 —2e+d
{x—1)%

Ay

Tx+l

A
(x+1)°

A,

{x+1)

A3

+[x+l}3
+l;x:51}5
Now, put x = 0in Eq. (i), we get
A+A+A+A+A+A=4

A +A +4 =8

and A, +A4, +4,=12

satisfies the equation.

+

Ag
(r+1)5

A5}

i)

Hence, onlv option {i.e. —8, 12) satisfies the solation.
{d) We have,
log, (277 +6)+ log,(4571) =

= 27 iE 2t =2°
y=2"

(y+6)y” =2

Y byt —32=0
= (y-2y" +8y+16)=

So, y=2
Flag

Let

=

143.

=

On comparing both sides, we get
—1=1
x=2

140.

141.

{b) As,
fa+bhb+e+dP=a’+Db% +c7+d?
+ Nabh + be + ad +be + bd + cd)
=a +bh e+ d=(a+b+ctd)
— N ah + be + ac+ ad + bd + cd )
Now, as a, b, ¢, d are the roots of the equation.

We have,

rJ+IJ+c+d=_T2=—2

and ab + ac + ad + be + bd + ed =%=3

We have, l +a® +b* + &% +d4°

=1+(-27-23)
=1 54— 6==1
{h) We have,
{'IJ.'+£‘313 +.|:‘5:|:s +..= %{(1 +x)" —(1-x)"}

1 |
= L{qr teqrt 1o’ + ) dy

1 1 n n
5Lﬂ+x}-{l—ﬂ:ﬁ

r:[ 5 2 -1
=29.+8 +--+ =
n+l
ﬂg ug{{_‘+ﬁ+:[ 4o ]
log 04
1-=
=(0.2) 2
1
1 s
=|:'n_i:|n8£{2]

1 1

[1 ]’*ﬁ[ﬂ [1)2 e
51 2
—'Zhﬁ;a 1 2
£y
=(Zy?=22=4

{e) If set A and B has m elements, then the number of
bijections from A to B is the total number of

arrangements of n distinet items taken all at a time,
ieom!.

. {e) Let, y =sin " [rd/l—x —fxi -7

=sin"IJ:-Jl —I:qq:lz — el -
=sin_'.‘:—sin_'ﬂr;

[Usingsin™ x—sin ™' iy = sin"].h,‘ll —yt =1 -27]



145.

146.

147.

148,

(b} We have,
tan® + tan 46 + tan 7O = tan 6 tan 40 tan 76
tanB + tan 48 = tanB tan 40 tan 7O — tan 78
tanf 4+ tan40 = — tan TO(1 — tanB tan 46)
tan 8 + tan 46 =
T
tan(B + 48) = — tan 78
tan58 = tan(~76)
50=—70
1268 = 0 or 126 = nnt

So, 0="2 wvnel

{b) The normal to the tangent will pass through the
centre. Also, the intersection of the normal and
tangent will give the point of contact.

Hence, cosider the equation of tangent

i
=—=—4d5
¥ 2
Here, =

Il = =—

Therefore, slope of the normal is 2.

Since, slope of normal and tangent are mutually
perpendicular.

Therefore, equation of the normal at (1, -1 ) is

U=l sary-1=2¢42
2+1
=5 2y—y=-3

Therefore, we have two equations 2e— gy = -3
andx+2y+9=0
Solving these two equations give us{x, y)=(-3, —3)

Hence, point of contact is{-3, —3).

(b} For given condition,
22 _2f
g 2f°

= e’ =Jg

{b} Given, circles are r¥* + §° = 4 and
Pyt a2y —4=0
ie. Pyt =4 L)
and{x—27 —4+(y+1y" -1-4=0
= +yt=4and(x-27 +(y+1Y =9 L)
Center and radius of circles (i) is
o, =(0,0),n =2
and center and radii of cirele (ii) is

e, =(2-1).r,=3

149.

150.

151.

So, difference between ¢, and e, = 5
Now here,
l=r—-n<d=cera<b=n+nr
Fa—R <Ol <n 40
Henee, there will be two common tangents.
fe) Length of tangent from x™ + g + 20+ 2fyy 46, = 0
To the circle x® + y® + 2gv + 2fy + £, = 0

is 1,‘;—,3 -0

Here,co=4and ¢; =0
So, required length =+/4-0= Ji=2

2 2

() Eccentricity for -x-;-+ JE:; =lish®=a*(1-¢)and
ERE

eccentricity for

2
x

y' :
—_— =1
i m
25 25
el:a]l-;h;"
LT
51 15
SO,€|= 1+E=l_;':
12 15

Again, foci=ap;, =—x—=3
5]

12
So, focus of hyperbola is (3, 0) = (ae, 0)
and focus of ellipse is (ae, 0) =(54, 0)

As, this foci are same, so

ha=3
3
a £=:
3
SD, fi=]—b_;=]_b_:
a 25
= b__=1_e2=1_i
25 25
B 16
= s
a5 25
= b =16
L2
(e} Given that, 21—} = %
a 2
a=2h

Now, B =a%1- f‘i:l
B =4b%1-¢%)

—1-=1—e!



= man-Lad (c) We have,
ol flx)=sin|x]+]x|
3 3 in(— L
= e= —=£ _ sin{—x)+(-x), x<0
4 2 sin{+x)+(+x), *=20
152. (a) Given, equation of parabola is S ——
2 +10x-16y+25 =0 =[sinx+x’ i

It can be rewritten as

(x+3)% =16y (i) o fix)= {
Herea = 4 and vertex = (-5, 0)
and focus = (-5, 4)

So, y-coordinate of ends of latusrectum will be 4.

—cosx—1. x<0

cosx+1, x20
frUo)y=-1-1=-2

and fHU0)=1+1=2 = f(07)= f'(0%)

Bt in schiation. e e So, it is not differentiable at x = 0.

(x+5)2 =16x4=64 () We have,

flx)=sin|x|-]x]|

= xr+5=%8§ ;
sin(—x)—(-x), x<0
SO, x= 3, -13 = -
sinx—x, x20
Substituting x in Eq. (i), we gety =4, 4 =
—sinx +
Hence, ends of latusrectum will be (3, 4) and -_-{ ?m.t A
(— 13, 4). sinyx—x., x20
153. (d) (a) We have, o () = —cosx+1, x<0
flx)=cos x| +]x| . cosx—1, x20
- cos(—x)+(—x), x<0 SFAOT)E L H T =0
cos{x) +x, x20 :
and fH(0%)=1-1=0
_ jeosx—x, x<0 o oo
“eosx+x, x20 = f(07)=f"(07)

So, it is differentiable at x = 0.

s fix) = {—sinx-— e Rl 154. (d) We have
—sinx+1, x=20 E ¢
A f(07)=—1and f/(0%)=1 x=a(cost+logtan§)
= f(07)=f(0%)
So, it is not differentiable at x = 0. Now, % =a{-sint+ —]-Tsecz -;-%
(b) We have, tan;
flx)=cos|x|-|x| 1
) {cos(—-x)—-(-—x), 50 = a{—-sim‘ +E}
cos{x)—x, x20

- 1-sin’t _amszt
sint sint

and y =asint

{cosx+x, x<0

cosx—x, x=20

, —sinx+1, x<0
~f (I)={—sinx-l, xz0 ‘;—";=acosl
sff(07)=1and f'(07)=-1 So dy _ dy/dt
= £1(07)% f1(0%) ’ dx  dx/dt
So, it is not differentiable at x = 0. = a((Ltszmt) =tant

acos™t



155. () We have,

1 b 1 1 —tand
—tanf 1 T 1+ tan3B tanf 1
IV” a BT oy 2R d —b -l
[' e d|  ad-be|l-c a J

ta.'nﬂTI _|a —b]
Jl—l‘.anH 1 _[.FJ aJ

1 —tanB ][ 1
Now,
tan B 1

1 —tane'l{ 1 ]
:{tma | Fpren

[ 1 —ta1191_ra =b
{tanﬂ 1 J_{IJ a
1 [1-tam®0 -2tme | [a —b
= — ar | =
l+tzmzﬂlt 2tan® i—tanzﬂ} b a
cos28  —sin 28 =
= =
sin28  cos20 b oa
a=cos20, h=sin20
156. {c) We have, A= [£ 2
lo 1]

., [1o21n 21

4 “lo 1]lo 1]
f1+0 2+2] 1 4]
“lo+o 0+1]"

Auﬂz!‘{:) :{0 1J'

_'l+l] 2+~I-__|'1
lo+o u+1__£u 1J

1 2x3]
“lo 1
(1 2n]

A=

o 1]

157. () We have, oo, p and ¥ are roots of equation

.t'3+pf|.'+q={}
Here, a+f+y=0
off +fy +ya=p
affy =—gq
Applving C, = €, +C; + C;, we get
w+f+i B oy 1 B v
w+f+h v ol=le+p+i)l v «
c+f+h o p 1 a p

158,

159.

Applyving R; — R, — R}, R; — R; — R,, we get
L Ry
lo+p+a)0 y—p -y
0 a-p B-y
= (et +B+ M)y -B)B-v) —(a - yNa—p)]
= 0x[(y —PUB—v) o~y —-B)]=0

S5inx  COSX  COSY

cosx  siny cosx|=10

)

COSY o8y siny

ApplvingC; = C, + C,+C;

Frosr+siny  COSY  COSY

Zeosy+siny siny  cosx|=0

Zeosy+siny cosxy  sinx

1 cosx cosx

={2cosx+sinx)|l sinx cosx|=0

1 cosx sinx

[Applying R, — R, — R, and R; — R, — R,. we get

1 cosx cosx
(Zeosy +sinx) |0 sinx—cosx 1] =0
0 0 siny — cosx

=(2cosx+sinx)[1-(sin— cosx)’]=0
={2cosx+sinx)(sine —cosx)* =0
=3 2eosr = —siny orsiny = cosx

= tan x = —2 which is not possible as for

'.l't{ -r;'mweget 1<t <1
pEa e v —l = lanx %=
4 4

or tanx =1

4 n ¥
So,x= = Hence, only one real root exist.

(e} Prime factors of 450 is 2 x 3 x 3 x5 x 5.

Now, non-prime divisors will be combinations of
these.

When two are multiplied,
2x3=062x5=10
3x3=93x5=15_5x5=25
When three are multiplied,
2xIx3=182x3x5=302x5 x5 x=5,
Ixdxbi=45,Ax5x5=T5
When four are multiplied,
2x3xAx5=00,2x3x5x5=150,
3x3IxFxH=225



160,

161.

When five are multiplied,
Ax3x I x5 x5 =450
Also, 1 is also a non-prime divisor.
So, sum of divisors
=0+15+25+30+50+45+ 75+ 90

+150+225 + 450 + 1 =1199
50

) X PI-¥(2l)=(2+3+54 Tl+.)

l<pelOd  n=l

S — (24 414+ 6+..)
After 5! the number will have 0 at the one’s place.
So, they will no effect the last digit of the total sum.
Now last digit of (2! + 3!) =2+ 6=8
Last digit of (2! + 4) =2+ 4 =6
Last digitof ¥ pl- Y(2m))=8-6=2

b p 100 n=1

P —sprime
1
) Ler1=j LIy
u;1+.\"
We have, 0O0=<zx=<l
0=t =1
= 1<1+x' =2

= 1<y1+4 Ev@
1 1
B - Tro
11 1 1 1
= Iﬂjg{h-[ﬂﬁdt ilex
1 1 1
= Eﬂjumtfxﬂl
!E]:?lg, l}

ma
162. (b) Let 1= [log(tan x)dx
n

iz T
= I= I lugtan[——x] dx
i 2
/2
= I= j-lngm)t.rd.t
[
=/2 1
= I= j- log dx
= tanx
w2
= I=- J-lt'lgt:ﬂl.‘l:d.!.'
i

=+ I=—I=21=0 =1=10

163. {B) Let 1l = Ez(rrxa + bix + ¢)elx

=£_;[u{—:2+ 2—x)* + B(—2+2) x + )

[ [*Fleds = [*f(a+ b~ x}dx]

o o i
= 1 —I_zt ax® — b + )y
On adding Eqs. (i) and {ii}, we get
21 = [ 2eds
I=4c
So, value of I depends on the value of ¢.
164. (b) Given equation of curves are y = x~ and
y=4r— xr
p—4=—4+4x—2*
f—4=—(r—dr+4)=—{r-2)

N7

/A

y:u-x.?

2
Now, required area = I{[-ix —r)—r"} drx
0

{{dx—2c%) dx

2 Ry 1

=r[8_EJ_U1

3

M-16 §

= = — 5. units

3 3
165. (1) We have, ydy 1ty
xdr 1+x°
ydy = xdx
14y 1427
2ydy  2vdyx

14+4° T 142

Integrating both sides, we get
j- 2y dy =I Felx

l+y° 1+x7

)

i)



In{l +y*)=In{l++*) + In¢

=

So, f(x)has maximum value at v = e
1+yi=e{l+27)

1 2
Now,y=2atx=1 | 1{?:] ;
So, 5=ef2) 5 faomile B2 + =i J;}E{:]=[,J.r.-
2 =5 e

Je

Therefore, X1 +47) =5(1+x7)
168. () Let the required numbers be x. Then,

166. (d) We have,

dy flxy=x—27
L 2
= =ty = Fla)=1-0
Let Tty=z For a local maxima or local minima, we must have
= z x)=10
w, g b f0
dv dx de  dx = 1-2x=0
Now, given equation becomes 3 B = 1
dz s ds : 2
—=l=z"=—=1+z"
dx dlx Now, fxy=-2<0
dz | .
dr = So, x = — is point of local maxima.
1+2° 2
On integrating both sides, we get Hence, required numbers is %
Joe= [ : S
1+:22 169. () Given, curve is y = xsinx
= £+x=tan"'(z) At x=£,\w:have-y=£
= 2 2
= tan z=x+¢ =
= tan Nx+y)=rte Slope of the tangent atx = =
2r? .
2.2 F) Eq. (i), we get
167. fﬂ.J LE‘i’fLI} - [l] =2 rome g {1} we ge
x dy
; — =sinr+xcosx
log f{x)=—22"logx X
2 dy b3
2" = —=]lat—
= %f’{x}=—4xlng:—£ dy 2
x x
. Now, equation of tangent will be
= flay=r™ [dxlogx — 24] n
r——=y——
For maximum, 2 2
fx)=0 = x=y
by e [—4xlogx—2¢] = 0 This will intersect X-axis at (0, 0).
) n ™
= —dxlogr—2c=10 S0, the subtangent mllbe=5—l]=E
. r2
= lmrecs 170. (@) Let I = | it
, Jio —10°
] 10+/2 10772 .10+
= x=e . = I iy = j' - dx
Again, f(x) = [—drlogy — 2]? ‘j 1 10" \h — {107}
10"

+xd1’2[—4lngr—4—2] e

= !
f”{r_%)«—.:{} J.‘-“_{mr:'z”



Put 107 =t =107 logl0 dx = dt
1 J- dt
logl0 :il—tg

= ! sin“'{t}+c —
loglo loglo

171. (¢} We have,

,{1 + ginx cos .1:}
je —_—dx

COST X

I=

ﬂ’

sin {107 ) + ¢

= E]
{ms x COs™ X

= [ (sec”+ tanx) dr = [e*{ f*(x) + f(x)}dx

sinx cos x
7} dr

[where f{x)= tanxand f(x} = sec *x

=¢" flr)+e=¢"tanx+e
172. {d) We have, J-r;—-'—l dx
xr +1

et X 2
Divide numerator and denominator by £~ we get

1 1
1+— 1+—

_!- fi .:fx=_[ g 2 dx

e P e—=—2+2
x x

2

1
L.etx——=

1
[ 'I'—2 =di =
x I' +2
t

%‘“‘(E)

1
r——
-1 e

1
= Emﬂ ﬁ J

= ﬁ;tﬂll_l[%] +e
173. {a) Given, line segment is xcoso + ysing = p
Therelore, it cuts the X-axis and Y-axis at points
(pseca, 0) and (0, p cosec ).
Hence, the coordinate of the mid point are
psect poosecil

Therefore, x = psu:n& and y = __ucu;ecu

174.

¥ . 3
or cosdl = ;_;vr-am] sing =2

sin®ct +cos?o =1

(&) -

ptop 1 1 1
= —+ =1 = st—=—=
4= 4y~ 4T 4yT p
= i,+%—ii=:~.r‘+y =4p7
oy

{c) If the line is inclined at angle 45 with the positive
direction of the X-axis i.e. the points are situated at

angle B = 457 from X-axis at a distance r = 342 from
point (4, —3).

The two points can be given by

(xy £ rcos, £ rsinf)

The points are

(4+ 3+2cos 45°, -5 + 34/2sin 45°)
1 1
=|4 sJET,—s 3.2 %) 7, -2
( + . + J_x 2] { )

and (4— 32 c0s45°, —5 — 3+2sin 45°)

1 1
=4-32 =5 =342 =(1,-8
(4-3x g =5 -sBxg5)=0.-9)

Thus, the points are (1, -8 ) and (7. -2).

175. (&) The equation ax” + Zhay + by® = 0 can be rewritten

176.

as

2
i ﬂ”"n[ ] =0 i)
I

¥
Consider, pr+gy=10

P_f:—qy — £=__ﬁ
x i

Substituting in Eq. (i), we get

3 ” -
r]+9ji[—£]+b[i] P . < +bp—;,={}
i i i g

= ag°—2hpg +bp* =10

(b) We have, {(x) = log (1+ax)—log (1-by)
x
o ki log (1 + ax)—log (1 — bx) [Efmm:l
T} X 0
Applving L" Hospital rule,
a b a b
limdtae 1-bx 1 1__ .4
x—H 1 1



177. (b} We have,
(12424 40D
a—={n+ 1){n+ 10} n + 100)
=k n{n+1)2n+n) (I' i ]
-T-:n(’l[n+i]{n+ll!]{n+1(]ll] n]—JEuJE
T M +a
= {0+ 10)(n + 100)
1

2+—
I

= ]il’l] e e
”“6(1+£II +E]
1] it

..
6(1+0)(1+0)

i)

178. {¢) Consider that there are m collinear points out of
total n points in a plane. To construct a triangle we
require 3 non-collinear points.

Hence, the number of triangles will be "C, - "C,.

Since, all the point in the above question are
non-collinear, hence n =10 and m =0

179.

180,

Therefore, the total number of triangles are = '°C,
_lox9x8 _ 90x8&
TR

{a) Angle traced by the hour hand in 12 h = 360°

Anlge traced by it in 4 h 25 min, ie.

=15x8=120

PRl
12 12
5 RS o
L
12 12 2 2
Angle traced by it in 25 min
= ﬂx%‘i = 1507
60°

Now, required angle = [ 1.‘*31]“—13213] = 1?13

fa)xt+y* —Be=0

= 52+(-TP-8x5
= 25+49-40=34
= MH=0

Here, 34 > 0, so the points (5, — 7) lies outside the
circle.



