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JEE(Advanced) EXAMINATION - 2022

(Held On Sunday 28+ AUGUST, 2022)
PAPER-1

PHYSICS
SECTION-1 : (Maximum Marks : 24)

®  This section contains EIGHT (08) questions.

® The answer to each question is a 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.

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

Full Marks :+3 ONLY if the correct numerical value is entered;
Zero Marks : 0 In all other cases.

1.  Two spherical stars 4 and B have densities p, and pg, respectively. 4 and B have the same radius,
and their masses M, and Mp are related by Mz = 2M,. Due to an interaction process, star 4 loses
some of its mass, so that its radius is halved, while its spherical shape is retained, and its density
remains p,. The entire mass lost by A is deposited as a thick spherical shell on B with the density of
the shell being p4. If v4 and v are the escape velocities from 4 and B after the interaction process,
the ratio 2B = 10n . The value of n is

Ans. 2.30

Sol. Given Rp=Rg=R
MB = ZMA

Calculation of escape velocity for A:

. . R
Radius of remaining star = TA :

RP M

Mass of remaining star = p, —n—2 =—4
s Pa3™g 7%
%+lmvi =0 =>v, :\/ZGMA/B =\/GMA
R, R,, 2R

Calculation of escape velocity for B

Mass collected over B = %M A



Let the radius of B becomes r.

4 4 1/3
.'.gn(f -R})p, =%pA EnRi =3 =%Ri +R} = 15 'R

V, 23GM,  23GM,

.7_ 8><151/3];2{ B 4x15"°R

23GM
V. = /—A
B 2x151/3

R
A 23 10x2.30
”V_: 1573 = 1573
A

n=2.30

2. The minimum kinetic energy needed by an alpha particle to cause the nuclear reaction

"N+ jHe — H+70 in a laboratory frame is n (in MeV). Assume that '*N is at rest in the

laboratory frame. The masses of °N, jHe, \H and '{Ocan be taken to be 16.006 u, 4.003 u,
1.008 u and 19.003 u, respectively, where 1 u =930 Me Ve 2. The value of n is
Ans. 2.32 to 2.33
Sol. N+ jHe — He+ ;O
’N + iHe—> He + ;O
16.006  4.003 1.008 19.003
4vo=1v; + 19v, =20v, (For max loss of KE)

VO :?

E required = (1.008 + 19.003 — 16.006 — 4.003) x 930 = 1.86
l4V§ —lZOVZ =1.86

2 2

L, V(z) 2
—4v; —10—=20v" =1.86
2 25

2
2v; —gvé =1.86

8 2

EVO :186
, 1.86x5
v, =
8
KE=%4V§ =2V§ = 18.6x3

=2.325



Ans.

Sol.

In the following circuit C, = 12 yF, C; = C3 =4 puF and C4 = Cs = 2 uF. The Charge stored in Cs

is HC.
1
Cz& l
6V =" Cs =27

8
Potential difference across the terminals of Cz is 2V.

5 Q3=CV=(4p) (2) =8uC

2 . . . .
4. A rod of length 2 cm makes an angle ?ﬂ rad with the principal axis of a thin convex lens. The lens
. . 40 . :
has a focal length of 10 ¢m and is placed at a distance of — cm from the object as shown in the
. : .30 o .
figure. The height of the image is cm and the angle made by it with respect to the principal
axis is arad. The value of a is z rad, where n is
n
2
e
| ooy
1 : l/
: 3043 1 S
1 o |\ i cm | /’
! ——cm 13 P
Lo mmeeem v
Ans. 6
f=10cm 40cm
AN 430 90
3emi N FEREN
i 600,\)\ ~ > : >
Sol. * > g o>




3043

h, u \/§ _ﬁ b3
3
*l_l:ljl:L—i:V:4OCm
v u f v 10 40
*x:40—@=%0m
13 13
3043
13 1 o_T
tang=—=—=—==0a=30°=—
90 7 6
13
N =6 Ans.

5. At time ¢t = 0, a disk of radius 1 m starts to roll without slipping on a horizontal plane with an

: 2 _ . : ..
angular acceleration of a = 3 rad s*. A small stone is stuck to the disk. At £ = 0, it is at the

contact point of the disk and the plane. Later, at time = J7 s, the stone detaches itself and flies off

tangentially from the disk. The maximum height (in m) reached by the stone measured from the
plane is %4— % The value of x is .[Take g=10m 5]

Ans. 0.52

Sol.

Att=0,0=0



-
P
R
’

<y

u2 v
h:—y:—
2g  2g
—X—T

h=
2g

h= n _m
Ox2g 6g

Maximum height from plane, H = % +h

1 T
—+
2 6x10

x=£;x=0.52
6

6. A solid sphere of mass 1 kg and radius 1 m rolls without slipping on a fixed inclined plane with an
angle of inclination &= 30° from the horizontal. Two forces of magnitude 1 N each, parallel to the

incline, act on the sphere, both at distance » = 0.5 m from the center of the sphere, as shown in the

figure. The acceleration of the sphere down the plane is ms . (Takeg=10m s> )

Ans. 2.85to 2.86



Sol.

Ans.

Sol.

Solid sphere 1kg, Im

5+1-1-f=1a

5-f=a
About COM

f1-2(1(0.5)) = %Mrza

:>f—l=%a:>f=1+—a
5 5

5—a=1+%a
5
:>4:E
5

Consider an LC circuit, with inductance L = 0.1 H and capacitance C = 10" F, kept on a plane. The
area of the circuit is 1 m”. It is placed in a constant magnetic field of strength B, which is
perpendicular to the plane of the circuit. At time ¢ = 0, the magnetic field strength starts increasing
linearly as B = By + Pt with #=0.04 Ts' . The maximum magnitude of the current in the circuit

az? =2.86 m/s’

2

Maximum energy will be

1S mA.
4
2
&:lng
2C 2
q_é_lz
cL °
o
I =
¢ JLC
ooV
LC

V:emf:‘

AdB
dt



107
I, = o x 0.04 V =(1 x0.04)

Maximum current Iy = 0.004 = 4mA
Ans. (4)
8. A projectile is fired from horizontal ground with speed v and projection angle 6. When the

acceleration due to gravity is g, the range of the projectile is d. If at the highest point in its

trajectory, the projectile enters a different region where the effective acceleration due to gravity is

!

g'= %, then the new range is d' = nd. The value of n is

Ans. 0.95

Sol. d

2 b

2H, t_\/v2 sin’ 0x0.81  _ 0.9vsin®
’ g g

2 .2
2 2xv'sin” 0

_—g
Dol &
g(O.Slj

| R

d
= New range = 5 +d,

d; = vcosO°t
_ v’sin®0cos0x0.9 4= v’ sin 20 N v?sin20x0.9

g 2g 2g

2 .
v sm26(£j20'95d
g 2

n=0.95



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).
®  Answer to each question 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 Ifnone of the options is chosen (i.e. the question is unanswered);

Negative Marks : =2 In all other cases.

9. A medium having dielectric constant K >1 fills the space between the plates of a parallel plate
capacitor. The plates have large area, and the distance between them is d. The capacitor is

connected to a battery of voltage V. as shown in Figure (a). Now, both the plates are moved by a

distance of 5 from their original positions, as shown in Figure (b).

NI

7Z

d d T
2 2
4 "V
Figure (a) Figure (b)

In the process of going from the configuration depicted in Figure (a) to that in Figure (b), which of
the following statement(s) is(are) correct?

(A) The electric field inside the dielectric material is reduced by a factor of 2K.

(B) The capacitance is decreased by a factor of

(C) The voltage between the capacitor plates is increased by a factor of (K + 1).
(D) The work done in the process DOES NOT depend on the presence of the dielectric material.
Ans. (B)



Sol. For figure(a)

K

For figure(b)

SINEE

dn2 dn2

| L

1T
_ 80A .
2d—-d+d/k’
KSOA _ C

'

'

T(K+hd o K+l

10. The figure shows a circuit having eight resistances of 1 Q each, labelled R; to R, and two ideal
batteries with voltages ¢, =12 Vand &, =6 V.

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

(A) The magnitude of current flowing through R is 7.2 A4.

(B) The magnitude of current flowing through R, is 1.2 4.

(C) The magnitude of current flowing through R; is 4.8 A.

(D) The magnitude of current flowing through Rs is 2.4 A4.
Ans. (A,B,C,D)



Sol.

From KCL

i1+i2+i3=0

18-V, 12—V, 0-V,
+ + =
3/2  1/2  3/2

= 18—V0+36—3V0—V0:0

= 54 =5V,

2(554_V'j 18— V'
+ 227V




11.  An ideal gas of density p = 0.2 kg m™ enters a chimney of height h 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 is 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 ms > and the ratio of specific heats of the gas y= 2. Ignore atmospheric

pressure.
C » 7

(A 1
tt1

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 ms~' and at the upper end is
20 ms .

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

(D) The density of the gas at the upper end is 0.05 kg m .

Ans. (B)
Sol.
P, =600 Pa
A=0.1m 300K
— 1=
P, =0.2 kg/m’ ‘.
Vi
d
d_T =pAv, =08kg/sA

0.8

v, = =40m /s
0.2x0.1




Gas undergoes adiabatic expansion,

p' 7 T' = Constant

150
p, =% _50pa
4
P
Now p=——=poc—
P P

PR _(@](ﬂ _1
p, P\ T, 600 )\ 150 ) 2
P, :%Z 0.1 kg/m’

Now p2Ayv, =0.8 = v, = % =20m /s

Now Wy gas = AK + AU + (Internal energy)

1
PiAAX] — PyAsAX, = 3 AmV; — % AmV; + Amgh + g (P,AV, —PAV,)

A 2 _ 2
= 2P, Vi —-2P, AV, = V: — Vi +
Am Am 2

gh

2 2
2x600 2x150 :20 -40 +10h
0.2 0.1 2

h=360 m



12. Three plane mirrors form an equilateral triangle with each side of length L. There is 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 for 6 = 30°, for 0 </< L.

(B) There is an angle for /= % at which the ray of light will come out after two reflections.
(C) The ray of light will NEVER come out for 8= 60°, and /= % .

. . L . .
(D) The ray of light will come out for 8= 60°, and 0 </< 3 after six reflections.

Ans. (A,B)
Sol. (A) Ray will come out after one reflection for 6 =30°& 0 </ <L




for0=60° & ¢ =% , ray will come out after two reflections.
L . .
(C) For (= 3 & 0 = 60° ray will come out after five reflections.
L/?/’ ‘
4
60°

L
(D) For0=60°& 0< /(< R ray will come out after five reflections




13.

Ans.

Sol.

Six charges are placed around a regular hexagon of side length a as shown in the figure. Five of
them have charge ¢, 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.

vd

q - 90° q

° °

q q

° °
®x

Which of the following statement(s) is(are) correct in SI units?
(A) When x = g, the magnitude of the electric field at O is zero.

(B) When x = — g, the magnitude of the electric field at O is Lz
6reya
(C) When x = 24, the potential at O is 7—q
4\/§7r € a
(D) When x = -3¢, the potential at O is 3—q
4\/§7r € a

(A,B,C)
(A) Due to symmetry EO =0

V3q

acos3Ne=——=d
! 2

(B)

Enet: quXZZ 2q><4 2
(zd) 4ne,-4-3a
__4
6me,a’
7k 7 7
Cvolka__ 79 __ T
2d  4ne, 3a 4\/§n80q
(D) v = 2kq 29 q

2d 4me,-Pa - 23me,q
Ans. (A,B,C)



14.

Ans.

Sol.

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 g’ and the binding energy of a neutron be E} in the nucleus.

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

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

1
(B) E [f — Ej is proportional to 4 3 where 4 is the mass number of the nucleus.

(C) Ef —Ej, is positive.

(D) Ef increases if the nucleus undergoes a beta decay emitting a positron.

(A,B,D)
Binding energy of proton & neutron due to nuclear force is same. So difference in binding energy is
only due to electrostatic P.E. and it is positive

E; —E; = electrostatic P.E.

=7 x P.E. of one proton

1 (z-1)¢’
4ne, R

=7 X

Where R =Ry Al

1 Z(z-1)¢’
1

R A}

4re,

Ans. (A,B,D)



SECTION-3 : (Maximum Marks : 12)
This section contains FOUR (04) Matching List Sets.
Each set has ONE Multiple Choice Question.
Each set has TWO lists : List-I and List-II.
List-I has Four entries (I), (II), (IIl) and (IV) and List-II has Five entries (P), (Q), (R), (S) and
(T).
FOUR options are given in each Multiple Choice Question based on List-I and List-II 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 :+3 ONLY if the option corresponding to the correct combination is chosen;
Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered);
Negative Marks :—1 In all other cases.

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 n of a long solenoid. The solenoid has m turns per unit length and
carries current / counterclockwise as shown in the figure. The magnetic field due to the solenoid is
in n direction. List-I gives time dependences of n in terms of a constant angular frequency .

2.2 242
A 1
List-1II gives the torques experienced by the circular loop at time 7 = 61 ,Let a = %a) .
@
z
S 2 i 0
X 1
List-1 List-I1
I 1 /. A ~ P) |0
M —(s1na)tj+cosa)t ) (P)
2
II 1 . N n n
(I —<s1na)ti+cosa)tj) Q —gz
2 4
11 1. A ~ R) | 3a -
(I —(s1na)ti+cosa)tk) ®) 24
ND 4
v 1 A A S A
(V) —(cosa)ti+sma)tk) ) g]
NG 4
(M | _3a:
4
Which one of the following options is correct?
(A) I-Q, I[I-P, III->S, IV>T (B) I-S, II-T, lII->Q, IV>P
(C) I-Q, 1P, [II-S, IV>R (D) I-T, I->Q, II->P, IV>R

Ans. (C)



Sol. (I) B= uj/rgl (sin(ot3+cos0)tf<)
d=B-A= M\"Eﬂ cos(wt)- A
ez%zwsin(mt)
j=< —u"\r}l_%Asin(mt)

poml

NG

(Il) B=

(sin(oti+cosootj)

poml

NG

(IIl) B= (sin ot i+ cosmt 12)




-2
(IV) B= uj/rgl (cos cotj+ sin mtf<)
d=B-A= M\O/r;_ﬂ-sin(cot)-A
—%:%cos(mt)
i—; —%cos(wt)

Ans. (C) 1-Q, TI-P, ITI-S, IV-R



16.

List I describes four systems, each with two particles 4 and B in relative motion as shown in figure.

. . ) . . o _ ) V4
List IT gives possible magnitudes of then relative velocities (in ms ") at time ¢ = ES .

List-1 List-11
() | 4 and B are moving on a horizontal circle of radius 1 m with (P) \/g +1
uniform angular speed ® = 1 rad s '. The initial angular )
positions of 4 and B at time t = 0 are = 0 and 6 = %
respectively.
¥4
iB
E A--’X
(IT) | Projectiles 4 and B are fired (in the same vertical plane) Q) ( NG _1)
at £ = 0 and ¢ = 0.1 s respectively, with the same speed 75
2
V:ST;c m s and at 45° from the horizontal plane. The
initial separation between A and B is large enough so that
they do not collide, (g =10 m s *).
A
t=0 t=0.1s
K 45° 45°X
A B
(TIT) | Two harmonic oscillators 4 and B moving in the x direction (R) J10

. .t . t
according to x4 = xo sin— and xz = xp sin| —+—
f fh 2

respectively, starting from 1= 0. Take xo =1 m, t{p, =1 s.

A
. t =
Xg=XoSINn| —+—

0

» X

U000,

.ot
A XA=XoSIn—
tO




Ans.

Sol.

(IV) | Particle A4 is rotating in a horizontal circular path of radius (S) \/5
1 m on the xy plane, with constant angular speed =1 rad s .
Particle B is moving up at a constant speed 3 m s in the
vertical direction as shown in the figure. (Ignore gravity.)
A
t3ms_1
----------- E 7y
S 4 ;
(T) 2502 +1

Which one of the following options is correct?
AI->RII->T,II—>P,IV->S
B)I->S,I->P,III->Q,IV>R

O I->S,1I->T,1I->P,1IV>R

D) I->T,I->P,III>R,IV—>S

©

(D) vi, =Vv5 +V;—2v,,cos0

As o, = ®,,0=90° remains constant.

Also, va=vg=1m/s

So, vg, :\/Em/s




Vg, =257 +1

(IIT) xo =sin t

1
v, =cost=—m/s
2

Xp = cost
Vg =—sint=———m/s
2
31
m Ty g

(IV) v, & v, are always perpendicular

S0, [Vga| =V + V5 =/10m /s

Ans. (O), I-S, II-T, III-P, IV-R

17. List I describes thermodynamic processes in four different systems. List II gives the magnitudes
(either exactly or as a close approximation) of possible changes in the internal energy of the system
due to the process.

List-1 List-11
D |10° kg of water at 100°C is converted to steam at the | (P) |2 AiJ
same temperature, at a pressure of 10° Pa. The volume of
the system changes from 10° m® to 107 m’ in the
process. Latent heat of water = 2250 kJ/kg.
(IT) | 0.2 moles of a rigid diatomic ideal gas with volume Vat | (Q) |7 kJ
temperature 500 K undergoes an isobaric expansion to
volume 3 V. Assume R = 8.0 J mol 'K .
(ITII) | On mole of a monatomic ideal gas is compressed | (R) |4 kJ

adiabatically from volume V = %m3 and pressure 2 kPa

N
to volume g

(IV) | Three moles of a diatomic ideal gas whose molecules can | (S) | 5 kJ
vibrate, is given 9 kJ of heat and undergoes isobaric

expansion.
(T |3kJ
Which one of the following options is correct ?
A)I->T, N>R IT->S, IV>Q B)I->S,1I->PII->T,IV>P
OI->P,II->RII->T,IV->Q D) I->QIU->RII—>S,IV>T

Ans. (C)



Sol. (I) AU =AQ — AW

105(10-3—10-6)

Y-

=(2.25-0.0999) kJ

=(2.1501) kJ
(II) AU = nCyAT

= 2 nRAT
2

5

= ~(0.2)(8)(1500—500)J

2
=41

{11 p v, =P, V)

5/3
=2 (lj =
3

= Pz = 64 kPa

}kj

AU =nC, AT = % -(P,V,-P,V,)

:g 64><L—2><—
2 24 3

=3kJ
(IV) AU =nC, AT

:n-ZRAT
2

7
=LA
5 Q

=7k]

Ans. (C); I-P, II-R, III-T, IV-Q



18. List I contains four combinations of two lenses (1 and 2) whose focal lengths (in cm) are indicated
in the figures. In all cases, the object is placed 20 ¢m from the first lens on the left, and the distance

between the two lenses is 5 cm. List II contains the positions of the final images.

List-1 List-11
D f=+10 +15 (P) | Final 1image 1is farmed at
‘r [\ 7.5 c¢cm on the right side of
0 ; lens 2.
20cm 1 Scm 2
(1) f=+10 -10 (Q) | Final image is formed at

»
»

{\ 7 60.0 ¢m on the right side of
0]
i lens 2.

20cm 1 S5cm 7

(111) f=+10 -20 (R) | Final image is formed at
4 7 30.0 ¢m on the left side of

0 ! ! A lens 2.

20cm 1 Scm 2

(Iv) f=-20 +10 (S) | Final image is formed at

7 {\ 6.0 cm on the right side of
0
i U lens 2.

20cm 1 S5cm 7

»
»

(T) | Final 1mage is formed at
30.0 cm on the right side of

lens 2.

Which one of the following options is correct ?
A)I->PII->RIII->QIV->T
B)I->QI—-»>PII->T,IV->S
OI->P,II->T, >R, IV->Q
D) I->T,1I->S,1II->Q,IV>R

Ans. (A)



uf

SOl. (I) VIZE
_ (=20)(10) _
~ (=20)+(10) +20
u =+15
_ (15)(1s) _
YT (15)+(15) =t
D) v;=+20
u =+15

(910

V27 (15)+(-10)
(1) v, =+20

u =+15

920

V2T (15)+(=20)

(—20)(-20)
av) v, =20+ (20 10

185 =-15

(~15)(10)

Ans. (A), I-P, TI-R, IT1-Q, TV-T



CHEMISTRY
SECTION-1 : (Maximum Marks : 24)

®  This section contains EIGHT (08) questions.

®  The answer to each question is a 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.

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

Full Marks :+3 ONLY if the correct numerical value is entered;
Zero Marks : 0 Inall other cases.

1. 2 mol of Hg(g) is combusted in a fixed volume bomb calorimeter with excess of O, at 298 K and
1 atm into HgO(s). During the reaction, temperature increases from 298.0 K to 312.8 K. If heat
capacity of the bomb calorimeter and enthalpy of formation of Hg(g) are 20.00 kJ K™ and
61.32 kJ mol™" at 298 K, respectively, the calculated standard molar enthalpy of formation of
HgO(s) at 298 K is X kJ mol . The value of |X| is
[Given : Gas constant R = 8.3 T K ' mol ']

Ans. (90.39)

Sol. ern =CAT

AU x 2 =20 x 14.8
|AU| = 148 kJ/mol
AU = —-148 kJ/mol

He(g) + %Oz(g) 5 HgO(s) : AU =148 kJ/mol
AH = AU + An, RT

— 148 383
2 1000

x 298 =-151.7101

He() + 2 Ox(e)—> HeO(s)

AH =-151.7101 + 61.32 =-90.39 kJ/mol
Ans. 90.39



Ans.

Sol.

Ans.

Sol.

Ans.

Sol.

The reduction potential (E0 , in V) of MnQO, (aq)/Mn(s) is

[Given : E’ =1.68V; E’ =121V ; E°M

(Mn04(aq)/Mn02(s)) (MnOz(s)/MnB(aq)) ( n2+(aq)/Mn(s))

=-1.03V]

(0.77)

e B 2) 2 ()
MnO, —>MnO,—=>Mn —>Mn

7
For the required reaction AG®° = AG®; + AG®; + AG®;
=>7xE=168x3+1.21x2+(-1.03) x2

E=%=0.7714

Ans. =0.77
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;COs are 6.37 and 10.32, respectively ; log 2 = 0.30]

(10.02)
H,CO; + NaOH —— NaHCO; + H,O
Milli moles 10 10 —
Atend 0 0 10+10=20
Final mixture has 20 milli moles NaHCO; and 10 milli moles Na,CO;
pH=pKa,+ log i:;

pH = pKa, + log (%) [Buffer : Na,CO; + NaHCO5]

=10.32 -1log 2 =10.02
The treatment of an aqueous solution of 3.74 g of Cu(NO3), with excess KI results in a brown

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

[Given : Atomic massof H=1,N=14,0=16,S =32, K =39, Cu=63,1=127]

(0.32)

2C11(NO3)2 + 5KI—— Cuwl, + KI5 + 4KNO3
0.02 0.01

KI; + H,S —— S{ + KI + 2HI

0.01 0.01

ng = 0.01 mole

weight of sulphur =32 x 0.01 =0.32 gm



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

[Given : Atomic mass of H=1,0 =16, Na=23, P=31, S =32, Cu=063]
Ans. (2.38/2.39)

1.24
X

P4+ 3NaOH + 3H,0 —— PHj3 + 3NaH,PO,
0.01 mole 0.01 mole
2PH3 + 3CuSO4 e d CU.3P2 + 3H2$O4

Sol. Mole of P, = =0.01

001 2 x0.01
2

0.03
= = moles
2

Weaso, :0'—;)3><159 —2.385 gm

Ans. =238 or 2.39
6.  Consider the following reaction.

OH

red phosphorous

Br2

» R (major product)

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

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

Ans. (1.50)
OH Br
Red P |/
BI'Z
Sol. — M.W. =250 g/mol
Br Br (R)
1
lg R >——moles
250

No. of Br Atoms — imoles
250
Moles of AgBr — imoles
250

Mass of AgBr = % x(108+80)=1.504



7.  The weight percentage of hydrogen in Q, formed in the following reaction sequence, is

Cl

1. NaOH, 623 K, 300 atm

2. conc. H,SO, and then
conc. HNO;

» Q (major product)

[Given : Atomic massof H=1,C=12,N=14,0 =16, S =32, Cl = 35]

Ans. (1.31)

OH
O2N N02
NaOH, 623K “Conc. 1,50, — > GH3N;04
300 atm and Mass % of H
conc. HNO; NO, 5
=_- — 0
Picric 229)(100 1.31%
acid

8.  If the reaction sequence given below is carried out with 15 moles of acetylene, the amount of the

product D formed (in g) is
iron tube P cl 1.0,
Ho—cpedhot | ) HCT™ 0 o 2HO0T o _CHCOCL

(80 %) AlCI; (50 %) —CH;COCH; (50 %) pyridine (100 %)

The yields of A, B, C and D are given in parentheses.

[Given : Atomic massof H=1,C =12, 0 =16, Cl =35]

Ans. (136)
Sol.
C CHj3
/\/Cl
Iron H3C - 1 02 CH3COC1
=CH — >
31?5Cmggs red hot AICk 2 2me° Pyridine
4 mol 2 mol ~CH3COCH: 1 mol
80% yield 50% yleld 50% ywld 100% yield
CgHgOy

136 g



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).
®  Answer to each question 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 Ifnone of the options is chosen (i.e. the question is unanswered);
Negative Marks : =2 In all other cases.
9.  For diatomic molecules, the correct statement(s) about the molecular orbitals formed by the overlap
to two 2p, orbitals is(are)
(A) oorbital has a total of two nodal planes.
(B) o* orbital has one node in the xz-plane containing the molecular axis.
(C) 7z 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.
Ans. (A,D)
Nodal plane
) P
s, @ (XD (D) —— o=
P P. '

o molecular —  Total 2
orbital nodal plane

Nodal plane

vl
Pz Pz

o" molecular —, zero node
orbital in the xz plane

odal Plane
(C) g %% (+) @/i s
n-molecular orbital
Pz Pz

Zero node in the plane which is
perpendicular to the molecular axis
and goes through the center of the molecule




!‘/—NodalPlane
(D) ) Q @*/
g O

Pz Pz w-molecular orbital

One node in xy plane containing
the molecular axis

10. The correct option(s) related to adsorption processes is(are)
(A) Chemisorption results in a unimolecular layer.
(B) The enthalpy change during physisorption is in the range of 100 to 140 kJ mol .
(C) Chemisorption is an endothermic process.
(D) Lowering the temperature favors physisorption processes.
Ans. (A,D)
Sol. (A) Chemisorption is unimolecular layered.
(B) Enthalpy of physisorption is much less in magnitude.
(C) Chemisorption of gases on solids is exothermic.
(D) As physisorption is exothermic so lowering temperature favours it.
11. The electrochemical extraction of aluminum from bauxite ore involves.
(A) the reaction of Al,O3; with coke (C) at a temperature > 2500°C.
(B) the neutralization of aluminate solution by passing CO, gas to precipitate hydrated alumina
(ALLO3.3H,0)
(C) the dissolution of AlO3 in hot aqueous NaOH.
(D) the electrolysis of Al,O; mixed with Na3AlFg to give Al and CO,.
Ans. (B,C,D)
Sol. (A) Electrochemical extraction of Aluminum from bauxite done below 2500°C
(B) 2Na[Al(OH)4]aq. + 2COxg) = AlO3.3H2O 3+ 2NaHCO3(qq)
The sodium aluminate present in solution is neutralised by passing CO, gas and hydrated Al,Os is
precipitated.
(C) ALLO3(s) + 2NaOHaq) + 3H20(;) = 2Na[Al(OH)4]aq.
Concentration of bauxite is carried out by heating the powdered ore with hot concentrated
solution of NaOH
(D) In metallurgy of aluminum, Al,O3 is mixed with Na3AlFe



12.

Ans.

Sol.

13.

Ans.

Sol.

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

(A) paramagnetic (B) bent in geometry
(C) an acidic oxide (D) colorless
(A,D)

3PbS + 8HNO3; — 3Pb(NOs), + 2NO +4H,0 + S

NO = Neutral oxide, Paramagnetic, Linear geometry, Colourless gas

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

o)
o @
COOH
PN 1. Br, red phosphorous (0] .
H,C” ~COOH— 5 >P o >Q + C[
3. H;0" COOH

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

(B) Treating P with conc. NH4OH solution followed by acidification gives Q.
(C) Treating Q with a solution of NaNO; in aq. HCI liberates N».

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

(B,C,D)
0
I
(1) N@K® B
Br NH, C-OH
+
/\ 1.Red P, Br; O .y )\
H3C COOH — o COOH™ 9y NaoH COOH |_OH
More acidic (3) H;0° Q 1)
than A
CH;—CH,~COOH NS
NH, 7
COOH

OH

)\COOH+N2



14. Consider the following reaction sequence,

l U
©/COOH
the correct option(s) is(are)

(A) P = H,/Pd, ethanol R =NaNO,/HCl U= 1. H3PO,
2. KMnO, - KOH, heat

@ O
N, Cl
(B) P = SwHCI R = HNO;, S= /[:j/
H;C

@ O

N, Cl OH
(C)S= /l::j/ T= ‘J::j/ U= 1. CH;CH,OH

H3C H3C

2. KMnO, - KOH, heat

NO, OH
(D)Q= /©/ R = H,/Pd, ethanol T= /©/
HOOC H,C

Ans. (A,B,CO)
Sol.
NH2 N, Cl
@ Hy / Pd, NaNO2 HCI /@ @
L@ o LE )
HNO, (T)

s / HCI
n 1. H;PO, Or Ethanol

L)

2. KMnO,, KOH, A

v

E:j/COOH



SECTION-3 : (Maximum Marks : 12)
This section contains FOUR (04) Matching List Sets.
Each set has ONE Multiple Choice Question.
Each set has TWO lists : List-I and List-II.
List-I has Four entries (1), (II), (IIl) and (IV) and List-II has Five entries (P), (Q), (R), (S) and
(T).
FOUR options are given in each Multiple Choice Question based on List-I and List-II 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 :+3 ONLY if the option corresponding to the correct combination is chosen;
Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered);
Negative Marks :—1 In all other cases.

15.

Match the rate expressions in LIST-I for the decomposition of X with the corresponding profiles

provided in LIST-II. X and k constants having appropriate units.

LIST-I LIST-II
@ f
k| X

rate = [ ] -
X, +[X] ® <

(@]

under all possible initial concentration of X E
=

=]

initial concentration of X

(1) t
k[x]
X, +[X] Q

where initial concentration of X are

rate =

half life (tl/Z)

much less than X .
initial concentration of X

(110) '
k[X]
X, +[X] (R)

rate =

rate

where initial concentration of X are

much higher than X

initial concentration of X




(Iv)

A)I->PII->QIII->S;IV>T
B)I->RIOI->S;II->S;IV>T
O I->PlI->QII->Q;IV>R
D) I->RII->S; I »>Q;IV—->R

Ans. (A)

Sol. (I) rate= Kix] __ Kk
X +[X] §+1

[x]

If [x] > oo = rate > k = order =0

= (D-R), (P
k[x]

Xs

() [x]<<xs=rate=

= (ID-(Q).,(T)

() [x]>>xs=rate=k = order=0

= (1) - (P), (S)
k[x]?

X, +[x]

(IV) rate =

[x] > > xs = rate = k[X]
=  (IV)—(Q), (T)
Ans. (A)

k[XT
XX (s)

S =
where initial concentration of X is
much higher than X -

time
(M =
E \

time

= order =1




16. LIST-I contains compounds and LIST-II contains reaction

LIST-I LIST-II
() H20, (P) Mg(HCO3), + Ca(OH), —
(II) Mg(OH), (Q) BaO; + H,S0,4 —

(II1) BaCl, (R) Ca(OH), + MgCl,

(IV) CaCOs (S) BaO, + HCl -

(T) Ca(HCO3), + Ca(OH), -

Match each compound in LIST — I with its formation reaction(s) in LIST-II, and choose the correct

option

A)I->QII—-»P;III->S;IV>R B)I->T;II—-P;III>Q;IV>R

OI->T;II->RIII->Q;IV->P D) I->QIUI->RII—>S;IV->P
Ans. (D)

Sol. (P) Mg(HCO;), + 2Ca(OH), — Mg(OH), + 2CaCOs + 2H,0
(Q) BaO, + H,S04 — H,0, + BaSO,
(R) Ca(OH), + MgCl, — Mg(OH), + CaCl,
(S) BaO, + 2HCI — BaCl, + H,0,
(T) Ca(HCO3), + Ca(OH), — 2CaCO; + 2H,0

17. LIST-I contains metal species and LIST-II contains their properties.

LIST-I LIST-1I
(1) [Cr(CN)6]* (P) 5, orbitals contain 4 electrons
(IT) [RuClg]* (Q) n(spin-only) =4.9 BM
(I11) [Cr(H20)6]2Jr (R) low spin complex ion
(IV) [Fe(H,0)]*" (S) metal ion in 4+ oxidation state

(T) d" species

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

Metal each metal species in LIST-I with their properties in LIST-II, and choose the correct option
AI->R T, I->PS;III->Q,T;IV>P,Q

BI->RS;I->P,T;III>P,QIV->Q,T

O I->PRII->R S;II->RT;IV>P, T

DI->QT;I->S,T; Il »>P, T;IV>Q,R

Ans. (A)



Sol. (1) [Cr(CN)s]*™

Cr = [Ar]i53d*4s” ; low spin complex

P,R,T
(2) [RuClg]*
Ru™ = [Kr]364d*5s" ; low spin complex

eO

AP S
1 I 11 4
P.R,S,T
(3) [Cr(H0)e]*"
Cr = [Ar]153d*4s’; high spin complex
. A, <P e
1 Il 1 4
QT
(4) [Fe(H0)s]""
Fe'™ = [Ar];53d°; High spin complex

18. Match the compounds in LIST-I with the observation in LIST-II, and choose the correct option.

1 1 &
IAD< P
L o1) 1ty
P.Q
LIST-I
(I) Aniline

(IT) o-Cresol

(IIT) Cysteine

LIST-II

(P) Sodium fusion extract of the compound on
boiling with FeSO,, followed by acidification
with conc. H,SOy, gives Prussian blue color.

(Q) Sodium fusion extract of the compound on
treatment with sodium nitroprusside gives
blood red color.

(R) Addition of the compound to a saturated

solution of NaHCO; results in effervescence.



Ans.

Sol.

(IV) Coprolactam

(A)I—>P,Q; 11> S; Il - Q,R; IV —> P
B)I>P;I—>R S;II>R;IV->Q,S
(O)1—>Q,S;lI>P, T; Il »P;IV—>S
(D)l >P,S; 11— T; Il > Q,R; IV—>P

(D)
NH,

: Blue colour in Lassign test due to
presence of N

Aniline
Me
OH

(S)

(T)

The compound reacts with bromine water to
give a white precipitate.
Treating the compound with neutral FeCl;

solution produces violet color.

:Violet colour with FeCl; due to presence of phenolic

0-Cresol OH

HS—CHZ—?H—COOH

NH,
Cystein

N-H

: It gives blod red colour with NaSCN

O : Blue colour in Lassign test due to presence of N

Caprolactam



MATHEMATICS

SECTION-1 : (Maximum Marks : 24)
This section contains EIGHT (08) questions.
The answer to each question is a 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.
Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+3 ONLY if the correct numerical value is entered;
Zero Marks : 0 Inall other cases.

Ans.

Sol.

Considering only the principal values of the inverse trigonometric functions, the value of

3 -1 2 \/_TC _1£
T

2 2+ 72 4 2+Tc

=m—2tan” [%}

[As, sin~ ( j:7t—2tan1 X, X le
1+x*

and tan" %—cot (%j




i 1 i i
tan' — |+—| m—2tan "' — |+cot™’ [—j
j 4[ \/Ej NG

". Expression —é(
s 5 7

_r m_3n
2 4 4
=2.35o0r2.36
2.  Let a be a positive real number. Let f: R — R and g : (@, ) — R be the functions defined by
(mx 2loge(\/;—\/a)
f(x)=sin| — | and g(x) = AR
12 loge(e e “)

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

X—>0

Ans. (0.50)
26n(vx -a) (gformj

ol

.. Using Lopital rule,

1 j 1

~2lim (\/;‘J& 2/x
x—m*( 1 je\/; 1
e&—eﬁ ' '2\/;

2 (ef ) 9
0

e’ > (Vx -a)




3.

Ans.

Sol.

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 symptom of cough,
220 persons had symptom of breathing problem,
330 persons had symptom of fever or cough or both,
350 persons had symptom of cough or breathing problem or both,
340 persons had symptom of fever or breathing problem or both,
30 persons had all three symptoms (fever, cough and breathing problem).

If a person is chosen randomly from these 900 persons, then the probability that the person has at

most one symptom is
(0.80)

n(U) =900

Let A =Fever, B = Cough

C = Breathing problem

- n(A) =190, n(B) = 220, n(C) =220

n(A U B) =330, n(B U C) =350,
nAuC)=340,n(ANnBNC)=30

Now n(AUB) = n(A) + n(B) - n(AnB)

= 330 =190 + 220 —n(A N B)

= n(AnNB)=280

Similarly,

350 =220 + 220 - n(BNC)

= n(BNC) =90

and 340 = 190 + 220 — n(ANC)

= n(ANC) =70

- n(AUBUC) = (190 + 220 + 220) — (80 + 90 + 70) + 30
=660 — 240 = 420

=> Number of person without any symptom
=n(L)-n(AuBuUC(C)

=900 — 420 =480

Now, number of person suffering from exactly one symptom



=(Mm(A)+nB)+n(C) -2(n(ANB)+n(BNC)+n(CNA))+3n(AnBNC)
= (190 + 220 + 220) — 2(80 + 90 + 70) + 3(30)

=630 — 480 + 90 = 240

.. Number of person suffering from atmost one symotom

=480 + 240 =720

=> Probability = 720 = 8 = 4 =0.80
900 10 5

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

2+3z+47>
2-3z+47>

is a real number, then the value of |z|* is
Ans. (0.50)

Sol. Given that

Z+Z

2132+4472> (2-3z+47°)+6z

Let o > = >
2-3z+4z 2-3z+4z
6z
", (>c=1+—2
2-3z+4z

If o is a real number, then

a=a

z Z
- =

2-3z+47> 2-37+47*
", 2(2—2) = 422(2—2)
:>(Z—Z)(2—4ZZ) =0

As z # 7 (Given)

_ 21
=77 =—=—
4 2

=z =0.50

S.  Let z denote the complex conjugate of a complex number z and let i = J=1. In the set of complex
numbers, the number of distinct roots of the equation
Z—27'= i(Z+zz)
is

Ans. (4.00)




Sol. Given,

:>(1+i)Z:Z
:(—2j2=22
2
Z=-iz

Letz=x +1y,
(xz—y2)+i(2xy):—i (x —1iy)
0, X =y +y=0 ..(])

and 2y + )x=0 ...(2)

1

=x=00or y=——
7T

Case I : Whenx =0

L=yl -y)=0=y=0,1
= (0,0), (0,1)

Case I : When y = —%

= Number of distinct 'z' is equal to 4.

6. Letly, bb,..., Lioo be consecutive terms of an arithmetic progression with common difference d;, and
let wi, wa,..., wigo be consecutive terms of another arithmetic progression with common difference
d,, where dd, = 10. For each i = 1, 2,...,100, let R; be a rectangle with length [;, width w; and
area A;. If As; — Aso = 1000, then the value of A;g9 — Ao 1S
Ans. (18900.00)




Sol. Given
Ay —Ay, =1000= €, w, —C, w, =1000
= (¢, +50d,)(w, +50d,)—(¢, +49d, )(w, +49d,)=1000
= (£,d, +w,d,)=10 (D)
(As dids = 10)
A =A% =L 100Wi00 — Lo Woo
=(¢,+99d,)(w, +99d,)— (¢, +89d,)(w, +89d, )
=10(¢,d, +w,d,)+(99 ~897)d,d,

=10(10)+(99-89)(99+89)(10)
=10

(As, didz = 10)

=100 (1 + 188) = 100 (189)

= 18900

7.  The number of 4-digit integers in the closed interval [2022, 4482] formed by using the digits
0,2,3,4,6,71s
Ans. (569.00)

Sol. Ans. 569
M| 2]0f2||—s:s

@ |21 0| —> 24
v v
4 6

3 | 2 | —> 180
VAR
5 6 6

@ |3 —> 216
M vy ¥
6 6 6

G |4 1% —> 144
AR
4 6 6

Number of 4 digit integers in [2022,4482]
=5+24+180+216 + 144 = 569



8.  Let ABC be the triangle with AB =1, AC =3 and £BAC = g If a circle of radius r > 0 touches the
sides AB, AC and also touches internally the circumcircle of the triangle ABC, then the value of r
is

Ans. (0.83 or 0.84)

Sol. 4-+10=0.83 or 0.84

C, =(r,r)

... circle C; touches C; internally

J10

r__

=CC, =

12— 4r+10r =0

r =0 (reject) or r=4-+10



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).
®  Answer to each question 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 question is unanswered);
Negative Marks : =2 In all other cases.
9.  Consider the equation
1 1/2
(og, x) _dx=1, ae(-0,0)U(l,).
1 x(a—(loge x)3/2)
Which of the following statements is/are TRUE ?
(A) No a satisfies the above equation
(B) An integer a satisfies the above equation
(C) An irrational number a satisfies the above equation
(D) More than one a satisfy the above equation
Ans. (C,D)
1/2
Sol.

3a(a—1) -
3a’~3a-2=0
a=3i$§

6




10. Let a;, a;, as,... be an arithmetic progression with a; = 7 and common difference 8.
Let Ty, T2, Ts,... be such that Ty = 3 and Tny1 — Tnh = an for n = 1. Then, which of the following
is/are TRUE ?

(A) Tro = 1604

20

®) Y, T,=10510
k=1

(C) T30 = 3454
30

(D) Zk _ T =35610

Ans. (B,C)
Sol. a,=7,d=8

T.-T =a Vnxl

S, =T, +T,+T,+..+T _,+T,

S, = T+T,+T,+....+T _,+T,
on subtraction
To=Ti+a+a+....+a
To=3+(n-1)(4n-1)
Ta=4n"-5n+4

Zn:Tk =4Zn2 —52n+4n
k=1

T = 1504
T30 = 3454

30
D T, =35615

k=1

20
DT, =10510

k=1



11.

Ans.

Sol.

12.

Ans.

Let P, and P, be two planes given by
Pi:10x+ 15y + 12z - 60 =0,

Py:=2x+5y+4z-20=0.

Which of the following straight lines can be an edge of some tetrahedron whose two faces lie on

P1 ansz?
x—1 -1 z-1
(A 2==2—==
0 0 5
x—6 y z
B = — =
®) -5 2 3
X y—-4 z
C —_—_—— =
( )—2 5 4
X y—-4 z
D —_—— =
) 1 -2 3
(A,B,D)

) ) .. X
line of intersection is 6 =

y—4 _

z
4 5

(1) Any skew line with the line of intersection of given planes can be edge of tetrahedron.

(2) any intersecting line with line of intersection of given planes must lie either in plane P; or P, can

be edge of tetrahedron.

Let S be the reflection of a point @ with respect to the plane given by

F:—(t+p)§+tj+(1+p)f<

where t, p are real parameters and i, j, k are the unit vectors along the three positive coordinate

axes. If the position vectors of Q and S are 10§+153+2012 and 0c§+[33+y12 respectively, then

which of the following is/are TRUE ?

(A) 3(a+ B)=-101
B) 3B +v)=-71
(C)3(y+0a)=-86

D) 3(a+pP+7y) =-121
(A,B,C)



Sol. ?:f(+t(—f+]')+p(—f+12)
A=i+j+k
=>x+y+z=1
Q(10,15,20) and S(a.,B,y)
a—-10 B-15 y-20 __2(10+15+2O—1j

1 1 1 1+1+1
__88
3
58 43 28
=a,p, =Sl D e
(a.8.7) ( N 3)

= A,B,C are correct options

13. Consider the parabola y* = 4x. Let S be the focus of the parabola. A pair of tangents drawn to the
parabola from the point P = (-2, 1) meet the parabola at Py and P,. Let Q; and Q- be points on the
lines SP; and SP; respectively such that PQ; is perpendicular to SP; and PQ, is perpendicular to
SP,. Then, which of the following is/are TRUE ?

3J10

(A)SQ, =2 (B) QQ, ==

(O)PQ; =3 (D)SQ, =1
Ans. (B,C,D)

Sol. Let equation of tangent with slope ‘m’ be

P(
(2,1

N 18(1.,0)

P
Qj (1D

P& A)

T:y:mx+L
m

T : passes through (-2, 1) so

1="2m+ L
m



1
=>m=-lorm= —
2

Points are given by (%,Ej
m- m
So, one point will be (1, -2) & (4, 4)
Let Pi(4,4) & Py(1,-2)
PiS:4x-3y—-4=0

st :x—1=0
PQ1:|m;2)—3a)—4 _3
5 |
SP=+10 ; PQ;=3; SQ = 1=8Q,
l(&jx\/ﬁ =l><3><1 (comparing Areas)
20 2 2
:>QQ__LG_3ﬁ6
12 \/ﬁ 5

14. Let |[M| denote the determinant of a square matrix M. Let g : [O,g} — R be the function defined by

g(9)=\/f(9)—1+,/f(§—9j—1

where

1 sin© 1 A
—sin© 1 sin 0| + |sin| 06— = —cos— log, (—j .
4 2 T

-1 -sin® 1
n n
cot| 0+—| log.|— tan 1t
4 4

Let p(x) be a quadratic polynomial whose roots are the maximum and minimum values of the

1
f(9)—5

function g(8), and p(2) =2 — JE . Then, which of the following is/are TRUE ?

(A)p(3+J§j<0 (B)p(1+3J§j>0
4 4
© p(sﬁ_l}o (D) p(#}o

Ans. (A,C)



sin 1
1 sin O 1
Sol. £(0) =% —sin O 1
-1 —sin O 1
cot(6+£j
4
0
2 sin© 1
1 ) ) T
f(0) =—|0 1 sin O] + sm(@——j
2 . 4
0 -—sin© 1

£(0) = (1 + sin®0) + 0 (skew symmetric)

2(0) = F(0) 1 + /f(g—ej—1

= |sin6| + |cosb| for 0 e [O,g}

20 e[1.42]

Again let P(x) = k(x —+2)(x~1)
2-2=k(2-v2)2-1)
—k=1 (P(Q2)=2-+2 given)

S Px)=(x—v2)(x-1)
3+\/§

4

for option (A) P[ j <0 correct

1+3\/§

4

option (B) P[ j <0 incorrect

572 -1

4

5-2
4

option (C) P[ j >0 correct

option (D) P[ j >0 incorrect

sin6| + [sin (9 - Ej —cos= log, (ij
4 2 T

—tan(e—ﬁj ~log, (ij 0
4 T

cos(9+£j tan(e—zj
4 4

tan 1

T
log —
ge 4

—sin(e—ﬁj tan(e—ﬁj
4 4
0 log, (ij
T




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-I and List-II.
®  List-I has Four entries (I), (II), (III) and (IV) and List-II has Five entries (P), (Q), (R), (S) and
(T).
® FOUR options are given in each Multiple Choice Question based on List-I and List-IT 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 :+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 question is unanswered);
Negative Marks : =1 In all other cases.
15. Consider the following lists:
List-1 List-1T
[ 2n 2n] .
(I | yx€ T3y |feosxsinX = Ly | (P) has two elements
[ 5m 5]
(ID) X € “18°18 :J3tan3x =1 Q has three elements
[ 6n 6m]
(1ID) X e —?,? :2cos(2x) = \/3 (R) has four elements
[ 7m In| ,
av) {x € _T’T 1SIN X —COSX = 1} (S) has five elements
(T) has six elements
The correct option is:
(A) () — (P); (ID) — (S); () — (P); (IV) — (S)
(B) (D) — (P); dI) — (P); (III) — (T); AV) — (R)
(©) () — (Q); ) — (P); II) — (T); (IV) — (S)
(D) @) — (Q); AD — (S); (HI) — (P); (IV) — (R)
Ans. (B)
Sol. (I) {X € [%,23—71 1COSX +sinX = 1}

cosx + sinx = 1



1 I . 1
= —=COSX+—=sInx =

R R

= COS| X —— [=Cos—
4 4

T T
=>x——=2nnt+*— ;ne’”Z
4
T
= x=2n7; x:2nn+5 ;ne”Z

T . . .
= X € {0,—} in given range has two solutions

{an {x € [ﬂ S—R} ;3 tan3x = 1}

18 18

\/gtan3x:1 = tan3x=L = 3":“’”%

J3

= x:(6n+1)l neZ
18

b

T -Sm| . . )
€{—,—— in given range has two solutions

18
(I1D) {x € [—%,6—;} :2cos(2x) = \/g}
2c082x = \/§
= c052x=£=cosE
2 6
T

:>2x=2nnig ;ne”Z
=>x=ntt— ;ne’
xe{_—, n_i, - +£}

12 12 12

Six solutions in given range
T 7
av) {x € [__n,_n} :Sin X —COSX = 1}
4 4

CcOosX — sinx = —1

( nj -1 3n
= CoS X+Z =——=C0S—

2 4

= x+£=2nni3—7c ;ne”Z
4 4
= x:2nn+g or X=2nt—m;neZ

T —37 . .
= x €{—,—,n,—m; four solutions in given range



16.

Ans.

Sol.

Two players, P, 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. Let x and y denote the
readings on the die rolled by P; and P,, respectively. If x > y, then P; scores 5 points and P, scores
0 point. If x =y, then each player scores 2 points. If x < y, then P; scores 0 point and P, scores 5

points. Let X; and Y; be the total scores of P, and P,, respectively, after playing the it" round.

List-I List-II
(D | Probability of (X» = V) is (P) g
11
(D | Probability of (X, > Y2) is Q| ¢
5
(D) | probability of (X3 = Y3) is ®) | o
(V) | Probability of (X > Y3) is (S) 355
864
(T) 77
432

The correct option is:

A) (D = (Q); dI) — (R); (IID) — (T); AV) — (S)
(B) @) — (Q); ) — (R); (IIT) — (T); AV) — (T)
(©) @) — (P); dI) — (R); dI) = (Q); IV) — (S)
(D) () — (P); (II) — (R); () — (Q); AV) — (T)

(A)
P(draw in 1 round) = i = l
36 6
P(win in 1 round) = 1(1 —lj = i
2 6) 12

P(loss in 1 round) = S
12

5 5 5 1 45 5
P(Xy > Yy) = P(10,0) + P(7.2) = x4 2x—x2=—2 =2
(X2>¥2) = PA0.0)+ P(7.2) = x5 75 144 16

5 5 1 1 25+2 3
P(X2=Y2)=P(5,5) +P(4,4) = —x—x2+—x—= ==
(X2 =Y2) =P(5,5) + A4 = ox 3 6 6 72 8

1 5 1 5 2 75 77
+—X—X—x60 +

6x6x6 12 6 12 :432 4322432

P(X53=Y3)=P(6,6) + P(7,7) =

Po > v - 1122235
2 432 ) 864




17. Let p, q, r be nonzero real numbers that are, respectively, the 102, 100t" and 1000t" terms of a
harmonic progression. Consider the system of linear equations
x+y+z=1
10x + 100y + 1000z =0
qrx+pry+pqz=0.

List-1 List-1I
M ird = 10, then the system of linear 10 1
r P) | x=0, y:E,z:—g as a solution
equations has
(1) it - 100, then the system of linear 10 1
r Q x:;,y:—g,z:o as a solution
equations has
(It - 10, then the system of linear
q (R) | infinitely many solutions
equations has
(V) ir 2= 10, then the system of linear
q (S) | no solution
equations has
(T) | at least one solution

The correct option is:

(A) () — (T); A — (R); AI) — (S); AV) — (T)

(B) @) — (Q); ) — (S); (1) — (S); (IV) — (R)

(©) @) — (Q); ) — (R); (IIT) — (P); (IV) — (R)

(D) () — (T); dI) — (S); dII) — (P); AV) — (T)
Ans. (B)

Sol. f1=10=>A=D=D,=D,=D,=0
T

So, there are infinitely many solutions
Look of infinitely many solutions can be given as

X+y+z=1
& 10x + 100y + 1000z=0 = x+ 10y +100z=0



ey

(1)

av)

Letz=A

thenx +y=1-2
and x + 10y = —100A

:>X=&+107\,; y:_—l—lll
9 9

10 -1
e, (X, y,z2)=| —+10A,——11A, A
.y 2) (9 9 j

Q(E,_—l,OJ valid for A =0
9 9

P(O,E,_—lj not valid for any A.
9 9
(D —>QRT

1f £ 2100, then Dy # 0
T

So no solution

I — ()

If P #10, then D, # 0 so, no solution
q

(11 — (S)

f2=10 = D,=0= D, =D, =0
q

so infinitely many solution

IvV) ->Q,RT



18. Consider the ellipse

2 2
S A
4 3

Let H(a, 0), 0 < a < 2, be a point. A straight line drawn through H parallel to the y-axis crosses the
ellipse and its auxiliary circle at points E and F respectively, in the first quadrant. The tangent to the
ellipse at the point E intersects the positive x-axis at a point G. Suppose the straight line joining F

and the origin makes an angle ¢ with the positive x-axis.

List-1 List-1I
T
If ¢ =—, then the area of the _ 4
() 4 (P) (*/g 1)
triangle FGH is 8
If = I , then the area of the
(1D 3 Q|1
triangle FGH is
If = Z | then the area of the 3
(11D) 6 ®R) |5
triangle FGH is
If = %, then the area of the 1
v S) | — &
(Iv) NG
triangle FGH is
3V3
|

The correct option is:

(A) (D) — (R); (D) — (S); (1) — (Q); AV) — (P)
(B) @) — (R); dI) — (T); (D) — (S); (IV) — (P)
(©) @) — (Q); ) — (T); I — (S); AV) — (P)
(D) () — (Q); A — (S); dII) — (Q); (IV) — (P)



Ans. (C)
Sol. Let F(2cos¢, 2sind)

& E(2cos, +/3 sing)

EG: %COS¢+LSin¢=1

V3

G[ 2 ,Oj anda:2c05¢
cos¢d

ar(AFGH) = % HG x FH

Zl 2 —2cosd |x2sin ¢
2\ cosd

f(¢) = 2tangsin’}

S f| 7= LANENE]
--(I)f[zj—l (II)f(3j_

av 5] =2 L

S (D)= (Q) ;D) = (T) ; dI) = (S) 5 (AV) — (P)

Y

F(2cosd,2sind)

w42

¢

dINNV/

‘H(a,07 p) G X

1

203

T (aoag) W3-t (-0
8

8



JEE(Advanced) EXAMINATION - 2022

(Held On Sunday 28t AUGUST, 2022)
PAPER-2

PHYSICS
SECTION-1 : (Maximum Marks : 24)

®  This section contains EIGHT (08) questions.

®  The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH
INCLUSIVE.

®  For each question, enter the correct integer corresponding to the answer using the mouse and the
on-screen virtual numeric keypad in the place designated to enter the answer.

®  Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+3 If ONLY the correct integer is entered;
Zero Marks : 0 If the question is unanswered;
Negative Marks : —1 In all other cases.

1. A particle of mass 1 kg is subjected to a force which depends on the position as
- ~ooa 2. _ ) . e 1 » A
F =—k(xi + yj)kgms 2 with k=1 kgs™. At time ¢ = 0, the particle's position 7 = (Ez +x/§]jm

- " A 2A4)
and its velocity v = (—ﬁi +2 J +—kjms ' Let v, and vy denote the x and the y components of
T

the particle's velocity, respectively. Ignore gravity. When z = 0.5 m, the value of (x vy — y v)
is ms™".

Ans. (3)

Sol. Torque about origin is zero

So angular momentum about origin remains conserved.

T

i[ﬁxz}—j{%}ﬂnz]:i[yxz —O.SVy}—j[DQ—0.5vx}+k[xvy -y, ]



Ans.

Sol.

Ans.

Sol.

In a radioactive decay chain reaction, 238 Th nucleus decays into 2éj Po nucleus. The ratio of the

number of « to number of B~ particles emitted in this process is
(2)

Th;,” — Po;}* +naj + mp’,

230=214 +4n

16
n=—m—x—=
4

90=8+nx2-mx1
90=84+4x2-mx1
m=92-90=2

4

Hence I i =2 Ans.
m

Two resistances Ry = X Q2 and R, = 1 Q) are connected to a wire AB of uniform resistivity, as shown
in the figure. The radius of the wire varies linearly along its axis from 0.2 mm at A to 1 mm at B.
A galvanometer (G) connected to the center of the wire, 50 cm from each end along its axis, shows

zero deflection when A and B are connected to a battery. The value of X is

R1 R2

A Op
| I L
| I
)
For the balanced Wheatstone bridge
R, % m,xz
R, [ pdx
Jo5
0.5 Tcrx

+| —
rx 0.5

R R1 = 5R2: 50



Ans.

Sol.

Ans.

In a particular system of units, a physical quantity can be expressed in terms of the electric charge

1 )
e, electron mass m,, Planck's constant /4, and Coulomb's constant k = 1 , where €y 1is the
T EO

permittivity of vacuum. In terms of these physical constants, the dimension of the magnetic field is
[B] = [e]* [m.]” [h) [k]°. The value of & + B+ 7+ Sis
4
B=e" (me)B h'k’
o B Y S
[B)=[e* Jfm. I [n] [
M'T2A"]=[AT] [m] [MCT ] [MEAT ]
MIT—ZA—I — mB+y+5L2r+36T(x—y—46Aa—26
Compare : B+y+0=1;2y+36=0,a0—y—-46=-"2,00-20=-1
On solvinga =3,=2,y=-3,0=2
a+P+y+06=4

Consider a configuration of n identical units, each consisting of three layers. The first layer is a

column of air of height h = %cm, and the second and third layers are of equal thickness

J3-1
2

d=

cm, and refractive indices :\/g and 1, =3 , respectively. A light source O is

placed on the top of the first unit, as shown in the figure. A ray of light from O is incident on the

second layer of the first unit at an angle of 8= 60° to the normal. For a specific value of n, the ray

. . . . 8 .
of light emerges from the bottom of the configuration at a distance [/ =-—=cm, as shown in the

V3
figure. The value of n is .
— Od
NG Air T

L
|2%)

Air

7 units

C))



Sol.

0=60°

1sin60° = \/gsin 0

= 0, =45°

\/gsin45° =+/3sin 0,

/3 1
= |——= 3 1 e
2\/5 \/7S1n ?

=0, =30°
h tan60° + d tan45° + d tan 30°

V3-1) (3-1
A
2J3+33-3+3-4/3
6

43
6
WHB 8

6 3



6. A charge g is surrounded by a closed surface consisting of an inverted cone of height & and base
radius R, and a hemisphere of radius R as shown in the figure. The electric flux through the conical

ng
6 <,

surface is

(in SI units). The value of n is .

Ans. (3)

Sol. From Gauss law,

9

0

d)hemisphere + d)Cone =

Total flux produced from q in a angle

¢=2qT0[1—cosa]

For hemisphere, o = g

_ 49

2¢g,

d) hemisphere

From equation (i)

q q
= —_— -|- _
280 d)cone

0

_ 9
¢COHC 280

4_ 9

6g, 2g,

n=3

Alternatively, ¢ oc no of electric field lines passing through surface q is point charge which has
uniformly distributed electric field lines thus half of electric field lines will pass through

hemisphere & other half will pass through conical surface.



7.  On a frictionless horizontal plane, a bob of mass m = 0.1 kg is attached to a spring with natural
length o = 0.1 m. The spring constant is k; = 0.009 Nm™' when the length of the spring [ > [y and is
k= 0.016 Nm™" when [ < I,. Initially the bob is released from / = 0.15 m. Assume that Hooke's law
remains valid throughout the motion. If the time period of the full oscillation is T = (n7x) s, then the

integer closest to n is

Ans. (6)
‘ k m
Sol.
(>0, >k=k,
t<tl,>k=Kk,

Time period of oscillation,

T=n |2 4n |2
k1 k2

\/ 0.1 \/ 0.1

T=nr +7T

0.009 0.016
7T 7T

7=l ™ 1207 o T=583m
03 04 0.12

T~ 6n
So,n=6

8.  An object and a concave mirror of focal length f= 10 cm both move along the principal axis of the

mirror with constant speeds. The object moves with speed Vo = 15 ¢m s ' towards the mirror with
respect to a laboratory frame. The distance between the object and the mirror at a given moment is
denoted by u. When u = 30 c¢m, the speed of the mirror V,, is such that the image is instantaneously
at rest with respect to the laboratory frame, and the object forms a real image. The magnitude of V,,
is cms.

‘/l‘ﬂ

Ans. (3)



u=-30cm

f=-—10cm

V= fy =-15cm
u—f

1 1 1

——=—

v u f

vV, =15cm/s i

v, =0cm/s
0

4

5.
—V
4 m

=15cr21/s1 =3m/s§

~Yo
"4

|Vm|m cm/s=3



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).
® Answer to each question 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 unanswered;

Negative Marks : =2 In all other cases.

9. In the figure, the inner (shaded) region A represents a sphere of radius r4 = 1, within which the
electrostatic charge density varies with the radial distance r from the center as py = kr, where k is

positive. In the spherical shell B of outer radius rp, the electrostatic charge density varies as
2k . . : iy . . .
pp =— . Assume that dimensions are taken care of. All physical quantities are in their SI units.
’
B s

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

(A) Ifrg = \/g , then the electric field is zero everywhere outside B.

B)If rg = %, then the electric potential just outside B is i
€0

(C) If rg = 2, then the total charge of the configuration is 157k.

(D) If rg :% , then the magnitude of the electric field just outside B is 137k .

<0

Ans. (B)



1
Sol. q, = [krdmr’dr = 2K _ oy
! 4
0

. 2 g2
q, = .!.%Mcrzdr =M
Q2 = 4nk[r* — 1] = 4nkr® — 4nk
et =q1 + Q2

= 47kr® — 31k

Qnet = 1k [417 — 3]

AE,_ =0=q,=0=>r=

3
2

kQ,, 1 nk(4r2—3)

B) V=
®) r 4ne, r




10. In Circuit-1 and Circuit-2 shown in the figures, Ry =1 Q, R, =2 Q and R3; = 3 Q. P; and P; are the
power dissipations in Circuit-1 and Circuit-2 when the switches S, and S; are in open conditions,
respectively.

Q: and Q, are the power dissipations in Circuit-1 and Circuit-2 when the switches S; and S, are in

closed conditions, respectively.

Circuit-1 —S/‘_,Nww_
2

2R;

o o—

A B
Circuit-2

Which of the following statement(s) is(are) correct?
(A) When a voltage source of 6 V is connected across A and B in both circuits, P; < Ps.
(B) When a constant current source of 2 Amp is connected across A and B in both circuits, P> P».
(C) When a voltage source of 6 V is connected across A and B in Circuit-1, Q; > P;.
(D) When a constant current source of 2 Amp is connected across A and B in both circuits, Q> < O
Ans. (A,B,C)
Sol. Case (i)

When both switches are open equivalent resistance in circuit 1

Equivalent resistance in circuit 2



For voltage source

P=—
R

R. >R

Cl CZ
= P, > P; (Option (A) correct)
For constant current source

P =i’R

= P, > P, (Option (B) correct)
Case-II

When switch is closed

C_S

“ 1

. 1
R C2 _EQ
R'c <R

For voltage source

1 .
P oc R = Q, > P, (Option (C) correct)
& R'c >R'c

For current source P «« R

Q1 > Q2 (Option (D) also correct)



11.

Ans.

Sol.

A bubble has surface tension S. The ideal gas inside the bubble has ratio of specific heats y = %

The bubble is exposed to the atmosphere and it always retains its spherical shape. When the

atmospheric pressure is P, , the radius of the bubble is found to be r; and the temperature of the
enclosed gas is 77. When the atmospheric pressure is P, , the radius of the bubble and the

temperature of the enclosed gas are r; and 7>, respectively.

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

28
RN P+ Y
(A) If the surface of the bubble is a perfect heat insulator, then (—lj = —21,
"2 P, al T—
n

(B) If the surface of the bubble is a perfect heat insulator, then the total internal energy of the
bubble including its surface energy does not change with the external atmospheric pressure.

(C) If the surface of the bubble is a perfect heat conductor and the change in atmospheric

48
3 P a2t —
. .. 71 72
temperature is negligible, then | =— | =—%-.
r p 45
at—
n
7\ P,+ 45
(D) If the surface of the bubble is a perfect heat insulator, then (szz = —f?
1 Pal -
n
(C,D)
P.=P+ ﬁ

T

PV = constant [adiabatic process]

5/3 5/3
Pal+£ (inrfJ =P +ﬁ (inrjj
r )\3 o, )\ 3



PTY = constant

4S 1-5/3 4S 1-5/3
P +— T =|P +— T"
2 r2 1 rl

-2/3

5/3 P +§
F)
Tl P +§
d2 r2

512 P ﬁ
3 =
) T 5.5
dl r

(D) is correct
12. A disk of radius R with uniform positive charge density o is placed on the xy plane with its center at
the origin. The Coulomb potential along the z-axis is
Vo =37 (k2 )
A particle of positive charge g is placed initially at rest at a point on the z axis with z = zo and
z0 > 0. In addition to the Coulomb force, the particle experiences a vertical force F = —ck with

2c g
qo

c>0.Let g = . Which of the following statement(s) is(are) correct?

(A) For g :i and z = 27—5R , the particle reaches the origin.
1 3 . .
(B) For g = 1 and z, = 7R , the particle reaches the origin.

(C) For B =i and zy =—=, the particle returns back to z = zo.

R
V3

(D) For B> 1 and zp > 0, the particle always reaches the origin.
Ans. (A,C,D)



Sol. W, +W_ =k, -k,
qQv; —qv; + W, =k; -k,

ext

q—G[\/Rz vz —Z]—qGRJrcz:kf—o

2¢, 2€,

c_ 9B
2¢€,

Substitute § & Z, calculate kinetic energy at z =0

If kinetic energy is positive, then particle will reach at origin

If kinetic energy is negative, then particle will not reach at origin.

13. A double slit setup is shown in the figure. One of the slits is in medium 2 of refractive index n,. The
other slit is at the interface of this medium with another medium 1 of refractive index n(# ny). The
line joining the slits is perpendicular to the interface and the distance between the slits is d. The slit
widths are much smaller than d. A monochromatic parallel beam of light is incident on the slits
from medium 1. A detector is placed in medium 2 at a large distance from the slits, and at an angle
0 from the line joining them, so that 6 equals the angle of refraction of the beam. Consider two

approximately parallel rays from the slits received by the detector.

Medium 1

N
X

. Detector
Medium 2

Which of the following statement(s) is (are) correct?
(A) The phase difference between the two rays is independent of d.
(B) The two rays interfere constructively at the detector.
(C) The phase difference between the two rays depends on n; but is independent of ..
(D) The phase difference between the two rays vanishes only for certain values of d and the angle
of incidence of the beam, with 8 being the corresponding angle of refraction.
Ans. (A,B)



Sol. 9

Optical path difference —
Ax = ny(dtan0) sina — ny(dtanO) sin6

= (n;sino — nysinB) dtand

=0
=>Ap=0
Ans. (A,B)

14. In the given P-V diagram, a monoatomic gas (;/ = %j is first compressed adiabatically from state A

0.6
1
to state B. Then it expands isothermally from state B to state C. [Given: (gj =0.5,In2=0.7].

P(kPa)
A

300~

100 ===

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

(A) The magnitude of the total work done in the process A - B — Cis 144 kJ.
(B) The magnitude of the work done in the process B — C'is 84 kJ.

(C) The magnitude of the work done in the process A — B is 60 kJ.

(D) The magnitude of the work done in the process C — A is zero.
Ans. (B,C,D)



Sol. For adiabatic process (A — B)
P, V! =PV}
3 3
10° x(0.8)F =3x107(V, )3

1 0.6

Work done in process A — B

PV, -P.V
WAB: AT A B "B
y—1
10°x0.8—-3%x10°x0.4
=> Wy = 5
——1
3

:>WAB=—601(J=:>|WAB|=601(J

Work done in process B — C (Isothermal process)

V, V,
W, =nRT/n—< =P,V /n—<
VB VB

= W, =3x10’ x0.4€ng

= Wpc=84KkJ

Work done in process C — A
Wea=PAV=0 (- AV =0)

So total work done in the process A—>B—C
Wasc= Wap + Wec+ Wea=—-60+ 84+ 0

Wasc=24kJ

So correct options are (B,C,D)



SECTION-3 : (Maximum Marks : 12)

@®  This section contains FOUR (04) 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 Marks :+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 In all other cases.

15. A flat surface of a thin uniform disk A of radius R is glued to a horizontal table. Another thin
uniform disk B of mass M and with the same radius R rolls without slipping on the circumference of
A, as shown in the figure. A flat surface of B also lies on the plane of the table. The center of mass
of B has fixed angular speed w about the vertical axis passing through the center of A. The angular
momentum of B is nM@R* with respect to the center of A. Which of the following is the value of n?

AT N
(A)2 B) © 2 () 2
2 2

Ans. (B)

Sol. v=w(2R)
v = ooR : no slipping

W = 2®

: revolution
Mo: rotation

Fixed

L=mrxv,+I o,
= M2Rv + %MRZ(DO
= 4MR’0 Jr%MR2 (20)=5MR’0

“n=>5



16.

Ans.

Sol.

17.

When light of a given wavelength is incident on a metallic surface, the minimum potential
needed to stop the emitted photoelectrons is 6.0 V. This potential drops to 0.6 V if another source
with wavelength four times that of the first one and intensity half of the first one is used.
What are the wavelength of the first source and the work function of the metal, respectively?

he

[Take = — =1.24x10%Jm Cc7! ]
e

(A) 1.72x 10" m, 1.20 eV (B) 1.72 x 10" m, 5.60 eV
(C)3.78 x 10" m, 5.60 eV (D) 3.78 x 10" m, 1.20 eV
(A)

hc

—=0+6 ... (

x ¢ (1)

hc

—=0+0.6 ... (i

m ¢ (ii)

M54V s p=12eV

4)

3 6.63x107* x3x10°

= —x - =A=1.72x10"m
4 5.4x1.6x10

Area of the cross-section of a wire is measured using a screw gauge. The pitch of the main scale is
0.5 mm. The circular scale has 100 divisions and for one full rotation of the circular scale, the main

scale shifts by two divisions. The measured readings are listed below.

Measurement condition Main scale reading | Circular scale reading

Two arms of gauge touching 0 division 4 division

each other without wire

Attempt-1: With wire 4 divisions 20 divisions

Attempt-2: With wire 4 divisions 16 divisions

What are the diameter and cross-sectional area of the wire measured using the screw gauge?
(A) 2.22 + 0.02 mm, ©(1.23 + 0.02) mm’
(B) 2.22 + 0.01 mm, n(1.23 + 0.01) mm’
(C) 2.14 £ 0.02 mm, n(1.14 + 0.02) mm’
(D) 2.14 + 0.01 mm, 7(1.14 = 0.01) mm*



Ans. (C)

Sol. LC= E =0.00lmm
100

Zero error =4 x 0.001 = 0.004 mm
Reading 1 = 0.5 x 4 + 20 x 0.001 — 0.004 = 2.16 mm
Reading 2 =0.5 x4 + 16 x 0.001 — 0.004 = 2.12 mm
Mean value = 2.14 mm
Mean absolute error = w =0.02
Diameter = 2.14 + 0.02
Area = ~d>
4

18.  Which one of the following options represents the magnetic field B at O due to the current flowing

in the given wire segments lying on the xy plane?

Grrmmn e

2 4\/_7Z
—Ho! P,
(© B= [ j
427
Ans. (O)
Mol of 1\, Holm 1 Bl m 7
Sol. B=-2 sm45( k) L( k) sz( k)
4n— 4n—



CHEMISTRY
SECTION-1 : (Maximum Marks : 24)

®  This section contains EIGHT (08) questions.
® The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH
INCLUSIVE.
®  For each question, enter the correct integer corresponding to the answer using the mouse and the
on-screen virtual numeric keypad in the place designated to enter the answer.
®  Answer to each question will be evaluated according to the following marking scheme:
Full Marks :+3 If ONLY the correct integer is entered;
Zero Marks : 0 If the question is unanswered;
Negative Marks :—1 In all other cases.
1. Concentration of H,SO,4 and Na,SO4 in a solution is 1 M and 1.8 x 1072 M, respectively. Molar
solubility of PbSOy in the same solution is X x 10" M (expressed in scientific notation). The value
of Y is .
[Given: Solubility product of PbSO4 (Ky,) = 1.6 X 10, For H,SO4, K,; is very large and
K,=12%107]
Ans. (6)
Sol. H,SOy — HSO; +H"
IM - -
- IM IM
Na,SOy ——> 2Na’ +  SO¥
1.8x 10> M - -
3.6x10°M 1.8x10°M
HSO, = H + 80/ ;K =12x10"M
M M 1.8x 10° M
Since Q¢ > K¢ it will move in backward direction.
1+x 1-x  1.8x107-x
1-x)(1.8x107° —x
K,=12x10"= (1-x)( )

(1+X)



Since x is very small (1 +x)~ l1and (1-x) = 1
x=(1.8x10"-1.2x107%)M
(507 |=(1.8x107 0.6 x10* )M

=12x10°M

PbSO, ——  Pb* + SOF

S - 1.2x1072 M
- s (s+1.2x107)

Kp=s(s+12x10%)=1.6x10"
(PbSO,)

Here, (s + 1.2 x 10%) = 1.2 x 10 (since 's' is very small)
s(1.2x10%)=1.6 x 10°®

=s= E><10'6M:X><10"YM

1.2
=Y=6
An aqueous solution is prepared by dissolving 0.1 mol of an ionic salt in 1.8 kg of water at 35 °C.
The salt remains 90% dissociated in the solution. The vapour pressure of the solution is 59.724 mm
of Hg. Vapor pressure of water at 35 °C is 60.000 mm of Hg. The number of ions present per

formula unit of the ionic salt is

Ans. (5)

Sol.

0.1 mole ionic salt in 1.8 kg water at 35° C

Vapour pressure of solution = 59.724 mm of Hg
Vapour pressure of pure H,O = 60.000 mm of Hg
Let the number of ions present per formula unit of the ionic salt be 'x'

Ay —> XA

(Salt) (Ions)

0.1 -
0.1(1-0.9) (0.1 x0.9)x

Total moles of non-volatile particles = 0.01 + 0.09 x
in 1.8 kg water

3
Moles of water = % =100 moles

P°—P.

Relative lowering of vapour pressure = Mole fraction of non — volatile particles



P°—P  moles of non—volatileparticles

P moles of water
60.000-59.724 0.01+0.09x
59.724 100

(0.276) x 100 = 0.59274 + (0.59274 x 9)x
27.6 —0.59274 = (0.59274 x 9)x
27

~ —

"~ 0.6x9

3.  Consider the strong electrolytes Z,Xn, UnY, and VX, . Limiting molar conductivity (A% of
UnYp and Vi, X, are 250 and 440 S cm” mol ™, respectively. The value of (m + n + p) is .
Given:

Ton Z7 U VT XY™
2%S ecm®mol™) [ 50.0 [ 25.0 | 100.0 | 80.0 | 100.0

2’ is the limiting molar conductivity of ions

The plot of molar conductivity (A) of ZyX, vs ¢'’? is given below.

A

339~~~

A of ZpX, (S ecm? mol™)

\ 4

1
:
+
1
1
1
:
336F---- T ---------
:
1
1
0

I 0.02 0.03 0.04
¢ (mol L)

Ans. (7)

Sol. Ao(UmYp)=m X kouf +p x koYm, =250
25m + 100p = 250
m+4p=10 ... (1)
A°(V,X,)=m x A, +nxA, =440
100m + 80n =440
Sm+4n=22 ... (2)



Ans.

Sol.

Ans.

Sol.

340

339
A(Z,X,)

m

336

0.01 0.04

From the extrapolation of curve
A°(Z,X,)=340
m X kzm + n%xm, =340

50m + 80n = 340
Sm+8=34 ... 3)

3)—2) = 4n=12=n=3
Putting in (2) we get m =2
Putting in (1) we getp =2
m+n+p=2+3+2=7

The reaction of Xe and O,F; gives a Xe compound P. The number of moles of HF produced by the
complete hydrolysis of 1 mol of P is

“4)

Xe + 202F2 4 XCF4 + 202

3XeF, + 6H,0 — 2Xe + XeO4 + 202 +12HF

.. One mole of XeF, gives 4 moles of HF on hydrolysis.

Thermal decomposition of AgNO; produces two paramagnetic gases. The total number of electrons
present in the antibonding molecular orbitals of the gas that has the higher number of unpaired
electrons 1s

(6)

AgNO; — 2Ag + 2NO; + 150,

— Both NO; & O, are paramagnetic

—NO; is odd electron molecule with one unpaired electron

—0; has two unpaired electrons



[

w

G,

2P
T, T
"2p "2p

z

Cop,
Ds
De
s
©1s

Total number of antibonding electrons = 6

6. The number of isomeric tetraenes (NOT containing sp-hybridized carbon atoms) that can be

formed from the following reaction sequence is

1. Na, liquid NH;3;
- >
AN 2. Br; (excess)

3. alc. KOH
Ans. (2)
Br
Sol. ® 1. Na, liquid NH; O/\%\ 2. Br; (excess) Q/\‘)\
- " Br
Br
Br
3. Alc. KOH

NS NS
)cis/trans

2 isomers



7.  The number of -CH,- (methylene) groups in the product formed from the following reaction

sequence is

1. O3, Zn/H,0O
2. KMnO4

/\/\/\/ ] >
3. NaOH, electolysis

4. Cr,03, 770 K, 20 atm

Ans. (0)
Il
AT 1. O;. Zn/H,0 /\/C\H
Sol.
KMHO4
(0]
Il
C
NaOH : P Cr203
Electrolysis 770 K
20 atm

8.  The total number of chiral molecules formed from one molecule of P on complete ozonolysis

(03, Zn/HZO) is

Ans. (2)



Sol.

(P)

l O3/ Zn/H,0

2 OH
o 5, . OH
\/ OMQW O/g‘ \O O “ /O
&
Achiral HO HO
Achiral Chiral Achiral Chiral
72 AN 0 N
07 & O N
HO Achiral

Achiral

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).

®  Answer to each question 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 Ifunanswered;

Negative Marks : =2 In all other cases.




Ans.
Sol.

To check the principle of multiple proportions, a series of pure binary compounds (P,Q,) were
analyzed and their composition is tabulated below. The correct option(s) is(are)

Compound | Weight % of P | Weight % of Q
1 50 50
2 44.4 55.6
3 40 60

(A) If empirical formula of compound 3 is P3Qj, then the empirical formula of compound 2 is P;Qs.

(B) If empirical formula of compound 3 is P3Q, and atomic weight of element P is 20, then the
atomic weight of Q is 45.

(C) If empirical formula of compound 2 is PQ, then the empirical formula of the compound 1 is
P5Qq4.

(D) If atomic weight of P and Q are 70 and 35, respectively, then the empirical formula of
compound 1 is P>Q.

(B,C)
Compound Weight % of P Weight % of Q
1 50 50
2 44 .4 55.6
3 40 60
For option (A)

Let atomic mass of P be Mp and atomic mass of Q be Mq
Molar ratio of atoms P : Q in compound 3 is
40.60 4.,
M, M,
2M
P 3, 9M, =8M
3M, 4
Molar ratio of atoms P : Q in compound 2 is
444 55.6
M, M,

=444 MQ :55.6 Mp

Q

P

8M,
=444 Mq:55.6x —

=44.4:55.6 x 8
9

=9:10
= Empirical formula of compound 2 is therefore P9Qo
Option (A) in incorrect

For option (B)



40 60

Molar Ratio of atoms P : Q in compound 3 is —:—=3:2
P
2M
i BN 9M, =4M,
3M, 2
If Mp = 20 =M, =220 _ys
Option (B) is correct
For option (C)
Molar ratio of atoms P : Q in compound 2 is
%:55—'6:44.4MQ :55.6 M, =1:1
M, M,
M, 444
M, 556
Molar ratio of atoms P : Q in compound 1 is
50,50
M, M,
=55.6:444
~5:4

Hence, empirical formula of compound 1 is P5Qy
Hence, option (C) is correct

For option (D)
Molar ratio of atoms P : Q in compound 1 is
5—0 : 5—0 =M,:M,
M, M,
=35:70=1:2

Hence, empirical formula of compound 1 is PQ;
Hence, option (D) is incorrect
10. The correct option(s) about entropy (S) is(are)

[R = gas constant, F = Faraday constant, T = Temperature]

. .. dE R
(A) For the reaction, M(s) + 2H (ag) — Ha(g) + M*(aq), if ﬁe” =5 then the entropy change of

the reaction is R (assume that entropy and internal energy changes are temperature
independent).
(B) The cell reaction, Pt(s) | Hy(g, 1bar) | H (ag, 0.01M) || H' (aq, 0.1M) | Hx(g, 1bar) | Pt(s), is an
entropy driven process.
(C) For racemization of an optically active compound, AS > 0.
(D) AS >0, for [Ni(H,0)s]*" + 3 en — [Ni(en)s]*" + 6H,0 (where en = ethylenediamine).
Ans. (B,C,D)



Sol.

11.

Ans.

Sol.

AG=AH -TAS

AG = AH +T| 386
dT )

dE
nF | —2b | = AS
dT

4By _ AS =B(given)
dT nF F
= AS=nR
For the reaction, M(g) + 2H®(aq) — Ha(g) + M*®(aq)
n=2
= AS =2R
Hence, option (A) is incorrect
For the reaction, Pt(s) [Ha(g, 1 bar| H®,,(0.01M)|| H®(aq, 0.1M) | Hy(g, 1 bar)| Pt
Ecen = E. - 0.0591 log 0.01_ 0.0591V
1 0.1
Ecen 1s positive = AG < 0 and AS > 0 (AH = 0 for concentration cells)

Hence, option (B) is correct

Racemization of an optically active compound is a spontaneous process.
Here, AH = 0 (similar type of bonds are present in enantiomers)
=AS>0

Hence, option (C) is correct.

[Ni(HZO)6 ]% +3en— [Ni(en)g]2+ +6H,0 is a spontaneous process

more stable complex is formed
=AS>0
Hence, option (D) is correct.
The compound(s) which react(s) with NHj3 to give boron nitride (BN) is(are)
(A)B (B) B,Hg (C) B,0Os (D) HBF,4
(B,C)
(A) 2B+2NH, —> 2BN +3H,

Boron produced BN with ammonia but Boron is element not compound. So that this option not

involve in answer.

(B) 3B,H, +6NH, — 3[BH,(NH,),]"[BH;]——22° ,2B,N H, +12H,
BSNSHG T >200°C (BN)X

(C) B,0,(0)+2NH, —2C 52BN, +3H,0,,,

(D) HBF,; + NH; — NH4[BF,]



12.

Ans.

Sol.

13.

Ans.

The correct option(s) related to the extraction of iron from its ore in the blast furnace operating in

the temperature range 900 — 1500 K is(are)

(A) Limestone is used to remove silicate impurity.

(B) Pig iron obtained from blast furnace contains about 4% carbon.

(C) Coke (C) converts CO; to CO.

(D) Exhaust gases consist of NO, and CO.

(A,B,C)

(A) CaO + SiO; — CaSiOs (in the temperature range 900 — 1500 K)

(B) In fusion zone molten iron becomes heavy by absorbing elemental impurities and produces Pig
iron. (in the temperature range 900 — 1500 K)

(C) C + CO; — 2CO (in the temperature range 900 — 1500 K)

(D) Exhaust gases does not contain NO,.

Considering the following reaction sequence, the correct statement(s) is(are)

>p Zn/Hg, HCl SOCl,

AlCl3

3
>

AlCl;

Zn/Hg, HCI

wnn

a hydrocarbon <

(A) Compounds P and Q are carboxylic acids.

(B) Compound S decolorizes bromine water.

(C) Compounds P and S react with hydroxylamine to give the corresponding oximes.
(D) Compound R reacts with dialkylcadmium to give the corresponding tertiary alcohol.

(A,C)



O

O O
c Il |
\C/\V'\OH Co ol
Sol. TAICL @ “ZwHg é\/ S0Ch, é\/(R)
(P) N (®)
Carboxylic Acid Carboxylic A1C13
Acid
Q0= @Q
HCl
0)

=0
=0

| I
N SN
(R) R,Cd (OS\/

14. Among the following, the correct statement(s) about polymers is(are)
(A) The polymerization of chloroprene gives natural rubber.
(B) Teflon is prepared from tetrafluoroethene by heating it with persulphate catalyst at high
pressures.
(C) PVC are thermoplastic polymers.
(D) Ethene at 350-570 K temperature and 1000-2000 atm pressure in the presence of a peroxide
initiator yields high density polythene.
Ans. (B,C)
Sol. (a) The polymerisation of neoprene gives natural rubber.
(b) is correct statement
(c) is correct statement
(d) Ethene at 350-570 K temperature and 1000-2000 atm pressure in the pressure of a peroxide

initiator yields low density polythene.



SECTION-3 : (Maximum Marks : 12)
®  This section contains FOUR (04) 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 cach question will be evaluated according to the following marking scheme:

Full Marks :+3 If ONLY the correct option is chosen;
Zero Marks : 0 Ifnone of the options is chosen (i.e. the question is unanswered);
Negative Marks :—1 In all other cases.

15. Atom X occupies the fcc lattice sites as well as alternate tetrahedral voids of the same lattice. The

packing efficiency (in %) of the resultant solid is closest to
(A) 25 (B) 35 (C)55 (D) 75
Ans. (B)
Atom X' occupies FCC lattice points as well as alternate tetrahedral voids of the same lattice

= %th distance of body diagonal

8r,
—a=—72

3
Number of atoms of X per unit cell
=4 + 4 =8
(FCC lattice points) (Alternate tetrahedral voids)

Volume occupied by X <100

% packing efficiency =
°P & y Volume of cubic unit cell

8><i7t(rx)3

x100

a3

8><i1t(rx)3
-3 " %100

%)
B
:(8x§xnxéx3«/§jx100

B

= 3T 100
16
- 349

Hence, option (B) is the most appropriate option



16. The reaction of HC1O5 with HCI gives a paramagnetic gas, which upon reaction with O3 produces
(A) CLL,O (B) C10; (C) CLy04 (D) CL,04
Ans. (C)

Sol. HCIO,+HCl— ClO, +LCl,+H,0

(Paramagnetic)

2C102 + 203 4 C1205 + 202

17. The reaction Pb(NOs), and NaCl in water produces a precipitate that dissolves upon the addition of
HCI of appropriate concentration. The dissolution of the precipitate is due to the formation of
(A) PbCl, (B) PbCl, (C) [PbCL]* (D) [PbCle]*

Ans. (O)

Pb(NO,), + 2NaCl — PbCl, + 2NaNO,

Sol. excess
HCI

[PbCl,*

18. Treatment of D- glucose with aqueous NaOH results in a mixture of monosaccharides, which are

CHO CHO CHO
HO—+—H H——/—OH HO—y—H
HO——H HO—+—H HO—1+—H
H——0H HO—1—H HO—T1—H
(A) H—+—OH > H—1—OH and H—1—OH
CH,OH CH,OH CH,OH
CH,0H CHO CHO
—0 HO——H HO——H
HO——H H—r—0H HO—r—H
H—1—OH H—1—OH HO—1—H
(B) H—1T—OH H—1—OH and H—T—OH




(D)

Ans. (O)

CHO CH,OH CHO

H ——OH —o0 HO——H
HO——q HO——H HO—r—H
——on H——OH H——OH
H—+—OH > H—1—OH and H—T—OH
CH,OH CH,0OH CH,0OH
CHO CHO CHO
H—"on H——OH HO——H
HO——¢ HO——H HO—r—H
HO——H H—T1—OH H—1—OH
H——ofg » H—T—OH and H——OH
CH,OH CH,OH CH,OH

Sol. Basic catalyse tautomerism through enediol intermediate

CHO
HO——H
HO——H
H——OH
H——OH
CH,-OH
ﬁH—OH CIHrOH
C-OH
Cc=0
HO——H
HO—t—H
H OH » H——0H
CH,-OH CH,-OH
CHO
H——OH
— HO—1—H
H——OH
H——OH




MATHEMATICS
SECTION-1 : (Maximum Marks : 24)
®  This section contains EIGHT (08) questions.
®  The answer to each question is a SINGLE DIGIT INTEGER ranging from 0 TO 9, BOTH
INCLUSIVE.
®  For each question, enter the correct integer corresponding to the answer using the mouse and the
on-screen virtual numeric keypad in the place designated to enter the answer.
®  Answer to each question will be evaluated according to the following marking scheme:

Full Marks :+3 If ONLY the correct integer is entered;
Zero Marks : 0 If the question is unanswered;
Negative Marks : =1 In all other cases.
V4 V4 . 1 2
1. Let aand f be real numbers such that 1 <f<0<a< T If sin(a + f) =§ and cos(a — f3) =§,

then the greatest integer less than or equal to

. . 2

sina  cos cosa  sin

+— p +—+ p
cosf sina sinfi cosa

is

Ans. 1

Sol. GE(O,EJ,BEK—E,OJ: ()H-BE(_E’EJ
4 4 4’4

sin(a+p) =§,cos((x—[3)=§

. . 2
sino.  cosa  cosP sinf
+ + +

cosp sinff sina cosa

[cos(a—B)+COS(B_“)j2

cosPsinf} sinocosa

sin2f  sin2a

=4cos2(a—ﬁ)[zsin(wrﬁ)cos(a_ﬁ)j (1)

sin 2a.sin 23

=4cosz((x—[3)[ - j




_ 16cos* (a—p)sin® (a+p)x4
(cos2(0c—[5)—cos2(0c+B))2
64 cos* (a—p)sin’ (a+p)
(2cos2 (a—PB)—1-1+2sin? ((x+B))2

SondO L1
(2x4—1—1+2j
9 9
_64x16 81 16
81x9 64 9
[E}=l Ans.
9

2.  If y(x) is the solution of the differential equation
xdy — (y> —4y)dx = 0 forx > 0, y(1) = 2,

and the slope of the curve y = y(X) is never zero, then the value of IOy(x/E ) is

Ans. 8
Sol. xdy—(y2 —4y)dx =0,x>0

y2—4y_ X

j(i—ljdyﬂtjdf

y—4 'y

oo

log,_ |y — 4| —log, |y| =4log, x+log,c

-4 _

ext 12 oo
vl

|y =4 =|y|x*
C-1 and C-2

y-4=yx' y—4=-yx
4 4
y_l—x4 Y 1+x*
y(1) = ND (rejected) y(1)=2

y(ﬁ)=§:>10y(ﬁ)=8




3.  The greatest integer less than or equal to

2 log, 9 1
[1og,(x* +Ddx + | (2* —1)5 dx
1 1

is

Ans. 5

Sol. f(x) =log, (x3 +l) =y
X +1=2 = x=(2-1)" =" (y)
£ (x)=(2"-1)"

log, 9

log, (x3 +l)dx + .[ (2" —1)1/3 dx

1

Il
—_—— o

log, 9
f(x)dx+ [ £ (x)dx=2log,9-1

1

Il
—_——

=8<9<27/2:>3<10g29<%

=5<2log,9-1<6
[2log,9-1]=5
4.  The product of all positive real values of x satisfying the equation
(160085 x)*~68logsx) _ 5-16
s

Ans. 1

SOl. X16(10g5 x)3—6810g5 X — 5716
Take log to the base 5 on both sides and put log, x =t

16t* — 68 + 16 =0
1

2

=4t* —17t* +4=0

-+ =+ =+ =+
w

ti+th+t3+t,=0
log; x, +log x, +log, x; +log;x, =0

X, X,X;X, =1



Ans.

Sol.

Ans.

Sol.

If

1

e* —(1—x3)5 +{(1—x2); —leinx

p = lim

x—0 xsin® x
then the value of 64 is
5
1/2 .
‘ eXS—(l—x3)l/3 ((l—xz) —l)smx
B =1lim — + —
x>0 XSIn° X , s;m"x ,
X X—5—X
X X

use expansion

. 4x° —x’
b= EB% 3x° +£123 2x’
4 1 5
P=3727%
6=5
Let 8 be a real number. Consider the matrix
B 0O 1
A=12 1 =2
31 =2

If A7 — (8- 1)A® — BA’ is a singular matrix, then the value of 94 is

3
B O 1

A=[2 1 2| |A]=-1
31 =2

= |A7— (B - DA’ - BA’| =0

= |AF|A’ - (B- DA -BI|=0
= |A] |(A*-BA)+ A —BI|=0
= |A] JA(A = BI) + I(A - BI)| =0

AP (A +T) (A = BI)| =0



B+1 0 1
A+l=| 2 2 2|=|A+1l=—4,Here|A|#0 & |A+1|#0

301 -1

0 0 1
A-BI=|2 1-B =2

31 -—2-B

|A—BI|:2—3(1—[3):3[3—1:0:[3:%

B=3
7.  Consider the hyperbola
Xy =1
100 64
with foci at S and S;, where S lies on the positive x-axis. Let P be a point on the hyperbola, in the
first quadrant. Let ZSPS; = a, with a < g . The straight line passing through the point S and having
the same slope as that of the tangent at P to the hyperbola, intersects the straight line S;P at P;. Let
d be the distance of P from the straight line SP;, and 3 = S;P. Then the greatest integer less than or
equal to @sing is
9 2
Ans. 7
Sol.




SiP-SP=20

p-—2 =20

. A
Sin —
2
288

—400 =2
., a .
sin- — Sin —

2

82

B+

SP + B> — 656
cosa = —6

S

sSin —

2

2B 56
.
SlnE

= 2B—S =COoSQ

.o
sin —
2

A—128

=Ccosa

A1 —cosa) = 128

B 5% 108
o 2

sin —
2
4
%s n% = % = [B—; sin E} =7 where [.] denotes greatest integer function

Consider the functions f, g : R — R defined by

20 1-
R _ (
f(x)=x +12 and g(x) =

If ais the area of the region
{(x,y>e RxRix|<2,05y< min{f(x),g(x)}},

then the value of 9« is



x=—1/2

A

—3/4

v
12x* +32x - 19=0

12x* + 38x —6x - 19=0
2x(6x + 19) — 1(6x + 19) =0

6x +19) 2x—1)=0

1
X ==
2
OL—2A1+A2
12
o=2 jx2+—dx+—xlxg
7 1 4 3

I X’ 5x " 1
=>oa=2 (—+—j +—
I\3 12/, 12

1 5 1}
>a=2| —+—+—
124 24 12

[1+5+2
24

=>a=2

}:>0L=2><i:>90c:9><E
24 12

=90 =6



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).

® Answer to each question 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 unanswered;

Negative Marks : =2 In all other cases.

9. Let PQRS be a quadrilateral in a plane, where QR = 1, ZPQR = ZQRS = 70°, ZPQS = 15° and
ZPRS = 40°. If ZRPS = 0°, PQ =  and PS = p, then the interval(s) that contain(s) the value of
4af} sinB° is/are
(A) (0.42) (B) (1,2)
©) (v2.3) (D) (242,312)

Ans. (A,B)

Sol. /PRQ =70° -40° = 30°

ZRQS =70° - 15° = 55°
ZQSR = 180° — 55° — 70° = 55
~ QR=RS=1

ZQPR =180° -70° - 30° = 80°

R
1
S 40° 30°
70°
1
B
70°
<50 15°




Apply sine-rule in APRQ :

o 1 1

- =— =0 =— (1)
sin30°  sin 80° 2sin 80°
Apply sine-rule in APRS
p = 1 = PBsinB = sin40° ....(2)

sin40° sin©

4sin40° 4sin 40°

4of3sin O = — = -
2sin80° 2(2sin40°cos40°)

= sec40°

Now sec30° < sec40° < sec45°

:>i<sec400<\/§

N

10. Let
o= Z:sin2k (EJ
k=1 6
Let g : [0, 1] — R be the function defined by

g(x) — 20()( + 20((17X)

Then, which of the following statements is/are TRUE?

7
(A) The minimum value of g(x) is 2°¢

1
(B) The maximum value of g(x) is 1 + 23

(C) The function g(x) attains its maximum at more than one point
(D) The function g(x) attains its minimum at more than one point

Ans. (A,B,C)



where g(0) =1 +2" & g(1) =1 +2'"

. 1 . 21/3
g (x):§(2 /3—2)(/3}:0

1 . .
=2 =2 = x= 5= critical point

s
.. graph of g'(x) = /
2

1 7
& gl = |=26
g(zj

.. graph of g(x) in [0, 1]

(0’1+21/3) (]_’]_+21/3)

(1)
L

0 1 1
2
11. Let 7 denote the complex conjugate of a complex number z. If z is a non-zero complex number for

which both real and imaginary parts of

v 1
(z) +Z—2

are integers, then which of the following is/are possible value(s) of |z| ?

(43+32%J4 B (7+;/§J4

(A)

4 6

o (gﬁJ . V@J



Ans. (A)

Sol. Let (Z)2+i2=m+in ,m,neZ
z

v 7z’ .
(Z)" +—=m+in

z
)
=> X -y)|l+—|=m ...(D)
2|
)
& 2xy| 1+—|=n ...(2)
|zl

Equation (1)* + (2)

(1+L|j2 [(x2 +y2)2] =m’+n’

2"

[1 +ij2 () =m? +1’

P

= |Z|4+L4+2=m2 +n’
z

Now for option (A)

o 223 34205
2

:>m2+n2=45

= m=+6, n=+3

Option (B)
s 1 7433 7-4/33 7 11
2]+ —+2= + 42=L40="
|z 4 4 2 2
Option (C)
s 1 9+65 9-/65 18 9 13
2l +—+2= n 422,902 ,p_2°
|zl 4 4 4 2 2
Option (D)
s 1 74413 7-413 14 7 13
|Z| +—+2= + +2 =

3 —+2=—42=—
|zl 6 6 6 3 2



12. Let G be a circle of radius R > 0. Let Gy, Ga,...,G;, be n circles of equal radius r > 0. Suppose each
of the n circles G;,Go,...,G, touches the circle G externally. Also, fori =1, 2,..., n—1, the circle G;
touches Gi;; externally, and G, touches G; externally. Then, which of the following statements
is/are TRUE ?

(A)Ifn=4, then (2 - r<R
(B)If n=5,thenr <R
(C)Ifn=38,then (2 - 1)r<R
(D)Ifn=12,then V2 (/3 + Dr>R

Ans. (C,D)
Sol. 2(R Jrr)sinE =2r
n
R+r

(A)n:4,R+r:x/§r
(B)yn=35, E=cosec£<cosec£
r 5 6

R+r<2r=r>R

R+
(C)n=8, S cosecE > cosecE
r 8 4

R+r> ﬁr

(D)n=12, E=cosec%=\/§(\/§+1)
r

R+r= ﬁ(ﬁﬂ)r
V2(B+1)r>R



13. Let i,j and k be the unit vectors along the three positive coordinate axes. Let

a=3i+j-k,
b=i+b,j+b,k, by, by € R,
¢=c,i+c,j+csk, ci,c,c3€R

be three vectors such that b,b; >0, a-b =0 and

0 —¢5 ¢ |1 3-¢
c; 0 — ||by|=] I-c,
-, ¢ 0 J{bs —1-c,

Then, which of the following is/are TRUE ?

(A) a-¢=0 (B) b-¢=0
(©) [b[>~10 (D) [¢[< i1

Ans. (B,C,D)
Sol. da=3i+j-k
b=i+b,j+bk

c=cji+c,j+ck

0 -, ¢, |1 3—c,
c, 0 —/||b,|=|1l-c,
-c, ¢ 0 )b, ~1-c,
multiply & compare
b2C3—b3C2=C1—3 (1)
C3—b3C1=1—Cz (2)
C2—b2C1=1+C3 (3)

Di-(2)j+@3)k
{(b2C3 - b3C2) - j(C3 - b3C1) + 12 (Cz - b2C1)

= ¢ci+c,j+c,k -3i—j+k

bxc=c-a



Take dot product with b

b-ab

ol (e]
ol Il

Il ol
(@) ol

(ot}

lc

b"c =90°
Take dot product with ¢

—4c
ac=lc/
ac#0
bx¢=¢-a
Squaring

16 [cf =[cf +[af —2ca
6 e =Iel’ +11-2[c]
ol [cf =11l
(6 +1) =11
|_.|2 _ 11
|13|2 +1
el <11
given a.b =0
b, —b;=-3 also
b2 +b3>=2bb3=9  brb3>0
by2 + b3’ = 9 + 2b,bs

by + b3’ =9 + 2brb; > 9

b22 + b32 >9

bl = \1+b2+b2
lbl> /10



14. For x € R, let the function y(x) be the solution of the differential equation

Yy +12y = COS(EXJ y(0) =

dx
Then, which of the following statements is/are TRUE?
(A) y(x) is an increasing function

(B) y(x) is a decreasing function

(C) There exists a real number S such that the line y = f intersects the curve y = y(x) at infinitely
many points
(D) y(x) is a periodic function

Ans. (O)
Sol. dy +12y = cos(£ xj

dx 12

Linear D.E.

LF. = ejlz'dx S

Solution of DE

e = elz".cos(£ xjdx
y '[ 12
12x
ye'™ = e—(12 COS = X +—sin ixj +C
12 12 12

T
<[]

=>y= %((12)2 cos (R—XJ + msin (R—XD +1C—2
12)"+n 12 12 e
Given y(0) =0

12 ) -12°
=0=z=—(12°+0)+C= C=
124+7c2( ) 12* + 7

12 TTX TTX
U P O I
Y e {( ) 12) T g ©

2
Now d_y: 412 - —12nsin(n—xj+n—cos(n—xj+123e12"
dx 12" +m 12 12 12

min. value

{—4/144n +— —12n,/1+—4j
12

= d_ >0 V x <0 & may be negative/positive for x >0
X

So, f(x) is neither increasing nor decreasing
For some B € R, y = 3 intersects y = f(x) at infinitely many points

So option C is correct



SECTION-3 : (Maximum Marks : 12)

This section contains FOUR (04) 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 Marks :+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 In all other cases.

15. Consider 4 boxes, where each box contains 3 red balls and 2 blue balls. Assume that all 20 balls are
distinct. In how many different ways can 10 balls be chosen from these 4 boxes so that from each

box at least one red ball and one blue ball are chosen?

(A) 21816 (B) 85536
(C) 12096 (D) 156816
Ans. (A)
3R 3R 3R 3R
Sol.
2B 2B 2B 2B
B-1 B-2 B-3 B-4

Case-I : when exactly one box provides four balls (3R 1B or 2R 2B)

Number of ways in this case °C, CCix*C)’ x4

Case-II : when exactly two boxes provide three balls (2R 1B or IR 2B) each

Number of ways in this case (5C3 - 1)2 (3C1 X 2C1)2 x 6

Required number of ways = 21816

Language ambiguity : If we consider at least one red ball and exactly one blue ball, then required

number of ways is 9504. None of the option is correct.

16. If M= 23 21 , then which of the following matrices is equal to M**** ?

2 2
3034 3033 3034 -3033
(A) (B)
~3033  -3032 3033 -3032
3033 3032 3032 3031
©) (D)
-3032 -3031 ~3031 3030

Ans. (A)



Sol.

17.

>3 3
M = 2 2
=1
L2 2
3_{_1 3
M = 23 32
- —+1
2 2

e [t 1 foo
-1 —=1ll-1 =1] o o
o2 3 2022

M = I+5A

=1+ 3033A

10 11
= +3033

0 1 -1 -1
[ 3034 3033}

| -3033 -3032
Suppose that

Box-I contains 8 red, 3 blue and 5 green balls,

Box-II contains 24 red, 9 blue and 15 green balls,

Box-III contains 1 blue, 12 green and 3 yellow balls,

Box-IV contains 10 green, 16 orange and 6 white balls.
A ball is chosen randomly from Box-I ; call this ball b. If b is red then a ball is chosen randomly
from Box-II, if b is blue then a ball is chosen randomly from Box-III, and if b is green then a ball is
chosen randomly from Box-IV. The conditional probability of the event 'one of the chosen balls is
white' given that the event 'at least one of the chosen balls is green' has happened, is equal to

15 3 5 1
(A) ~¢ B) 76 © 5 D) 2



Ans. (C)
Sol. BoxI 8(R) 3(B) 5(G)

Box I 24(R) 9(B) 15(G)

Box I 1(B) 12(G) 3(y)

Box IV 10(G) 16(o) 6(w)

A (one of the chosen balls is white)

B (at least one of the chosen ball is green)

P(ész(AmB)

B P(B)
AN B - (WG)
5 6
7X7
16~ 32

5 8 15 3 12
— X+ —x—+—x—

16 16 48 16 16

156 52

15 s

18. For positive integer n, define

16+5n-3n> 32+n-3n> 48-3n-3n2 25n—7n?
fin)=n+ + + +..+ .

4n +3n° 8n+3n’ 12n +3n° 7n?

Then, the value of lim f(n) is equal to

(A)3+%loge7
3 (7
B) 4—1og [~
(B) 1 oge(J
4 (7
C) 4-210g [~
©) 3 oge(J

(D) 3+ %loge 7
Ans. (B)



18.

f(n)=n+Y

" 16r+(9—4r)n—3n°

— 4rn +3n°

f(n) =n +Z“:(16r+9n)—(41rn+3n2)

4rn +3n?

f(n) :nJ{iMJ—n

lim f(n) =lim )"

n—oo

=lim

n—oo

1

|

0

~ 4rn+3n°

16r +9n
nom < 4rn +3n°

16x+9dxzj-4dx_j‘ 3dx

4x +3

2(16(;j+9ji

o

4x +3

0 0

:4—%(€n|4x+3|):)
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