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Instructions

1. There are three parts in the questions paper consisting of Physics, Chemistry and Mathematics having 30 questions in

each part of equal weightage. Each part (subject) has two sections.

2. Section A This section contains 20 multiple choice questions which have only one correct answer. Each question carries

4 marks for correct answer and — 1 mark for wrong answer.

3. Section B This section contains 10 questions. In Section B, attempt any five questions out of 10. The answer to each of the
questions is a numerical value. Each question carries 4 marks for correct answer and — 1 mark for wrong answer. For

Section B, the answer should be rounded off to the nearest integer.

PHYSICS

Section A : Objective Type Questions

1. In a Wheatstone bridge, P =90 Q, 0 =110 Q,
R =40Q and S =602 and a cell of emf 4V. Then,
the potential difference between the diagonal along
which a galvanometer is connected, is
(a) =02V (b) + 02V
(c) -1V d) +1V

2. A wall is made of equally thick layers 4 and B of
different materials. Thermal conductivity of 4 is
twice that of B. In the steady state, the temperature
difference across the wall is 72°C. The temperature
difference across the layer 4 is
(a)12°C (b) 36°C
(c) 24°C (d)o° C

3. Identify the graph (s) which corrcctiy represents an
isotherm at temperatures 7; and 7, (7, > 7))

(@) ! \ (b) ! \r
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. Binding energy per nucleon of helium and deuterium

nuclei are 7 MeV and 1.1 MeV, respectively. When
two deuterium nuclei undergo fusion to form helium
nucleus, energy released in the process is

(a)23.6) (b) 37.76 x 10™"* MeV
(c)23.6eV (d) 3776 x 107" J

. A beam consisting of 4 different types of ions named

o, B, Y and d enters a region of magnetic field as
shown in the figure below.
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Magnetic field is perpendicular to the velocity of
beam. All ions in the beam travels with same speed.

Mass and charge of ions are given as

Ion Mass Charge
a owm e
B am r
Y 2m e
5 mo e

Now, match the trajectories with its ions.

Column I Column I1
(Ion) (Path)
1. o 7 rip. 1 |
ii. B 2
i ¥ 3
iv. 3 & 4

Codes

RS R 1| B A1 i v
@p r s q ®q s r p
©r p q s ds q p r

5.6 L of helium gas at STP is compressed
adiabatically to 0.7 L. If the initial temperature of
the gas be 7,, the work done in the process is found

m .
to be —— RT,, then the value of m —nis
n

(a) 1

When an AC voltage of variable frequency is
applied across the L-C-R circuit, the current in the
circuit was found to be same at 8 MHz and 18 MHz.
Then, the frequency at which current will be
maximum is
(a) 24 MHz
(c) 10 MHz

b)15 (02 2.5

(b) 13 MHz
(d) 12 MHz

. Two charges are placed at a certain distance in air

experience a force of F Newton. If both charges
were placed in a liquid of dielectric constant K, at
some distance, then the force between them will be

(a) FK b)FVK () % (d)VFK

A cubical block of mass m and edge « slides down a
rough inclined plane of inclination 8 with a uniform
velocity. The torque of the normal force on the block
about its centre has a magnitude

mgasin @

(a) zero (b) mga  (c) mgasin®

(d)

10.

1.

12

13.
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Two particles execute SHM of the same amplitude
and frequency along the same straight line. If they
pass one another when going in opposite directions,
each time their displacement is half of their
amplitude, the phase difference between them is

n n n 2n
i3 £ -~ =
(a) -4 (b)4 (c) 3 (d) 3

Heat is supplied to a certain homogeneous sample of
matter, at a uniform rate. Its temperature is plotted
against time, as shown. Which of the following
conclusions can be drawn?

temp. —>

time —

(a) Its specific heat capacity is greater in the solid state
than in the liquid state

(b) Its specific heat capacity is greater in the liquid state
than in the solid state

(c) Its latent heat of vaporisation is equal to its latent
heat of fusion

(d) Its latent heat of vaporisation is smaller than its
latent heat of fusion

The figure given below shows two capacitors

C, =4pF and C, =8F connected to a 12 V battery
and two switches S, and S,. Switch S, is initially
kept open and S, is kept closed until the capacitance
C, is fully charged. Switch S, is now opened and S,
is closed until electrostatic conditions are restored.
In this process, the percentage loss of energy stored
inC, is

X S; XS,
VT cmaf ope B“T
(a) 889% (b) 76.5%
(c) 63.4% (d) 55.0%

The maximum height attained by a projectile is
increased by 10% by increasing its speed of
projection without changing the angle of projection.
The percentage increase in the horizontal range will
be

(a) 10% (d) 25%

(b)20%  (c)15%



14. If proton and a-particle are accelerated by same

potential V/, then the ratio of their wavelengths
A, :Ay would be

@@ 2/2:1 (b) :242 (¢) 2:1  (d) 1:2

15. Read the following statements

I. If the stone tied at the end of a string is whirled and
the string breaks, the stone flies off tangentially.

II. The necessary centripetal force required to keep the
stone moving in a circle is provided by tension in the
string.

I1I. Centripetal force is a real force.

Choose the correct statements

(a) I only (b) II and III only
(c) I and IIT only (d) L, II and IIT

16. In a reverse biased p-n junction, when the applied

17.

18.

19

‘bias voltage is equal to the breakdown voltage, then

(a) current remains constant, while voltage increases
sharply

(b) voltage remains constant, while current increases
sharply

(c) current and voltage increase

(d) current and voltage decrease

The dimensional formula of Young’s modulus is
[ML™"T2}. Find its new dimensional formula in the
form of velocity (v), acceleration (A) and Force (F),
if these all are taken as fundamental quantities
instead of mass (M), length (L) and time (T).

(@) [F*A% 7] (b) [FA*v™]

(c) [FA*v™] (d) [F*Av™°]

Assertion If the velocity of a revolving satellite is
increased to 2 times, then it escapes out from the
earth.

Reason Escape velocity does not depend on the

direction of projection.

(a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.

(b) Both Assertion and Reason are correct but Reason is
not the correct explanation of Assertion

(c) Assertion is true and Reason is false
(d) Assertion is false and Reason is true

Diameter of a cylindrical thin wire measured by a
screw gauge of least count 0.001 cm is 0.05 cm. The
length measured by a scale of least count 0.1 cm is
110.0 cm. When a weight of 50 N is suspended from
the wire, the extension is measured to be 0.125 cm
by a micrometer of least count 0.001 cm. The

20.

maximum error in .he measurement of Young’s
modulus of the material of the wire is

(2) 205x10°Nm ™ () 109% 10'°Nm

(¢) 307x10°Nm ™ (d) 703x10''Nm™

The two statements are given below.

Statement I Electromagnetic waves consist of
oscillating electric and magnetic fields, that are
parallel to each other and perpendicular to the
direction of propagation of EM waves.

Statement II Electromagnetic waves are transverse
in nature and travel through vacuum with same speed
of 3 x10 my/s.

(a) Both Statement I and Statement II are correct and
Statement II is the correct explanation of
Statement .

(b) Both Statement I and Statement II are correct and
Statement II is not the correct explanation of
Statement I.

(c) Statement I is true and Statement II is false

(d) Statement I is false and Statement II is true.

Section B : Numerical Value Type Questions

21.

22,

23.
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A capacitor of capacitance C having initial charge
20,, is connected to a battery of potential difference

V= % as shown, then work done by the battery is

2
found to be %. The value of g is ...... .

| e

v S

A solid sphere of radius » made of a material of bulk
modulus X is surrounded by a liquid in a cylindrical
container. A massless piston of area a floats on the
surface of the liquid. When a mass m is placed on
the piston to compress the liquid, the fractional
change in the radius of the sphere (A r/r) is found to

be %, then the value of xis ......... ;
Ka

"The first line of the Lyman series in a hydrogen

spectrum has a wavelength of 2420A. The
corresponding line of a hydrogen like atom of Z =11
is equal to A



24,

25.

26.

27.

28.

A cell of constant emf first connected to a resistance
18 Q and then connected to a resistance 8 Q. If the
power delivered in both the cases is same, then the
internal resistance (in Q) of cell will be ......... .

A block 4 is moving with a speed 10 m/s towards an
another identical block, B, which was initially at rest
and having mass 4 kg, then the velocity of block B
after the collision will be ...... m/s.

A guitar of string length 180 cm vibrates with a
fundamental frequency of 120 Hz. If the string
produces fundamental frequency of 180 Hz, then
length of the string is ......... cm.

An L-C-R series circuit with a resistance of 100 €2 is
connected to an AC source of 200 V (rms) and
angular frequency of 300 rad/s. When only capacitor
is removed, the current lags behind the voltage by
60°. When only inductor is removed, the current
leads the voltage by 60°. Then, the power (in watt)
dissipated in an L-C-R circuit will be ......... :

A juggler throws balls into air. He throws one
whenever previous one is at its highest point. If he
throws n balls per second, then the height to which

each ball will rise is found to be 2%, then the value
n

of pwillbe ......... .

29.

30.

A parallel sided block of glass of refractive index
1.5, which is 36 mm thick rests on the bottom of a
tank, filled with water (refractive index =4 /3). The
difference between the apparent depth of bottom at
A and B, when seen from vertically above is found
to be x mm, then the value of x will be ......... 5

i s i, e

In Young’s double slit experiment, the length of
band 4B is 1 mm. The fringe width is 0.021 mm.
Find the number of fringes.

A-Jr— -x

— 1mm

CHEMISTRY

Section A : Objective Type Questions

31.

32.

Glucose on treatment with conc. HCI produces
(b) maltose + fructose
(d) levulinic acid

(a) formic acid
(c) fructose
For the chemical equilibrium,

CaCO; (s) == Ca0(s)+ CO,(g)
AH, can be determined from which one of the
following plots?

[/r—> 1/T—

© & \ @ s \
¥ u

log T — /T

33.

34.

35.
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Which is the correct statement about birth control
pills?

(a) Contain estrogen only.

(b) Contain progesterone only.

(c) Contain a mixture of estrogen and progesterone
derivative.

(d) Progesterone enhances ovulation.

The correct order of ionic radii of Ce, La, Pm and
Yb in + 3 oxidation state is

(@) Yb¥ < Pm** < Ce*t <La*

(b) La** < Pm™ < Ce** < Yb**

(c) La*" < Ce** < Pm** <Yb*

(d) Y3 <Ce* < Pm* <La’

An organic compound gave positive iodoform and
Tollen’s test. The compound is

(a) CH,CH,OH

(b) CH;CH,CH,CHO

(c) CH;CHO

(d) CH;COCH;



36. P and Q are isomers of a dicarboxylic acid C;H,0,. 39. When an inorganic compound X having

Both decolourise Br,/H,0. On heating P forms a 3 centre-2-electron as well as 2C—2e~ bonds react
cyclic anhydride. Upon treatment with dilute alkaline with NH; gas at a certain temperature, gives a
KMnO,, P as well as Q could produce one or more compound Y, isostructural with benzene. Compound
than one form S, T and U. X with ammonia at a high temperature produces a

substance Z, then

COOH COOH COOH . . . b
H—l— on H——0oH HO——H (a) X 1s BH;, Y i1s B,N,H;, Zis inorganic benzene.
H—l OH HO—I—H H—I— OH (b) X is B,Hg, Y is B;N;Hy, Z is inorganic graphite.

COOH COOH COOH (c) X isborax,Y is B,0;,Z is inorganic benzene.

S T U (d) X is inorganic benzene, Y is diborane, Z is borax
(2) Optically active S and optically active pair (7, U). 40. Consider the following sequence of reactions,
(b) Optically inactive S and optically active pair (7, U). NO,

(c) Optically active pair (7, U) and optically active S.
(d) Optically inactive pair (7, U) and optically

inactive S.

37. Consider the following series of reactions, Su/HCL, 4 (CH0)20 s B HosoA1 N

14y =22 1) (gas turns red litmus blue) RNH
20+ KOH dil. HCI
©) (B) (gas) The correct structure of product (D) is
(4) B Gas (does not support combustion) NH, NH,
Identify 4, B and C.
(a) A = NH4NO3, B = Nz, C = KNO3 (a) (b)
" (b) 4=NH,NO,, B=NH,,C=KNO,

(c) 4=(NH,;),S0O,4, B=NH;,C=KNO,
(d) 4=NH,Cl, B=N,,C=KNO, SO;NHR SO3H

38. An organic compound (4) having molecular NHCOCH; NHCOCH;
formula, CoH,,O is supplied to a student to
determine the structural formula of compound, he
observe that compound forms an orange red ©) (d)
precipitate with 2,4-DNP reagent and yellow
precipitate on heating with I, / NaOH. It neither SOsH SO,NHR

reduces Tollen’s reagent or Fehling solution nor it

dec.:olo.rises promine water solution. On drasFlc . 41. Match List-I with List-IL.
oxidation with CrOj;, it produces a carboxylic acid T
having molecular formula C,HO,. Identify the List-I List-I
B A. BrF; I bent
CHO B. W[CrF6]3‘ II.  square pyramidal

C. 0O IIl. trigonal bipyramidal

D. PCl, IV. octahedral

below.
(a) A-I1, B-IV, C-I, D-III (b) A-I1I, B-I, C-II, D-IV
(c) A-II, B-1V, C-III, D-I (d) A-1, B-III, C-II, D-IV

0]
@ @)‘\/ o @/\/
. _CHO Choose the correct answer from the options given
o @/\g/ " @\/
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42,

43.

44,

45.

Consider the following reactions
0]
| (i) CH3MgBr

_—

(i) H” [4]

PN
H, ¢~ CHj
0)
” (i) CH;MgBr
_
7N (i) H
H CH;

[B]

The reagent used to differentiate between 4 and B is
(a) FeCl,4 (b) active metal Na
(c) Lucas reagent (d) Ninhydrin Test

The coordination number of Ni** is 4.

NiCl, + KCN (excess) — A4 (Cyano complex)

NiCl, + Conc. HCI (excess) — B (Chloro
complex)

The IUPAC name of 4 and B are

(a) potassiumtetracyanonickelate(II),
potassiumtetrachloronickelate(II)

(b) tetracyanopotassiumnickelate (II),
tetrachloropotasium-nickelate(II)

(c) tetracyanonickel(Il), tetrachloronickel(II)

(d) potassiumtetracyanonickel(Il), potassium
tetrachloronickel(II)

Given below are two statements.

Statement I The graph of molar conductivity for KI
increases steeply with dilution.

Statement II The graph of molar conductivity for
carbonic acid increases slowly with dilution.

In the light of the above statements, choose the
correct answer from the options given below.

(a) Both Statement I and Statement II are correct.

(b) Both Statement I and Statement II are incorrect.

(c) Statement I is correct and Statement II is incorrect.
(d) Statement I is incorrect and Statement II is correct.

Given below are two statements one is labelled as
Assertion (A) and other is labelled as Reason (R).
Assertion (A) Following structure is acceptable.

‘IN=N—O0"

Reason (R) Octet rule is followed for each atom,
central N has positive charge and oxygen has
negative charge.

In the light of the above statements. Choose the
correct answer from the options given below.

(a) Both (A) and (R) are true, but (R) is the correct
explanation of (A).

46

47

48.

49.

(b) Both (A) and (R) are true but (R) is not the correct
explanation of (A).

(c) (A) is true but (R) is false.

(d) (A) is false but (R) is true.

The IUPAC name of [Fe(O,) (CN)4C1]4’ is
(a) chlorotetracyanodioxoferrate (II) ion

(b) chlorotetracyanoperoxoferrate (II) ion

(c) chlorotetracyanosuperoxoferrate (II) ion
(d) chlorotetracyanideoxoferrate(I) ion

The chlorobenzene is generally obtained from a
corresponding diazonium salt by reacting it with
(a) Cu,Cl, (b) CuSO,

() Cu (d) [Cu(NH; ), 1**

Sodium sulphate is soluble in water whereas barium

sulphate is sparingly soluble because

A. the hydration energy of sodium sulphate is less than
its lattice energy.

B. the lattice energy of barium sulphate is more than its
hydration energy.

C. the lattice energy decrease down the period.

D. the hydration energy of sodium sulphate is more
than its lattice energy.

Choose the correct reasons regarding the above

statement.

(a) Aand B
(c)AandC

(b)Cand D
(d)Band D

When N, is converted into N3 and O, is converted
into O3, then the bond strength, respectively

(a) increases, increases (b) decreases, decreases
(c) increases, decreases (d) decreases, increases

50. Match the List-I with List-II.
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List-1 List-II
A. [B,0,]" — I. Heat
[B(OH);]
B. [AIO,] —> I Hydrolysis
Al(OH),
C. [éi04]4‘—>” III.  Acidification
[Si,0,]1”

D. Bi**— (Bi0)* IV. Dilution by water
Choose the correct answer from the options given
below.

A B C D
(@I II IV 11
cur v 1 1

A B C D
bYIV I I 1
(1 v 1 1



Section B : Numerical Value Type Questions

51.
52,

53.

54.

55.

56.

The number of structural isomers for C¢H,, is .........

1 mole of carbon dioxide gas at 300 K is expanded
under adiabatic condition such that its volume
becomes 27 times. The work done during the
process is + ...... cal

(Given, y =1.33and C}, =6 cal mol " for C0O,)

5.7g of bleaching powder was suspended in 500 mL
of water. 25 mL of this solution on treatment with
KI in the presence of HCI liberated iodine which
reacted with 24.35 mL of N/10 Na,S,0,. The
percentage of available chlorine in the bleaching
powder is ....... %. [Nearest integer]

Photoelectrons are liberated by ultraviolet light of
wavelength 3000 A from a metallic surface for
which the photoelectric threshold is 4000 A. The
de-Broglie wavelength of electron emitted with
maximum kinetic energy is ...... 107 m.

[Nearest integer] [Given: 1 =6626x107>* Js]

Reaction, 4 + B —— C + D, follows rate law;
R=k[A]"? [B]"? starting with I M of each 4 and
B. The time taken for concentration of 4 become
0.1 M willbe ......... S.

[Given, k = 4.606x 10~ 57"

The vapour pressure of two pure liquids, 4 and B
which form an ideal solution are 1000 and 1600 torr,
respectively at 400 K. A liquid solution of 4 and B
for which the mole fraction of 4 is 0.60 is contained

57.

58.

59.

60.

in a cylinder by a piston on which the pressure can
be varied. The solution is slowly vapourised at 400
K by decreasing the applied pressure. The value of
mole fraction of B is ...... x107".

The potential of an electrode which originally
contained 0.1 M NOj3 and 0.4 M H* and which has
been treated by 6% of the cadmium necessary to
reduce all the NO3 to NO(g) at 1 atm will be
......... X107 V.,

[Given, NO3 +4H™ +3¢” — NO+ 2H,0,
E =095V and log2=0.3010]
The volume in mL of 0.1 M AgNO; required for

complete precipitation of chloride ions present in
50 mL of 0.01 M solution of [Cr (H,0);Cl] Cl, as
silver chloride, is nearest to ......... .

0.45 g of an organic compound, in a quantitative
analysis yielded 0.5 g of the barium sulphate. The
percentage of sulphur in the substance is ......... .

[Nearest integer|

The standard reduction potentials are 1.51 V for
MnOj / Mn**, 1.36 V for C,/CI", 1.07 V for

Br,/Br, and 0.54 V forI,/I™ at 298 K.

At pH =3, the number of species expected to oxidise

by permanganate is/are .........
(ﬁ =0059 V)
F

MATHEMATICS

Section A : Objective Type Questions

61.

62.

IfJ-Zcos.vc —sinx + A i

cosx +sinx —2
=Aln|cosx +sinx-2|+Bx+C,

then ordered triplet 4, B and A is

1 3
(a)(afa‘l)

' 1 3
‘°’(z~‘l*‘a)

The area bounded by the curve y=logx, y=log|x]|,
y=|logx|and y=|log|x||is

(a) 4 sq units (b) 6 sq units

(c) 10 sq units (d) None of these

63.

64.
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The value of (a, b), so that the function
[ : T
X+av2sinx 0Sx<z
T T
f(x)=9 2xcotx+b , —<x<—
4 2

. T
acos2x —bsinx 5<x£n

is continuous for x € [0, 7]

n T T I m T m T
e Il 22 @z
(a)(s’lz) (b)(()’ 12) (C)( 4’12) ()(4’6)

The value of K for which
cos® 20 +3cos 20 = k(cos® 6 —sin® )
(a)l (b)0 (c)2 (d) 4
7



65. All the three vertices of an equilateral triangle lie on
the parabola y=x? and one of its sides has a slope of

66.

67.

68.

69.

70.

2. Then, sum of the x-coordinates of three vertices is

3 2

2 b) =

(al)11 ()7
4

- A=

(C)17 ()7

If £ (x)=min {2sinx, 1 - cos x, 1}, then j: f(x)dx

is equal to

(a)«/_—1+— (b)\/§—1+2?’t
& ialB D gL

3 6
Sum of the given series,

cot™! 12+i +cot™! 22+é
4 4

3 )
Jrcot_l(S2 +Z)+... o0 18

(a)g (b)tan™' 2
(c)tan' 3 (d) None of these
Let P(c, ) lies in the first quadrant. If the two

circles passes through P touches the coordinate axes
cut each other orthogonally, then

@@a’+afp+p>=0 (b)a’-40p-p>=0
©a’-40p+B2=0 (d)a’ +4op+p*=0
If the point P(z), Q(-z) and R(1 - z) are the vertices

of an equilateral A4BC, then Re (z) is equal to

@ —; b2 (@1 (d)%

10

Let f; =Y, i(i-1) "°C;,

i=]

1 10 i 210
b=y i Cadf=3 i "G,

i=l i=l

Statement I f; =55x2°

Statement IT £, =90 x 2% and f, =10x28,

Which of the following is correct?

(a) Statement I is false and Statement II is true.
(b) Statement I is true and Statement II is false.
(c) Statement I and Statement II both are true.

(d) Statement I and Statement II both are false.

71.

72.

73.

74.

75.

76.
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Let f(x) ——-Ij x #—1, then f2'0°(2100) is equal
X

tO, Where f ! ('\) = fl)f() e

of (x) (n times) is

(2) 2100 (b) 4200
(c) 1050 @)1
The radius of the base of a cone is increasing at the

rate of 3 cm/min and the altitude is decreasing at the
rate of 4 cm/min. The rate of change of lateral
surface area when the radius is 7 cm and altitude is
24 cmis

(b) 54 n cm?/min

(d) 66 T cm*/min

(a) 50 cm”/min
(c) 62r cm?/min

If p, ¢ and r are three complex numbers such that

pr+¢* +rt =0and

g*+r*  pg pr 2
_ 2,2 1 [KY) 220
A=l pg ri+p =l T
pro g pig’

then K is equal to

(@)1l (b)+2
(c)t4 (dx6
If ¢ is any fixed real number such that
f= = {=r
L ’,ifa,bandcare in AP, then
ap bg cr

p, ¢ and r are in

(a) arithmetic progression.
(b) geometric progression.
(c) harmonic progression.
(d) Both (a) and (b)

If"C, = A =8 ”’+1Cp, then A belongs to

a) [-3,~24/2) () [-3,- V2]
¢) (-3,- 22) () (-3,3)

There are exactly two points on the ellipse

x? y2 ) .
—5 s 1, whose distances from its centre are

b_

2a% +3b°
same and are equal to M. Then, the
V3

eccentricity of the ellipse is

1 2
(a) = (b)\/j
(©)—= d)—

J3 f

8



77.

78.

79.

80.

The straight lines whose direction cosines are given
by al+ bm+cn=0 and fmn+ gnl+ him =0 are
perpendicular to each other, then the value of

(_f_ +%+ﬁ]!+2is equal to

a ¢
(a)2 (b)3
(c)9 (d)8
If r is the position vector of a point which is
equidistant form the points a and b, then
+
r—%’ -(a—b)is equal to
(a)a| (b) | b|
(c)1 (d)o
A set X has 5 elements. 4, and 4, are subsets of X.
The probability that 4, and 4, are not disjoint, is
781 243
a) — b) ——
@ 1024 W) 1024
32 275
c) — d) —
(©) 1024 o 1024
IfZ,,n=1,2,3, .. are the solutions of the system
-12 -4
of equations z - |= é = =l thenZ|z, |is
z-8i| 3|z-8
equal to
(a) 10- /325 (b) 5++/325
() 10-5V13 (d) 10+ 513

Section B : Numerical Value Type Questions

81.

Consider the three points A(ZE + 3} + SIA(),
B (- i +3} +2k)and C (Ai +5:i +uﬁ) are vertices
of a triangle and its median through 4 is equally

inclined to the positive direction of the axes.
The value of 2A —p is equal to ......... :

82,

83.

85.

86.

87.

89.

For more question paper log on to www.iitinspire.com

. dy . .
If xsinx d_ + (x +xcosx +sinx)y=sinux,
by

2
y(z) =1-— then3 lim y(x)isequalto......... '
2 T x>0

5 8 : 5 s
If for0<x <, exp [(sin? x +sin* x +sin® x +... )

log, 2] satisfies the quadratic equation

¥ =9x +8 =0, If the value of T |

ISU—\/;,

sinx +cos.x
thena +bequals ......... 2

cos® -—sinB

Let9=%andA=[ ],it‘B=A+A6,

sin® cos6

then det(B) lies in (o, B) (where, o and B are
numerical integer values), then|o + | is equal to

¥y (x +1)? =9nand Y (x ~1)2 =5n, then the
i=l i=l
variance of x;,x,,..., X, i

If sum of the last three digits of 17° is x, then x is
equal 10 asssuss :

2f(x)

If1 :
o [1 —fw
f20)+ f(-19)isequal to ......... 1

J:x, then the value of

The length of perpendicular drawn from point

-2 -3..
(3, -1,11) to the line % ='VT =%§ is \/; then the
value of k......... .
If,\-+l =1, p=x2" 4 7005 and g is the last digit
X =

of the number 22" -2 where ne Z, n>1, then

The interior angles of a regular polygon measure
150° each. The number of diagonals of the polygon
B civian :



@ IIT INSPIRE

ACADEMY OF SCIENCE

JEE PAPER-4

JEE PAPER-4

PHYSICS (Section A: Objective Type Questions)

Que. 1 2 3 4 5 6 7 8 9 10

Ans a c a d c a d ¢ d d

Que. 11 12 13 14 15 16 17 18 19 20

Ans b a a a d b b b b d
(Section B: Numerical Value Type Questions)

Que. 21 22 23 24 25 26 27 28 29 30

Ans 3 0.34 20 12 5 120 400 2 3 49

CHEMISTRY (Section A: Objective Type Questions)

Que. 31 32 33 34 35 36 37 38 39 40
Ans d a c a c d b c b a
Que. 41 42 43 44 45 46 47 48 49 50
Ans a c a b a c a d d c

(Section B: Numerical Value Type Questions)

Que. 51 52 53 54 55 56 57 58 59 60

Ans 5 1200 30 1 5000 5 86 10 15 2

MATHEMATICS (Section A: Objective Type Questions)

Que. 61 62 63 64 65 66 67 68 69 70

Ans b a b d a d b c d b

Que. 71 72 73 74 75 76 77 78 79 80

Ans a b C C a b b d a d
(Section B: Numerical Value Type Questions)

Que. 81 82 83 84 85 86 87 88 89 90

Ans 4 1 5 1 5 15 1 53 17 54
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DETAILED SOLUTIONS

Physics
1. (a) Current through resistance P and Q,
il = —4— = —1‘ A
90+110 50

Current through resistance R and §,
. B
40460 25

V,-Ve =Ri, =40><2—15= 16V

I

Vg-Ve =Wy -Vc)-(Vy-Vp)

=16-18=-02V
2. (¢) Given, K , =2K,
T, -T; =72°C

Let T be the temperature at the junction.

w3, &)

K AT, -T) _KyA(T-Ty)

X X
or 0K (T ~T)= K l—T,)
or AT,-T)=T-Ty
Add (T, —T)on both sides, we get

T, ~Flal ~T4r-T;
or T, -T)=T,-T,

T,-T,
or Ty-Ts4 &

3
=12 5
3

. Temperature difference across the layer 4
=T,-T=24°C

3.

(a) For isothermal process, pV = constant.

Therefore, p-V graph is a rectangular hyperbola.

Since, T, > T, = (pV)ar 1, > (PV a1y

Thus, the graph given in option (a) correctly represents
the given situation.

(d) Reaction under consideration is
fH + le —_— ‘;He +0
Here, BE}; =11MeV and BEy, = TMeV
As Q value = ¥ BE products )3 BEreactants
Q=4xT7-(2x11+2x1l)
=236MeV =236x 10 x 16x107" J

=3776x107" ]

(c) F=4(vxB)
Let B be directed out of the plane of the paper.

For positive charges, i.c. o and 8, force experienced will
be in the direction of v x B, i.e. towards + x-direction.
+Y

v ®B
0] +X

For negative charge, i.e. p and 7y, force will be along
— x-direction.

mv %
Now, r=—=

]
m
Sre 2 where, s=4
s m
Since, magnitude of charge is same
= rem
Hence, (i) - (r), (ii)-(p), (iii)-(q), (iv)-(s)

(a) At STP, 22.4 L of any gas is 1 mole

5.6 L=—S£=lmoles=n
224 4

In adiabatic process, TV~ ! = constant
n BE gt
or T,=T, (V-')Y 1
V
o X)S:’J—l ) _C_p_é
) '(0.7) ['Y_cy_sl
= 4T,
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Further, in adiabatic process, 0 =0
SW+AU=0
W=-AU=-nC,AT

=—n(_.R_](T2 ..T])
V=l

— |6 -T))

R
=1

_1
415
3
=—2Rﬂ
8

.. RT, (given)
n

m=9n=38
Hence,m—n=9-8=1
7. (d) In a given L-C-R circuit, current will be same at

different frequencies if impedance Z is same. Current in
the circuit will be maximum, if circuit is in resonance.

Typical graph of current versus frequency of L-C-R
circuit is

Imax

Now, as resistance is independent of frequency. So,
current will same when impedance Z at two frequencies
is same. At lower frequency, capacitive reactance is
more but at higher frequencies, inductive reactance

dominates.
|
So, Z; atw,=6]—5_wll‘
1
Z =0,L-
2 at [0} 2 (D:C
For current to be same
Z, =12,
1 1
=3 —-0,L=0,L-
0,C 0,C
= —1—+—1 —1=((o|+a)z)L
0, o,)C
+®
w0,

: . 1
Now, current is maximum at @, = —

JLC

. Resonant frequency, o, = /0, ®,
For given problem,

0, =+/8%x18=12MHz

Il 99,
8.(F, =—— 1"
M 4me, 2
thlud - l qqu s Fﬂil‘ = _F_

ane,K 2 K K

9. (d) Here, rigid body is moving with constant velocity,
i.e. it is in mechanical equilibrium.

= SF, =0,ie IF, =0,
SF, =0,%F, =0

and Z‘t;‘. =0,21, =0,
Yt.=0

Since, the cubical block slides with a uniform velocity
and does not topple.

. Torque due to normal force = Torque due to weight
= Component of weight parallel to plane

x Perpendicular distance from lower face = (mg sin 9)%

10. (d) Equation of simple harmonic wave is given as
y=Asin (0 +0)

Here, y= % = Asin(wt+¢)= %

So, 23=(1)t+¢=£0rE
6 6

So, the phase difference of the two particles when they
are crossing each other at y= 4/ 2in opposite direction
are
St m_2n
0=9,-0,=—-—-==
6 6 3
11. (b) From graph, we can say temperature is increasing
then become constant which suggests phase transition
and once its done, its temperature further increases and
we see another phase transition.

Here, we can say initially substance was in solid state
then liquid and gas at the end. As we see, the slope of
solid state is more than liquid state, so specific heat is
greater in liquid state. The latent heat of vaporisation is
more that its latent heat of fusion.

12. (a) When the capacitor is fully charged, the voltage
V,across it = voltage of the battery =12V

The charge on C,,Q =C,V, =4x107° x12
=48x107° =48C

)
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When S, is opened and S, is closed, charge will flow
from C, and C, until they have the same potential V'

which is given by V' = g %
C,+C, 4+8
=By
12

Since, €, and C, are parallel, therefore they have the
same, i.e. common potential.

Now, U,-=—;C,Vl2

=_;><4><10'“><(12)2

=288x107° )
U, :—;C,Vz =%x4x10"6 x(4)*

=—;x4x10'6x4x4=32x10‘6J

.. Loss of energy stored in C,

=288x107° -32x107 =256x107°J
256x107°
288x107°
= 8888% = 889%

(a) The maximum height,
2

The percentage loss of energy is x 100

sin’ @
2g

The change in height is given by differentiating this
expression. Thus,

_u

h

.2
= 2udusin” 0 ...(ii)
2%
On dividing Eq. (ii) by Eq. (i), we get
dh _ 2
h u
= i =0l [ﬁ =10%)]
u h
5 @
Now, the range, R= 4 sin 20 ...(1i1)
g
dr = Zousin20 I
4
On dividing Eq. (iv) by Eq. (iii), we get
dR  2du
= —=—=01
R u

Hence, range is also increased by 10%.

(a) KE of proton and o-particle shall be 1 eV and 2 eV,
respectively.

Now, momentum, p = ,/2mKE
Momentum of proton, p, = ,/2m, X1

15.

16.

17.

.. Momentum of a-particle whose mass m, =4 m,, is
Pa =,/8mp X (2)
=, /16m,

Now, A = N [de-Broglie relation]
P
A 16m
= Pedlo N_ P onfi
Ao Py 42 m,

(d) All the statements I, II and III are correct. When a
stone is moving around a circular path, its velocity acts
tangentially to the circle. When the string breaks, the
centripetal force will not act. Due to inertia, the stone
continues to move along the tangent to the circular path
and stone flies off tangentially. The necessary
centripetal force required to keep the stone moving in a
circle is provided by tension in the string. Hence, the
centripetal force is a real force.

(b) In a reverse biased p-n junction, when the applied
bias voltage is equal to the breakdown voltage, then
voltage remains constant, while current increases
sharply. Typical voltage-current graph of a reversed
biased p-n diode is
«—— V (in volts)
Breakdown voltage
SR ® 8 2

D M—
~

(o) TS 2 B N o B S
(vw ur)

(b) The dimensional formula of Young’s modulus is
[ML'T?)]
Now, the dimensions of v, A and F in terms of M, L and
Tare

[vI=[LT™'}[A]=[LT™]

and [F]=[MLT ]
Let Y =[v'APF]
M'L'T?]

=[LT']* x[LT2]® x[MLT?]°
[Ml L—l T—Z ]= [Mc La+b+L‘T—a—2b—2L‘ ]

On equating powers of M, L and T, we have c =],

at+tb+c=-,-a-2b-2c=-2
On solving above equations, we get

a=-4,b=2
Thus, new dimensional formula of
[Y]=[FA*v™]
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(b) Escape velocity does not depend on the direction of
projection of the body from the surface of the earth.

If the velocity of a revolving satellite around the earth is
increased to +/2 times or 41.4%, then it escapes out from
the earth because in this condition, its velocity is greater
than the escape velocity.

(b) We know that Young’s modulus of elasticity is
given by
_FL  FL

~—r I "
4
Substituting the values given, we get
50x11x4
I= -3 ; 42
(125%1077 )xtx (50x107")

=224x10"" Nm™

Again, -A—):=A—L+AI+ZA—d
Y L

[
=L Q00 5 S0 gy
10 a1~ 005

=  AY=00489Y
= (0.0489)(224x 10" )Nm ™2

=109x10'" Nm

(d) Electromagnetic waves consist of oscillating electric
and magnetic field that are perpendicular to each other
and also perpendicular to the direction of propagation of
EM waves. Thus, electromagnetic waves are transverse
in nature and travel through vacuum with same speed of
3x10® mys,

(3) Charge through the battery =0, — (- 20,)=30,

(300)0 _ 305
C C

2
g . a
As compared with given equatio, = —
c

Work done by battery =

a=3
(0.34) The volume of sphere in liquid,
V= i1tr3
3

When mass mis placed on the piston, the increased
el
a

pressure,

m

ISSSNRRRRRRNNNI mj%m

@ || @

(@) (b)

Since, this increased pressure is equally applicable to all

directions on the sphere, so there will be decrease in
volume of sphere, due to decrease in its radius.

AV = 4?11: x 3rAr=4nrtAr

AV _4nrtAr 3Ar

vooAs
3

- Bulk .. odulus, K = L4 =Ty T
AV a 3Ar

Ar mg

r 3Ka
On comparing with the given equation,

_xmg

" Ka

x=034

23. (20) By Bohr’s formula, L Z2R iz - lz
A nom

For first line of Lyman series, n; =1,n, =2

L 7?2 R-3-
A 4
In the case of hydrogen atom, Z =1
LY
A 4
For hydrogen like atom, Z=11
b 121R 3
A 4

L N S 5
A 4 12IRx3 121

.................

Power delivered in both the cases is same.
Thus, i,-2 R, = i% XR,
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2 2
R =
= (R, +r) ‘R, = (R1+r) ‘R,
=% (R I—Rz)r =(R, -R,)(R|R,)
- = JRF;

Put, R, =18Q and R, =8Q
Then, r=+144=12Q

25. (5) At maximum compression, the velocity of both the
blocks will be same.

From conservation of momentum theorem,
4x10=(4+4)xVv orv' =5m/s

26. (120) Fundamental frequency, f = i

2L
According to first condition,
v .
120=— (1)
2L
According to second condition,
v ..
180=— (1
5T (i1)
From Eq. (i) and (ii), we have
L _120_2
L 180 3
= E —ELI =-x180=120cm
3 3

27. (400) tan ¢ = My =)

Case I When capacitor is removed, then

tan 60 = —

tan 60°=%=> X, =\3R
Case II When inductor is removed, then
tan 60° ==C
R
Xc=V3R
So, Z=\R*+(3R-3R) =R

So, L-C-R would acts as pure resistor and thus power
factorcos ¢ =1

2
Power dissipated, P = ¥ . = UL =400W
100
28. (2) Time taken by each ball to reach the highest point,
f=j§
n

As the juggler throws second ball, when the first ball is
at its highest point, so v=10

Using v=u-gt, we have
O=u—-gxlUn = u=g/n
Also, v:=u?+2(-g)h
0=(g/n)’ +2(~g)xh or h=-5_
: 2

Comparing with given equation
fro B o B
2n2 m?
p=2
29. (3) Apparent depth of 4,

2

d, = h +=h (1
T332 40 3 W

Apparent depth of B,
_ +h2) 3 i
—_— +h (i
2= ( 1 +hy) (ii)

From Egs. (i) and (ii), we get

dy-d, = G—%)hz =3mm (where, 4, =36mm)

= x=3

30. (49) The number of fringes on either side of C of screen,

i = [A_C] - [ﬂ] =[238]= 24
B | Looai

Total number of fringes = 2n, + fringe at centre
=2n +1=2x24+1=48+1=49

Chemistry

31. (d) Glucose on reacting with conc. HCI forms levulinic
acid.

CoH1205 —=2= CH, COCH,CH,COOH

levulinic acid
+HCOOH + H,0

32. (a)Itisplot of In pcozv/s%
- AH,/RT
K,=Ae
In K, =In 4 - AH; /RT

ln [pc02]=lnA —AH:/RT

Slope=-AH, /R

Therefore, option (a) is correct.

IIT INSPIRE ACADEMY OF SCIENCE: XI, XII, SCIENCE, NEET, JEE, MO. NO.:9595445177, 9021445177




@ IIT INSPIRE

JEE PAPER-4

ACADEMY OF SCIENCE

33. (c) Birth control pills are made up of a mixture of
estrogen and progesterone derivative. Both of them are
hormones.

34. (a) lonic radii decrease as we move across lanthanide
series due to lanthanide contraction.
Hence, the correct orderis Yb** <Pm’* <Ce’* <La®".

35. (c) The compound which contains — CHO group, gives

positive Tollen’s test and the compound with
CH; —C — group gives iodoform test.

o
Thus, the organic compound is CH; — |C= 0

H
36. (d) Formation of anhydride from dicarboxylic acid
indicates cis isomers.

CHCOOH 4 CHCO .9
I — | o
CHCOOH CHCO
HOOC. ~ COOH COOH
LC=C_ Coldalk. H—1— OH
H H KMﬂO4 H__ OH
P(cis) (Syn addition) i —
H\C g /COOH
P Cold alk. Meso (5)
HOOC H KMnO, (optically inactive)
Q(trans) (Syn addition)
COOH COOH
H——OH _ HO—{—H
HO———H H—— OH
COOH COOH

(Racemic mixture)

Racemic mixture is optically inactive.
37. (b) The given reaction are represented as
NH,NO, + KOH — NH; T +KNO, + H,0

(4) (B) ©)
KNO, +3 Zn+ SKOH+ 5H,0 — 3K, [Zn(OH), ]
= +NH,; T
NH,NO, =%, N,T+2H,0 @
(4) (Does not support combustion)
38. (¢

* 2, 4-DNP test Compound that gives positive 2,4-DNP
test means the compound contain carbonyl group.

+ Iodoform test A compound show iodoform test means

it must contain keto group (not aldehydic) —C—CH;.

This is also confirmed by negative Tollen’s test and
Fehling test.

» Baeyer’s test If compound does not decolourises
bromine water mean there is no any free double bond
or triple bond.

Molecular formula = CyH,,0
10
u=9+1)-—=5
(9+1) 5

Degree of unsaturation is 5 and no any double or triple
bond thus there must be a benzene ring and one C=0

group.
Out of given four choices only option (c) is satisfying all
criterion.

0
I

CH,—C—CH;

Hence, (c) is the correct choice.

39. (b) The given reaction are represented as

Low temperature

(X)
(3C—2e", ~L RO
2C—2e" bonds) B3N3H6

Y has structure similar to benzene (inorganic benzene).

High
B,H¢ + 2NH; —— 2(BN)+ 6 H,
temperature 2)
Inorganic
graphite
40. (a) The reaction sequence involves various processes
are shown as

NHCOCH;
@ SwHCI @ (CH;C0),0 @
Reducnon N- acetylatlon
NHCOCH;

RNHZ HOSOzCl
Dll HCl

SOsNHR 0S0,Cl1
Final product

41. (a) The correct match is A-II, B-IV, C-1, D-III

F:‘-@-]EF

A. BrFs= | Br |
pe S

F
Square pyramidal
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B. [CF = | |

Octahedral

-
¢ om N,

Bent

LA
D. PCls = cr{—P\i
[N

cl
Trigonal bipyramidal

42. (c) Secondary and tertiary alcohols are differentiated by
Lucas reagent. The reactions are represented as

I OH

C - |

FAMES ... .Y, W W}

H,C" CH, GH |
CH,

(39
(4)

I OH

C .
FANRS . SN T W \
H CH; GH* |

H
29
(B)
43. (a) Potassiumtetracyanonickelate(II),
~ potassiumtetrachloronickelate(II).

The reactions are as follows:
NiCl, +4KCN — K, [Ni(CN), ]+ 2KCI

(excess)
A is K, [Ni(CN), ] also called
potassiumtetracyanonickelate (II).
K, [Ni(CN), ] + 4HCl(conc. ) — K, [Ni(CN), ]
+4HCN
Bis K, [NiCl, ] also called
potassium tetrachloronickelate(II).
44. (b) Both Statement I and Statement II are incorrect.

For KI, molar conductivity increases slowly with
dilution. For carbonic acid, molar conductivity increases

steeply with dilution.
Ap ¥ Strong electrolyte (KI)
Weak electrolyte (carbonic acid)
Ic

45. (a) Both (A) and (R) are true and (R) is the correct
explanation of (A).

46. (c) The correct [UPAC name of [Fe(O, ) (CN), CIJ*~ is
chlorotetracyanosuperoxoferrate (II) ion.

47. (a) Chlorobenzene is formed by reacting diazonium salt
with Cu,Cl,. The reaction is represented as

Cl
NjCl™
CuyCly

48. (d) Due to high lattice energy of barium sulphate and
high hydration energy of sodium sulphate, barium
sulphate is sparingly soluble while sodium sulphate is
completely soluble in water.

Nb_Na

+N2T

49. (d) BO=

Bond strength o< bond order
MO.E.CofN,=0ls*,6" Is*,0625°,6" 2s?,m2p>
= n2p§ ,chf
Bond order = 10-4 =3
2
M.O.E.CofN; =cls’,6" Is*,027,6" 2% ,n2p>
= 1t2pi ,($2p1Z

Bond order = —2—4 =25

Here, on converting N, to N bond order decreases,
so bond strength decreases.

M.O.E.Cof0, =ols*,6" Is*,0625% 6" 252 ,02p2,m2p?

_ 2 1 ....* 1
=n2py,n 2p, =7 2p,
Bond order=10—_—6=2
g

M.O.ECof O} =ols’ 6" Is*,025* 0 * 2s?,02p>

2 X * 0

n2p; =n2p;,% 2p, =7"2p)

Bond order=L2_5=2.5

On conversion of O, to O3 bond order increases and
hence bond strength also increases.

Study Tactics

To solve this question, remember that molecular orbital
theory consider the intraction of atomic orbitals to form
molecular orbitals and more electrons in bonding
molecular orbitals lead to stronger bonds.

50. (¢) A. IIL On acidification (B, 0, )*~ gives B(OH),
or (H;BO;)
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B. IV. AlO; on dilution yields a white ppt. of Al(OH);.

C. 1. When heated, (SiO,4 il
D. II. Bi** hydrolyses to yield (BiO)* ion

51. (5) The structural isomers are represented as

/\/\//\)\
A

(iii) (iv) ™)

changes to (Si,0; )

52. (1200) For adiabatic condition,
n_(n)"
L\
T )13 103 N
<
I, \27 27 27 3

or T2=%><T1

T, = éx 300=100K
From first law of thermodynamics,
AE=q+W
W=-AE (.. q=0for adiabatic expansion)
==Cy (I,-T,)
=-6(100-300)=+1200cal
53. (30) Millieq. of Na,S,0, =24.35x 1/10=2.435
This would be the milliequivalent of I, and therefore
that of C1, (which liberates I, from KI).

Milliequivalents of Cl, in 500 mL =2.435x 20=487
Meq. of Cl, = Millieq. of bleaching powder = Millieq.
of available Cl, in the bleaching powder.

Percentage of chlorine = A5,/ X E 100
1000 5.7

=30.33%=30%

54. (I) KE = quantum energy — threshold energy
_6.626x 107 x3x 10°  6.626x 107 x 3x 10°

3000 107" 4000 107"
=6.626x 107" - 4.9695% 107"
=1.6565% 107" J

KE=1.6565x 107" =% my’

om*v? = 2% 1.6565% 107 x91x 107!

my =549x 1075

~34
de-Broglie wavelength, A = o 6.626x 107

mv  549x 1077

=12x10° m=1x10" m

55. (5000) For the reaction,

A+ B— C+D
At t=0 1 1 0 0
At t=t 1-x 1-x ¥ x

R=k[4]"? [B]"

o =k (1-x)"2 (1-x)"2

dx
2 k(1-
dt (=5

Integrating on both sides,

4.606x 107 =——log—
t

2x10'4=lort=——=—=5000s
t 2 2

56. (5) p5; =1000torr and pp =1600torr
Proul = Pa%a + Pp¥g
=1000x 0.6+1600x 04
=1240

XA PA PA

p Total
~1000% 06

1240
Vg =1-048
=517
=5x107"
57. (86) After addition of Cd, it oxidises into Cd**.
NO;5 (aq)+4H" (ag)+3e~ — NO (g)+ 2H,0(/)
0.1-X 04-4X
X =0.06[Given]
[NOj Jremaining = 0.1- 0.06=0.04 M
[H* Jremaining = 0.4— 4% 0.06
=04-0.24
=0.16 M
_ w8 0.0591 o 1

= -
NO3/NO 3 g [NO; ][H+ ]4
0.0591 1
0g 2
3 (0.04) (0.16)
0.0591 1
0

Ia =

=0.483

E
NO3/ NO

g
3 4x1072 %1078 x2'6

10
0,95 00591 10
3 218

=0.86 V=86x1072V
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58. (10) The number of ionisable C1™ in [Cr(H,0); CI]Cl,
is 2.
- Millimoles of CI” =50x 001x 2=1
. Millimoles of Ag " required = 1

>»<

) no. of millimoles 1
Now, molarity=——————— = 0.1=—
V (inmL) vV X'¢ =3 / : » X
V=10mL

59. (15) The percentage of sulphur
_ 32 o Weight of BaSO,

= - - x 100
233 Weight of organic compound
v
=%x60%x100=15.2%=15% 1 "
) A=4| |1 dx=-4| logxdx
60. (2) MnO; + 8H' + Se”—— Mn>* +4H,0 Jologxlds= 4]  logx
2+ =—4[xlogx—x]})=—4(—1)=4sq units
pegs- 200 [M_“ ]+ . ) ,
5 [MnOj J[H"] x+ay2sinx DExel
Taking Mn** and MnOj in standard state, i.e. IM, » p
63. (b) f(x)={ 2xcotx+b , —<x<=
E=1.51—&59x810g 1+ 4 2
5 [H"] {acos 2x—bsinx , g<x5n
E=1.51—Mx8x3=1.2268v n
5 Atx=—, LHL= lim f(x)
Hence, at this pH, MnO; will oxidise only Br™ and I” 4 N
as standard. rec?uction potential of Cl,/ Cl"_ is . = T G+adE8n5)
1.36 V which is greater than that for MnO, /Mn ™. L
Ry
Mathematics - %+a
61. (b) Given, 4 In |cos x +sin x—2|+Bx+C RHL= lim f(x)
2cos x—sin x+ A x*
[P dpek -t
cos x+sin x—2 4
On differentiating both sides, we get = lim (2xcotx+ b)=—7E+b
k 2
di[A In |cos x+sin x— 2|+ Bx + C] P
x ;
_ 2cosx—sinx+A and f(f)zzx Ecot (E)+b
cos x+sin x—2 4 4 4
. A(cosx.—sm x)H!;= 2cosx—s.mx+7» LT
cos x+sin x—2 cos x+sin x—2 2
5 (A+B)cosx+(B—A)sinx—2B 2cosx—sinx+A Since, f(x)is continuous.
cos x+sin x—2 cos x+sin x—2 LHL=RHL=f(E)
On comparing both sides, we get 4
A+B=2,B—A=_1and)\,=’-2B = E+a=£+b:>a—b=lt'
On solving, we get 4 2
PP Atx=2 LHL= lim f(x)
2’2 2 e

2
62. (a) log xis defined for x> 0, = lim (2xcotx+b)=b
-

|log x|> Oand [log |x||= 0 il
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RHL= lim_f(x)

n
=
2

= lim+ (acos2x-bsinx)=-a-b
b
x—)—-z—r
&
2

“* f(x)is continuous.

LHL =RHL = f(g)

and f( )=2§cotg+b=b

= b=-a-b
= a+2b=0
On solving Eqgs. (i) and (ii), we get

...(i1)
n n
a=g, b:-—ﬁ
(@) . (cos’ 6 -sin’9)’ +3(cos’ 6 —sin> 0)
=cos® 0 —sin®0—3cos*Bsin2 0
+3cos® Bsin® 0+ 3cos’ 0 3sin2 O
=cos® 6 —sin® 6 - 3cos* 6 (1-cos? 0)
+3(1-sin? 8)sin* 6+ 3cos? 8- 3sin’ @
=cos®0-sin® 6+ 3cos® 0+ 3sin* @ _
- 3cos* 8- 3sin® @+ 3cos? B 3sin’
=4(cos® 9 —sin® 0) + 3cos’ 6(1- cos? 0)

—3sin? 6(1-sin? )

4

=4(cos® 0 —sin® 0)

Hence, k=4
12 _;2
65. @m =2=2L =t +1,=2 (i)
270
Now, it = \/3
+2m,
[ given triangle is an equilateral triangle]
AY
3
)
X L —X
v
2-m, = \ﬁ+2\ﬁm2
my(23+1)=2-43
14243

Again, iy =43
1+ 2m,

m3 _2:\/§+2\/§n13
my(1-24/3)= 2443

+
= m, = =1, +t
T B
=>2(tl+r2+t3)=2+2_\/§+2+“‘/3
+2/3 1-243

e (2-V3)(2V3-1)- 2+3) (23 +1)
1

L, BB-8)-(53+8)_ 16_6

11 1111

3
Hence, t| +1, +1, :ﬁ

Study Tactics
Using formula, e b
1+mm,

' My is given, we get m, and mj in the form oft, then
add m,, m, and m5, we get the required result.

66. (@) f(x)=Minimum {2sin x,1-cos x, 1}

Ay |
A e
f N2 sin x
A Al 1 NB
i P
\ Y b
S ! b
5 . b
X', ! ! 1 C X
"0 i S ™7
Ly 12 3

Cfde= [ fode+ [ feyde| fx)dx
0 OA AB BC
. K/Z(l—cosx)d,w j;/"z"’dw [ 2sinxds

=[x=sinx]§'2 +[x]3"° - 2[cos x]F, /¢

67. (b) Here, T, =cot ™ (;12 +%)

=tan”! [ 74 )
4n”+3
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g mt g
=tan |[n+-—|—tan n—-
2 2
Swztan"](oont—l)—tan'l(—l)
2 2
=£—tan"'(—l)
2 2
')
= S, =cot™ [=
2

= S, =tan"'2

68. (¢) Since, circles touches coordinate axes.
Let radius = r, then centre (7, r)
. Equation of circle will be
x=r) +(y=r)’ =r?
= x4+t -2x-2y+rt =0

This represents two circles having radius 4 and ,, then
equation of circles is

x2+y2—2r]x—2r1y+r12:0 exill)
and  x*+y?-2nx-2ny+13 =0 il i)
Circles Egs. (i) and (ii) cuts each other orthogonally.
MQ+%5=f+é
= r12 + r22 =4nn
- i +n) =6nn ...(ii)

Since, circles passes through P(ot, ).
r-2a+B)r+a’ +p*=0
Sum and product of roots
K+n =20+p)
hn =a’ +p’
From Eq. (iii),
4a+PB) =6(a” +p?)
= ol -40B+p*=0
69. d) |PQ|=|z+z|=2|z]
IOR |=|1-z+z|=1
|PR|=|1-z-z|=|1-2z|

70

R(1-2)

P@)

Since, triangle is equilateral.

|PO|=|0R |=|PR |

= 2z|=1=|1-2z|
|z|=land|1-221=1

2

11-2z|=1
= [1-2z [ =1
= (1-22)(1-27)=1
= 1-2z-2z+42zz=1
= 1+4|z)f -2(z+2)=1
S 1+4x-‘1{—2(z+2)=1
_ 1
= z+Z=-
2
z+2=2Re(z)=—;
— Re(v)——l
g

10 _
() Let(1+x)° =y PCx’
i=0

On differentiating both sides w.r.t. x, we get

10 ,
10(1+x)" =Y i °Cx™!

wikl)
i=1
Again, on differentiating both sides w.r.t. x, we get
10 ,
10x9(1+x)* = Y i(i-1)°Cx™ ...(ii)
i=1
On substituting x = 11n Egs. (i) and (i1), we ¢t
10
10x2’ =Y i°C;=f, ...(iii)
=1
10
and  90x2°=Y i(i-1)"C;=f, (iv)

i=1

On adding Egs. (iii) and (iv), we get
10
10x2° +90x2° = %' [i+i(i-1)]"C,

i=1

10
10x2 2+9)=Y i*°c, = f;

i=1
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= I =5%2?
Thus, Statement [ is true but Statement II is false.

Study Tactics

Differentiate the given expression twice with respect to x,
then put x = 1in both the equation and add both

equation.
x-3
. @ f(x)=—
x+1
,x___g'_3
s =2t
x-3
a4,
x+1

I
x=3+x+1 2x-2

__(x+3)
2
x+1

x-3_4
x+1

x-1

=X

L @)= 1,1, f(x)=-
~ " (x)=x,neN
fmo(x):x
= £21%(2100)= 2100

72. (b) Let r, [and h be the radius, slant height and height of
cone respectively, at any time .
Then, 1> =r® +h?
dl dr dh

= 2—=2—+2h—
dt dt dt

d dr ,dh
|—=r—+h—
da d dt

=7(3)+24(-4)

=-75 [ LN 3]

dt dt
Now, I?=7%+24?
= I* =625
= =25

=m[25x3+7x(-3)]

=1 x54= 541 cm?/min

73.

74

75.

¢+ pg pr
(A= pg +p2 qr
o ar pi4g’

=(g* +r)(7 + 1) (p* +4%)-¢**]
~palpg(p* +4°)- par’ 1+ pripg*r—(r* + p*) pr]
="+ PP+ p 447 4 g7 - g7
-palp’q+ pg’ - par’ 1+ [p*r'q* - p2* (* + p?))
=p2q2r2 +p4q2 +p2q4+r4p2 +r2p4 +p2q2r2
—p*qt- g+ pPgt 4 pRgT - pirt - phi
=p'q’r'(4)

= 5 =42
2
=% K=%4
(c) Given, a, band care in AP.

= b-a=c-b=LA(let)

=

Hence, p, g and rare in HP.

(a) Here, p—120, p<m+1

= IS p<m+1
= -l g P g
m+1l m+l
mC s
Now, A2 - 8= 7!
m+|Cp
_ m! . pl(m+1-p)!
(p=D!(m-p+1)! (m+1)!
= B
m+1
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B, (A
m+1
= 8<L+8SXZS9
m+1
= 8<A*<9
= o §8 Nt 5D
or W2<A<3

Hence, A € [-3,- Zﬁ)

(b) Since, there are exactly two points on the ellipse

2
X2

at b

y . )
= 1, whose distance from the centre is the

same, the points would either be the endpoints of the

major axis or of the minor axis.
(24 +3b%)
V3

But > b.

So, the points are the vertices of the major axis.

24 +3b*
V3
On squaring both sides, we get
, 24 +3b?
a=—-
3
=3a* - 2% = 3’
1,

= b? =—a’
3

2
e=‘l—b—2
a
2
e= l—a—=1/l——l=‘F
V 3q* 3 V3

(b) We have,
al+bm+cn=0
fmn+gnl+ him=0

From Egq. (i),
(al - bm)
n=-
c

Put the value of » in Eq. (ii), we get

fm(-— (al + bm))+gl (_ (al + bm))_l_ him=0

c (4

Hence, a =

By

or ag1—2+l(af+bg—ch)+bf=0‘
m m

LetX=i
m

agX® + (af +bg—ch)X +bf=0

(i)
(i)

..(il)

78.

79.

Let two values of X (= l) be 1—' and Il
m) m m,
Product of roots = s W
mm, ag
hiy _mmy nny
f g h
a b c

Now, lines are perpendicular, if
Lily+mmy+nn,=0

= k(l+§+ﬁ]=0

a b ¢
= 1+§+ﬁ=0
a b ¢
Hence,(1+§+ﬁ)!+2=0!+2=3 [+ 0!=1]
a b ¢

(- |r-a|=|r-b|

= |r—a|2=|r-b|2

= (r-a)(r-a)=(r-b)(r-b)

= [rl*+|af-2r-a
=|r*+|b]*-2r-b

=  2r-(a-b)+|a’-|b =0

= 2r-(a-b)—(a-b)(b+a)=0

= (r-%l’)-(a—bpo

(a) Number of elements in X =5
Number of subsets of X =2° =32
Total combination of 4, and 4,=32x32=1024

For disjoint combination there are three possibilities for
xeX

(1) xe 4,,thenx ¢ 4,
(i) x¢ 4, thenxe 4,
(i) xg A, andx ¢ 4,
Number of disjoint combination = 3° =243

Probability that 4, and 4, are not disjoint
_1024-243 _ 781

1024 1024

z-12] 5
- =2
) z-8i| 3
= 3|x+iy-12|=5|x+iy-8i|
=9[(x-12)% + y2]=29x* + (y- 8)%]
= 2% +2y? +27x- 50y +38=0 (i)
anil 2_4’=1=>x=6 ..ii)

z-8

IIT INSPIRE ACADEMY OF SCIENCE: XI, XII, SCIENCE, NEET, JEE, MO. NO.:9595445177, 9021445177

ﬂ




@ IIT INSPIRE

ACADEMY OF SCIENCE

JEE PAPER:4.

On solving Egs. (i) and (ii), we get

-
] . ) Now, y|l=[=1-=
Point of intersection are (6, 8), (6, 17) 2 T
7 2, =6+8i,2,=6+17i = C=0
v Iz, =z 4] 2y | x x—sinx
=104+ v325=10+ 513 e ry—
81. (4) Given, 4, B and C are vertices of AABC. - x__Xi P
A(2i+3j+5k) _ 3!

5]

3
Hence, hm y(x)= 311m—x—l

D
1
\
)
1
1
|}
1
1
1
1
1
1
\
1
\
1

x—0 6 X / 2
B(-+3j+2k) C(Ai+5]+pk) =3x =1 [asx— 0
D is mid-point of BC, then position vector of D
o (7‘ = 1) +4j+ (“ h 2) Study Tactics
- - The given equation is in the form of linear differential
A-5 un-8 equation. So, first we solve for integrating factor in which
DR’s of 4D = o= 2 we use the property of logarithm, then we get the
required solution of differential equation. At last, use
1 1 1
But it is given that DC’s of ADis — ,— ,—. expansion series of sin x and cos x.
3 3 3 BRI AT e —
A5 _yp-8
2 2 83. (5 -.-0<x<§
=3 A=7and n=10
2A-u=4

s O<sin?x<1
82. (1) We have,

.2
: ; . sin“ x
Then, sin? x+sin® x+sin® x+... 0=

. dy . .
xsmxa +(x+xcos x+sin x)y =sin x

1-sin? x
=tan" x
. L2 46 -
i —y+(,—+cotx+—l)y=—1 cexp[(sin” x+sin* x+sin® x+ ... ) log, 2]
dx \sinx x) X =exp [tan” xlog, 2]
1 1 1 2
= ——+cCotx+— =_ 2‘\, tan “ x
Here, P -nn cotx xandQ - =exp[log, 2 1= elee?
2\’
| (fl‘~+cotx+1]dx =)
— sin x x 2
[F=e  Lety=2"""
S 5
_ el°g [x mis'“) "+ ysatisfies the quadratic equation y* -9y +8= 0.
= xtan Zsin x = 2 Pk
T Ify=1=2"""*
tan’x _ A0
= xtan > 2sin X cos X - =2
Z = tan’ x=0
=x(1-cosx) x = 0 (impossible) [ x> 0]
Now, solution is given by Now, if y=ige ptan’x
WIF)= [ Q(IF)dx+C . Juns _ 3
-
xy(l—-cosx):I —lxx(l—cosx)dx+C=x—sinx+C = tan” x=3
x =5 tan x=+/3
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tan x—1

Sin x—Ccos x
So, =
tan x+ 1

_¥3-1 \3-1
f+1 V3-1
W3-1)?
3=

341-23

sin x+cos x

2
=243
On comparing it with a -/b, we get
a=2and b=3
Hence,a+b=35
cos® —sin 9]

84. (1) Given, A =|
sin® cos0

Az_cose —sin 6|{cos® -sinH
sin cosO [[sin® cosH

_-[ cos” 0 —sin’ @ —cosesine—sin(-)cosO]
s

inBcos O + sinBcos O —sin’0+cos*0
_ cosX® -sin20
sin20 cos20
. |cosn@ —sinnd
Now, 4" =| .
sinn® cosnd
BeA+AS= c9se -sin@
sin® cos6
N cos 60 —sin 68
sin60 cos 60
Ato=",
7
. cosm/7 —sin1t/7+ cos6n/7 —sin6m/7
“lsinm/7 cosm/7 sin6n/7 cosém/7
P 2cosm/2cosSm/14 —2sinm/2cos Sn/ 14
“|2sinmt/2cosSn/14  2cosm/2cos Sm/ 14
0 —2cos—SE
=|B|=
2cos§t— 0
14

=>|B|=4cos2 E
14

=|B|=4x 018825
|B|= 07530
. |B|lies in (0, 1).
a=0=1
Hence,a+p =1

85. (5 i(x,- +1)2 =0 ..(0)

i=1
Y (-1 =5n ...(if)
i=1
On adding Egs. (i) and (ii), we get
Y (i + )7 +(x, 1) = 14n

i=1

n
= Z 2(x +1)=14n

i=]

n n 4
=5 Z X; +2 =—

i=l i=1 2
= z x; =6

i=l
= B¢ ...(iii)
n

On subtracting Eqgs. (1) and (i1), we get
Y () = =1)F =4n

i=1

= 42 x;=4n
x;
—; —_—
n
2 2
... Variance = Ei —(E)
n n
=6-1=5
86. (15)-:17* =289=290-1
Now, 17 = (290-1)'2
= (1-290)"®

_ (290)128 _ 128Cl (290)127 + 128C2 (290)126 _
= C1s (290)° + #Cy (290)°
~ 128¢,27(290)+1
=1000m+ '2C,5 (290)* - '2C, 5, (290)+ 1

where, mis a positive integer.
128x127

=1000m+ X (290)% - 128(290)+ 1

=1000m + 683527680+ 1
Last three digits are 6, 8 and 1.
x=6+8+1
=19
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87. (1) log4[ 2/(x) ):x

1= f(x)
. )
i)
= 2f(x)=4" -4"f(x)
=  (2+4%)f(x)=4"
= f=—2 D)
2+4"
l-x
Now, f(l-x)= - ...(11)
2+4!"
On adding Egs. (i) and (ii), we get
SU-x)+ f(x)=1
= f(20)+ f(~19)=1

88. (53) Let the coordinates of Q be (21, 3\ +2,4A +3)
which is any point on the straight line 4B.
P(3, -1, 11)

A @ B

- DR’s of PQ are (2A — 3,3\ +3,4A - 8).
Also, perpendicular to straight line 4B

X 2R 3 i DR 15,5,
2 3 4

Thus, 2(2A —3)+3(3A +3)+4(4A-8)=0
= AN -6+9N+9+16A-32=0
=3 200 -29=0
= A=1

Hence, the coordinates of Q are (2, 5, 7).
|PQ|= \/(3—2)3 +{-1-9* +01-T7)

=V1+36+16 =53 =k
k=53

5

89. (17) .\'+—l=l =S x=-0,-0"
X

2005 1
P=X % —00s
200

=-0-0’ =1
p=1
= 2 _2=2% _2,kez
=16" -2
Last digit of 16* is 6.
: q=6-2=4
pr+qi =1 +47 =17
90. (54) Let n be the number of sides of the polygon.
nl150=(n-2)180
= 150n —180n = =360
= 30n =360
=> n=12
Then, the number of diagonals = '*C, - 12
=66—12
=54

Time Saver Tip
We know that
360°
180° — Interior angle
_360° _ 12
30°
Hence, the number of diagonals ="C, - n
=54

Number of sides =
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