Note:

For the benefit of the students, specially the aspiring ones, the question of JEE(advanced), 2021 are also
given in this booklet. Keeping the interest of students studying in class XI, the questions based on topics
from class XI have been marked with “*’, which can be attempted as a test. For this test the time
allocated in Physics, Chemistry & Mathematics are 30 minutes, 25 minutes and 25 minutes respectively.

MIITYedu

SOLUTIONS TO JEE (ADVANCED) — 2021
PART I: PHYSICS

SECTION 1
This section contains SIX (06) questions.
Each question has FOUR options (A), (B), (C) and (D). ONE OR MOER THAN ONE of these four
option(s) is (are) correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer to each question will be evaluated according to the following marking scheme:

Full Mark :+4 Ifonly (all) the correct option(s) is(are) chosen;

Partial Marks :+3 Ifall the four options are correct but ONLY three options are chosen;

Partial Marks :+2  If three or more options are correct but ONLY two options are chosen, both of
which are correct;

Partial Marks :+1  If two or more options are correct but ONLY one option is chosen and it is a
correct option;

Zero Marks : 0  Ifunanswered,;

Negative Marks  : =2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers,
then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option(s) (i.e. the question is unanswered) will get 0 marks and choosing any other option(s) will
get —2 marks.

*Q.1

One end of a horizontal uniform beam of weight W and length L is hinged on a vertical wall at point O and
its other end is supported by a light inextensible rope. The other end of the rope is fixed at point Q, at a
height L above the hinge at point O. A block of weight oW is attached at the point P of the beam, as shown
in the figure (not to scale). The rope can sustain a maximum tension of (2\/§)W. Which of the following

statement(s) is(are) correct?




Sol.

O

o
=

(A) The vertical component of reaction force at O does not depend on o
(B) The horizontal component of reaction force at O is equal to W for o = 0.5

(C) The tension in the rope is 2W for o = 0.5
(D) The rope breaks if o > 1.5

N NN

A /B, D
Free body diagram of rod

y

T sin 45°
L
R3

459
o]

R, T cos 45°
W
aW
>F=0
R, =T cos 45°
T
R, =— (i
TR ()
F,=0
R, + T sin 45° =W + oW
T
R, +—==W({1+o) (i
5 (i)
2’50:0
whsrowr =L
2 V2
T:ﬁw{mﬂ ... (iii)

From (ii) and (iii)
R, +W[a+ﬂ =W(l+a)

R:ﬂ
2

2

Hence, option (A) is correct.




*Q.2

Sol.

From (i) and (iii)
R, = W[a +1}

2
a=05R; =W
Hence, option (B) is correct.
From equation (iii) if o = 0.5
T=2w

T, =22W
For rope to break
T> 22w

ﬁw{mﬂ >22W

o> —

Hence, option (D) is correct.

A source, approaching with speed u towards the open end of a stationary pipe of length L, is emitting a
sound of frequency f.. The farther end of the pipe is closed. The speed of sound in air is v and f, is the
fundamental frequency of the pipe. For which of the following combination(s) of u and fs, will the sound

reaching the pipe lead to a resonance?
(A)u=0.8vandf,="y

(B) u=0.8vand f, = 2f,

(C) u=0.8v and f, = 0.5f;

(D) u=0.5vand f; = 1.5f,

A D

Natural frequency of closed pipe
f=(2n +1)fy

fo is fundamental frequency
n=0,12, ...........

frequency of source received by pipe

f':fs[—v_o}
V-Uu

For resonance

f=f
f [L}:(Zn +1)f,
V-u
Ifu=08v f,="1
\"
f'=— f =5f
02v°® 7°

for n = 2 pipe can be in resonance
Hence, option (A) is correct.
Ifu=0.8v f,=2f,

fr= Y xof, =10f,
0.2v

Ifu=0.8yv, fs =0.5 fo

f'= Y x05f, = 2.5f,
0.2v

Not possible

Ifu=05v, fsz 15 fo




Q.3

Sol.

fr=_"
0.5v

x1.5f, = 3f,

forn=1f=23f,
pipe can be in resonance
Hence, option (D) is correct.

For a prism of prism angle 6 = 60°, the refractive indices of the left half and the right half are, respectively,
n; and n, (n, > ny) as shown in the figure. The angle of incidence i is chosen such that the incident light rays
will have minimum deviation if ny = n, =n = 1.5. For the case of unequal refractive indices, n; =nandn, =

n + An (where An <<n), the angle of emergence e = i + Ae. Which of the following statement(s) is(are)
correct?

Ny

(A) The value of Ae (in radians) is greater than that of An

(B) Ae is proportional to An

(C) Ae lies between 2.0 and 3.0 milliradians, if An = 2.8 x 107
(C) Ae lies between 1.0 and 1.6 milliradians, if An = 2.8 x 107

B, C
Diagram at minimum deviation for n; =n, =n A
n=15 0 = 60°
ra=r,=0/2=30°
for face AQ
nsinr, = sin e

1.5sin 30° = E><1 =sine
2 2

. 3
sine = —, cose = —
4

When n; is given small variation there will be
no change in path of light ray inside prism. As
deviation on face AC is zero.

So, r, = 30° C
Now for face AQ

n, sin 30° =sin e

for small change in n, change in e is given by

dn, sin 30° = cos e de

or dn, = An de = Ae

An sin 30° = cos e Ae

An1 :ﬁAe
2 4
An:ﬁAe ..(i) An > Ae

2




Q4

Sol.

Q.5

Sol.

An oc Ae
Hence, option (B) is correct.
_2.8x10%x2

J7

Hence, option (C) is correct.

Ae

A physical quantity S is defined as S = (E X B) ! u,, where E is electric field, B is magnetic field and py is

the permeability of free space. The dimensions of S are the same as the dimensions of which of the
following quantity(ies)?

Ener Force

A —— (B) — o __
Charge x Current Lenght x Time
Ener Power

(C) . (D) =t
Volume Area

B, D

S—ExB

Method - 1:

§ is pointing vector which is defined as energy flowing per unit area in unit time.
S.I. unit of S is Watt/m?

Method 2:
B=u0ni:i=m
H, B
1 -
S=—EBcos6 = niE cosd
Ho
S.Iunitofs = —+ 9, Force_  Force

meter time q meter —time

A heavy nucleus N, at rest, undergoes fission N — P + Q, where P and Q are two lighter nuclei. Let 6 = My
— Mp — Mg, where Mp, Mg and My are the masses of P, Q and N, respectively. Ep and Eq are the kinetic
energies of P and Q, respectively. The speeds of P and Q are vp and vq, respectively. If ¢ is the speed of
light, which of the following statement(s) is(are) correct ?

(A) E; +E4 = ¢

B)E, =|—Me__|e25
M, + M,

v M

C P __0Q
Clvivy
. . M.M,
(D) The magnitude of momentum for P as well as Q is ¢/2ué , where p = ———
(M, +My)

A CD

Energy released during process

Q=8¢ ..

momentum is conserved in process.
= 0=myv, —mq Vg




Q.6

Sol.

<
o

3
Lol

= P__9 - (2
Vo Mg
1
Ep= Empvﬁ
1
Eq= Evaé
E, m
- £-_=t ...(3)
Eo, m;
Solving (1) and (3),
m
Ep = —QSCZ
mp + My
EQ = LSCZ
m, +m,

Momentum P = \/2m,E, = /2mE,

m 2m,m
= lom,—¢ sc?=c |9 g
m, +m m, +mj,

Two concentric circular loops, one of radius R and the other of radius 2R, lie in the xy-plane with the origin
as their common centre, as shown in the figure. The smaller loop carries current I in the anti-clockwise
direction and the larger loop carries current |, in the clock wise direction, with I, > 21;. B(x, y) denotes the
magnetic field at a point (x, y) in the xy-plane. Which of the following statement(s) is(are) correct?

y

(A) B(x,y) is perpendicular to the xy-plane at any point in the plane

(B) | B(x,y) | depends on x and y only through the radial distance r = \/x* + y?
(C) | B(x,y) | is non-zero at all points for r <R
(D) B(x,y) points normally outward from the xy-plane for all the points between the two loops

A B
Consider a circular loop of radius r in x-y plane and having centre at origin

$B.d=0
Bq)d!écosezo

B=0 for given r




= c0s0=0
6 =90°

Ampere’s loop

Here d/ is in xy plane = B is normal to plane (B can’t be in Xy plane as its magnetic lines would have been
in radial direction)
Also, for given r, B must be same in magnitude for all points on loop of radiusr.

At centre B = Holy _ Holo (inwards)
2R 4R

For point P, Let field of inner loop increases x; times and that of
outer loop increases x; times
= magnetic field at P

Holy Hol,
Bp= | X, ——X
i [ 1oR 2 4Rj

For By =0, iy = [ﬁj.(zil)
X

2

B changes more rapidly as point P come closer to

circumference.
= X1>X
Or ip>2i; (which is given condition)
So, there are points inside inner loop where magnetic field will be zero.



SECTION 2
This section contains THREE (03) question stems.
There are TWO (02) questions corresponding to each question stem.
The answer to each question isa NUMERICAL VALUE.
For each question, enter the correct numerical value corresponding to the answer in the designated place
using the mouse and the on-screen virtual numeric keypad.
If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal
places.
Answer to each question will be evaluated according to the following marking scheme:
Full Mark :+2 If ONLY the correct numerical value is entered at the designated place;
Zero Marks : 0  Inall other cases.

Question Stem for Question Nos. 7 and 8

Question Stem

A Soft plastic bottle, filled with water of density 1 gm/cc, carries an inverted glass test-tube with some air (ideal gas)
trapped as shown in the figure. The test-tube has a mass of 5 gm, and it is made of a thick glass of density 2.5 gm/cc.
Initially the bottle is sealed at atmospheric pressure po = 10° Pa so that the volume of the trapped air is v, = 3.3 cc.
When the bottle is squeezed from outside at constant temperature, the pressure inside rises and the volume of the
trapped air reduces. It is found that the test tube begins to sink at pressure po + Ap without changing its orientation.
At this pressure, the volume of the trapped air is vo — Av.

Let Av=Xccand Ap =Y x 10° Pa.

*Q.7

Sol.

The value of X is

0.30
For equilibrium of the test tube
mg = (Vtube + Vair)pwg

(5
SO’ 5= (E + Vair ) (1)

S0, v,y = 3cC
So, Av=0.3cc




*Q.8 Thevalueof Yis

Sol.  10.00
For isothermal process
(10°)(3.3) = (P)(3)
So, P=1.1x10°Pa
So, AP = (1.1 -1) x 10° = 10 x 10° Pa

Question Stem for Question Nos. 9 and 10
Question Stem

A pendulum consists of a bob of mass m = 0.1 kg and a massless inextensible string of length L = 1.0 m. It is
suspended from a fixed point at height H = 0.9 m above a frictionless horizontal floor. Initially, the bob of the
pendulum is lying on the floor at rest vertically below the point of suspension. A horizontal impulse P = 0.2 kg-m/s
is imparted to the bob at some instant. After the bob slides for some distance, the string becomes taut and the bob
lifts off the floor. The magnitude of the angular momentum of the pendulum about the point of suspension just
before the bob lifts off is J kg-m%s. The kinetic energy of the pendulum just after the lift-off is K Joules.

*Q.9 Thevalueof Jis

Sol. 0.18
J; = MV,Hsin90°
=0.2 x 0.9=0.18 kg-m?/s
Im=/¢
H=09m
Vg
I =0.2 kg-m/s
—_
Bob lifts off
*Q.10 The value of K is
Sol. 0.16
As bob lifts off due to impulse of string angular momentum will be conserved about suspension point
= Jf = Ji

= Mwvy/ sin 90° = 0.18

= Vv;=1.8m/s
Kinetic energy after lifting off

= K, = %mvf2 :%><0.1><(1.8)2 =0.162]



Question Stem for Question Nos. 11 and 12

Question Stem

In the circuit, a metal filament lamp is connected in series with a capacitor of capacitance C uF across a 200 V, 50
Hz supply. The power consumed by the lamp is 500 W while the voltage drop across it is 100 V. Assume that there

iS no

inductive load in the circuit. Take rms values of the voltages. The magnitude of the phase-angle (in degrees)

between the current and supply voltage is ¢. Assume, 3 ~5.

Q.11

Sol.

Q.12

Sol.

The value of C is .
100.00
Plamp = 500 W
= \/Iampilamp = 500 | |
= (100)iy,,, =500 A
iIamp =5A
L 200
Impedance of circuit Z = = = — =400 N\
5 N

. \/Iamp
Resistance of lamp R = =20Q

source

Reactance of capacitance
X, =vZ?-R? = 2030
1
=203
oC
1

=~ =100pF
20+/3% 2x x50

The value of ¢ is

60.00
R
cosp=—=—=2=
¢ z

= ¢ =60°

SECTION 3
This section contains TWO (02) paragraphs. Based on each paragraph, there are TWO (02) questions.

Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct
answer.

For each question, choose the option corresponding to the correct answer.

Answer to each question will be evaluated according to the following marking scheme:

Full Mark :+3 If ONLY the correct option is chosen;

Zero Marks : 0  If none of the options is chosen (i.e. the question is unanswered);

Negative Marks  : -1  Inall other cases.




Paragraph
A special metal S conducts electricity without any resistance. A closed wire loop, made of S, does not
allow any change in flux through itself by inducing a suitable current to generate a compensating flux.
The induced current in the loop cannot decay due to its zero resistance. This current gives rise to a
magnetic moment which in turn repels the source of magnetic field or flux. Consider such a loop, of
radius a, with its centre at the origin. A magnetic dipole of moment m is brought along the axis of this

loop from infinity to a point at distance r(>> a) from the centre of the loop with its north pole always
facing the loop, as shown in the figure below.

The magnitude of magnetic field of a dipole m, at a point on its axis at distance r, is ﬁﬂa where pg is
r

the permeability of free space. The magnitude of the force between two magnetic dipoles with moments,
m; and m,, separated by a distance r on the common axis, with their north poles facing each other, is
km,m,
r
joining the two dipoles.

, Where k is a constant of appropriate dimensions. The direction of this force is along the line

Q.13 When the dipole m is placed at a distance r from the center of the loop (as shown in the figure), the current
induced in the loop will be proportional to
(A) m/r® (B) m?/r? (C) m/r? (D) m?/r

Sol. A
Bo M _ oy
21t 2a
= i c—

r3

Q.14  The work done in bringing the dipole from infinity to a distance r from the center of the loop by the given
process is proportional to

(A) m/r® (B) m?/r® (C) m?/r® (D) m?/r’
Sol. C
- 1 2
dw = Fudx = K0T ()
r

_ ma

L)
) km[maxnazjdr d
W — J‘ r r3 - km2a3 _7r
e




Paragraph

§ TOiVO TOiVO

A thermally insulating cylinder has a thermally insulating and frictionless movable partition in the
middle, as shown in the figure below. On each side of the partition, there is one mole of an ideal gas, with
specific heat at constant volume, Cy = 2R. Here, R is the gas constant. Initially, each side has a volume V,
and temperature To. The left side has an electric heater, which is turned on at very low power to transfer
heat Q to the gas on the left side. As a result the partition moves slowly towards the right reducing the
right side volume to V,/2. Consequently, the gas temperatures on the left and the right sides become T,
and Tg, respectively. Ignore the changes in the temperatures of the cylinder, heater and the partition.

T, .
*Q.15 The value of & is

0

(A) V2 (B) V3 (©)2 (D)3
Sol. A
*Q.16 The value of Q is

R 0

(A) 4(2\5 +1) (B) 4(2J§ -1) (€) (5\5 +1) (D) (sﬁ -1)
Sol. B
15-16. Pressure on either side is equal

Cv=2R;Cp=3R=y=32

TOiVO TOiVO
g 1 mole 1 mole
N
N

Left chamber

1

thermally insulated

Q = AUl + AWl

Right chamber
0= AUZ + AWZ

AWl +AW2 =0
= Q = AUl + AUZ = ZR(TL - To) + ZR(TR —To) (l)
Also pressure each side of piston is equal

3Vyl2 ®
T

Vo2
Tr

RT, _ RT, (i)
3V,/12 V,I2
= (TL/3)=TR

15. For right chamber = adiabatic compression = TV = constant




16.  Q=2R(3/2T,-T,)= 2R(V2T, - T,) = 8Y2RT, - 4RT,

Q
- =8J2-4
RT,

SECTION 4
e  Thissection contains THREE (03) questions.
®  The answer to each question isa NON-NEGATIVE INTEGER.
. For each question, enter the correct integer corresponding to the answer using the mouse and the on-screen
virtual numeric keypad in the place designed to enter the answer.
e Answer to each question will be evaluated according to the following marking scheme:
Full Mark :+4 If ONLY the correct integer is entered;
Zero Marks : 0  Inall other cases.

Q.17 In order to measure the internal resistance r, of a cell of emf E, a meter bridge of wire resistance Ry = 50 Q,
a resistance Ry/2, another cell of emf E/2 (internal resistance r) and a galvanometer G are used in a circuit,

as shown in the figure. If the null point is found at ¢ = 72 cm, then the valueof r; = Q.
E r Ro/2
I—'VWWT’\NVV\/
|~'W\N\:
ERV T
- -
Sol. 3

RAB =50Q E r R0/2

50 ~<—||—ww» AMAVN—€—
S0, R, = —x72=36Q

100 }W\M
=& (i) \L g2l r A

r, +50+25
A rd

3m-§-m+g:0 ...(ii) P8

Solving equation (i) and (ii)
r=3Q

*Q.18 The distance between two stars of masses 3Ms and 6Ms is 9R. Here R is the mean distance between the
centers of the Earth and the Sun, and Mg is the mass of the Sun. The two stars orbit around their common




Sol.

Q.19

Sol.

centre of mass in circular orbits with period nT, where T is the period of Earth’s revolution around the Sun.
The value of n is

9
Both will revolve about common center of mass
X:LXQR:\?R 0]
6M, +3M,
G6M. x3M N S !
—— = = 6M(0"x) (i) DeMsg S v
OR) L oM M
Solving equation (i) and (ii) we get : X 3 i
®? = GMS )
81R?

2p 3

72 = 4R gy (i)
GM,

For the motion of earth around Sun

2p 3
72 = 4TR (i)

GM,

From (iii) and (iv)
T'? =81T?
T =9T

In a photoemission experiment, the maximum kinetic energies of photoelectrons from metals P, Q and R
are Ep, Eq and Eg, respectively, and they are related by Ep = 2Eq = 2Eg. In this experiment, the same source
of monochromatic light is used for metal P and Q while a different source of monochromatic light is used
for the metal R. The work functions for metals P, Q and R are 4.0 eV, 4.5 eV and 5.5 eV, respectively. The
energy of the incident photon used for metal R, in eV, is

6

LetEr=E

ThenEqg=E

Er=2E

From Einstein’s equation for P, Q and R
2E=hv-40 ...(I)

E=hv-45 ...(ii)

E=hv' -55 ... (i)

Solving equation (i) and (ii) we get E=0.5
So, hv' =6.0 eV



PART II: CHEMISTRY

SECTION 1
This section contains SIX (06) questions.
Each question has FOUR options (A), (B), (C) and (D). ONE OR MOER THAN ONE of these four
option(s) is (are) correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer to each question will be evaluated according to the following marking scheme:

Full Mark :+4 Ifonly (all) the correct option(s) is(are) chosen;

Partial Marks :+3 Ifall the four options are correct but ONLY three options are chosen;

Partial Marks :+2  If three or more options are correct but ONLY two options are chosen, both of
which are correct;

Partial Marks :+1  If two or more options are correct but ONLY one option is chosen and it is a
correct option;

Zero Marks : 0  Ifunanswered,;

Negative Marks  : -2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers,
then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 marks;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option(s) (i.e. the question is unanswered) will get 0 marks and choosing any other option(s) will
get —2 marks.

1.

Sol.:

The reaction sequence(s) that would lead to o-xylene as the major product is(are

1. NaNO,/HCI
Me 273K 1. Mg, CO,, Hs0*

NH,  2.CuCN Me  2.SOCh
A 3. DIBAL-H ®) @
then H30+ Br 3.H,, Pd-BaSO,

4. NyHy, KOH 4. Zn-Hg, HCI

heat
1.i. BH3

Me  ii. H,0, NaOH c‘ 1. 03, Zn/H,0
©) 2 (D)

2. PBr
3. Zn, dil. HCI 2. NoH,, KOH, heat

NaNOZ+HCI DIBAL H N H4+OH
CuCN

(B) Mg,CO, ,H;0" SOCIZ @I Hz Pd-BasO, @I Zn— HQ HCI @I
Br COOH cocl




Sol.:

Me Me CH,
i) 19 Zn+HCI
(C) El)HZEg-;SNaOH L TN >
= o CH,—CH, —Br

o]

I
H—¢ CH
(D) TERD I
H—C—CH,

Correct option(s) for the following sequence of reactions is (are)
v

l

Br, 1.Q CHCl; :
PhC‘HS Iy P - R - 3 il S s

i. KMnO, light 2. H,. Pd/C KOH oul smelling
KOH. heat
ii. H;0" )

1. NH; W

3 v
2. heat

(A) Q=KNO,,W = LiAlH,

@HS
CH, - CH,

(B) R=benzenamine, V = KCN

(C) Q=AgNO,,R =phenylmethanamine (D) W =LiAIH,, V=AgCN
C,D
H,C—Br H,C—NH, H,C—NC
“Tight HdeC —kon

(i) KMnO,
KOH,heat
(i) Hz0"

COOH CONH, H,C—NH,

(,)NH3 L|AIH4
(ii) heat



d{P
*3. For the following reaction 2X +Y —*—P the rate of reaction is % = k[X] . Two moles of X are mixed

with one mole of Y to make 1.0 L of solution. At 50 s, 0.5 mole of Y is left in the reaction mixture. The
correct statement(s) about the reaction is(are)

(Use: In 2 =0.693)

(A) The rate constant, k, of the reaction is13.86x10™*s™

(B) Half-life of X is 50s

d[X
(C) At50s, —%=13.86x103mol Lts™

d[y
(D) At 100, —%=3.46x103mol Lts™

Sol.: B,C,D
2X + y —>
t=0 2 1
t=50 2-2x0.5 1-05
1mole 0.5
rate:—ld—xz—d—y:d—P: K[X]
2 dt dt dt

_ldx _ [X]

2 dt
S k[X]=K[X]

dt
Half life ist =50 sec
K = 0.653L

50
k=092 6335107
100

t =50 sec
2 ok[x]

dt

dx

4 2x6.332x10°%x1=13.864x10>mole /L /Sec

_3_3: =K[X] =6.332x10°° [%) =3.46x10° mole/L /Sec™

4. Some standard electrode potentials at 298 K are given below:
Pb*/Pb - 0.13 V
Ni®'Ni —0.24 vV
Cd**/Cd - 0.40 V
Fe’*/Fe —0.44V
To a solution containing 0.001 M of X?* and 0.1 M of Y#*, the metal rods X and Y are inserted (at 298 K)
and connected by a conducting wire. This resulted in dissolution of X. The correct combination(s) of X and
Y, respectively, is(are)
(Given: Gas constant, R = 8.314 J K™ mol™,
Faraday constant, F = 96500 C mol™)
(A) Cdand Ni (B) Cdand Fe

(C) Niand Pb (D) Ni and Fe




Sol.:

Sol.:

AB,C
(A) Cd+Ni**——Cd*+ Ni
.., =0.40-+(~24) - 20591 0.001
2 0.1
=0.16+ 0.0591 x2=6.64+0.551=0.71(+Vve)
0591, 0.01
B) E_, =0.40+(-0.44) - —""log——
( ) cell ( ) 2 g 01
=004+ 2% 5 0.04+0.06=0.02(+ve)
(C) Egy =0.24+(-0.13) +%x 2

—0.11+0.06 = 0.33(+ve)

=0.24+(-0.44) +@x 2

—-0.20+0.06 = —0.14(-ve)

(D) E

cell

The pair(s) of complexes wherein both exhibit tetrahedral geometry is(are)
(Note: py = pyridine
Given: Atomic numbers of Fe, Co, Ni and Cu are 26, 27, 28 and 29, respectively)
(A) [FeCl,] and [Fe(CO)AT (B) [Co(CO),] and [CoCl,]”
(©) [Ni(co), Jand[Ni(CN), ] (D) [cu(py),] and[Cu(CN), ]
A /B,D
(A) [FeCl,]
Fe'® =3d°,Cl~ weak field liganol sp®

[Fe(c0),]
Fe™” =3d°4s’
CO strong field liganol pairing occurs
Fe? =3d hence sp®
(B) [Co(CO), ]
Co =3d°4s? due to CO pairing occurs

Hence = 3d™

[CoCl, |

Co”=3d’, Cl weak field liganol sp’
(D) [cu(Py),]”

Cut = 3d10’ Sp3

[cu(en),]”
Cu+1 — 3d10, Sp3

3—



Sol.:

The correct statement(s) related to oxoacids of phosphorous is(are)
(A) Upon heating, H;PO3 undergoes disproportionation reaction to produce H;PO, and PHs.
(B) While H3PO; can act as reducing agent, H;PO, cannot.
(C) H3PO; is a monaobasic acid.
(D) The H atom of P-H bond in H3POg is not ionizable in water.
AB,D
H.,PO,——>H,PO, +PH,
0] 0]
H—O—:F"—O—H H-O- I“D‘—O—H
H OH
P—H bond is responsible for it is reducing character, H;PO, doesnot have.
H3PO; is a dibasic acid in oxyacids of phosphors O-H bond is ionisalbe where as P-H bond is non
ionizable.

SECTION 2
This section contains THREE (03) question stems.
There are TWO (02) questions corresponding to each question stem.
The answer to each question isa NUMERICAL VALUE.
For each question, enter the correct numerical value corresponding to the answer in the designated place
using the mouse and the on-screen virtual numeric keypad.
If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal
places.
Answer to each question will be evaluated according to the following marking scheme:
Full Mark :+2 If ONLY the correct numerical value is entered at the designated place;
Zero Marks : 0  Inall other cases.

Question Stem for Question Nos. 7 and 8

Question Stem

Sol.:

At 298 K, the limiting molar conductivity of a weak monobasic acid is 4 x 10? S cm? mol™. At 298 K, for
an aqueous solution of the acid the degree of dissociation is o and the molar conductivity is
yx10%S cm’mol ™. At 298 K, upon 20 times dilution with water, the molar conductivity of the solution

becomes 3y x10%S cm”mol ™

The value of a is

0.22
Aj y x10? y

BTN T 10T 4

On dilution conductivity increases three times

2
o, =w=3al =30
4x10
HA — H + A
C o o

C(l-a) Ca Ca




_ Ca?
¢ l-qa
Since temperature is constant K, will be constant

Clalz _ Czag
1-q, 1-a,
C 2
Cxa’ _[2())(3&)
1-oo  1-3a
1 9 1
l1-o 20 (1-30)
20— 600 =990,

o= u =0.2156
51

o =0.22
8. The value of y is

Sol..  0.88
a :%; y=40=4x0.22=0.88

Question Stem for Question Nos. 9 and 10
Question Stem

Reaction of x g of Sn with HCI quantitatively produced a salt. Entire amount of the salt reacted with y g of
nitrobenzene in the presence of required amount of HCI to produce 1.29 g of an organic salt
(quantitatively).

(Use Molar masses (in g mol™) of H, C, N, O, Cl and Sn as 1, 12, 14, 16, 35 and 119, respectively).

9. The value of x is
Sol.: 3.57
Sn +2HCl——SnCl, +H,
NO, NH,CI
+3SnCl, < +SnCl,

Moles of Sn = X

119
. X 1
Moles of nitrobenzene = _9X§
. . x 1
Moles of anilium chloride =——x=
119 3

. X
Moles of nitrobenzene :—7




Yy X
—_— = L1
123 357 )

Moles of anilium chloride - X .. (2)
357

129 x
129 357
X = 3.57

10. The value of y is

Sol.: 1.23
y=1225=1.23

Question Stem for Question Nos. 11 and 12
Question Stem

A sample (5.6 g) containing iron is completely dissolved in cold dilute HCI to prepare a 250 mL of
solution. Titration of 25.0 mL of this solution requires 12.5 mL of 0.03 M KMnO, solution to reach the end
point. Number of moles of Fe?* present in 250 mL solution is x x 107 (consider complete dissolution of
FeCly). The amount of iron present in the sample is y% by weight.

(Assume: KMnOj reacts only with Fe*" in the solution

Use: Molar mass of iron as 56 g mol ™)
*11. The value of X is

Sol.: 1.875
meq of Fe*? = meq of KMnO,
xx107?x1000x1=12.5x0.03x5x10
x = 1.875 mole

*12. The value of y is

Sol.:  18.75
Moles of Fe*? =xx10%=1.875x10"?
wt.of Fe*? =1.875x107 x56
Hence percentage of Fe*?
_ 1.875x107% x56
- 5.6

x100% =18.75%



SECTION 3
This section contains TWO (02) paragraphs. Based on each paragraph, there are TWO (02) questions.

Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct
answer.

For each question, choose the option corresponding to the correct answer.
Answer to each question will be evaluated according to the following marking scheme:

*13.

Sol.:

*14.

Full Mark :+3  If ONLY the correct option is chosen;
Zero Marks : 0  If none of the options is chosen (i.e. the question is unanswered);
Negative Marks  : -1  Inall other cases.

Paragraph

The amount of energy required to break a bond is same as the amount of energy released when the same
bond is formed. In gaseous state, the energy required for homolytic cleavage of a bond is called Bond
Dissociation Energy (BDE) or Bond Strength. BDE is affected by s-character of the bond and the stability
of the radicals formed. Shorter bonds are typically stronger bonds. BDEs for some bonds are given below:

(Y

HC H@ — HC(g) * H(g) AH° =105 kcal mol”
ci—cl(g — clfg) + ci'(g) AH®=58 keal mol”!
HiC-Cl(g) — > HiClg) + ci'(g) AH° =85 keal mol!

H-Cl(gg — H'(@) + @) AH°=103kcal mol

Correct match of the C—H bonds (shown in bold) in Column J with their BDE in Column K is

Column J Column K
Molecule BDE (kcl mol™)
(P) H—CH(CHg)2 (i) 132
(Q) H-CH,Ph (i) 110
(R) H-CH=CH, (iii) 95
(S) H-C=CH (iv) 88
(A) P —iii, Q —iv, R—ii, S—1 (B) P—i, Q—ii, R—iii, S—iv
(C) P —iii, Q —ii, R—i, S—iv (D) P—ii, Q—i,R—iv, S—iii

A

As S character increases bond dissociation energy increases
H-C=CH H-CH=CH,

2

sp sp
H-CH(CH,), H-CH,-Ph
sp’ sp’
CH(D
2 CH,
And is more stable then CH, — (|:O
H

For the following reaction




Sol.:

15.

Sol.:

16.

Sol.:

CH,(g9)+Cl,(g)—¥*>CH,CI(g)+HCI(g)

The correct statement is
(A) Initiation step is exothermic with AH° = 58 kcal mol™.
(B) Propagation step involving *CH, formation is exothermic with AH® = -2 kcal mol ™.

(C) Propagation step involving CH;Cl formation is endothermic with AH° = +27 kcal mol™.
(D) The reaction is exothermic with AH® = —25 kcal mol™.

D

CH, +Cl,—"9"CH,CI+HCI this reaction is obtained from given reaction.
CH, ~H——CHY + H® (1)

Cl-Cl——CI° +CI° -(2)

CH, -Cl——>CH,° +CI° -(3)

H-Cl——H® +CI° -(4)

(1)+(2)-(3)-(4)

Hence AH =105+58-85-103 =-25 KCal/ mole

Paragraph

The reaction of K;[Fe(CN)g] with freshly prepared FeSO, solution produces a dark blue precipitate called
Turnbull’s blue. Reaction of K;[Fe(CN)g] with the FeSO, solution in complete absence of air produces a
white precipitate X, which turns blue in air. Mixing the FeSO, solution with NaNO;, followed by a slow
addition of concentrated H,SO, through the side of the test tube produces a brown ring.

Precipitate X is

(A) Fe4[Fe(CN)6]3 (B) Fe[Fe(CN),]
(C) K,Fe[Fe(CN), ] (D) KFe[Fe(CN), ]
C
FesO, +K,[Fe(CN), |—K,Fe[ Fe(CN), |

While ppt.

Among the following, the brown ring is due to the formation of

(A) [Fe(NO),(s0,),]" (B) [Fe(NO),(H,0),T"
(© [Fe(NO), (0,),] ©) [Fe(NO)(H.0),]"
D

FeSO, + NaNO, + H,50, ——[ Fe(H,0),NO|* +50;?



SECTION 4
e  Thissection contains THREE (03) questions.
®  The answer to each question isa NON-NEGATIVE INTEGER.
. For each question, enter the correct integer corresponding to the answer using the mouse and the on-screen
virtual numeric keypad in the place designed to enter the answer.
e Answer to each question will be evaluated according to the following marking scheme:
Full Mark :+4 If ONLY the correct integer is entered;
Zero Marks : 0  Inall other cases.

*17. One mole of an ideal gas at 900 K, undergoes two reversible processes, 1 followed by 11, as shown below.

If the work done by the gas in the two process are same, the value of In %
2

2250-F---9 (pyVy)
Y | Y
R Il
450-r---
(2, V2) (P2, V)
S (J K mol-Y)
(U: internal energy, S: entropy, p: pressure, V: volume, R: gas constant)
(Given: molar heat capacity at constant volume, C, , of the gas is gR )
Sol.: 10
1 process is adiabatic since entropy is constant.
W, =AU
AU =450R —2250R = -1800R
W, =-1800R )
In 2" process internal energy is constant it means it is a isothermal process.
W, =-2.303nRT Iog% ..(2)
2
=—nRTIn£ ....(3)
VZ

Given, n =1 mole, here temperature is unknown
U=nC,T for processlI
450R = 1><§RT
=292 180k

Equation (1) = equation (2)
W, =W,

—-1800R =-1xR xlSOIn%

2
InYa_1800 _,,
V, 180




*18. Consider a helium (He) atom that absorbs a photon of wavelength 330 nm. The change in the velocity
(in cm s™) of He atom after the photon absorption is .
(Assume: Momentum is conserved when photon is absorbed.

Use: Planck constant = 6.6 x107* J s, Avogadro number = 6 x10% mol™,
Molar mass of He = 4 g mol™)

Sol.: 30
_h
- m(AV)

6.6x107*

4x107°
[6><1023]XAV

_ 6.6x6 x10%2 x107*

T 4x103x330x10°
=0.30m/s

=0.30x100 cm/s
=30cm/s

330x10°° =

19. Ozonolysis of ClIO, produces an oxide of chlorine. The average oxidation state of chlorine in this oxide is

Sol.: 6
2Clo, +20,——Cl,0, + 20,

Average oxidization state of Cl atom is +6



PART Ill: MATHEMATICS

SECTION 1
This section contains SIX (06) questions.
Each question has FOUR options (A), (B), (C) and (D). ONE OR MOER THAN ONE of these four
option(s) is (are) correct answer(s).
For each question, choose the option(s) corresponding to (all) the correct answer(s).
Answer to each question will be evaluated according to the following marking scheme:

Full Mark :+4 Ifonly (all) the correct option(s) is(are) chosen;

Partial Marks :+3 Ifall the four options are correct but ONLY three options are chosen;

Partial Marks :+2  If three or more options are correct but ONLY two options are chosen, both of
which are correct;

Partial Marks :+1  If two or more options are correct but ONLY one option is chosen and it is a
correct option;

Zero Marks : 0  Ifunanswered,;

Negative Marks  : -2 In all other cases.

For example, in a question, if (A), (B) and (D) are the ONLY three options corresponding to correct answers,
then

choosing ONLY (A), (B) and (D) will get +4 marks;

choosing ONLY (A) and (B) will get +2 marks;

choosing ONLY (A) and (D) will get +2 mark;

choosing ONLY (B) and (D) will get +2 marks;

choosing ONLY (A) will get +1 mark;

choosing ONLY (B) will get +1 mark;

choosing ONLY (D) will get +1 mark;

choosing no option(s) (i.e. the question is unanswered) will get 0 marks and choosing any other option(s) will
get —2 marks.

*1.

Sol.

Let

{(ijk):ijke{l2.... 101},
{(i)):1<i<j+2<10,ije{12....,10}},
{(ijk1):1<i<j<k<l ijkle{L2...,10}} and

Sl

SZ

SS
S, ={(i.j k.1):i j k and l are distinct elementsin {12, ..., 10}}

If the total number of elements in the set S, is n,, r = 1, 2, 3, 4, then which of the following statements

is(are) TRUE?
(A) ny = 1000 (B) np =44 (C) ng =220 (D) :—; =420

A B,D
n; = 10 x 10 x 10 = 10°
n,=%,+28%,=44
n; = C, = 210
n, = P, = 5040



*2. Consider a triangle PQR having sides of lengths p, q and r opposite to the angles P, Q and R, respectively.

Then which of the following statements is(are) TRUE?
2
(A) cosP>1- L

2qr
(B) cost(ﬂjcosPJ{p_rjcosQ
p+q p+q
© g+r <2\/sianinR
p sinP
(D) Ifp<gandp<r,then cosQ > P and cosr>P
r q
Sol. A B
2 2 a2
(A) cosP = q+2r—p ¢+ 12> 2qr, by AM. > G.M
qr
p2
=cosP>1- —
2qr

(B) By triangle inequalityq+p>r

by projection formula

r cosP + p cosR + g cosR + rcosQ > p cosQ + g cosP
_(q —r) COSP+—(p —r)
(p+a) (p+a)

So inequality is true (equality does not hold)
(C) ByAM.>GM.

q+rx2Jgr

ar, 2yar

= COSR > cosQ

p p
sinP _ sinQ _ SinR by sine rule
p q r
q+r 24/sinQsinR
p sinP
(D) If cosQ>B:rcosQ>p ()
r
cosR>B:>qcosR>p ... (i)
q

Add (i) and (ii)
rcosQ+qcosR>2P=p>2p
= p<0,false



T

3
3. Let f :{—E E} — R be a continuous function such that f(0)=1 and If(t)dt =0. Then which of the

0
following statements is(are) TRUE?

(A) The equation f(x) — 3 cos 3x = 0 has at least one solution in (O, gj

(B) The equation f(x) — 3 sin 3x = 5 has at least one solution in (O, gj
T

X X
xjf(t)dt sinxjf(t)dt
C) lim 2 ——=-1 D) lim —2% —=-1
©) Jim —— ©) lim —=5
Sol. A /B, C
(A) Let g(x) = f(x) — 3 cos3x
n/3 n/3 n/3 n/3

I g(x)dx = I (f(x)—3cos3x)dx = I f(x)dx - I 3cos3xdx =0
0 0 0 0
= g(x) = 0 has at least one solution in [0, ©/3]

(B) Let h(x) = f(x) — 3 sin3x + 6/n

njgh(X) _ ’T[f(x)—3sin3x+%jdx -0

0 0
= h(x) = 0 has atleast one solution in [0, ©/3]

[f(t) dt f(x)

.Y b 3 3
©) lim v lim T f(0)=1
x[f(t) dt [ty
. 0 .y X
= lim — =1im - =-1
x—0 ) [1_ ex ] x—0 X (ex 1)
X @
LU
(D) "mﬂ. 0 =1
x=>0 ¥ X
4. For any real numbers o and B, let y,, g (x), x e R, be the solution of the differential equation
dy

=L tay=xeP, y@)=1.
dx

Let S= {ymyB (x):a,Be R} . Then which of the following functions belong(s) the set S?

(A) f(x) =§ex +(e—%jex (B) f(x)= —gex +(e+%jex

(C) f(x)= %[x—%}{e —%)ex (D) f(x) = %[é— x)+(e +§jex



Sol. A C
dy +ay = xe™
dx

d(eax . y)xeax . e[}x
d(e y) = xe™"?" .. (i)

Case-l:a+B=0
d(e” -y)=xel""

ax Xe(a+]3)x e(a+B)x
er.y= - >+C
(a+p) (a+B)
_xe e ew
(+B) (a+p)
a=LB=13y=Xe—%%C€X

= -e[1-%
asy(l)=1=cC= e[l 4]

x) = xe’ —§+ e—e—2 e’
y 2 4 4

Case-ll:a+B=0

= d—y—[3y=xeﬁx
dx
d(e™y)=x
2
e™.y=""1C
Bx\, 2
& X e
2
y)=1
2
= C= ]__E 1 = y:eBX.X_+ ]__E l.eBX
2)e 2 2)e
x? e
Takef=-1=y=—e™  +|1-= |
pe-1my= e (1)
5. Let O be the origin and OA = 2i +2j+k, OB =i —2j+ 2k and O—Czé(@—xﬁ) for some A > 0. If

|@ x O—C| = % then which of the following statements is(are) TRUE?
(A) Projection of OC on OA is —g

(B) Area of the triangle OAB is %

(C) Area of the triangle ABC is %

(D) The acute angle between the diagonals of the parallelogram with adjacent sides OA and OC is g




Sol.

*6.

Sol.

‘OBXO—C‘— M _e
2
= A=x1lasrA>0,A=1
oc . 9B-0A
2

(A) Projection OC on OA
OC.OA=-2
2
(B) Areaof AOAB =9/2

(C) Areaof AABC =9/2
3i+3x

(D) OA+0OC=

,OA-0C =

A oi i 2j+k
k
) 32
3
o} B
i—2j+2k
32
e
(—T—4]+|2)
—OA 2

5?+8]+I2

(m+ﬁ)(ﬁ—@) = ‘ﬁ+ﬁ”ﬁ—&‘ cosO

cosO = i

NG

Let E denote the parabola y* = 8x. Let P = (=2, 4) and let Q and Q' be two distinct points on E such that the
lines PQ and PQ' are tangents to E. Let F be the focus of E. Then which of the following statements is(are)

TRUE?

(A) The triangle PFQ is a right-angled triangle
(C) The distance between P and F is 542

A,B,D

E=y*-8x=0

a=2

Let Q(2t], 4t,), Q'(2t, 4t,)
t1t2=—1,t1+t2=2
t,=1+2,t,=1-2

(A) (slope of PF) (slope of FQ) = -1

= /PFQ =g
(B) (slope of PQ')(slope of PQ) = -1
ZQPQ’ =g

(C) PF=42
(D) slope of Q'F = slope of FQ
= Q, F, Q' are collinear

(B) The triangle QPQ’ is a right-angle triangle
(D) F lies on the line joining Q and Q’

F2,0) X
QV




SECTION 2

e  This section contains THREE (03) question stems.
e  There are TWO (02) questions corresponding to each question stem.
e  The answer to each question isa NUMERICAL VALUE.
. For each question, enter the correct numerical value corresponding to the answer in the designated place
using the mouse and the on-screen virtual numeric keypad.
. If the numerical value has more than two decimal places, truncate/round-off the value to TWO decimal
places.
e Answer to each question will be evaluated according to the following marking scheme:
Full Mark :+2 If ONLY the correct numerical value is entered at the designated place;
Zero Marks : 0  Inall other cases.
Question Stem for Question Nos. 7 and 8
Question Stem
Consider the region R = {(x, y) € R x R: x>0 and y? < 4 — x}. Let F be the family of all circles that are
contained in R and have centers on the x-axis. Let C be the circle that has largest radius among the circles
in F. Let (o, B) be a point where the circle C meets the curve y* = 4 — x.
*7. The radius of the circle C is
Sol. 15
*8. The value of a. is
Sol. 2

Solution (7 and 8)
Let the equation of circle (x —r)? + y? = r?
Equation of parabola y* = 4 — x
Solving them
(X-12+4-x=r
= X*-x@2r+1)+4=0
Since circle and parabola meet tangentially hence
(2r+1)*-16=0
2r+1=4
r=3R2andx -4x+4=0
(x-2)°=0
= a=2r=32=15

=
=



Question Stem for Question Nos. 9 and 10
Question Stem

X 21 )
Let f,:(0,0) >R and f,:(0,0) - R be defined by f,(x) = J'H(t—j)’ dt, x>0 and
0 =1
f,(X) = 98(x — 1)* — 600(x — 1)*° + 2450, x > 0, where, for any positive integer n and real numbers a;, a,,

n
veeeny Qpy l_L_lai denotes the product of a;, ay, ....., a,. Let m; and n;, respectively, denote the number of

points of local minima and the number of points of local maxima of function f;, i = 1, 2, in the interval (0,

0).
9. The value of 2m; + 3n; + myn; IS

Sol. 57
X 21

fi(x) = jH(t —j) dt

= 400-[(x-))

=1
Therefore m;=6,n; =5
2my + 3n; + myng
=2(6) + 3(5) + 30
=12+15+30=57

10. The value of 6m, + 4n, + 8myn;, is

Sol. 6
f,/(x) = (98)(50)(x — 1)** — (600)(49)(x — 1)
= (49)(100)(x — 1)*® (x -1 - 6)
m,=1,n,=0
6m, + 4n, + 8myn,
6(1) + 4(0) + 8(0) = 6

Question Stem for Question Nos. 11 and 12
Question Stem

Let g;: [g %} —R,i=12and f: [g %} — R be functions such that

3n

8
91(x) = 1, g2(x) = |4x — | and f(x) = sin x, for all x e [g %} . Define S, = '[ f(x)-g(x)dx, i=12
g
16S,
T

11. The value of is




Sol.

12.

Sol.

2
n 37w . n 3n
= —=|->R/i=12,f:|=—|>R
% [8 8} ' [r r}

01 =1, 92 = |4x — 7|, f(x) = sin’x
3n/8

S, = I f(x)-g,(x) dx

n/8

3n/8 3n/8 n 3n/8
— $a2 _ 2 Lo -
S, = Ism x dx = Ism [2 x)dx = 2S5, Ildx

/8 /8 /8
16S
381:1(%_£j=£3 1 =2
2.8 8 8 T
The value of 485, is
Y
1.5
3n/8 3n/8 . n
S, = I sin’x|4x — i dx = I sin’ [——x) 4[——xj—n dx
/8 /8 2 2
3n/8
= I cos® x|4x — | dx
/8
3n/8 /4
= 2S5, = [ [Ax—nldx =2 [ (n—4x) dx
/8 /8
/4 2 2
S, =(mx-2¢) =n|Z-T|-2 = -2
n/8 4 8 16 64

4n*  3n° 48 n° _3
28 32 32 g n? 32 2
48S,

7_c2

n’ 485, 48 m* 3

=15

SECTION 3
This section contains TWO (02) paragraphs. Based on each paragraph, there are TWO (02) questions.
Each question has FOUR options (A), (B), (C) and (D). ONLY ONE of these four options is the correct
answer.
For each question, choose the option corresponding to the correct answer.
Answer to each question will be evaluated according to the following marking scheme:
Full Mark :+3  If ONLY the correct option is chosen;
Zero Marks : 0  If none of the options is chosen (i.e. the question is unanswered);
Negative Marks  : -1  Inall other cases.




*13.

Sol.

*14.

Paragraph

Let M = {(x, y) € R x R: x* +y? <r?}, where r > 0. Consider the geometric progression

a, =%, n=123,..... Let Sp = 0 and for n > 1, let S, denote the sum of the first n terms of this

progression. For n > 1, let C,, denote the circle with center (S, -1, 0) and radius a,, and D, denote the circle
with center (S,_1, Sy_1) and radius a.

Consider M with r=%. Let k be the number of all those circles C, that are inside M. Let | be the

maximum possible number of circles among these k circles such that no two circles intersect. Then

(A) k +21=22 (B) 2k + | = 26 (C) 2k + 31 =34 (D) 3k + 21 = 40

D
C1—(0,0),r=1
C,—(1,0),r=1/2
Cs—(3/2,0), r=1/4

Cn(Z[l—zn—llj,Oj,r= znlfl
= 2[1—Wj+2n_11<r (M

A\ 4

2———<r
1 1025
=
2"t 513
1 1
= —>—
2" 513

= 2™<513=n-1<9
= n<l1l0=k=10

Also no two by C;, Cs, Cs, C;, Cq intersect each other. And no two of C,, Cy4, Cg, Cg, Cy intersect each
other

For both, we get I =5

=3k +21=40

(2199 _1)\/5

2198

(A) 198 (B) 199 (C) 200 (D) 201

Consider M with r = . The number of all those circles D, that are inside M is



Sol.

15.

Sol.

B
\/ESn_l +a, <r

N

N
- (\/E)znfaw < 2\/5_1

= 2n-397<1=n<199.

Paragraph

Let ¥, :[0,0) >R, ¥, :[0,0) >R, f:[0,00) > Rand g: [0, ) - R be functions such that
f(0) = 9(0) =0,
yi(X)=e"+ X, x>0,
Wo(X) =X - 2x - 267 + 2, x>0,

f(x) = fx(ltl—tz)e’tzdt, x>0

X2
and g(x) = J.\/fe’tdt, x> 0.
0

Which of the following statements is TRUE?
A f(\in3)+g(\In3) =%

(B) For every x > 1, there exists and o e (1, x) such that y;(x) =1 + ax
(C) For every x > 0, there exists a B e (0, x) such that y,(x) = 2x(y1(B) — 1)

(D) fisan increasing function on the interval {0, g}

C

Wo(X) =X - 2x -2 +2,x>0
Yo(X)=2Xx—-2+2e7=2(x+e*-1)

v2(B) = 2(w1(B) - 1)

Since y,(X) is a continuous and differentiable function Vv x e [0, x]
2(0) = 0, wp(X) = X2 — 2x — 2™ + 2

Hence according to LMVT there exist atleast one (0, x) such that

(M]w;(m

X



-, )

= y2(X) = 2x(y1(B) - 1)

16. Which of the following statements is TRUE?
(A) yi(x) <1, forall x>0
(B) wa(x) <0, for all x>0

©) f(x)>1-e™ _2y8 +3x5, for all XE(o, 1]
3 5 2

(D) g(x)ﬁzxe’ 2 +ix7, for all XE(O, 1]
3 5 7 2

Sol. D
\lr/'l(X) =1-e*>0
va(X) = (x-1)°+1-2e*>0forx=1

2 3
el=1-t+ oL,
2 3

Jiet =Vt -t%2 +%t5’2....
So, Jtet <+t —t*2 +%t5’2 for te(0,1)

Jietdt < [Vt - 372 ESCTRP
| >
0 0

S22y 2y, 1y
3 5 7

SECTION 4
e  Thissection contains THREE (03) questions.
®  The answer to each question isa NON-NEGATIVE INTEGER.
. For each question, enter the correct integer corresponding to the answer using the mouse and the on-screen
virtual numeric keypad in the place designed to enter the answer.
e Answer to each question will be evaluated according to the following marking scheme:

Full Mark :+4 If ONLY the correct integer is entered;
Zero Marks : 0  Inall other cases.
17. A number is chosen at random from the set {1, 2, 3, ....., 2000}. Let p be the probability that the chosen

number is a multiple of 3 or a multiple of 7. Then the value of 500p is

Sol. 214
Let A={1,23,....,, 2000}
LetE;=3m,1<m<666,me N
E,=7k 1<k<285keN
=n(E; U Ey) = 666 + 285 — 95 = 856
= P(E; U Ey) =856 /2000 = 500B = 856 / 4 = 214




2 2
18. Let E be the ellipse :—6+y? =1. For any three distinct points P, Q and Q' on E, let M(P, Q) be the mid-

point of the line segment joining P and Q, and M(P, Q") be the mid-point of the line segment joining P and
Q’. Then the maximum possible value of the distance between M(P, Q) and M(P, Q'), as P, Q and Q' vary
on E, is

Sol. 4
M(P, Q) is mid-point of PQ
M(P, Q") is mid-point of PQ’
Ina A PQQ’ since M(P, Q) & M(P, Q') are mid-point
of PQ & PQ' hence line joining M(P,Q), M(P,Q’) is
parallel to QQ' and half of it.

= max distance = %QQ' = %(8) =4
19. For any real number x, let [X] denote the largest integer less than or equal to x. If

10
|:I|: &j|d)(,
J X+1

then the value of 91 is

19. 182

wheren e |

10x n? (n+1)°
—|=n=> <
X+1 10 -n? 10-(n+1)

Forn=0,0<x<1/9
n=1;1/9<x<2/3

n=2;2/3<x<9,n=3,x>9
1/9 213 9 10
= I= IO-dx+ Il-dx+j2-dx+j3-dx
0 1/9 213 9

(21}, 5(9-2 +3(10—9)=& =9l =182
3 9 3 9

END OF THE QUESTION PAPER



