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SECTION- A
SECTION-1
This section contains EIGHT (08) question stems.
The anwer to each questionis 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 ifthe correct numerical valueis entered;

ZeroMarks : O Inall other cases.
Gravitation
1. Two spherical stars Aand B have densities p, and p_, respectively. A and B have the same radius, and their
masses M, and M, are related by M, =2 M, . Due to an interaction process, star Aloses 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 s deposited as a thick spherical shell on B with the density of the shell being p . If v, and v are the escape
.. . . . VA lon .
velocities from A and B after the interaction process, the ratio o = 157 The value ofnis
B
Ans.  (2.30)
R
Sol. P
B
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M, + 71\84/* -By,

M,/8
Mass lost by A= Mass gained by B

4 R’ 4
prgn(R3——j:pA xgn(RZ—R3)

8
R’ 15
R} =2R’-—=—R’
8
1
15)3
R, -0
2

Escape velocity fromB = v =

W [B_fion
VA (15)1/3 151/3

(15)°R/2

n=2.30

Nuclear physics

2. The minimum kinetic energy needed by an alpha particle to cause the nuclear reaction '°N +1 He — s H +y O
in a laboratory frame is n (in MeV). Assume that [’ N is at rest in the laboratory frame. the masses of
N, iHe, |H and ;"O canbe taken to be 16.006 u, 4.003 u, 1.008 u and 19.003 u, respectively, where
1u=930MeVc?. The value ofnis:

Ans.  (2.32)

So. YN + JHe——> H + [JO

16.006u  4.003 u 1.008u  19.003u
Am = (16.006 + 4.003) — (1.008 + 19.003)
=20.009 -20.011

=-0.0024

Energy required = |Am| x ¢*=.002 x 930 MeV
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1 86MeV = %M(u _

0)’
1.86MeV = lx mu? xi
2 5

5
K . of a-particle = 1.86 x i 2.325MeV ~ 2.32 MeV

Capacitance

3. In the following circuit C =12 uF, C,=C, =4 uF and C,=C, =2 pF.

The charge stored in C, is uC.
ﬁ’]
N
6V =" T & TG T 2
Ans.  (8)

|
I
C,=2uF | Cs=21F
Sol. 6V 7T ~ - T2V
Cz=4uFTC3_4ﬁ\

C,, C,, C,and C, are in parallel combination simplified circuit.

C v

6V C,3

TI.01.
[T 1

2V 2V
0

\% \% v 0V

Q,=C,x2=8uC
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Geometrical Optics

4.

Ans.

Sol.

2n
Arod of length 2 cm makes an angle EY rad with the principal axis of a thin convex lens. The lens has a focal

40
length of 10 cm and is placed at a distance of 3 c¢m from the object as shown in the figure. The height of the

image is

rad, wheren s

303
C

cm 13

(©)

cm and the angle made by it with respect to the principal axis is o rad. The value of o is t/n

3
ForA:Y=yif -0 10 "
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430 520-430 90

x =40— =—Ccm
Infigure, 13 13 13
3043
_13 1
tano = 90 "7
13
o =30°=m/6
n==6
Rotation
5. At timet =0, adisk of radius 1 m starts to roll without slipping on a horizontal plane with an angular accelera-

2 -
tionof &L = Erad s~ . Asmall stone is stuck to the disk. At t =0, it is at the contact point of the disk and the

plane. Later, at time ¢ = \/; s , the stone detaches itself and flies off tangentially from the disk. The maximum

X
height (in m) reached by the stone measured from the plane is 5 + 0 The value of x 18

[Takeg=10ms™2 ]

Ans. (0.52)
o = 2/3 rad/s’ |
’_\ I
1
— I —
Att=0 aF Ra=2/3 m/s’ ! Att=\7 u T
Sol. l;n) :
1
S(stone)

2
Aftert= /g, v=0+at ng/nm/s
2
®:O+at:§\/n rad /s

0= O+lO(.t2 :lxgxnzﬁrad
2 2 3 3
For stone
2B83m v =2/3%
120° 60°

S 2/3IT
12m=R/2
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4 Tx 3
2 c 2 o - _
Hmax:lJrV“tsm 60 :l+9 4
2 2g 2 2x10
Lym 1 x
2 60 2 10
X = 314 =0.52
6
Rotation
6. A solid sphere of mass 1 kg and radius 1 mrolls without slipping on a fixed inclined plane with an angle of

inclination 6 = 30° from the horizontal. Two forces of magnitude 1 N each, parallel to the incline, act on the
sphere, both at distance r = 0.5 m from the center of the sphere, as shownin the figure. The acceleration of the

sphere down the plane is ms 2. (Take g=10ms2)
\
\

Ans.  (2.86)

|IN

mg sinf=5

mg cosd=513
Sol.

ApplyingNLM: 5-f =1xa_ ... (D)
2
Applying T = Iow about COM axis: f, x1-1x0.5x2 = 3 IxPxo . (2)
Rolling without slipping=>a_ = Ra
a=1xa
Equation (1) +(2)
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Ans.

Sol.

5—1:[1+2jac
5

_20

a =2.857~2.86
7

Consider an LC circuit, with inductance L= 0.1 H and capacitance C = 10 F, kept on a plane. The area of
the circuitis 1 m*. Itis placed in a constant magnetic field of strength B, which is perpendicular to the plane of
the circuit. At time t = 0, the magnetic field strength starts increasing linearly as B=B_ + 3t with $ =0.04 Ts ™.

The maximum magnitude of the current in the circuit is mA.

)

do db
magnitude of induced emf,& = — = A— = (Im*)(f8) = 8 volt = 0.04 volt

dt dt

It is similar to equation of S H.M

d*x

:a)z(x_xo)
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Ans.

Sol.

di _d’q
dt dt*
I = (O ) =(EC)0 = (0.04x10*3)100 — AmA

i
(Q will be maximum when 7 =0 hence Q__= &C ascanbe seen from equation (1))

A projectile s fired from horizontal ground with speed v and projection ange 6. When the acceleration due to

gravity is g, the range of the projectile is d. If at the highest point inits trajectory, the projectile enters a different

region where the effective acceleration due to gravityis &' = £ , then the new range is d' = nd. The value of

0.81
nis
(0.95)
v sin® @ v sin® @
Range=d = , maximum height (H) = 27

time taken by projectile to come to ground from maximu height will be :—

1
H:— 112
2g
2 2.2
_, ysin (9:1[ g jtz
2¢ 20081

2 . 2 .
Ny v s1121 9(0.81):vs1n9(0.9)
g g

' d yvsin @
.. New range (d)=5+vcos9{ . 0.9}

_d V’sinf
2

(0.9)

d
==(1+09
5, (1+09)

1.9

Sn=—=0095
2
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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).

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

Full Marks  :+4 If only (all) the correct option(s) is(are) chosen;

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

Partial Marks : +2 Ifthree 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.

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 d/2 from their original positions, as

shown in Figure (b).
— L’%ﬁ’
2 2
[ |y
L7 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 kil

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

Ans. (B)
%
C,
Sol.
[
II
\Y%
E - K;C _Ke,4
d d
For figure (b)
K
% [
1
C, C,
+V, +V,
[
II
\Y%
C1 = I(CO,C2 = CO = Ceq — C1C2 . KCO _ C1

C,+C, K+1 K+1

V==
C +C,

Vo (VY )_E
K+1° " \K+1/)d K+1
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10.  The figure shows a circuit having eight resistances of 1 {2 each, labelled R, to R, and two ideal batteries with
voltagese, =12Vande =6 V.

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

(A) The magnitude of current flowing through R is 7.2 A.
(B) The magnitude of current flowing through R is 1.2 A.
(C) The magnitude of current flowing through R is4.8 A.

(D) The magnitude of current flowing through R is2.4 A.
Ans. (AB,CD)

Sol.
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A
i i J_
6V 3 ; 12v
2420 "
= 320 v 32
B
A A
le
= req
I A i
B

:>i1:%A

3 3
and Vg +51-12=V, =V, =V, =12-24,
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11.

Ans.

S[2] L1222 51, =204
5)\2 2 5

.. Magnitude of current flowing through R, =i, =36/5A=7.2A.
Magnitude of current flowing throughR =i/2=6/5A=12A.
Magnitude of current flowing through R, =i =24/5A=4 8 A.
Magnitude of current throughR =7 /2=12/5A=24A.

Anideal gas of density p =0.2kg m~ enters a chimney of height h at the rate of o« =0.8 kg s fromits lower
end, and escapes through the upper end as shown in the figure. 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 s and the ratio of

specific heats of the gasy = 2. Ignore atmospheric pressure.

D
Pt

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 is20 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™
B)
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Sol.

Vv,
pzapzaTz = 150K 1\ A2 =04 1’Il2

or ke | P, =600 Pa
p,=0.2kg/m T,=300K
\A
A =01m’

For adiabatic expansion: P T"= constant
= P oc T

y=2

=>Px T

P

2 2
P (L [mj 1
P T 300) 4

Jo_PM P
and P RT T

p, P, T (150)(300) 1
oD —=—=X—=| — - | ==
o, P T, L600)L150) 2

_b_ kg
:>p2—31—0.1—3
kg

dm
and mass flow rate, — =pAV =0.8—
dt sec.

08 08
L opA (02)(0D)

40m/s

08 08 .

V - - -
and 270 A, (0.1)(04)

Now W, ... = AK + AU +(Internal energy)

on gas

1

PAAx, — PAAx, = EAszZ —~ %AmVl2 + Amgh + %(PZAV2 —BAVY)
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W N VIV

=2P—L-2pP h
" Am > Am 2 &

2x600 2x150 _ 20° ~40°
02 01

104

h=360m
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 6 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 8 =30°, for 0 </<L.

L
(B) There is an angle for / = 5 at which the ray oflight will come out after two reflections.
: : L
(C) The ray of light will NEVER com out for § =60°and / = 3

L
(D) The ray of light will come out for 8 =60° and 0 </ < 5 after six reflections.

Ans. (A, B)
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Sol.  (A) Normal
incide

(B)

AADF , ABDEandACEFare congruent if [ =1/2
- soreflect back from hole after two reflectivity

©

L
Ray reflect from hole & = 60°/ = 5 after 5 reflecting

. Option C and D incorrect
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13. 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.

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

(A) When x = q, the magnitude of the electric field at O is zero.

(B) When x = —q, the magnitude of the electric field at O is

6me,a’
7q
(C) When x = 2q, the potential at O is 43 e, a
3q
(D) When x =-3q, the potential at O is ~ 43 e, a
Ans. (AB,C)
Sol.  Distance of each charge from centre of hexagon= 5./3
(A)forx=q, E=0— Ais correct
(B)forx=—q, E= 2x kq ~= 2k§1 =4 >
( \/ga) 3a° o6meja
— Bis correct
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14.

Ans.

Sol.

(C)forx=2q,V="7x kq ’q — C iscorrect

Ja 4\/§eona

2kq

_ q
\/ga 2\/§n80a

(D)forx=-3q, V= — D is correct

Ans. AB,C

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 protonbe E} and the binding
energy of aneutron be E; inthe nucleus.

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

(A) E? —E} 1s proportional to Z (Z — 1) where Z is the atomic number of the nucleus.

1
(B) E? —E} isproportionalto A 3 where Ais the mass number of the nucleus.

(C) E? —E] is positive.

(D) E? increases if the nucleus undergoes a beta decay emitting a positron.
(ABD)

(A) E; o z(z —l)

1

1 1
(B) E, o - ¥
(C)E.” —Eis negative
D) ;X >"e+2,Y+Q
SECTION-3
This section contains FOUR (04) Matching List Sets.
Each set has ONE Multiple Choice Question.
Each set has TWO lists: List-I and List-I1.
List-1 has Four entries (I), (I), (IIT) 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
thest 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 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 Ins all other cases.
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15. A small circular loop of area A and resistance R is fixed on a horizontal xy—plane with the center of the loop
always on the axis ; of'along solenoid. The solenoid has m turns per unit length and carries current I counter-
clockwise as shown in the figure. The magnetic field due to the solenoid is in f; direction. List-I gives time
dependences of ; interms of a constant angular frequency o . List-II gives the torques experienced by the

. . Afplm T
circular loop at time t = L Leta-2teMmO
60 2R
X n
I
List-I List-1T
) L(sinmt}JrcosmtlA() (P)0
J2
| - - o A
—|smwt1+cosnt -1
an 7| ) Q -3
(I1T) L(sin ot 1+ cosot f() (R) 3%s
2 4
1 ~ . b [0 A0
—(cosotj+sinotk =3
(V) 5 (cosot] ) (5 ;]
3an
(M -1
Which one of the following options is correct?
(A)I-Q,II-P,III-S,IV-T (B)I-S,II-T,II-Q,IV-P
(C)I-Q,1I-P,II-S,IV-R (D)I-T,1I-Q,II-P,IV-R
Ans. (C)
= (1A12 x(momI)n  (iisinduced current)
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16.

e S oA ..
= EAuOmI(k X Il) (eisinduced emf)

——%z—@?a(uenﬂﬁ&)
= uomIA%(ﬁ k)

) G
__%1: for ﬁ:%(sinmt]Jrcosoatlz)
=0 for n:%(sinoathrcosoatj)

on " 1 ) ~ n
=—] for n:—(s1noat1+cosoatk)
4

(cosoathrsinootlz)

t\)|H

I-Q
II—->P
Ir—S
IV—>R

— Cis correct

List I describes four systems, each with two particles A and B in relative motion as shown in figures. List-I1

gives possible magnitudes of their relative velocities (inm s™') at time t = 3 S,

List-I List-1I
. . . . . V3 +1
(I) Aand B are moving on a horizontal circle of radius 1 m with (P) 5

uniform angular speed © = 1 rad s™'. The initial angular positions

of Aand B at timet=0are®=0and 0= g, respectively.
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Y
B
X
\\ A
- | | (+3-1)
(IT) Projectiles A and B are fired (in the same vertical plane) Q) ———=

J2

-1

St
att=0and t =0.1 s respectively, with the same speed V = ﬁms

and at 45° from the horizontal plane. The initial sepration between

A and B is large enough so that they do not collide. (g=10 ms™).

t=0.1s
t=0
345" 45°A_
A B

(IIT) Two harmonic oscillators A and B moving in the x direction R) {10

i t 7

. N . — . __;’_ - .
according to x, =X, sin t, and x, =X sin { 2 j respectively,
starting fromt=0. Takex =1 m,t =1s.

A

t m
| 5T X8 T Xosin (-t y)
B
» X
| 7500 » ot
Xy = XoSin—
A A oSty
(IV) Particle Ais rotating in a horizontal circular path of radius 1 m on (S) V2

the xy plane, with constant angular speed ® =1 rad s™'. Particle B is

moving up at a constant speed 3 ms™ in the vertical direction as shown in

the figure. (Ignore gravity.) (T) 2572 +1
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Y >
\‘- ,’ x

Which one of the following options is correct?

(A)I-R,II-T,IM-P,IV-S (B)I-S,1I-P,III-Q, V-
(C)I-S,II-T,II-P, IV-R (D)I-T,II-P,II-R, IV-§
Ans. (C)

Sol. (I)vrd:ﬁv:\/ixroo:\/ixlxl:ﬁm/s
(II)T/A:vcos6iA+(vsin6—5t)j

Sm 1 - [Sn 1 jj
re N EE

Str (=57 \2
=i+ —1j
2 6

)
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17.

d t 1 3
Vg = = :ﬁcos(—Jrgj:—cos[£+£j:—£m/s

2

IV) v, =1x1=1Im/s

vy =3m/s

Vg =3+ =J/lo0m/s >R

IS, 11T II->PIV->R

Ans. (C)

List I describes thermodynamic processes in four different systems. List IT gives the magnitudes (either exaxtly
or as a close approximation) of possible changes in the internal energy of the system due to the process.
List-1 List-I

(I) 107 kg of water at 100°C is converted to steam at the same (P)2kJ

temperature, at a pressure of 10° Pa. The volume of

the system changes from 10° m’ to 10~ m’ in the

process. Latent heat of water =2250 kl/kg.

(IT) 0.2 moles of a rigid diatomic ideal gas with volume V (Q)7kJ

at temperature 500 K undergoes an isobaric expansion to

volume 3 V. Assume R=8.0 J mol' K™

(IIT) One mole of a monatomic ideal gas is compressed (R)4kJ

1
adiabatically from volume V = 3 m’ and pressure 2 kPa

v
to volume g .

(IV) Three moles of a diatomic ideal gas whose molecules (S)S5kJ
can vibrate, is given 9 kJ of heat and undergoes isobaric
expansion. (T)3kJ

Which one of the following options is correct?

(A)I-T,II-R, III-S,IV-Q (B)I-S,II-P,II-T,IV-P
(OI-PI-RII-T,IV-Q (D)I-Q,II-R, M-S, IV-T
MATRIX JEE ACADEMY

Office : Piprali Road, Sikar (Raj.) | Ph. 01572-241911

Website : www.matrixedu.in; Email : smd@matrixacademy.co.in

Page No. 24




n M ATRIX Question Paper With Text Solution (Physics)
. JEE Adv. August 2022 | 28 August Paper-1

Ans. (C)

Sol. (D) AQ =mL =107 x2250kj = 2.250Kj

Aw = PAV =10° (10*3 —10*6)

=10°J=0.1kJ
AU =AQ—-AW =2.250-0.1=2.150kJ
=2k] > P

| <

=constant = V, =3V,

)
- T, = 3T, =3x500 = 1500k
AU =nC AT

= o.zx%x(lsoo— 500)

= 4kJ - (R)
vY 2
i P, (gj =2000(v)" = P, =87 x 2000 =8° x 2000
= 64000 Pa
AQ=0= AW +AU =0

2000 -~ 64000x
PV,-PV, 3 3x8

r—1 S
3

=>AU=-AW =

=3kJ — (T)

Iv) AQ =ne AT, AU =ne AT
7R 9R

Crmgand &=

Because degree of freedom =7

sU_c, 27
AQ C, 9R/2 9
AU:Ang:9kJ><g:7kJ

—Q
IS>PII>RIISTIVSQ

Ans. > C
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18.  List I contains four combinations oftwo lenses (1 and 2) whose focal lengths (in cm) are indicated in the figures.

In all cases, the object is placed 20 cm from the first lens on the left, and the distance between the two lenses
is 5 cm. List I contains the positions of the final images.

List-1 List-11

U | ’ (P) Final image is formed at 7.5 cm on the right side of lens 2.
<+—>

f= +10 —-10
AN Y
Im V A (Q) Final image is formed at 60.0 cm on the right side of lens 2.

f= +10 —20
1T OT n |7 R) Final image is formed at 30.0 cm on the left side of lens 2.
SR

"20cm 1 dcm

f= 20 +10

of f

(Iv) i U (S) Final image is formed at 6.0 cm on the right side of lens 2.

‘20cm 12¢m 3

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

Which one of the following options is correct?

(A)I-P,II-R, 1I-Q,IV-T (B)I-Q,II-PIII-T,IV-S
(O)I-PII-T,II-R,IV-Q D)I-T,II-S,11-Q,IV-R
Ans.  (A)
1 1 1 1 1
So. (I)——=—7"=>—=—=vVv,=+20cm

v, =20 10 v,
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Ans.

1 1 1
___:_:>V2:><7.5cm—>(P)
v, 15 15
1 1 1
(H)V____20:E:>v1:><ZOcm
1 1 1
V_Z_E:__m:v:—%cm — (R)
1 1 1
() V____QOZE:VI =x20cm
1 1 1
___:_:>v2:><60cm—>(Q)
v, 15 -20
1 1 1
V)5 " o T
1 1 1
___:_:>v2:><3OCm—>(T)
v, —15 10
A
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