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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.

Section A : Objective Type Questions

PHYSICS

3.

1. A series L-C-R circuit with R =120 has resonance

angular frequency 4 x10°tad s™'. At resonance,
voltage across resistor and inductor are 60 V and

40 V, respectively. If angular frequency at which the
circuit current lags behind the voltage by a phase of

% rad is k x10°rad / s, then the value of k is

(a)4
(c) 8

(b) 2
(d) 12

2. The resistance of hexagon circuit between 4 and B
represented in figure is

(Take, resistance of each resistor 1€2)

(a) 1Q
(c) 2Q

(b) 0.5Q
(d) 3Q
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The ratio of maximum acceleration to maximum
velocity in a simple harmonic motion is 20s™". At
t =0, the displacement is 10 m. What is the maximum

i 3L . t
acceleration? The initial phase is 2

5

(a) 400072 ms (b) 400v/2 ms™2
(c)4v2ms™ (d) 10J2 ms™

A proton of mass 1.67 x 10727 kg and charge

1.6 x 107" C is projected with a speed of 2 x10° m/s
at an angle of 60° to the X-axis. If a uniform
magnetic field of 0.104 T is applied along Y-axis,
the path of proton is

(a) a circle of radius = 0.2 mand time period 7 X 1077s
(b) a circle of radius = 0.1 m and time period 27 X 1077s
(c) a helix of radius = 0.1 mand time period 2w X 1077s
(d) a helix of radius = 0.2 m and time period 41 X 1077s

The velocity of the particle of mass m moving along
a circle of radius 50 cm depends on the distance
covered s as v = ks*, then the acceleration of the
particle when it completes one complete circle is
(a) 400 k% (4n* +1)"?  (b) 207 k2 (4n?* +1)"2
(c) 40k%(4n> + DV (@) 2rn® k2 (n? +1)'?

1




A billiard ball C of mass m moving with velocity u
collides two identical balls 4 and B in contact and at
rest. After the collision, ball C is stopped dead and
balls 4 and B move along directions shown in figure
with the same speed v. Then,

" v
y Ar‘/

(Before
collision)

(At rest)

(After collision)

(@)v=— (b)v=-%

NE] V2

(c) loss in KE = —:1; mu* (d) loss in KE = é mu®

Assertion When a charge Q is taken from centre of

the charged spherical shell to its surface, then the

external work done is zero.

Reason The electric potential within the charged

spherical shell remains constant.

(a) Both Assertion and Reason are correct 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 correct but Reason is incorrect.

(d) Assertion is incorrect but Reason is correct.

. Two blocks 4 and B of masses 1 kg and 2 kg are

being pressed against a wall by a force F as shown
in the figure below. If the coefficient of friction
between the blocks is 0.15 and the wall is 0.2, then
the frictional force applied by the wall on the block
Bis

N R
My 0
(a)20N (b) 30N (¢)S0N (d)40N

Two point masses 4 and B having masses in the
ratio of 4 : 3 are separated by a distance of | m.
When another point mass C of mass M is placed in

between 4 and B, the force between 4 and C is % rd

of the force between B and C. Then, distance of C
from 4 is
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2 1

a)—m b)-m
(a) 3 (b) 3
2
(c)—m (d)-m
7
10. I. Stress and Young’s modulus have same

11.

12.

dimensions.

II. The dimensions of thermal conductivity of a
substance is [MLT*K].

III. Stress and strains are dimensionless physical
quantities.
Which of the following statements is/are correct?

(a)land II (b) I and 111
(c)Only 1 (d) All of these

A gasoline engine takes in 5 mol of air at 20°C and
1 atm and compresses it adiabatically to (1/10) th of
the original volume. Assume, air to be diatomic. The
work done and change in internal energy is

(a) 46kJ, —46k] (b) 36 kJ, - 36kJ

(c) —46kJ, 46kJ (d)36kJ,—46kJ

The maximum and minimum distance of a comet
from the sun are 2 x 10> m and 8 x lO’om,
respectively. If the speed of the comet at the nearest
point in 8 x10*ms™", the speed at the farthest point
is.

() 32x10° ms™ (b) 32x10° ms™
(c) L6x10° ms™ (d)42x10° ms™
13. Statement I The root mean square speed of a given

gas molecule is more than the average speed of that
gas molecule.

Statement II In each degree of freedom, energy of one

molecule of an ideal gas is % RT.

Choose the correct option.

(a) Statement I is true, Statement I1 is false.
(b) Statement I is false, Statement 11 is true.
(c) Both the Statements are true.

(d) Both the Statements are false.

14. A plane electromagnetic wave of frequency 60 MHz

travels in vacuum along the positive x-direction. The
electric field E at a particular space point x and an
instant of time 7 is 9.6 Aij'I .

The magnetic field B at time ¢ is

(2) 35x 10 kT (b) 30x 1078 kT

(c) 28x 10 kT (d) 32x 10 kT



15.

16.

17.

18.

A particle is moving » times as fast as an electron.
The ratio of de-Broglie wavelength of the particle to
that of electron is x, if mass of the electron is y, then
the mass of the particle is

@ b= ©- =
ny Xy

(d) =

nx n

In the circuit shown the barrier voltage of diode is
0.7 V. Match the physical quantities given in -

‘Column I to the results given in Column II and

select the correct answer from the codes.

20V (Peak)
Column | Column II
A. Peak current (in mA) in I8 37.8
diode _
B. Peak voltage (in V) across 2. 40.0
the ends of load
C. Peak current (in mA), if 3. 20.0
diqde is ideal
D. Peak voltage (in V) across 4. 18.9
the ends of load, if diode is
ideal
Codes
A B C D A B C D
a1l 4 3 2 b)y4 3 1 2
)1 4 2 3 @3 1 2 4

In an experiment for measurement of Young’s
modulus of Searle’s apparatus, following readings
are taken :

Load = 4.00 kg, length =3220 m, diameter

=0045 cm and extension =087 cm. If the error in
each of load, length, diameter and extension is

0.01 unit, then the percentage error in measurement
of Vis

(a) 50%
(c) 46.15%

(b) 45.2%
(d) 48%

In Bohr model of hydrogen atom, the force on the
electron depends on the principle quantum number

as
(a) F o — el

n n

1

(d) Does not depend on n

19.

20.

Find out the value of Y.

A
B

(a)4 (b) B (c)A+B (d)A4-B

A parallel plate capacitor of capacitance 120 pF is
connected to a battery of emf 30 V. If a dielectric

- ; ;s 3 o
material of dielectric constant K =5 is inserted

between the plates, then magnitude of induced
charge will be

(a) L5nC () 1.6nC (c) 1.8 nC (d)2.4nC

Section B : Numerical Value Type Questions

21.

22.

23.

24.

25,
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When a solid sphere is rolling without slipping along
a level surface, then the percentage of its
translational kinetic energy is x %. The value of x is

A non-isotropic solid metal cube has coefficient of
linear expansion as 4 x10~*/°C along X -axis and
5x107°/°C along Y -axis. If coefficient of
volumetric expansion of the solid is 57 x 107%/°C,
then the coefficient of linear expansion along Z-axis
is nx107/°C. The value of nis ...... .

The focal length of a convex lens is 20 cm
(M glass =15). Now, the lens in submerged in water

(U water = E)' Find the ratio of focal length in
medium to focal length in air.

In YDSE, a monochromatic light of wavelength A is
used. The intensity of light at a point on the screen,
where the path difference is 2 is ¢ units. The

intensity of light at a point where the path difference

is i is given by %, then the value of nis ...... ;

An ideal cell of emf 20 V is connected in a circuit
shown in figure below. Each resistance is 5 €. The
potential difference (in V) across capacitor when it
is fully charged will be ......... ;

50 gy 50

A
VWV~

s
5Q ;I—

c
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VVWy

AAAA
VVVV

AAAA
VVVv-




26. A sonometer wire has a total length of 2 m If the radius of path of electron is 10 mm, then the
between the fixed ends. There are two bridges work function of the metal is ......... Vs
placed below the wire, so that the three segments
of the wire have their fundamental frequencies in
the ratio of 1:2:3. produces a magnetic field of 7536 x10~*T at its
centre. The current through the coil in ......... A.

(Number of turns in the coil is 100 and ©t =3.14)

29. A closely wounded circular coil of radius 10 cm

The distance of first bridge from first end is % m,
then the value of x is ......... : ) )
30. A block of mass 6 kg is released from a height 4 on a

A body is projected from the bottom of a smooth smooth track.The radius of circular portion of the
inclined plane with a velocity of 20 mvs. It is just track is 10 m. What is the minimum value of / (in m),

SNGIENE To ooty 10 S o 04 6, fhiencthe so that the block completes the vertical circle ?

27

height of the plane is ......... m. (Take
g=10ms™)
28. Light emitted by hydrogen gas corresponding to

transition from second excited state to ground state
incident on a metal plate. The electron emitted
from metal plate with maximum kinetic energy

enters a magnetic field 8 x10™*T perpendicularly.

CHEMISTRY

Section A : Objective Type Questions 35. When C,H,, CH, and C,H, passes through a test
tube which have ammoniacal Cu,Cl, find out which

31. Na,B,0, -10H,0 is correctly represented as
gas comes out unaffected from test tube?

(b) 2 NaBO, -Na,B,0, -10 H,0 (a) gzgz a"g g}. (g) gzll*ch‘"g C,H,

(c) Na,[B,(H,0),0,]-6 H,0 (¢) C,H, and CH, (d) Only C;H,

(d) 2Na[B, (H,0)50,]-5H,0 36. Which of the following will not produce the benzyl
32. The formulas of 4 and B for the following reaction amine? .

sequence are (2) Benzamide —t4

:]C(;J A (b) Phenyl nitrile ﬂ-)
e (c) 2-phenylethyl isonitrile ———
(ii) HI/P (d) 2-phenyl ethanamide T

(1) #4="CyH;y0y, B =CyHl,, 37. “Ruhemann’s purple” is a corroborative test for the

10 &= st = Up g resence of

(c) 4= C;H,,04, B= C¢H,, # 4 ;

. (b) protein

33. A, for NaCl, HCl and Na4 are 126.4, 425.9 and (c) starch

100.5 S cm? mol", respectively. If the conductivity (d) reducing sugar

. -5 ]
of 0.001 M HA is 6x10™ Scm™, degree of 38. Given below are two statements.

dissociation of HA is

Statement I The condition for any solution to be ideal
(a) 0.75 (b) 0.25 (c)0.150  (d)0.50

is that it should obey Raoult’s law over entire range of

34. Phenol on reaction with a mixture of conc. HNO; concentration.
and conc. H,SO, produces a compound. The degree Statement I A solution with
of unsatx'xrt'1t10n and th(_: nature of compound is Ny A S<OA V=04 H=0A_G=0issadto
(a) S, acidic (b) 7, basic (c) 6, neutral (d) 7, acidic be an ideal solution.
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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 all incorrect.

(c) Statement I is correct but Statement II is incorrect.

(d) Statement I is incorrect but Statement II is correct.

39. CH,CH=CH, — CH,—CH,—CH,OH
The reagent 4 is
(a) H,0/ H,SO0,
(b) Hg(OAc), / H,0 followed by NaBH,
(c) B,H¢ followed by H, 0,
(d) CH;CO,HH,S0,

40. IUPAC name and degree of unsaturation of the
following compound respectively is

(a) 2, 3- dimethyl bicyclo [2,2,1] hept-5 ene,2
(b) 1, 2- dimethyl bicyclo [2,2,1] hept-4 ene,3
(c) 5, 6- dimethyl bicyclo [2,2,1] hept-2 ene,3
(d) 4, 5- dimethyl bicyclo [2,2,1] hept-1 ene,2

41. Match List-I with List-IL.

Choose the correct answer from the options given
below.

(a) Aand B (b) Band C

(c) B,CandD (d) Only D

43. Match List-I with List-II.

Llst-l List-I1
A. [Cr(NH;),Cl,]Cl I.  Paramagnetic
exhibits
ionisation

isomerism
B. [Ti(H,0)sCIJ(NO;),  II. Diamagnetic
and exhibits

cis-trans
isomerism

C. [Pt(en)(NH3 )CIINO; I11. Paramagnetlc

and exhibits
cis-trans
isomerism
D. [Co(NH;),(NO;),]NO, IV. Diamagnetic
and exhibits
ionisation
1somer1sm

Choose the correct answer from the options given
below.

List-I List-11 (a) A-1V, B-I1, C-III, D-I
A. BF; 7 . Square ;;anaf h 2:)) ::IIII,I,B]?I-,LC(?I-III\,/ ’D]?I-{’I
B. BrF; II. Bent shape (d) A-I, B-III, C-1V, D-II
C. SF, Il Tetrahedral 44, [Co(NH, ), (NO, ), ] Cl exhibits
D. BrF; IV, Seessaw (a) linkage, geometrical and ionisation isomerism

Choose the correct answer from the options given
below.

(a) A-11, B-III, C-I, D-1V

(b) A-III, B-IV, C-II, D-I

(c) A-I11, B-1, C-1V, D-II

(d) A-1V, B-1I1, C-II, D-I

42. Which of the following statement(s) is/are true about
product obtained by treatment of CCl;CHO with
chlorobenzene in presence of H,SO,?

A. It has one chiral centre.

B. It is used as an insecticide.

C. It is not easily metabolised by animals

D. Its name is 1, 1, 1-trichloro-2,
2-bis-(p-chlorophenyl) ethane

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

(b) linkage, ionisation and optical isomerism
(c) linkage, geometrical and optical isomerism
(d) ionisation, geometrical and optical isomerism

45. Which of the following contains a coordinate

covalent bond?
(a) N,H} (b) BaCl,
(c) HCI (d)H,0

46. Identify 4, B and C in the following sequence.

A

Yellow solution

Green solutlon )
K Blue

solution



47

49

50

(a) Alkaline H,0,,acidified H,0,, on standing
(b) Alkaline O,,acidified O;,Zn/HCI

(c) Acidified H,0,, alkaline H, 0, , heat

(d) Alkaline O, heat, NH,OH

Consider the following compound.

A : Tetracyanomethane B : Carbon dioxide

C : Benzene D : 1, 3-butadiene
Ratio of 6-and n-bonds is in order.

(@) A=B<C<D (b)A=B<D<C
(c)A=B=C=D (d)C<D<A<B

. For a solution formed by mixing liquids L and M,

the vapour pressure of L plotted against the mole
fraction of M in solution is shown in the following
figure. Here, X; and X ), represent mole fraction of
L and M, respectively in the solution. The correct
statement applicable to this system is

)

1 Xy 0

(a) The point Z represents vapour pressure of pure
liquid M and Raoult’s law is obeyed from X, =0to
X, =1 '

(b) The point Z represents vapour pressure of pure
liquid L and Raoult’s law is not obeyed from
X;— 1

(c) The point Z represents vapour pressure of pure
liquid M and Raoult’s law is obeyed when X ; — 0.

(d) Attractive intermolecular interaction between L—L
in pure liquid L and M—M in pure liquid M are
stronger than those between L—M when mixed in
solution.

Which of the following statement is incorrect for

glucose?

(a) Glucose exists in two crystalline from o and p.

(b) It reacts with hydroxylamine to give oxime.

(c) On prolonged heating with HI, it forms gluconic
acid.

(d) Acetylation of glucose with acetic anhydride gives
glucose penta acetate.

Given below are two statements, one is labelled as
Assertion (A) and the other is labelled as Reason (R).
Assertion (A) [Ti(H,0),]** is coloured while
[Sc(H,0)41** is colourless.

Reason (R) d - d transition is not possible in
[Sc(H,0)4]*".

In the light of the above statements, choose the correct

answer from the options given below.

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

(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.

Section B : Numerical Value Type Questions

51. The chlorate ion can disproportionate in basic

52

53.

54
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solution according to the reaction,
2C10; — (ClO; + ClO;
The equilibrium concentration of perchlorate ions

for a solution initially at 0.1M in chlorate ions at
208 K18 .o x 107 . (Nearest integer)

[Given: E CI05/0105 = 0.39 Vand
EO

CI05/0105 = 0.36 V at 298 K.]

One atom of an element, y weighs 6.64 x 1072 g,
Then, the number of moles of atom in 20 kg is ...... ;

23.2 g of an organic compound having molecular
formula, C, H,, , , is burnt in excess of O, (g)
initially taken in a 44.82 L steel vessel. Before
reaction, the gaseous mixture (w) is present at a
temperature of 273 K with pressure of 2 atm. After
complete combustion and loss of considerable
amount of heat, the mixture of product and excess of
O, had a temperature of 546 K and 4.6 atm pressure.
The formula of compound is C_H,. The value of
sum of x and yis ......... . '

The pK, of a weak acid (HA) is 4.1. The pOH of an
aqueous buffered solution of HA in which 50% of
the acid ionised is ...... . [Nearest integer]

KMnO, reacts with ferrous sulphate as follows,
MnO; + 5Fe** + 8H' — Mn** + 5Fe®* +4H,0

Iere, 10 mL of 0.1 M KMnOy is equivalent to
0.1 M Fes9,.

For a complex reaction,

k
P —— Products

E, =200kJ/mol, E,, =90 kl/mol,
E,, =80kJ/mol and 4 =1
Overall rate constant, & is related to individual rate

p )23
constant by the equation, k = [%{) X
3

Activation energy (kJ/mol) for the overall reaction is



57.

58.

The conductance of a 0.0015 M aqueous solution of
a weak monobasic acid was determined by using
platinised Pt electrodes. The area of cross-section
and distance between the electrodes are 1 cm? and
120 cm respectively. The conductance of this
solution was found to be 5x107’S. The pH of the
solution is 4. The value of limiting molar '
conductivity (A’,, ) of this weak monobasic acid in
aqueous solution is Z x10> S cm? mol ™. The value
OLZ 18 . .saienie

The number of correct statement(s) about the given
reaction.
I” +ClO5 +H,S0,— CI™ +HSO; +1,
A. Stoichiometric coefficient of HSOj is 6.
B. Todide is oxidised.
C. Sulphur is reduced.
D. H,01s one of the products.

59.

60.

Ethylene glycol is used as an antifreeze in cold
climate. Mass of ethylene glycol which should be
added to 4 kg of water to prevent it from freezing at
—-6°C will be ...... g.

(K ; for water = 1.86 K kg mol ~! and molar mass of
ethylene glycol =62 g mol ™)

An element undergoes a reaction as follows,
X 43¢ ~3 X* and energy released

=-3086 eV/atom. If the energy released is used to
dissociate 4 g of H, molecule and equally into H*
and H*, where H * is excited state of H-atoms where
the electron travels in orbit whose circumference is
equal to four times of its de-Broglie’s wavelength.
The least moles of X that would be required is

[Given: Ionisation energy of H=13.6 eV/atom,
binding energy of H, =4.52 eV/molecule.]

MATHEMATICS

Section A : Objective Type Questions

61.

62.

63.

In given figure, person can move towards right or in
upward direction only, how many ways are there to
reach the point B from point 4 ?

B

A
(a) 70 (b) 90 (c)8 (d) 16
Solution of system of equation 2a* = 5% + ¢*,

abc =27 knowing that log, a, log, b and log, c form
a geometric progression, is

(@a=b=c=1 (b)a=b=c=3
(c)a=3andb=c=2 (d)a=b=2andc=3

If f(x, y) = crepresents the circle having radius »

which satisfies the differential equation & g 2
dc 4v+b

then

(a)a=-4,r=zl,/b2 +4c+25

(b)a=4,r= %\,’bz +8¢+100

64.

65.

66.
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(c)r=3a=3

(d)a=—4,r:%,/b2+sc+25

For complex number z and w, | z|2 o-loz=z-0,
if and only if

@z=worzo=1
s g ]
(c)z=(o-orzw=5

(b)z=worzon=1

dz=worzo=1

If [————2xdr=AF (x~1)+ BF (x~4)+C
(x"-5x+4)

X
and F(x) = j € i, then (4, B) is equal to

NEEREEN e
o

8 2 2 2 2
= lim — | 1-c0s——cos — +cos—cos— |,
x>0y 2 4 2 4
where a is a prime number, then ab

(a) is greater than 2b
(b) is less than 2b
(c) is equal to 2b

(d) is equal to 5h



67. Let p, g, r€ R, such that pgr =5, if

3p g r
A=|gq 3r pland 44" =4I/ and|A|isa
rop 3
positive real number, then p* +¢° +r* is equal to
(a) 125 (b) 137 (c) 64 (d) 16
3.\' _l 2
( ) , x#0
Aff(x) = sin(-x)log(lJr;) is continuous
c
10(log, 3)>,  x=0
at x =0, then c is equal to
10 3 10 3
a) — b) — c)— d)=
(a) 3 ( )10 (c) 5 ( )5

. The coordiantes of the focus of the parabola

4x? —4xy+ y* —8x-6y+5=0are

4 3 3 4
(a)(g,g) (b)(g,g)

4 3 3 4
o5 o(-5-3)

. Let f be a real valued function defined on the

interval [- 10, 10] by
if [x]is odd
if [x]is even

x = [x],
1+ [x]-x,

f(x)={

(where [-]is greatest integer function) and if

10 20 :
j lof(x)cos nx dx = —* k, then k is equal to
& n

(a)l (b) 2
(c)3 (d)4
71. If f: A—> B is an onto function such that

fix)=4/|x|-* +\/|T—]|_——, then 4 and B are
x|=x

respectively
(@) (= ©2,0), (0, =) (b) (= °,0),[2, )
(©) (0,),(2, ) (d) (=22, 0], (0, o)

. A hyperbola having the transverse axis of length

2sin 6 is confocal with the ellipse 4x* +6y* =12.

Then, its equation is
2 2 2 2

@S -—2=1 () ——f-—1—=I
sin“® 3cos“ 0 cosec’® sec” 0
2 2 2 2
© x* 3y T S

sin’ @ 1+3c0529_ sin’® cos20

73.

74.

75.

76.

77.

78.

79.
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A bag contains x biue balls and yred balls (x <13).

If two balls chosen simultaneously probability of
(one blue, one red) is 0.5. Consider the following
statements

I. The possible minimum number of blue balls is 3.

II. The possible maximum number of blue balls is 12.
(a) Statement I is true and Statement 11 is false

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

(c) Statement I and Statement II both are false

(d) Statement I and Statement II both are true

A mirror and a source of light are situated at the
origin O and at a point on OX, respectively. A ray of
light from the source strikes the mirror and is
reflected. If the direction ratios of the normal to the
plane are proportional to I, —1, 1, then direction
cosines of the reflected rays are

l 2 2

) —sTsiT b_

()333 (b)
1 2 2

C)——,——,——

©) 33 3

w

’

(d)-

)

-
3
2
35

W | = G| —
w N

a and c are unit collinear vectors and | b| =6, then
b-3c=Aa, if Ais
(a)—-9,3

(c)3,-3

The value of A for which the lines

X~-2 ¥Y-9 Z-13 X—-& ¥—-7 242

(b)9,3
(d) None of these

an
| 2 3 -1 2 -3

intersect, is

(a)-2 (b)-5

()3 (d)5

The line passing through the points (5, 1, @) and
(3, b, 1) crosses the line X =0 at the point

17 -1
(0,—7,——2),then

2 2
(@a=2,b=8 (b)ya=4,b=6
(c)a=6,b=4 (d)a=8 b=2

The coefficient of x” in the expansion of

(1-x = $2") is

(a) 144 (b) 132
sinBcos¢ sinBsing cosO

IfA=| cosOcos¢ cosBsing —sin6 | then Ais
-sinBsin¢g sinBcosd 0

©)-144  (d)-132

independent of
(@6
(c)Band ¢

(b)o
(d) None of these



80. The area (in sq units) enclosed by the curve
y=In(x +e), x=In(l/ y) and X-axis is
(a)4 (b)2 (¢)-3 (d)-6

Section B : Numerical Value Type Questions

81. The number of three-digit numbers, whose
middle digit is greater than the digit at unit place
and hundredth place is .........

82. Iftan' (x+1)+tan ' x+tan”' (x—1)=tan"' 3,
then the value of x is equal to .........

83. 10 —1—+ L - s +
2:4 246 2:4.6-8

...oo)is equal to

84. The number of points in (— oo, ), for which
x> —xsinx —cosx=0,i$ .........
85. If the mean deviation about the median of the

numbers &, 2k, 3k, ... 50k is 100, then | & | is equal
o Rm— )

86. If g, b, cand 4, B, C € R — {0} such that

od +BB +9C +/(@2 +B2 +y2) (42 +B? +C?)
BC  v4

=0, then value of% +—+
: B4 B oC

87.

89.

90.

HE+B)F 2+ 4 g5y 1= then

2
243"
x =0, and B, then 20000 +2000f equals ......

A circle has the same centre as an ellipse and passing
through the foci | and F, of the ellipse, such that the
curves intersect in 4 points. Let P be any one of their
points of intersection, if the major axis of the ellipse is
17 and the area of the APF|F, is 30, then the distance
between the foci is ......... .

Let f:(0,00)— (1, =) be a function such that
g(x) =J;f(t) dt, if g(x?)=x>(1+x) and

h(x) = f ' (x), then h(10) equals to .........

Let A and o be real. The set of all value of A , for which
the system of linear equations.

Ax + (sinot) y+ (cosa) z=0
x+(cosa)y+ (sinat) z=0
—x+(sina)y—(cosa) z=0

2
has a non-trivial solution is [— &, v], then 2021 (u_] is

v2

equal to .........

For more question paper log on to www.iitinspire.com
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PHYSICS (Section A: Objective Type Questions)

Que. 1 2 3 4 5 6 7 8 9 10
Ans c b a c d a a b a c
Que. 11 12 13 14 15 16 17 18 19 20
Ans c b a d a c c b a c

(Section B: Numerical Value Type Questions)

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

Ans 71.42 12 4 5 4 12 20 6.48 12 25

CHEMISTRY (Section A: Objective Type Questions)

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

(Section B: Numerical Value Type Questions)

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

Ans 2 500 14 10 50 140 6 3 800 2

MATHEMATICS (Section A: Objective Type Questions)

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

Ans a b d d b C b a a b

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

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

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

Ans 240 -1 5 2 8 3 4000 13 36 2021
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DETAILED SOLUTIONS

Physics

1. (c¢) At resonance condition of series L-C-R circuit, The equivalent resistance between points A and B is
; vV 60 a5k given by
"R 120 Req = @I2N)NI2)I(2r)
Thus,V, =IX, =lo, L Lt r o1 4

1
V_L 40 R eq 2r 2r 2r 2r 2

= lete . =9x10*H
Io, 05x4x10° g =T
! 2
Resonance angular frequency, ®, = _L\/—? Given, F= IIQ
» c=—t-__ ! =L x10¢F By == R
Lo? 2x107 x(4x10°)* 32 :
10- 3. (a) For simple harmonic motion,
C= W F maximum acceleration _ 20
i locit;
Since, current lags behind the voltage by % rad, hence ma;)nmum b
| = 29220 or ©=20 radis
X, - X wlL- c wa
tan ¢ = __L_R_L =tan45°= _R(x)_ At =0, displacement, x =10 m
1 x=asin(ot + ¢)
= WL-—-R=0 -
oC 1 10=asin(0+—)
= ox2x104——  120=0 .
(1)><32><10'6 or, 10=asin§
= ®*-6x10°0-16x10" =0 S—
_6x10°£4/(6x10%) +(64x10") V2
= ©= ) » a=102m
=8x10°rad /s = kx10° rad/s (given) Maximum acceleration =w’a
k=8 = (20)2 x 10v/2 = 400x 10v/2 = 4000y 2ms
2. (b) The given hexagon circuit is symmetric about the 4. (c) Given, m=167x10""" kg,
line AB, so the modified circuit can be drawn as below. 19
g=16x10""C
v=2x10° mys,
0=60°,B=0104T
S o’
q‘?.)\(\% ’\8@
.
)Z 4// X X X X
X X X X X
X 60° X . X X N X
Vo = vcos 60° %
X X X X X
X X X X X

As velocity of proton is inclined to the direction of
magnetic field, so it will move on a circular path while
moving in forward direction. So, the path of proton is
helical path.

)
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.. Radius of the circular path,
mv, _ mvcos 60°
Bgq Bg

r=

. L67x107%7 x2x10°

T 0104X16x107"° x2

Time period of revolution,

v, Bg
- mx167x107
0104x16x107"°

0lm

=2mx107 s

5. (d) Radius of the circle, = 50cm = i m, s = 2nr

=
v

v = ks?
- Tangential acceleration,
a, = LR P ML 3
dt dt
a, = 2%%s°
The centripetal or radial acceleration,
2 2.4
ve ks
a =—=——
r r

. Net acceleration, a,,,, =+/a? +a

2
2.4
ay, =\/(2k2s3 )z+(k s ]
r
2\1/2
= ks 4+%
y

22\\2
=k? x8n3r3[4+4n2' ]

r

=k*x8n’ x_;xz(nzﬂ)“2

=m Kk (n? +1)"?

6. (a) As net external force is zero.
.. Applying conservation of momentum,
Dy =P
= mu+ 0= mvcos 30°+mvcos 30°
u

V3

Now, initial KE, K| = % mu’

V=

(i)

Final KE, K, = L L

= mvz = yr{%)h = —:l'; muz [using Eq. 1]

- LossinKE=K, -K,

| 1

,
=5mu‘ ——mu- =—mu

6
7. (a)

2

As electric field inside a charged spherical shell is zero.

E=0
dV =-Edr=0

-9
Vo =V, =constant =

4ne R

. The external work done,

W=AU=q(V,~V,)=0
8. (b) Given, M , =1kg, M, =2kg,u, =015, =02

As the blocks are at rest, so static friction acts in the

system of blocks.

The FBDs of the blocks 4 and B are shown below.

21
A i °
_) l—
Fli W |
10N v l
fy 20N

For equilibrium of body 4,

fi =10N
For equilibrium of body B,

f,=/+20=10+20=30N
.. Frictional force applied by the wall on the block,

f, =30N

Here, —4 = i Force between A4 and C is
M 3

B

9. (a) Letapoint mass at C is placed at a distance of x
from the point mass at 4 as shown in figure.
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GMM
(1-x)?

According to question, F 4 =— F BC

Force between B and C is Fp =

GM M _ [GM,, )

xz (1 x)

I
MB 3 3(1-x)?

Py

= x- = x
(1—)()2 (I-x)

By solving, we get x = j—; m

3(1 x)

(c) [Stress] = [Young modulus] [Strain]
[Change in length] [M°LT’]
[Original length]  [M°LT?]
= [MOLOTO] = Dimensionless
[Stress] = [Young modulus]
Thermal conductivity, [K ]
_ [Energy/ Time][length]
- [Area] [Temperature difference]
_IMUT[L]
[L*][K]
Strain is a dimensionless physical quantity, whereas
stress is not a dimensionless physical quantity.

As, [Strain] =

=[MLTK™]

(¢) Let p; =latm, n=5mol, 7, =293K
V,
and L
10
Using, T,V,"™ =10
Ak
= T, =T (—'] =293(10)** =736 K
V)
[for diatomic gas, y = 1.4]
Work done, W = M
¥—1
_ 5x83x(293-736)

=-46K)
04

AU=AQ-W =0-W =46k
Foax = 2X102m
r. =8x10""m
=8x10*ms™
By conservation of angular momentum,

myvr = constant
X Fnin

()

vmax

Xr

v max

min = Vmax

13'

14.

15.

16'l

4 10
o Rl ROXID _ b g 1M ggngri2
2x10"
=32x10* =32x10° ms™
(a) The rms speed of gas molecules is v, = %

The average speed of gas molecules is
,8RT
Vav =157
M
Vons: Vay = \B:‘/E =1732:1595
n

According to law of equipartition of energy, the energy
of an ideal gas is distributed equally among its all
degree of freedom. The energy associated with each

degree of freedom per molecule is %RT.

(d) The magnitude of B is
B=£-_90 _3ys10%7
¢ 3x10

In EM wave, E and B oscillates perpendicular to each
other. As wave is propagating along +x-direction and E
is along + y-direction. So, magnetic field E should be
along +z-direction.

B=32x10"8KT

(a) Given, V, =nv,,m, =Y,

x_p —_— x
A
The de-Broglie wavelength of a particle is
S,
my
—}\'—p = me ve — x
Ae myy,
= BAVAL .
m, nv,
-y
mp = E

(¢) Diode gets forward biased during positive half-cycle
of alternating source, hence current flows. Let the
barrier voltage of diode is V', its forward resistance be
R and load resistance be R, , then peak voltage of
applied signal is

Vo=Vy +iy Rp +R))
Vo=V
Rr +R,

Ly
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=20-07 _sr8x107 A
00

=37.8mA
Peak voltage across the ends of the load R, ,
V, =iy xR, =37.8x107 x 500=18.9V
For ideal diode, ¥z =0and R =0
Vo _ 20

and ¥, =igR, =0.04x500=20V

17. (¢) If Y = Young’s modulus, m = mass of the wire,

x = extension in the wire, 4 = area of cross-section of the
wire and L = length of the wire, then Young’s modulus by
Searle’s apparatus can be calculated as follows

Y_LniL_4mgL

Ax  nd’x
AY Am AL Ad  Ax
— =t —+2X—+—

Y m L d x

001 001 001 001
20, W g M
400 3220 0045 087
= 04615

. Percentage errorin Y = (% X 100) %=4615%

18. (b) According to Bohr’s model,

v2

Foc—
’
Also, Ve B (n = principal quantum nufnber)
n
= F o< —14
n

19. (@Y =(A+B)-(B+4)

=A-B+A-A+B-B+B-A

=A-B+A+0+B-A (+B-B=0andA-A=4)
=A(B+1+B)=4 (+B+1+B=))
20. (c) C = 120pF=120x07"?F,
V=30V,K=§
2
Let induced charge on the dielectric be 0’
-Q +Q
+Q [ - +]1-Q
+ -
#|="E " +|]-
+ -
+ —(—E— + -
+ i -
+ (| 5 e

The charge on the capacitor with dielectric medium,
Q=C'V=KCV

21.

.. E = Electric field inside the plates of capacitor due to
charge O
_ 90

A,

E; =Induced electric field =

€04

.. Resultant electric field between the plates of capacitor
after insertion of dielectric material,

E’:E—Ei=Q—Q ...
€04
E,=£: Q
K ¢,4AK
From Egs. (i) and (ii), we get
0-0_ 0
ggd £y4K

r=of1-L
0 —Q(l K)

—kevf1-L)= (k-
Q—KCV(I K) (K-1)CV

Also, ...(ii)

[-0=KCV]

- (g—l)x 120x107'? x 30=18nC

Study Tactics

Start from the calculation of electric field inside the plates
of capacitor and then induced electric field. Equate both

the electric field and finally, calculate the induced charge
on dielectric.

(71.42) For a body rolling along a level surface,
(KE) 1ot = (KE) +(KE),

=1mv2 +110)2
2 2

= (KE)Total = “;' (mv2 +10~)2 ) (l)

Now, moment of inertia for the solid sphere,

lzgm#

Substituting this value of moment of inertia in Eq. (i),
we get

(KE)1otal = —;(mv2 +§ mrzmz)

Angular velocity of a body is given as

Vv
O=—=>v=0r
"

Substituting value of wras vin the above equation,
I{_ 2.2 2
KE =—|mv-+=mv
( )Total 2 ( 5 )

7
= (KE)Total = Emvz
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Now, the contribution of translational KE in total KE can
be found on dividing the translational KE by total KE.
1

As, light is monochromatic,

(KE)Trans _ imv " 1] - 12 - 10
=5 At, Ad=4n,
(KE)potar 7,2 :
T I=41, (given)
110 Also given, I=c
=—X— c
2 7 Iy ==
10 4
T4 For path difference,
=07142 Ay &
%(KE)gyn, = 07142x100 | 4
_ o Phase difference,
=7142% 5 4 =
. . . Aq) =—X—=—
22. (12) The coefficient of linear expansion, A 4 2
a=?‘A7’ I'=1, +1, +2/1,1, cos(Ad)
_ . . c c c
The coefficient of volumetric expansion, = 2 ¥ 2 +2x 2 x0
Y )
T V = 3
~.Foracube, V = xyz ne ¢
AV _Ax a Ay . Az According to question, T ==
Vv x y z - -
1AV 1 Ax 1 Ay 1 Az
TV Ty + T ¥ T 25. (4) When capacitor is fully charged, then it behaves as
’ open circuit.
= Y = a.\' +(x)' +(x: /1 5Q 8V 5Q
= o, =y-(a, +a,)
=57x107 = (404 5)x 107 I, 5Q 5Q
- a. =12x107°/°C=nx107/°C na b
= n=12 42101(/
1 (K 1 1 ;
23. (4) ——=(—£—1](———] (1) 1010
fo K, Ry R, Ryu= =55
" 1 10+10
1 |
Similarly, — =| & -1|| ———| = ...... (ii) 20-8 12
d Jm (p'm (Rl R"] 11: =?=2‘4A
Dividing Eq. (i) by Eq. (ii), we get E 20
[=——="=4A
(” . 1 £5 -1 R net 5
. ha J AL J_, I, = (4-24)=16A
a (”H- s V=1, x5=16x5=8V
u‘ m i 1 Va - 20 V
3 Vi =V, =V,
In _ 4 = 8=20-V,
fa v, =12V
24. (5) For path difference, Ax = 2A

.. Potential difference across the capacitor,
V=V,-8=12-8=4V

Phase difference, Ap = 2—;- XAx= % X2\ =4n
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26. (12) The fundamental frequency of the vibrating wire in
sonometer is

T

1
=l
1
a
As, fi:fs:if3=1:2:3

Lily:ly = ;'%:—;=6:3:2

6+3+2

=—m
.. The distance of first bridge form first end is

11

L =—m
Y

A compared with given equation in question.

I 12:}»x=12

11 11

(20) Initial velocity,
u=20m/s
Final velocity,
v=0
Acceleration,
a=-gsinf=-10sin0
Displacement,

27.

h

§=—0

sin @

]

20 ms™

0

Using v=u+at
0=20+(-10sin6)(4)
20 1 -

=
From second equation of motion,

s=m+1aﬁ
2
h
sin 30°
2h=80+1x(i))x16
2\ 2

’ 20(4)+%(—10sin 30°)(4)°

h=20m
(6.48) For transition of electron in hydrogen atom,
nl = 3, n 2 = 1
The energy of photon emitted by hydrogen atom,

28.

29.

30.

E=-136 T 3 =-136 LI | =1208eV
2 32 2

2
nom

Now, B=8x107*T,7=10mm=10x10"" m
. Radius of circular path of electron in magnetic field is

_ my _ m
"By Bg
= Kinetic energy, K = rZB“qz
2m
- (10x 107)2 x (8% 107*)? x (L6x 107" )2
2x91x 107!

=9x107%J=56eV
From Einstein photoelectric equation,
KE=E-¢
5.6=1208-¢
o =648¢eV

oM

(12) B=

1:&

HoN
_2x7536x107 x10x 1072

4nx1077 x 100
(25) Given,m=6kg, R=10m
For the block to complete vertical circle,
Ng20
- Applying conservation of energy at 4 and B,

1 , 1 5
—mvy; =—mvy + mg(2R
MV =5 Mg g( »)

I =12A

vi =vp +4gR axs(1)
Also, at point B,
mv3
Np+mg= TB
= vi =gR ...(ii)
From Egs. (i) and (ii),we get
v, =+/5%R ...(ii)

Minimum velocity at 4,v , = \/ 5¢R
Now, applying conservation of energy at points 4
and C,

min

0+mgh .. = % mvf1

mgh iy, = % m(5gR) [using Eq. (iii)]

=§R=§x10=25m
2 2

min

hmin =25m
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Chemistry

31. (@) Borax molecule is made up of two tetrahedral and
two triangular units joined as follows

B OH T
0— B 0
Na, HO—-—B/ ‘o\B—OH -8H,0
_BZ 7
L OH i

So, correct representation of borax is,

32. (a)The reaction is represented as

(|3H20H ?HZOH ?Hon
C=0 HO—(ll—CN n,0- HO—C—COOH
R
(C|H0H)3 (CIHOH)3 (ClHOH)s
CH,0H CH,0H CH,0H
l (i) NaBH, (4) C4H,404
(i1) HUP

n-hexane (B)
CeHiq

33. (¢) Given, AomNaCl =126.4 S cm*mol ™
A’ HCI=425.9 S cm”mol ™!
A’ Nad =1005 S cm’mol ™
A’ HA = A° HCl+ A’ Nad - A°, NaCl
=4259+1005-1264

=400S cm*mol ™!
A= 1000k _ 105, 1000
& 0001
=60S cm’mol !
Am_ﬂ=ﬂ=mso
A° 400

34. (d) Phenol undergoes electrophilic substitution reaction
on reaction with a mixture of conc. HNO; and conc.
H, S0, (known as nitrating mixture). This reaction
produces nitro compound and on successive nitration it
produces trinitrophenol.

Conc. HNO3 + Conc. H,80, —9NO2 (electrophile)

Phenol

Pncnc acnd

Molecular formula = C4H;N; 0,

Degree of unsaturation = (C+ 1)- g —% + g

—(6+l)—§+%=7 0=7

Nature of compound The compound is acidic in nature
due to presence of three strong electron withdrawing
groups (NO, ).

_H
0 0 0
N s

N 'q
0~ o
N+
\
o/ 0

35. (¢) Copper and silver alkylides are obtained by passing
alkynes in the ammoniacal solution of cuprous chloride
or silver nitrate respectively. The reaction are used for
detecting the presence of acetylenic hydrogen atom is
HC= CH + Cu,(Cl, + 2NH ,OH —

Cu-C= C-Cul + 2NH,Cl + 2H,0
Copper acetylide
(Red ppt.)

While, C,H, and CH, comes out unaffected from test
tube.

36. (¢) The given reaction are represented as

2 L1A1H4 @\

@;o

(a)
Benzamide Benzyl amine
H,—NH,
LiAIH
(b) ©/ iAlH, ©/
Phenyl nitrile Benzyl amine
IIJ H
C—N=C C—N—CH3
| LiAlH, |
(©) o —
2-phenyl ethyl 1somtnle N-methyl benzyl amine
CH,—C—NH,; " CH,—NH,
n
@ +KOH
2-phenyl ethanamide Benzyl amine

Last process is a good example of Hofmann bromamide
reaction in which carboxylamide are converted into
amine having one carbon atom less than carboxyl amide.

)
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37. (b) All 0-amino acids on treatment with ninhydrin
(2, 2-dihydroxyindane -1, 3-dione) give purple
colouration. The purple coloured complex is

Ruhemann’s purple. This test is called ninhydrin test.

Hence, it is a corroborative test for the presence of
protein. The reaction is as follows

0)
H
| O o
H,N—C—COOH +2 C\
| OH
R
(0]
(0} 0]
CO, +4H,0 + RCHO + \C—N :m
0] (0)
Purple coloured

complex

38. (c) Statement I is correct but statement II is incorrect.
For a solution to be ideal it should obey Raoult’s law

over entire range of concentration.
In case of ideal solutions, other conditions are

H.0,
39. (c) CH,—CH=CH, + B,H, — =
Propen
o CH,—CH, —CH,OH

Propan-l1-ol

When propene reacts with diborane followed by H,0,,
it gives primary alcohols which is in accordance with

anti-Markownikoff’s rule.

40. (¢

5

Total carbon atom forming the bicyclic ring = 7 (hept)

Functional group present = double bond (ene)
Position of double bond = 2-ene

Substituents = 2-methyl groups = dimethyl
Position of substituents = 5,6 —— 5, 6-dimethyl
Number of cyclic chain =2 — Bicyclo
3-bridges are 2 carbons, 2 carbons and one carbon.

IUPAC name = 5, 6-dimethylbicyclo [2, 2, 1] hept- 2-ene

Molecular formula of compound is CoH,,.

Degree of unsaturation can be calculated as
u=(C+ 1)—E—£+E
2 2

41.

42,

where, u = degree of unsaturation
C=number of carbons
H = number of hydrogens
X =number of halogens
N = number of nitrogens.

Hence, for a compound having molecular formula
CyH,, the degree of unsaturation may be calculated as

14
u=(9+1)-—
O+1) 3
=10-17
=3

Study Tactics

The problem can be solved by identifying the parent
chain, functional group, position of functional group,
substituent and their position one by one and then write
the name of compound according to IUPAC names and
finally calculate degree of unsaturation by using formula
u=C+ 1)—E—§+ N
2 2 2

(¢) The correct match is A-III, B-I, C-IV, D-II.

The molecules with their shapes are given below.
(A) BF; - Tetrahedral
. e
|
B
7 \F\ F

(B) BrF; — Square planar

L.
’ N
N
N
N
N
N

’
’

F—Br F
% F o
(C) SF, — See-saw
F

:é/ ’

| F
F

(D) BrF, - Bent-shape

ot e
. .

Br
F” NF

(c) Among the given statements B, C and D are correct
while statement A is incorrect.
Preparation of DDT

DDT is p, p-Dichlorodiphenyltrichloroethane prepared
by reaction of chlorobenzene with CCl; —CHOin
presence of H, SO, through electrophilic substitution
reaction.

)
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cl
Cl [ Cl
>C_C\ *g —’A>c1—c|—c
o | H | NH
Cl i
cl
DDT

Characteristics of DDT
» It is used as an insecticide to kill mosquito so that people
are prevented by malaria.
» It is highly toxic towards fish.
* It is toxic for animals because it is not easily metabolised
by animal.
¢ It has no chiral centre.

43. (b) The correct match is A-III, B-I, C-IV, D-IL

A. Cr*" has 3d* configuration, with 3 unpaired
electrons. Hence, it shows paramagnetic behaviour.
Complex of the type Ma b, shows cis-trans
isomerism

B. Ti** has 3d" configuration, hence shows
paramagnetic behaviour. Complex gives Cl~ and
NO;j ions in solution hence, shows ionisation
isomerism.

C. Pt** has 54° configuration but ligands are strong
field ligands hence, it forms square planar complex.

thus, all electrons are paired and it also exhibits
ionisation isomerism.

D. Co" has 34° configuration. But, ligands present
are strong enough to cause electron pairing, hence,
it shows diamagnetic behaviour and exhibits
cis-trans isomerism as it is Ma, b, type complex.

44. (a)

(i) NO, is an ambidentate group. It can show linkage

isomerism by linking through either N- or O-atom.
(i1) The given complex can show ionisation isomerism
with the complex [Co(NH; ),NO,Cl] NO,.

(iii) The complex show geometrical isomerism.

NO, NH;
H3N NH3 H3N NOz
Co
H;N NH; y,N NO,
NO,
trans-isomer NH;
cis-isomer

A coordinate bond is present between N and H and a

covalent bond with 4 hydrogens. Thus, it form coordinate
covalent bond.

46. (a) (4) 2Cr>* +100H" +3H,0, — 2Cr0}" +8H,0
Green Yellow
A

il)

0 0
(B) CtO? + 2H,0,+2H — | Ncr'| +3H,0
07 g \O

w: Blue
In aqueous solution, CrOy is unstable and it further
decomposes.

(Amphoteric)
Cr,0; +3H,80, — Cr,(SO,4); +3 H,0

47. (a) A.Tetracyanomethane : C(CN), has 8 5 and 8 m-bond.
So, ratio is 1.
B. CO, has 2 6 and 2 -bonds. So, ratio is 1.

C. Benzene has 6 6 and 3 mt-bonds. So, the ratio is 2.

D. 1, 3-butadiene has 9 ¢ and 2 m-bonds. So, the ratio is 2
Hence, the correct orderis A=B<C<D.

48. (d). .
)[ A
T 47
P, o
/. p, (ideal)
1 Xy 0
0y I

The graph representing the deviation from Raoult’s law
therefore intermolecular forces of attraction between

M—L<M—M or L—L
pL2prX;
but when X ; = 1, the mixture has almost pure liquid L so,
pL=p1
49. (c) The incorrect statement for glucose is given in option

(c). Its correct form is, on prolonged heating with HI,
glucose forms n-hexane.

CHO

I
HI,A

(n— hexane)

CH,OH

50. (a) Both (A) and (R) are true and (R) is the correct
explanation of (A).
[Sc(H,0),4 1** has no unpaired electron in its d-subshell
and thus d -d transition is not possible. [Ti(H, 0), ]3+ has

one unpaired electron in its d-subshell which gives rise to
d-d transition.

IIT INSPIRE ACADEMY OF SCIENCE: XI, XII, SCIENCE, NEET, JEE, MO. NO.:9595445177, 9021445177 10




@ IIT INSPIRE
ACADEMY OF SCIENCE

51.

52.

53.

JEE PAPER-2

(2) At anode

H,0(/)+ ClO3 (ag) — ClO; (aq )+ 2H" (aq)+2e”
At cathode

2H" (aq) + ClO; (aq) + 2~ — ClO; (ag)+ H,0(/)
2C105 (aq) —> ClO; (ag)+ ClO; (aq)

Eoy =—0.39+036=-0.03

Eq = . In K
2F

-0.03 =0—'§§logK or K=0.1

2C10; == Clo; + ClIO;

0.1-2x
X o=l
(0.1-2x)? 10
3.16x=0.1- 2x =5.16x=0.1
0.1

=— =00193=1.93%x 102 =2x 1072
5.16

(500) Atomic weight of element,
y=6.64x 102X N , =40

20x 1000

Number of moles of y = =500

(14) Equation of combustion,
CnH2n+ 2 t (3n i

Initial pressure of C, H,, , , is p (assumed).
Increase in pressure

=p[(zn+1)-1-(3”2+ 1)]:(1;—1),; ()

" Molecular mass of organic compound = 14 X n+2
at 546 K and 4.6 atm or 273 K and 2 atm
Increase in pressure
= 23-2=0.3atm
nRT =£gx(0.0821 X 273)_ 11.6
V M 44.82

 l4n+2
Substitute the value of p in Eq. (i)
(n—l)>< 11.6 ~03
2 14n+2
On solving, n = 4, so formula of compound is C4H,,,.

Thus, x+ y=4+10=14

Study Tactics

This problem can be solved by using concept of ideal gas
equation and chemical equation involved in combustion
reaction. Students are advised to follow the steps,

Write chemical equation involved in combustion of
hydrocarbon.

Calculate increase in pressure by assuming initial pressure = p
Then, calculate number of moles using ideal gas equation.

54. (10) From the aqueous buffered solution of H4, 50%
HA is ionised.

[HA]=[4"]
Buffer solution of weak acid
HA — acidic buffer

[47]
H=pK  + log-——
=P Og[HA]

pH=pK, + log-g%= pK, +logl

pH=pK, =4.1
pOH=pK,, - pH
pOH=14-4.1=99=10
55. (50) KMnO, reacts with ferrous sulphate according

to the given reaction. So, reaction can be represented
as

2KMnO, +10FeSO, +8H,S0,—

K,S0,+2MnSO, +5Fe, (SO, ); +8H,0
2 moles of KMnO, reacts with 10 moles of FeSO,.

The number of moles of KMnO, in 10 ml of 0.1 M
=0.1x0.01=10"" moles

Therefore, 10~ moles KMnO, reacts with 5x 107
moles of FeSO,.

Hence, 10 mL of 0.1 M KMnO, is equivalent to its
5 times, i.e. 50 mL of 0.1 M FeSO,.

56. (140) According to Arrhenius equation,
k= Ae~EaRT
E

_far
So, k; = de AT
E

P
k2 = Ae RT
E

P

and k; =Ade AT

2/3
ki k .
k=[}c—2j [Given]
3
Ry g 2/3
. Ae RT . 4o RT _ 4o-EelRT
o Eas/RT
LP(E - (Egy +E )).
RT3 A R — o EalRT
2
E, ‘E[Ean +E,,2 _Ea3]

E, =§[200+ 90— 80] =§[210]

=140 kJ / mol
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, ) >
§7. (6) The formula for conductance is G =K X % 60. (2) X +2e > X

energy released = — 30.86 eV/atom

5%107 =k x &) Total energy released = number of moles of molecule

g 1 x energy released by one mole
K=6x10" Scm™

of molecule
-5
A(,;,:KXIOOO=6XIO ) xlOOO=4O = % 30.86 N, eV
M 00015 4
pH=4 Number of moles of H, = 5 2
+ -4
[H']=10"=Co=000150 According to de-Broglie, 2 r= nA
o= A_(;“ = 107 = 006667 Now, it is given that, 2mr = 4\
Ay 00015 n =4 [Energy level]
O 2H, —— 2H' +2H*
" Total energy required = total energy required to
- 40Scm” / mol dissociate two moles of H, + total energy required in
" 006667 ionisation of two H, to two H™ + total energy required
A, =6x10% S cm?*/mol in ionisation of two H to 4th excited energy level.
But =2Xx4.52xN, +2x13.6N, +2><l3.6x(l——l—]x1\(4
A, =Zx10* S cm*/mol 16
Hence =6k =N, (9.04+27.2+27.2x0.94)

=N, (6180) eV

58. (3) Statements (A), (B) and (D) are correct. ) ) . g
We know that, during formation of H" and H in above

Balanced chemical equation is

reaction
-1 0 ¥
61" +ClO; +6H,80,— Cl™ +6HSO; +31, Total energy required = Total energy released
+3H,0 o (61.80 xN,)eV =(-3086y)N, eV
The stoichiometric coefficient of HSO is 6. y= 35—22 =2

lodide’s oxidation state has changed from —1to 0
oxidation state, i.e. iodide is oxidised.

H,O1is one of the products in the reaction.

Sulphur oxidation state remains the same after reactions,
i.e. + & hence sulphur is not reduced.

Hence, number of moles required = 2

BTSRRI R I 5

Study Tacticé

This problem is based upon the conceptual mixing of

de-Broglie equation and energy consideration during

59. (800) AT, = freezing point of H,O- freezing point of formation of molecule. So, students are advised to

' calculate the energy required and energy released

- 55 2 during process. Before calculating energy required write
=0-(-6°)=6°C the reaction of formation of H* andH™ by using concept

K, =186Kkgmol™ of de-Broglie's equation.

=]

ethylene glycol solution

w, = Mass of ethylene glycol in grams

w, = Mass of solvent (H,O)in grams = 4000 g_I M ath emati cs
m, = Molar mass of ethylene glycol = 62 g mol
f=vari HolE Bantor = | 61. (a) We have, shown two possible path in the following
(. ethylene glycol is non-electrolyte) figure v
AT, =iK /m H .
1000K , w, (i) H|vV
From, Al g — v
m| H/': H V
6=lOOOx 1.86x w, x1 » v
62 x 4000 T H H
w, =800 ¢g
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If horizontal movement is written as / and vertical
movement is written as V.

Then, these paths can be written as
HHHHVVVV and HV HV HV HV

Hence, the possible path is basically arrangement of 4 H

and4V.

.. Total number of ways =

414\ 4x3x2x1x4!

(b) log, a,log, band log, carein GP.

= (log, b)’ = log, axlog, c
= (log, b)* =log, c
= (log, b)z = l
log,. b

= (log, b)’ =1
= log,. b=1
=> b=c(a,b,c>0)
Then, 2 =p* +¢*
= 2" =2*
= a=h=e
By abc=27= a’> =27= a=3
sa=b=c=3%
) Given, & =S

dc 4y+b

=(4y+b)dy=(ax+5)dx
2
= 2y +by=%+5x+C

2
= 2y —~w;—+by—5x—C=0

represents a circle, then 2= — % =>a=-4
s 2+ yE )+ by-5x=C=0

=>x2 4+ )'2 - gx + g y- ¢ = 01s a circle of radius,

[ 2 2
)+ +5
r=.l—1| +|=| +=
\/ 4 4 2
Hence, r=Zl\/b2 + 8C + 25

@ |zfo-zof-z+0=0

=so(z]*+)-z(o]? +1)=0

o |of+1
= —=—
z |z|"+1

.
= — is a real number.

-
<

' 1
8! _8><7><6><5x4._70

65.

66.

= 0z =z0 o {

SR>
wi | el

From Eq. (i), we get
2ZO - z00 - z+0=0 fezz=|z|

= z(zo-1D-0(@z-1)=0 [using Eq. (ii

= (z-0)(zo-1)=0
= z=morzo=1
x—1ln_
(b) Given.je—zﬂ= AF(x=1)+ BF (x-4)+C
x"-5x+4
X 2% _ 4 N 4,
¥’ -5+4 (x-4)(x-1) x-4 x-
= =4, (x-1)+4,(x-4)
On solving, we get
8 -2
Ay By By e
B
z B
. Je“"zmr:jex-l_L 3 |2
=B -1 x—4
_ x-1 x-1
P { dx+—8j" dx
379x-1 37x-4
-2 8 3
=—F@x-1)+-e'F(x-4)+C
3 o3
A=:%andB=—8e3
3 3
-2 8 3)
A,B)=|—,-¢
up=(2S
Study Tactics

First, use partial fraction method of integration, then use
X

Fo = 67 ox to get expression in the form of C- F(x)

where, C is constant.

1 b 8 x2 2 2 2
(c)(—] = lim —| 1-cos — — cos — +cos — cos —
a 0,8 2 4 2 4

8 [ x? x?
l-cos— || 1-cos—
8 2 4

. 8 [ 0 xz . 9 xz
= lim — (| 2sin“ — || 2sin“* —
x>0 ,8 4 8
X’ ; X :
sin - sin —
= lim 3
x—=0 xz rz

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




JEE PAPER:2.

@ IIT INSPIRE

ACADEMY OF SCIENCE

2 v
sin — sin” -
= lim 32 4 87
=y 4x° x©
— 8 x
4 8
32 1 1

a=2andb=5
a-b=10=2
67. (b) "~ Given, pgr=5 AAT =41
3p g r
and A=|q 3r pl|=4T
rop 3
AAT =41
= AA =41
= AP =41
= A =|41]=47 |1
= |A|=%8
But | 4 |is positive real number.
= |4|=8
Now, |A]=8
3p q r
= g 3 p|=8
rop 3
= 29pqr—3(p3+q3+r3)=8
= 3pP+q® +11)=29x5-8=137
F =15

68. (a) limof(x)= Im})

sin(x] lo (1+ x)
c B 3

1

E% -

. Y- ) e ;
= lim X lim X lim ————
x>0 X x>0 . x x—0 7
log l+3

¢
=(log, 3)’ xcx 3= 3c(log, 3)
Also, f(0)=10(log, 3)*

5
. [3 - x°
lim X X
x—>0 ¥ e X
xsin log |1+°
S - 3

.+ f(x)is continuous at x = 0.

< 3c(log, 3)* = 10(log, 3)°
10

= c=—

3

69. (a) Given equation is (2x - y)* = & + 6y-5

Since, the lines 2v — y = 0and 8 + 6y — 5= Oare not at
right angles, so adjusting the equations further, we
rewrite it as

4% + 32 +1- dxy—4x+2y=4x+8y-4
= (x-y-1)* =4(x+2y-1)

o 22— y-1 -_i x+2y-1
y2i+ 12 V5|12 422

which is of the form ¥ > = 44X, since the straight lines

2x— y—1=0and x + 2y — 1= Oare perpendicular to

each other.

Focus is obtained from X =gand Y =0
x+2y-1 1 x—-y-1
—— =——and——=— =0

NN NG

= x+2y-2=0and2x- y—-1=0

Solving them, the focus is (% s g)

+[x]-x, if[x]iseven
| X m-1<x<2n
-, 2i<x<m+1

70. ) f(x)=[l X[, if[<]isodd

R R I I N

f(x)is periodic.

0
1=J'_m~/(.r)cosnxdx
= 2J’(:O‘f'(x)cosnxd\'
=2x SJ; f(x)cos mx dx
= IO[I;(I—.v)cosmdr+le(x— l)cosnxdx]

=10[/, +1,]
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1
I, = .[o (1-x)cos mx dx
1
=- Io XCOS TUx dx

2
I, =.[1 (x = I)cos mx dx
On puttingx—1=1

1

=- JO tcos Tt dt
1

=- _[0 XCOS Tx dx

I= 10(— 2]; xcosmxdx)

s 1
XSInTx COST X
=—20[ o ]
b I8 0

_40
T
1 flx)cos mr dv= D=2
~ n” T
= 29 X2
o
= k=2

Study Tactics

First, using property of greatest integer function, draw
the graph. Then, by properties of definite integration get
the required result.

1
) f(x)=ylx[-x+
J|x|-x

If x>0 then|x|-x=0
Ifx< 0 then|x|-x=-2x

s fx)=4-2x+ \/le_x,

where — 2x> 0
= A=(—09,0)
We know that AM > GM

N

2 N
= f(x)22
=% B=[2,)
Study Tactics

Use property of modulus function, then apply AM 2 GM.

72.

73.

74.

(d) Given that the length of transverse axis is 2sin8 = 2a
= a=sin6
Also, for the ellipse

4x? +6y* =12

2 2
=N _x__-}-y_:
302

Here, a*=3and b* =2
P
e= l—b—=\/l—g=l
a’ 3 43

Hence, the focus of ellipse is (%1, 0).

As the hyperbola is confocal with the ellipse, the focus
of hyperbola is (1, 0).

Now, a’e’ =1

= sinf ¢ =1

= (¢)* =cosec’d

B? =g (e = 1)=sin2 0 (cosec’0 — 1)

=% b2 =1-sin?B=cos’ O
Therefore, the equation of hyperbola is
2 ) 5 _
sin?0 cos’ 6 B
(¢) Total number of balls=x+ y
Required probability = ‘_Cilﬂxi =1
J Cz 2
2xy 1

= bt
x+y)(x+y-1) 2
dy=(x+y)(x+y-1)
4er=x2 +xy—-x+xy+ y2 -y
¥ - (x+Dy+x? —x=0
For real solution,
A=(Q2x+1)? - 4()(x* -x)
=4x? +1+4x-4x" +4x =8 +1
must be a perfect square
= x=13,6,10
- Statement I and Statement II both are false.

(d) Let the source of light be situated at 4 (a, 0, 0),

where a # 0. Let OA4 be the incident ray, OB be the
reflected ray and ON be the normal to the mirror at O.

ZAON = ZNOB =%

Direction ratios of O4 are proportional to a, 0, 0 and s
its direction cosines are 1, 0, 0.

o ) 1 1 1
Direction cosines of ON are — ,——,—

43~ 43748

)
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NICD

-1
V3

N(1, 1,1
A@ 0,00 N )B

6/2 | 6/2

0(0,0,0)

Let /, m, n be the direction cosines of the reflected ray
OB.

Hence, direction cosines of the reflected ray are
1 22

’

B 33

(a) We have, b— 3c=Aa

On taking scalar product with ¢, we get
(b-3¢)-c=A(a-c)

= bc-3(cc)=A(a-a)

= b-c-3=A

= be=3+A (1)
['"|a|=]|c|=1and a, care collinear vectors]

Again, b-3c=Aa

= |b-3c|=|Aa| = |b-3c|> =A%|a]

=|b|* +9¢/* - 6(b-c)=A%|a?

= 36+9-63+1)=\? [from Eq. (i)]

= 27- 6\ = A2

= A2 +6)h-27=0

= A=-

Time Saver Tip

Wehave, b -3¢ =Aa

*» Angle between any two collinear vectors is 0° or 180°.
So, a-c=t1

 b=M+3C =|b®=|Aa+3¢?
=36=9+21%+6L =A%+ 6L-27=0 = A=-93

76.

i

78.

X-2 Y-9 Z-13_

(9. R
= X=u+2Y=20+9 Z=3u+13
X-A Y 7—Z+2—6
-1 3
= X=-0+A,
Y=20+7
and -3%-2
Now, L +2=-0+A
H+8=-2+A ..(1)
= WU+9=20+7
= U-B=-2
= upu-90=-1 ...(i1)
= W+13=-35-2
= u+P=-15
= WU+6=-5 ...(iii)
On solving Egs. (i), (ii) and (iii), we get
A=-3
p=-3
0=-2
(c) Equation of line passing through (5, 1, a) and
(3,b,1)is
x=5 y—-l _ B
5-3 1-b a-1
ie.x=0
x=2A+5=0
= k=—§
2
Since, y=7&(1—b)+l=%7
5 17
=-S(=b)+1==
= b=4 13
Also,z=A(a-1)+a=—

=:2§(a—1)+a=—713
= a=6
(0 (1-x-x* +x°)°
= [(1-x)-x*1-x)°

=(1- 5Cyx+ 5C,x* -

= [(1-x)°(1-27)°]
U 3 Yt
- 5Cox® + °Cex®)
(1= %Cyx* + °Cox* - 0Cx% +...)
= Coefficient of x” is
6C16C3 _ 6C36C2
6:54 6:54 65

66———————+6-6 =120-300+ 36
32 321 2

6C56C1

=144
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(b) . A =sin Bcos ¢ (0+sin? Bcos )
—sin Bsin q)(O—sin2 Osin ¢)
+cos 0 (cos? ¢sin Bcos B+ cos Osin Bsin? o)
=sin° 0 (cos? O +sin’ ¢)+sinBcos® O (sin? d+cos’ )
=sin’ 0+sinBcos’ 0
=sin O (sin> 0+cos’ 0)
=sin6 [ sin®@+cos’ =1

which is independent of ¢.

(b) The given curves are

y=In(x+e)
and x=In(1/ y)
” 1

b %
= y=e"

A
y=In(x+e)
e (1-€,0) =

=
/|

- Y

=

. Required area=J‘lo_ In,(x+ e)dx+I: e “dx
- ¢ ® X - _
—L lntdt+J0e dx [vx+e=t]

=[thnt-1]f - ()7
=1+1
= 25q units

(240) To form any number, we have 10 digits i.e. 0, 1, 2,
3,4,5,6,7,8,9 out of which middle digit can be x,
(where 2< x< 9), then the hundredth can be chosen in

(x — 1) ways (as this place can not be zero) and units
place can be chosen in x ways.

Thus, number of required numbers with middle digit is
(x=Dx.

As 2< x< 9, the number of required numbers is
9 9
Y x-Dx=Y (x* -x)
x=2 x=2

=240

82. (-1) tan ! (x+1)+tan“1 (x—l)=tan‘l 3—tan ' x

83.

af x+14x-1 0 (3—x}
= tan —— | =tan
I-(x+1)(x=1) 1+ 3x
when —v2 < x<+2and 3x<|1
= tan - |=tan
2—x° 1+ 3x
2x

when —v2< x< \/Eandx<—;
g

=—3:-—'£,when— 2<x<1
1+ 3x 3

=

<t Dol T =(2—3) 32} whisn— 2<x<:—1

= A+ 6’ =6-2-3 +x°
= x* - 0% +4x4+6=0
= (x+1)(x* =10x+6)= 0, when - 2<x<—;

= x=—land neglecting x> — 10x+ 6 = Oas its roots

does not e (—«/5 ; —;)

Hence, x=-1
; . 1 1-3
(5) Given series, 10| — + —— +
2.4 246

1-3-5
2468

o)

nth term of sequence,

O 13:5..(2n-1)
T 2:4:6...(n)(2n +2)
135 (2n-1)
T 2.4:6...(2n) (2 +2)
_135..@2n=1) 135..Q2n-1)(2n+1)
C 246 2:4.6..21(2n +2)

T,=f(n)- f(n+])

Sum of infinite term,

n

[2n+2)-(2n+1)]

S, =37,
=f()- f2)+ f(2)- f)+...0
1
= /)=
108, =5

84. (2) Let f(x)=x2 — xsin x —cos x

\ /

0.-1)

s f(x)=2x—xcos x —sin x +sin x
= 2x—xcosx
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f(x)=0
=x(2-cosx)=0
or x=0 [ 2—cosx> 0 for all real x]

Also, x = 0is point of minima f(0)=-1<0
and lim f(x)— oo,

x— oo -

lim f(x)— e

X - oo

Hence, it meets X-axis at two points and two solutions.

25th term + 26th term
2

=255k

(8) Median =

25k +26k

Mean deviation about median = 100

. Z s =258k _ 00
50

= 24.5k + 235k +...+ L5k + 0.5k + 0.5k
+ 15k +...+ 235k + 24.5k = 5000

= k+ 3k + Sk +...+ 49% = 5000
= k(1+3+5+...+49) = 5000
e k-§(1+49)=5ooo
= k=8
(3) Letr; =cti +Bj+ vk and r, = 4i + Bj+ Ck

=1 =04+BB+yC
S|nlnl=y(0F +B2 +77) (4% + B2 +C?)

hen==Rlln|

=1 and r, are anti-parallel.

Z=r= o = k, where £ is any constant.

1
3443

The given equation can be written as

= @3 By 12 .2
(2+\/§)X -2x+1 2_\/3

(4000) -2 -3 =

1
@2+3) "5 (24 43)
=2(2++3) Q)

o Q+3) T

89.

On putting (2+ «/3)"2 ~rl g

From Eq. (i), we get
(2 44/3)

daes =2(2++3)
= 12 -22+3)+(2+43) =0
= [1-Q2+43)P =0
= t=2+43
= Q+3) B 22443
= xt-2x+1=1
x(x=2)=0
x=0,2
ie.oa=0andP =2
So, 20000 + 20008 = 4000
2 2
88. (I3) Let ellipsefz—+i%=l

. 2
and circle x* + y? = a’¢?

Radius of circle = ae
Point of intersection of circle and ellipse is
[3,/28 150 )].

e e

Now, area of APF, F,

2Jer -1 Za-e2) 1
1 e e
=E ae 0 1
-ae 0 1
=220 P yeom) =30
2] e
= a*(1-¢*)=30
= a2e2=a2—30=(1—27) -30=—
= 2ae=13

(36) Given, f:(0,00)— (1, 00)
)= fieydr

= g=f(x)
Now,g(x2 )=x2(1+x)

g(x)=x(1++x)
g'(x)=l+%«/;

[given]

169

4

..(i1)
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From Egs. (i) and (ii), we get 90. (2021) Given the system has a non-trivial solution.
3 .
fx)=1+>Jx=y [say] A sina  coso
5 2 So, 1 cosa sina |[=0
\/;=§(y—l) -1 sina —cosa
’ 2 =>X(—cos2a—sin2(x)—(—sinacosa—sinacos(x)
x:(g(y—l)) —(sina.—cos?a)=0
£ ()= 47 9= 1)? = h(x) [iivesi] = — A +sin 2o +cos 200 =0

A =sin 20 + cos 20

4
h(10)=4/9%10-1)> == x9x9
( 9 A =+2cos (20— m/4)

=36 "+ —1<cos 2 —m/4)<1,VaeR
Study Tactics - - So,-V2<A<2ie Ae[-+/2,42]
Since, f(x)is a derivative of g(x), then we get inverse of u? 2
f(x) by replacing x in terms of y. Hence, 2021 = =2021% 25 2021
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