Mathematics

JEE { Advanced) 2(22 Paper |

SECTION 1 (Maximum Marks: 24)
This secticn contains EIGHT (08) questions.

The answer to each question is 2 NUMERICAL VALUE.
For each guestion, enter the correct numerical value of the answer using the mouse and the on-screen

virtual numeric keypad in the place designated to enter the answer, 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 Marks 1 +3 OMLY if the correct numerical value is entered;
Zero Marks : 0 Inall other cases.
Q.1 Considering only the principal values of the inverse trigonometric functions, the value of

Q.2

3 / 2 1 227 2
5 cos™1 + — sin™1t . + tan'lg

2+l 4 2+

15

Let @ be a positive real number. Let /K — R and g: (a,20) = R be the functions defined by
5 2 log, (f'J_C—*..-'E)
flx) = sin 73 and glx) = : —

Then the value of lim f(g(x)) is
ol

In a study about a pandemic, data of 900 persons was collected. It was found that

190 persons had symptom of fever,

220 persons had symplom ol cough,

220 persons had symplom ol breathing problem,

330 persons had symplom ol fever or cough or both,

350 persons had symplom of cough or brealhing problem or both,

340 persons had symptom ol fever or breathing problem or both,

30 persons had all three symptoms (fever, cough and breathing problem).

I a person 15 chosen randomly from these 900 persons, then the probability that the person has at
most one symptom is p

19
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04

Q.5

Q.6

Q.7

Q.8

Let z be a complex number with non-zero imaginary parl. If

24+ 3z 4427
2—3z+4z2

12 is

is a real number, then the value of |z

Let = denote the complex conjugate of a complex number z and let i = /=1 . In the set of complex
numbers, the number of distinct roots of the equation

z—z*=i(2+2%)

Let 15,15, ..., Lipg be consecutive terms of an arithmelic progression with common difference d;, and
let wy, wo, ..., Wypg be consecutive terms of another arithmetic progression with common difference
ds . where dyd, = 10. Foreachi =1, 2, ..., 100, let R; be a reclangle with length I;, width w; and
area A;. If Ay — Az = 1000, then the value of Aypg —Agg i8

The number of 4-digit integers in the closed interval [2022, 4482] formed by using the digils
0,2,3,4,6,7 is "

Let ABC be the triangle with A5 =1, AC =3 and £5AC = E Il a circle of radius = 0 louches

the sides AE, AC and also touches internally the circumcircle of the wiangle ABC, then the value
ol ris
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Full Marks
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Partiol Marks

Partial Marks

Zero Marks
Negative Marks

SECTION 2 (Maximum Marks: 24)

* This section contains SIX (06) questions,

s Each question has FOUR options (A), (B), (C) and (D). ONE OR MORE 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).

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

: +4 ONLY if (all) the correct option(s) islare) chosen;

o 43 If all the four options are correct but ONLY three options are chosen;

: 42 If three or more options are correct but ONLY two options are chosen, both of

which are correct;

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

carrect option;

0 If none of the options is chosen (i.e. the guestion is unanswered);

—2 In all other cases.

Q.9  Consider the equation

f (log, ¥)'/2
1 x(ﬂ - {Iﬂgexﬁ’z)

Which of the following statements isfare TRUE 7

{A) Noa satisfies the above equation

{B) Aninteger a satisfies the above equation

(C) Anirrational number a satisfies the above equation

(D) More than one a satisfy the above equation

sdx=1, a€(~ow,0)u(lw).

i
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Q.10

Q.11

Let ay,a5,as,... be an arithmelic progression with a; =7 and common difference 8. Let
7,75, 75, ... besuchthalT; =3 and T, 4 — T, = a, forn = 1. Then, which of the following is/are
TRUE?

(A) Typ = 1604 (B) ¥2L, T, = 10510

(C) Tsp = 3454 (D) B3, T, = 35610

Let Py and P; be two planes given by
B: 10x+15v+12z2—60=0,

P: —2x+5y+4z—20=0.

Which of the following straight lines can be an edge of some tetrahedron whose two faces lieon By
and P; 7

x—1 y—1 =1
5

Let 5 be Lhe rellection of a poinl @ wilh respect to the plane given by
F=—(t+p)i+tj+ (1 +0)k
where t, p are real parameters and i, j, k are the unit vectors along the three posilive coordinate

axes. If the position vectors of @ and § are 10f +15] + 20k and ai+ 8] + vk respectively. then
which of the following isfare TRUE ?

(A) 3(a+p)=—-101
(B) 3(B+y)=-71
(C) 3(y +a)=-86

(D) 3la+pf+y)=—-121
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Q.13

Q.14

Consider the parabola ¥ = 4x. Lel 5 be the focus of the parabola. A pair of tangents drawn (o the
parabola from the point P = (—2, 1) meet the parabola at P; and P>. Let (34 and Q- be points on the
lines §P; and 5P, respectively such thal P}y is perpendicular to §P; and P@3, is perpendicular lo
5P,. Then, which of the following is/are TRUE ?

(A)  5Q; =2
B) Q0=
(€) PGy=3
D) SQ:=1

w

Let [M| denote the determinant of a square matrix M. Let g: [ﬂ, ;] — R be the function defined by

9(6) =T —1 + |1 (5-9)-1

where
J e . s_in:n: | cos (E - E) tan (H =% E)
fle) = % —sin@ 1 sinf| + |sin Lﬁ' = EJ = casg log, (%)
-1 —sinfé 1 cot (E‘ + E} log, E) tanm

Let p(x) be aguadratic polynomial whose roots are the maximum and minimum values of the
function g(8). and p(2) = 2 — vZ . Then, which of the following is/are TRUE ?

I+

M
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SECTION 3 (Maximum Marks: 12)
* This section contains FOUR (04) Matching List Sets.

# Each set has ONE Multiple Choice Question,

* FEach set has TWO lists: List-1 and List-L.

»  List-l has Four entries (1), (11}, (11} and (1Y) and List-Il has Five entries (P), (Q), (R), [3) and (T).

* FOUR options are given in each Mutltiple Choice Question based on List-1 and List-1l and ONLY ONE of
these four options satisfies the condition asked in the Multiple Choice Question.

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

Full Marks 1 +3 OMNLY if the option corresponding to the cormect combination is chosen;
Zero Marks : D If none of the options is chosen {i.e. the question is unanswered);
Negative Marks ; —1 In all other cases.

Q.15  Consider the following lists:

List-1 List-I1
(N {x = —2?“,13—1 s cosy 4+ siny = 1} (P) has two elements
(1T} {1‘ = :—E,i—-:: -/ 3tan3x = 1} (()) has three elemenis
am {x € [- =, £ ]: 2 cos(2x) = V3] (R) has four elements
TV} {x = [—3—: FT” Doiny — cosy o= 1] {5 has five elements

('T) has six elements

The correct option is:

(A) (1) = (P); (1) — (5); (I) = (P); (IV) = (S)
(B) (I) = (P); (II) = (P); (IID) = (T); (IV) = (R)
(€) (1) = (Q: aD = (P); () = (T); (IV) = (8)
(D) (1) = (Q); (I) = (8); (L) = (P); (IV) = (R)

a6
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Q.16

Two players, Py and P;; play a game against each other. In every round of the game; each player rolls
a fair die once, where the six faces of the die have six distinct numbers. Lel x and y denote the
readings on Lthe die rolled by Py and Ps . respectively. Il x == v, then P; scores 5 points and F; scores
() point. If x = y, then each player scores 2 points. If x < 4, then P, scores 0 poinl and P, scores 3
points. Let X; and ¥; be the total scores of P, and P, respectively, after playing the i*" round.

List-1 List-1

(I) Probability of (X; = Y¥:) is ) 2
g
(IT) Probability of (X, = ¥3) is @ 2
16
(HT) Probability of (X = ¥%) is R =
T
(IV) Probability of (X > ¥5) is 5y 32
864

77

(T)

The correct option is:

(A) (1) = (Q) (4D = (R); (I — (T (V) = (8)
(B) (1) = (Q); () = (R); (111) — (T); (V) — (T)
(©) (1) = (P); (ID) = (R); (II) = (Q); (IV) = (S)
(D) (D= (); (1) — (R); (1) = (Q) (IV) = (T)

in
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Q.17

Let p, g, be nonzero real numbers that are, respectively, the 107, 100" and 1000°" terms of a
harmonic progression. Consider the system of linear equations

r+y+z=1
10x 4+ 100y + 1000z =0
grx+pry+pgz=10

List-1
(D1 2 =10, then the system of linear

equalions has

(an Er =+ 100, then the system of linear

equalions has
(1 1f E =10, then the system of linear
equalions has

e

(V) If T 10, then the system of linear

equalions has

The correct option is:

List-11
(Plx=10, _v=17:f z=—7: as a solution
|:-Q]|;1r=31§+ J'=—§,z=ﬂasasulution

(R} infinitely many solutions

{5) no solution

('T) at least one solution

(A) (D) = (T); (D) = (R); (1) = (8); (IV) = (T)
(B) () = (Q); (W) — (8); (D) = (8); OV) = (R)
(© (D - (Q; (D — (R); (D) = (P); (IV) = (R)
(D) (D= (T); (1D — (8); (A1) = (P); (IV) = (T)
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Q.18 Consider the ellipse

b3

e

+

—=1,
1 '3

"[""I H:-a

Let H(a,0), 0 <@ < 2, be a point. A straight line drawn through H parallel (o the y-axis crosses
the ellipse and its auxiliary circle al points E and F respectively, in the first guadrant. The tangent o
the ellipse at the point F intersects the positive x-axis al a point G. Suppose the straight line joining
F and the origin makes an angle ¢ with the positive x-axis.

List-1 List-11
(n e =E , then the area of the triangle FGH is [1,-'3—1}4
(P) ———
(an If¢ =g , then the area of the triangle FGH is Q) 1
(D) If ¢ = Z , then the area of the triangle FGH is ®) 2
S 4
(IV) If ¢ = =, then the area of the triangle FGH is (8) —
23
3.2
(T) 3v3

il
=

The correct oplion is:

(A) (D —=(R); (D = (8); (M) — (Q); (IV) = (P)
(B) (D)= (R); (ID) = (T); (L) - (S); (IV) = (P)
(€) (D - (Q) (D - (T); (D) - (8); (V) = (P)
(D) 1) = (Q); (I — (5) (1) — (Q) (V) — (P)

END OF THE QUESTION PAPER

on
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SECTION 1
This section contains EIGHT (08) questions.

The answer to each question is a NUMERICAL VALUE.

For each guestion, enter the correct numerical value of the answer using the mouse and the on-screen
virtual numeric keypad in the place designated to enter the answer. 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 Marks ¢ 43 ONLY if the correct numerical value is entered;

Zero Marks : 0 Inall other cases.

Q.1

Q.2

Q3

Q4

Two spherical stars 4 and B have densities p, and pg, respectively. 4 and B have the same radius,

and their masses M, and My are related by My = 2M,. Due 1o an interaction process, star 4 loses

same of its mass, so that its radius is halved, while its spherical shape is retained, ond its density

remaing p,q. The entire mass lost by 4 is deposited as a thick spherical shell on B with the density of

the shell being pa. 1P vy and vy are the escape velocities from 4 and & alier the interaction process,
10n

- -4 . .
the ratio — = |—— The value of i is ;
l_-ﬂ 15! | —_—

The minimum kinetic encrgy needed by an alpha particle to cause the nuclear reaction 'SN +
3He = H + 150 in a laboratory frame is 7 (in Me¥). Assume that SN is at rest in the laboratory
frame. The masses of 1SN, 3He, 1H and 30 can be taken to be 16.006 u, 4.003 1, 1.008 ¢ and
19.003 u, respectively, where 1 u = 930 MeVe ™%, The value of » is .

In the following circuit C) = 12 pF, Co= Ci=4 pF and Cy= Co= 2 pF. The charge stored in Ch 15
pe,
1

N L1
o 2 0 & -T“'

A rod of length 2 om makes an angle ?__‘—" rad with the principal axis of a thin convex lens. The

1

il

1
b

lens has a focal length of 10 em and is placed at a distance uf? cm from the object as shown

in the figure, The height of the image is %cm and the angle made by it with respect to the
principal axis is @ rad. The value of a is % rad, where n is

2w

N

Ll
=
b
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Q35 At tme t =0, a disk of radins 1 m starts to roll withoot slippmg on a horizontal plane with an
angular acceleration of & = 15 rad 572, A small stone 15 stuck to the disk. At ¢ =0, it 15 at the
contact point of the disk ami-the plane. Later, at time t = /7 5, the stone detaches itself and flies
off tangentially from the disk The maximum height (in ») reached by the stone measured from the
plane is =+ The value of xis . [Take g =10ms2]

Q6 A solid sphere of mass 1 kg and radius 1 m rolls without slippmg on a fixed melined plane with an
angle of inclmation & = 30° from the horizontal Two forces of magnitude 1 N each. paralle! to the
mcline, act on the sphere, both at distance r = 0.5 m from the center of the sphere, as shown in the
figure. The acceleration of the sphere dovn the plane is = ms™2 (Takeg=10ms2)

Q.7  Consider an LC circuit. with inductance L = 0.1 H and capacitance € = 1073F, kept on a plane.
The area of the cirenit is 1 m2. It is placed in a constant magnetic field of strength 5, which is
perpendicular to the plane of the circuit. At time £ = 0. the magnetic field strength starts
increasing linearly as B = B, + ftwith §=0.04Ts?, The maximum magnitude of the
currentin the circuitis__ mA.

QEF A projectile is firad from horizontal ground with speed ¥ and projection angle 8 When the
acceleration due to gravity is g, the range of the projectile 15 d. If at the highest point in its
trajectory, the projectile enters a different region where the effective acceleration due to gravity is

¥ E

g = then the new range is ' = nd. The value of ni is

2
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SECTION 2 (Maximum Marks: 24)

This section cantains SIX (06) questions.

Each guestion has FOUR options (A), (B), (C) and (D). ONE OR MORE THAN OME of these four
option(s) islare) correct answer(s).

For each question, choose the option(s) corresponding to (all) the correct answer(s).

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

Full Marks : +4 ONLY if {all) the correct option(s) is{are) chosen;

Partial Marks : +3 If all 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 If none of the options is chosen [i.e. the guestion is unanswered);

MNegative Marks: —2 In all other cases.

anz
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Qo

A mediom having dielectric constant X =1 fills the space between the plates of a parallel plate
capacttor. The plates have large area, and the distance between them iz 4. The capacitor is
connecied to a batiery of voltage I, as shown i Figure {a). Now_ both the plates are moved by a

distance of E from their original positions, as shown in Figure (b).

Figure (b}

In the process of going from the configuration depicted m Figure (2) to that in Figure (b), which of
the following statement(s) is{are) comrect?

{A) The electric field inside the dieleciric material is reduced by a factor of 2K
{B) The capacitance is decreased by a factor of E

(C) The voltage between the capacitor plates ts increased by a factor of (K + 1)
{I}) The work done mn the process DOES NOT depend on the presence of the dielectric material

q12
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.10 The fipure shows a circuit having eight resistances of 1 1) each, labelled R, to F;. and two ideal
batteries with voltages £, = 12V and &, =6 V.

Which of the following statement(s) 1s(are) comrect?

{A) The magnitude of current flowing through #, 172 A
(B) The mamitude of comrent flowing through - 15 1.2 A
{C) The mamitude of comrent flowing through B 154 8 A
(I¥) The magnitude of cument flowing through B. 124 A
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Q.11

An ideal gas of density p = 0.2 kg m~= enters a chimney of height i at the rate of & =
0.8 kg s~ from its lower end. and escapes through the upper end as shown in the figure. The
cross-sectional area of the lower end is 4, = 0.1 m? and the upper end iz 4, = 0.4 m?, The
pressure and the temperature of the gas at the lower end are 600 Pa and 300 K, respectively,
while its temperature at the upper end is 150 K. The chimney is heat insulated so that the gas

undergoes adiabatic expansion. Take g = 10 m 572 and the ratio of specific heats of the gas
¥ = 2. Ignore atmospheric pressure.

P
Which of the following statement(s) is{are) correct?

[A) The pressure of the gas at the upper end of the chimney is 300 Pa.

(B) The velocity of the gas at the lower end of the chimney is 40 m s~* and at the upper end is
20ms

(C) The height of the chimney is 590 m.

(D) The density of the gas at the upper end is 0.05 kg m™2,

Three plane mirrors form an equilateral triangle with each side of length L. There iz a small
hole at a distance { = 0 from one of the corners as shown in the figure, A ray of light is passed
through the hole at an angle & and can only come out through the same hole. The cross
section of the mirror configuration and the ray of light lie on the same plane.

Which of the following statement(s) is{are] correct?

(A) The ray of light will come out for8 =30 for 0 < | < L.
(B} There izan angle for! = éat which the ray of light will come cut after two reflections,

(C) The ray of light will NEVER come out for @ = 60°, and ! = =

=

(D] The ray of light will come out for§ = 60" and 0 < < ‘-: after six reflections.

i
-]
b
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Q.13

Q.14

Six charges are placed around a regular hexagon of side length a as shown in the figure, Five
of them have charge q. and the remaining one has charge x. The perpendicular from each
charge to the nearest hexagon side passes through the center O of the hexagon and is bisected
by the side,

0"

« X

Which of the following statement(s) is(are] correct in 51 units?

(A) When x = g, the magnitude of the electric field at 0 is zero.
{B) When x = —g, the magnitude of the electricfield at 0 is

q

B Ey @
o . " 7
{C)When x = 2q, the potential at O is poc e
(D) When x = —3g, the potential at 0 is — ———.
4% AMEqd

The binding energy of nucleons in a nucleus can be affected by the pairwise Coulomb repulsion.
Assume that all nucleons are uniformly distributed inside the nucleus. Let the binding energy of a
proton be E. and the binding energy of a neutron be E7 in the nucleus.

Which of the following statement(s) is(are] correct?

(A) Ef — E7 is proportional to Z(Z — 1) where Z is the atomic number of the nucleus.

(B) E; — E[ is proportional to A” 3 where 4 is the mass number of the nucleus.
(C) E} —EF is positive.
(D) Ef increases if the mucleus undergoes a beta decay emitting a positron.

T2
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SECTION 3
» This section contains FOUR {04) Matching List Sets.

* Each set has ONE Multiple Choice Question.

* Each set has TWO lists: List-l and List=Il.

s List-1 has Four entries (I}, {I1), (111} and {IV) and List-Il has Five entries (P}, (Q), (R}, {5} and (T).

= FOUR options are given in each Multiple Choice Question based on List-l and List-Il and OMLY ONE of
these four options satisfies the condition asked in the Multiple Choice Question.

= Answer to each guestion will be evaluated according to the following marking scheme:
Full Marks : 43 ONLY if the option corresponding to the correct combination is chosen;

Fera Marks ¢ 0 If none of the options is chosen {i.e. the question is unanswered);
Megative Marks: —1 In all other cases.

Q.15 A small circular loop of area 4 and resistance R is fixed on a horizontal xy-plane with the
center of the loop always on the axis # of a long solenoid. The solenoid has m turns per unit
length and carries current I counterclockwise as shown in the figure, The magnetic field due
to the solenoid is in i direction. List-1 gives time dependences of fi in terms of a constant
angular frequency w. List-11 gives the torques experienced by the circular loop at time ¢t = ﬁ.

A m e
Leta = R
r._",' . ]I.z
=
v X fi
/
List-I List-11
(1 ‘I.L-E[-\‘fﬂ wt | + cas wt k) (P10
(1) = (sin wt i + cos wt ) Q-71
(1) = (sin wt T + cos wt k) e
(IV) = (cos wt | +sin wt ) ($) %7
. 3o
(1) =224

Which one of the following options is correct?

(A) 1= Q, LI2P, 11128, VT
(B) 1= S, 11T, 1120, V3P
(C) 1= Q, 1P, 11195, VSR
(D) 12 T, 112Q, NIPIVR
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Q.16 List I describes four systems, each with two particles 4 and 5 1o relative motion as shown in

figures. List IT gives possible magnitudes of their relative velocities (inm s~1) attime t = ;—r 5

List-I
(I) 4 and 5 are moving on a horizontal circle of radivs 1 m with
uniform angular speed = 1 rad s~ The initial angular positions of
AandBatttmet=0are§=0and f = %_.re&pecﬁrel}'.
by

(I} Projectiles 4 and B are fired (in the same vertical plane) at £ =10
and £ = (.1 s respectively, with the same speed v = E'—; st and at
45" from the horizontal plane The 1nital separation between 4 and B
is large enough so that they do not collide. (g =10ms™™).

(IIT} Two harmontc oscillators 4 and B moving m the x direction
according to x, = A5 sinri and x, =x;sin ( ri + :) respectively,
Lo} LEp -
stariimg fromt = 0. Takex, = 1m. t, =15
Xp = XgEin -._;-.LE}
2+

B
x

t

Xy — XpSin—
A BTN

]

(TV") Particle 4 1s rotating in 3 horizontal circular path of radius 1 m on
the xy plane, with constant angular speed w = 1 rad s™* Particle 5 is
moving up at a constani speed 3m s 'in the vertical direction as
shown in the figure. (Ignore gravity,)

£ TSms‘*—
B

Which one of the followmg options is correct?

(A IS>RIOIS>TISPIV>S
B)I>SIOI>PM>QIVSR
(©I>SIOI>T.IN3P.IV>R
DII>T.I>PM3RIV>S

List-1T
R 241

oy LVE=1)
QL

(®) V0

(8)v2

(I v25m2+1
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Q.17 List I describes thermodyvnamic processes in four different svstems. List IT gives the magnitudes
{etther exactly or as a close approximation) of possible changes in the mtemnal energy of the svstem
due to the process.

List-1 List-IT

(Ty 10~% kg of water at 100°C is converted to steam at the (2R
same temperature, at a pressure of 10° Pa. The volume of

the system changes from 107°m® to 107 m® mn the

process. Latent heat of water = 2250 &l ke

(I} 0.2 moles of a rigid diatomic 1deal gas with volume ¥ (TR
at temperature 500 X undergoes an isobaric expansion to
volume 3 7. Assume R = 8.0 [ mol K 2.

(T} Onie mole of a monatemic deal gas is compressed (Fo4 &7
adiabatically from volume V :51 m? and pressure 2 kPg

to volume VE

(TV) Three moles of a diatomic ideal gas whose molecules (513 &7
can vibrate is given @ & of heat and undergoes isobaric
eXpansion.

(T3 &S

Which one of the following options iz correct?

(AIS>T.ISRIM>S IV
BI>SI>PM>TIVS
(OI>PIO>RIM>T,IVS
DI>QI3>RI>S IV

Q.
P,

Q.
T

L2
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Q.18 ListI contams four combmations of tivo lenses (1 and 2) whose focal lengths (in o) are ndicated
in the figures. In all cases, the object s placed 20 cm from the first lens on the left. and the distance
between the two lenses 1s > cm. List IT contams the positions of the final images.

List-I List-II
(1) f= =10 +15 (P) Final image iz formed at 7.5 cm on the
: right side of lens 2.
of
'Wem 1M 2 (Q) Final image is formed at 60.0 cm on the
right side of lens 2.
F=+10 -10
m + N Y
0] U A (B) Final image 15 formed at 30.0 cm on the
i left side of lens 2.
em 1.3CHL 2
(IIT) i 5
J=+10 —20 (S) Final image 1s formed at 6.0 cm on the
right side of Tens 2.
o[}
:i—lrU
"Flem 1 XEMZ
(IV)

(T} Final image is formed at 30.0 cm on the
right side of lens 2.

Which one of the following options is correct?

AO2>PM>RON>Q(IV)>T
B)DOH>Q@M2P(IH>T(IV)>S
CO>EM>Td)>R IV)>Q
D) (N> T, ) > S, (IIT) > Q:(IV) >R

112



IEE { Advanced) 2022

Paper 1

END OF THE QUESTION PAPER
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SECTION 1 [Maximum Marks: 24)
* This section contains EIGHT (08) questions.

* The answer to each guestion is 3 NUMERICAL VALUE.

*  For each question, enter the correct numerical value of the answer using the mouse and the on-screen
virtual numeric keypad in the place designated to enter the answer. If the numerical value has more
than two decimal places, truncate/round-off the value to TWO decimal places.

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

Full Marks : +3 ONLY if the correct numerical value is enterad;
Fero Marks : 0 Inall other cases.
Q.1 2 mol of Hg(g) is combusted in a lixed volume bomb calorimeter with excess of Oz at 298 K and

| atm into HgO{x). During the reaclion, lemperature increases from 298.0 K (o 312.8 K. 1[I heal
capacity of the bomb calorimeter and enthalpy of formation of He{g) are 20,00 kJ K~ and 61.32 kJ
mol ~! at 298 K, respectively, the calculated standard molar enthalpy of formation of HeO(s) at 298
K is X kI mol-'. The value of |X] is .

[Given: Gas constant R=8.3 ] K~ mol ]

Q.2 The reduction potential (E”, in V) of MnOj (ag)/Mn(s) is .

; ful 4] 0
[Given: E{Mnc;{a e 168 V: Enyno, (astn®*(ag))™ 121 Vi Epym+ fagq)jatngapy=— 103 V

L0
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Q.3 A solution is prepared by mixing 0.01 mol each of H,CO,, NaHCO,, Na,CO,, and NaOH in
100 mL of water. pH of the resulting solution is

[Given: pK,; and pK, of H,CO, are 6.37 and 10.32, respectively; log 2 =0.30]

Q.4 The treatment of an aqueous solution of 3.74 g of Cu(NO, ), wilh excess KI resulls in a brown

solution along with the formation of a precipitate. Passing H:S through this brown solution gives
anolher precipitate X. The amount of X (in g) is .

[Given: Atomic massol H=1,N=14.0=16,8=32 K=39, Cu=63,1=127]

0.5 Dissolving 1.24 g of white phosphorous in boiling NaOH solution in an inert atmosphere gives a
gas (). The amount of CuS0, (in g) required to completely consume the gas Q is

[Given: Alomic massof H=1,0=16,Na=23,P=31,5§=32, Cu=63]

210
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0.6 Consider the following reaction.
OH

red phosphorous
E-TE

= R (major product)
Br

On estimation of bromine in 1.00 g of R using Carius method, the amount of AgBr formed (in 2) is

[Given: Atomic massof H=1,C=12,0=16,P=31, Br=80, Ag = 108]

(0.7  The weight percentage of hydrogen in @, formed in the following reaction sequence. is

Cl

1. NaOH, 623 K, 300 atm B
@ = Q (major product)
2. cong, H=50, and then

conc. HNGH

[Given: Alomic massof H=1,C=12. N=14, 0= 16, 5=32, Cl =35]

Q.8  If the reaction sequence given below is carmed out with 15 moles of acetylene, the amount of the
product D [ormed (in g) is

iron tube 1.0,

cl R
cscy _edho HaC ™" 5 __2H0" . cHcocl o
_— 2 Ly ﬁdl
B0%) MGl (5oe) -CHiCOCHs (509, PO (4009,

The yields of A, B, C and D are given in parentheses.
[Given: Atomicmass of H= 1, C =12, 0= 16, Cl = 33]
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SECTION 2 (Maximum Marks: 24)

» This section contains SIX (06) questions.
# Each question has FOUR options (A), (B}, (C) and (D). ONE OR MORE 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).

s  Answer to each guestion will be evaluated according to the following marking scheme:
Full Marks . +4 ONLY if (all) the carrect option|(s) islare) chosen;

Partial Marks . 43 If all the four options are correct but ONLY three options are chosen;
Partiol Marks  : 42 If three or more options are correct but ONLY two options are chosen, both of

which are correct;

Partial Marks : 41 If two or more options are correct but ONLY one option is chosen and it is a
correct option;
Zero Marks : 0 If none of the options is chosen (i.e. the question is unanswered};
MNegative Marks: —2 In all other cases.
Q.9  For digtomic molecules, the correct statement(s) about the molecular orbitals formed by the overlap

of two 2p. orbitals is(are)

{A) erorbital has a total of two nodal planes.
(B} e orbital hus one node in the xz-plane containing the molecular axis,

(C) 7 orbital has one node in the plane which is perpendicular to the molecular axis and goes
through the center of the molecule.

(D) 7* orbital has one node in the xy-plane containing the molecular axis.

The correct option(s) related to adsorption processes is{are)

{A) Chemisorption results in a unimolecular laver.

(B) The enthalpy change during physisorption is in the range of 100 o 140 kJ mol .
(C) Chemisorption is an endothermic process.

(D) Lowering the temperature favors physisorption processes,

A1
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Q.11

Q.12

Q.13

The electrochemical extraction of aluminum from bauxite ore involves

(A) the reaction of Al,O, with coke (C) al a temperature > 2500 °C.

(B) the neutralizalion of aluminale solution by passing CO: gas lo precipitale hydrated alumina
{ AlzOs- 3H-0).
(C) the dissolution of Al,O, in hot aqueous NaOH.

(D) the electrolysis of Al>2Oh mixed with NaaAlFs to give Al and COa.

The treatment of galena with HNO, produces a gas that is

(A) paramagnefic (B) bent in geometry
{(C) an acidic oxide (D) colorless

Considering the reaclion sequence given below, the correct statement(s) is{are)

_ 8]
S =
Yous
- 1. Bry, red phosphorous _— o . a

COOH
HsC~ “COOH - + @(

2. H;0 2. NaOH COOH
3. H;0*

(A) P can be reduced to a primary alcohol using NaBH,.

(B) Treating I with conc. NH OH solution followed by acidification gives ().
(C) Treating ) with a solution of NaNO, in ag. HCI liberates N,.

(D) P is more acidic than CH,CH,COOH.

o
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Q.14 Considering the following reaction sequence,

R H.0

NO,
P
/© =3
HqC

the correct oplion(s) is(are)

{A)
P = Hy/Pd, ethanal
(B}
P = SnfHCI
()
& g
N, Cl
HsC
(m

HOOC

@,G O0H

U=1.HsPO,
2. KMnOy - KOH, heat

R = NaNO,/HCI

3]

o g
Hs;C

R"_-HNDZ E.—-

u=1, CHaCHzDH
2. KMnQy, - KOH, heat

COH
T= /©/
HsC

o
HyC

R = H./Pd, ethancl

a0
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SECTION 3 (Maximum Marks: 12)
s This section contains FOUR (04) Matching List Sets.
s Each set has ONE Multiple Choice Question.
s Each set has TWO lists: List-l and List-1l.
= List-l has Four entries (1), (11}, (111} and {1V} and List-1l has Five entrias (P), (Q), (R); () and (T).
* FOUR options are given in each Multiple Choice Question based on List-! and List-1l and ONLY ONE of
these four options satisfies the condition asked in the Multiple Choice Question.
s Answer to each question will be evaluated according to the following marking scheme;

Full Marks ¢ +3 ONLY if the option corresponding to the correct combination is chosen;
Zero Marks : 0 If none of the options is chosen {i.e. the guestion is unanswered);
Megative Marks: —1 |In all other cases.

o
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.15 Match the rate expressions in LIST-I for the decomposition of X with the comesponding profiles
provided in LIST-IL. X, and k are constants having appropriate units,

LIST-1 LIST-I1
(h (P)
]
riate = B =
X, +X] H
under all possible initial concentrations of X %

inltkal concentration of X

(1n) (Q)
k[X] 4
rate = ———
X, +X] e
where initial concentrations of X are é
much less than X, E
initial concentration of ){;
(1) (R)
k[ X] :
rate =
X, +HX]
where initial concentrations of X are -
much higher than X,
initial concantration of x:_
(Iv) (8)
kl b4 ]I [
rate =
X, +H[X]

where initial concentration of X is

.

much higher than X,

,

fime

(A =P -0l =8 IV=T
B)l=R; =51l —=51V—=>T
(C) =P =01l - IV R
Ml=R: =5 1l—=01V—=R

B0
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Q.16 LIST-I contains compounds and LIST-IT contains reactions

LIST-I LIST-TI
() H,0, (P) Ma(HCO,), + Ca(OH), —
(1) Mg(OH), (Q) BaO, + H,50, —
(111) BaCl, (R) Ca(OH), + MgCl, —
(IV) CaCO, (S) BaO, + HCl —

(T) Ca(HCO,), + Ca(OH), —

Malch each compound in LIST-I with its formation reaction(s) in LIST-I1, and choose the correct
option

(A — QI =P II—5IV—R

Byl =T, 1 —=-PlIl—=0Q;:IV—R

C =TI —-RIl—Q:IV—=P

Dyl —Q: I —R; Ml —§;IV—=P

2.17  LIST-I contains metal species and LIST-1I contains their properties.

LIST-I LIST-I1
(D fCr{CN}bi"_ (P) 1, orbitals contain 4 electrons
(I} [RuC1, ] (Q) pispin-only) = 4.9 BM
(1 Ilﬁ:'.rI{HE\ﬂ‘]l,J,TIt (R} low spin complex ion
(IV) [Fﬂinﬂ}hiE {5) metal jon in 4+ oxidalion slale
(md species

[Given: Atomic number of Cr= 24, Ru =44, Fe = 26|

Malch each metal species in LIST-1 with their properiies in LIST-11, and choose the correct option

(A)I =R T: =P, S; I —Q.T;IV—=P,Q
(B —R SN—P.T:IM—P.Q:IV—Q,T
(C)1—P,R; 1 —=R.S:M—R.T;IV—=P,T
D= QT I—S T:M—P.T:IV—Q,R

a0
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Q.15 Match the compounds in LIST-1 with the observations in LIST-II, and choose the correct oplion.

LIST-I LIST-II
(1) Aniline (P} Sodium fusion extract of the compound on
boiling with FeS80,, followed by

acidification with conc. H,50,, gives

Prussian blue color.

(11} 9-Cresol () Sodium fusion extract of the compound on
treatment with sodium nitroprusside gives
blood red color.

(Il Cysteine {R) Addition of the compound to a saturated
solution of NaHCO, resulis in

effervescence.

(TV) Caprolactam (5] The compound reacts with bromine waler
Lo give a while precipitate.

{T) Treating the compound with neutral FeCl,

solution produces violet color.

(A) I—P.Q: I—§: M—QR: IV—P
(B) I—P; I—-R.S: II—R: IV—Q.5
(C) I—Q.S; I—P,T: TT—P: IV—§
(D) I—P.S: I—T: II—QR: IV—P

END OF THE QUESTION PAPER
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