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SECTION - 1
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 onscreen 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

F= —k(x1 + y))kgms~2 with k = 1 kgs-2. At time t = 0, the particle’s position T = (\/%i +v2))m

and its velocity v = (—ﬁi +V27+ %f() ms~!. Let vx and vy denote the x and the y components

of the particle's velocity, respectively. Ignore gravity. When z = 0.5 m, the value of (x Vy - y vx) is
m?s -1,
Sol. 3

As force is always directed towards origin so net torque about origin = 0
- So we can conserve angular momentum about origin

I:i abto — I:f abto
m(FI x\7i) = m(Ff x\7f)

for any arbitary position, angular momentum can be written as (about origin)

n

i
rxv=|(x y z
vV, v, v

z

only k component, of L -

= XVy — YVx

as L remains constant so it must satisfies initial condition also.

S0, put x = i,vx=-\/§,y= 2, vy =2

NA
XVy — YVx
=%xﬁ-ﬁx—ﬁ
=1+2=3
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2. In a radioactive decay chain reaction, 33°Th nucleus decays into 3}*Po nucleus. The ratio of the
number of a to number of 3~ particles emitted in this process is__.
Sol. 2
20Th —nedessy PR Y 1 n(iHe)
s, 2y mp?
230-4n=214 90 + m - 2n =84
4n=230-214 90+m-2x4=84
n= ? 90 + m =84 + 8
n=4 m=92-90
m=2
: n 4
ratio of a to pdecay = — = — =2
m 2
3. Two resistances R1 = XQ and Rz = 1Q 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

_|B

Sol. 5

R2=1Q

Rs Ra
|

As we know resistance of truncated cone wire is
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50cm 50cm

, (where a =0.2mm and b = 1mm)
nac

R3=p Re=p

By balanced wheatstone bridge

Ri Ry X - 1
R, R, p50cm p50cm
nx0.2mmxc nx1lmmxc
0.2x=1
=x=5Q
4, In a particular system of units, a physical quantity can be expressed in terms of the electric

' . 1 .
charge e, electron mass me, Planck's constant h, and Coulomb's constant k = py where g is the

€0 ’
permittivity of vacuum. In terms of these physical constants, the dimension of the magnetic field
is [B] = [e]*[me]® [h]" [K]®. The value of a.+ B +y + dis .

Sol. 4
B = [M1LOT-2]-1]
e =[TI]*
m = [M]P
h = [ML2T-1]r

k = [ML3I-2T-4]®
[MIT-2[-1] = [TI]* [M]? [ML2T-1]r [ML3I-2T-4]5
[MlT-ZI—l] = [Mﬁ+y+8 [L27+38 To-v-45 I“'ZS]

On comparing

B+y+d=1 (i)
2y+38=0 ...(ii)
a-y-45=-2 -...(iii)
a-28=-1 (iV)
By solving

a=3,p=2,y=-3,6=2
Latptry+s=4
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Consider a configuration of n identical units, each consisting of three layers. The first layer is a
column of air of height h = é cm, and the second and third layers are of equal thickness d =

% cm, and refractive indices p; = \E and p, = V3, 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 6 = 60° to the normal. For a specific value of n, the ray of light

, : . 8 : ,
emerges from the bottom of the configuration at a distance / = 7 Cm, as shown in the figure. The

value of n is )

0
h__ 0 Air T
d k1
h Air

— e
L ]
[ ]
[

4
at first surface,

1
1 x sin 6 = p1 sin 61 3 0=60°

n 60° 3 o air
= ,|— X
sin 5 sin 01 xi=htan60®

V3, V2 1

~—— x _— =5sin 01
2 \/§ d le g d 91

sin 01 = =N Jv

V2 —
01 =45°
At second surface, M =3
p1 Sind1 = p2 sin 62

\Exi=«/§xsinez 'x3'

|1

D
oy

ez ez

air
02 =30°
x1 = h tan 60°
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X1= L
3
x2 = d tan 45°
_ (ﬁ‘l)xl_ﬁ—l
2 2
x3 =d tan 30°
o1 1 B
2 3 23

After 1stunit, /1 =X1 + X2 + X3

=i+\/§_1+\/§_1=i
B2 23 B

Givenn ¢(1=/¢

2 8
nx — = —
3 3
n=4
6. A charge q is surrounded by a closed surface consisting of an inverted cone of height h and base

radius R, and a hemisphere of radius R as shown in the figure. The electric flux through the
conical surface is g (in SI units). The value of n is
0

Sol. 3

Total flux through upper hemisphere = %
0

So rest total flux passing through A
Lower closed surface is also % o
0
.. flux through conical part = %
0
g _ 4
680 - 280

n=3
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7. On a frictionless horizontal plane, a bob of mass m = 0.1 kg is attached to a spring with natural
length lo = 0.1 m. The spring constant is k1 = 0.009 Nm! when the length of the spring 1 > lo and
is k2 = 0.016 Nm! when | <lo. Initially the bob is released from 1= 0.15 m. Assume that Hooke's
law remains valid throughout the motion. If the time period of the full oscillation is T = (nn) s,
then the integer closesttonis .

Sol. 6
T, , T,
T = > + Bl
_2m |m 4 2T |m - ;
2 |k 2 |k S k ’
~[OOTO00TTI0| m
o 0.100 b 0.100 \4—{10—> k1=0.009
0.009 0.016 S f
=nx?+nx% § 0000000000 m | (£> £)
= 10m x =
70T 12 3
== JOUB0000Y| m (£ <o)
= 5.83m SR
nearest integer = 6 k2=0.016
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 cm s-1 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 cm, the speed of the mirror Vm 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 Vmis__ cm s-1.

Vo m
Y

' u

Sol. 3
U=-30cm, f=-10cm
1,1 1 .
-t-=< (mirror formula)
111
v f u
1 1
5% (%)
_ 341 =2
T30 30
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11
v 15

|V = (—)15cm|

Velocity of Image wrt. mirror

2
- v —
Vi/m = (—) (;) -Vob/m
- — _15 2 —> -
V1= Vm = (=) (52) - Gob — Vm)
0=V =—75.(15 = ¥y)

49, = 15 — vy,

5v,, = 15

Vi =3 cm/sec|

SECTION 2 (Maximum marks: 24)
e This section contains SIX (06) questions.
e 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).
e For each question, choose the option(s) corresponding to (all) the correct answer(s).
e 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 optins 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
itis 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 r, = 1, within which the

electrostatic charge density varies with the radial distance r from the center as pa = kr, where k
is positive. In the spherical shell B of outer radius rs, the electrostatic charge density varies as ps

2k . . , - . . .
=— Assume that dimensions are taken care of. All physical quantities are in their SI units.
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B

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

(A)Ifre= \E , then the electric field is zero everywhere outside B.

(B)Ifrs = %, then the electric potential just outside B is 55
0

(C) If rg =2, then the total charge of the configuration is 157k.
(D) Ifrg= g the magnitude of the electric field just outside B is L3k

€0

Sol. B
Let net charge in inner sphere = Q1
dv = 4nr2dr
Q, = fOrAkr X 4mr? dr
=4k [ r3dr  (ra=1)
Q; = mk
Let net charge in outer sphere = Q2 T'h
Q, =/ %41[1‘2 dr
=8k [ *rdr
Q; =4mk (r§ — 1)
Qnet = Tk + 4mk(ri — 1)

If I'B=\/§,'

Quet =Tk + 41k (; - 1)

=1k + 21k
= 3rnk
kx3mk
Eout = r_th #0
3
Ig =E,
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Quet = ik + 41k (2= 1)

= nk + 51k = 61k
1 Q_6mk 1 _k
- 4TEY T T 3/2 4TE €9

Vsub

rg = 2

Quet = Tk + 41k (4 — 1)
=13nk

5 25
e =25 Quec =nk+4ﬂk(7— 1)

= 221k
1 Q

4mey  r?

1 221k
Egut = —— x 2™ 5 4
4TE) 25

Eout =

_ 22k
- 2580

10. In Circuit-1 and Circuit-2 shown in the figures, R1 = 1Q, R2 = 2 Q and R3 = 3 Q. P1, and P2, are the
power dissipations in Circuit-1 and Circuit-2 when the switches S1 and Sz are in open conditions,
respectively. Q1 and Qz are the power dissipations in Circuit-1 and Circuit-2 when the switches

S1and Sz are in closed conditions, respectively.

Ry R:  Rs Ri
AW WY

2
AN

Rs

S1 IV\F{Y/\Z IV\[\/\
A B 5 WY

2R3
Circuit-1
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, P1 < P2.

(B) When a constant current source of 2 Amp is connected across A and B in both circuits, P1 > P2.
(C) When a voltage source of 6 V is connected across A and B in Circuit-1, Q1 > P1.

(D) When a constant current source of 2 Amp is connected across A and B in both circuits, Q2 <Q1.
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Sol. ABC
Open S1 Open S1
5x% R{R,R
= —2 _ 1hoR3
Rleq =1+ 5 % RHeq " RyR;+RR3+R3R;
5 6
=1+ 2x% T 24643
R, =20 =20
11 11
V2 V2x11
P, = o X 11 P, = -
Closed S1 Closed Sz
1 _ 5 ; i 1,1, 1,1
Rl =1 (as R; is shortckt) R 1 tstst5a
V2 64+3+2+1
i, &6 _12_ 50
R} 6 6
1 1
— === 0.5Q
Rileq
VZ
92 = T X 2
(A) Pi<P:
(B) Peq = IZReq
Peq X Req
P, >P,

@ Q>h

(D) asP xR (WhenI=Constant)
Q: <Q;

11. A bubble has surface tension S. The ideal gas inside the bubble has ratio of specific heats y = g
The bubble is exposed to the atmosphere and it always retains its spherical shape. When the
atmospheric pressure is Pai, the radius of the bubble is found to be r1 and the temperature of the
enclosed gas is Ti. When the atmospheric pressure is Paz, the radius of the bubble and the

temperature of the enclosed gas are r2 and T2, respectively.

Which of the following statement(s) is(are) correct?
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(A) If the surface of the bubble is a perfect heat insulator, then (:—1)5 = 2.
2

(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

4S
r1)3 _ Paz s

temperature is negligible, then ( s
Pa1 T

I

5 4S

2 Pozt~

(D) If the surface of the bubble is a perfect heat insulator, then (%)2 = 2+:25 .
Pa1t+ -

rq

1

Sol. CD

If the surface of the bubble is perfect heat insulator, the the process inside the bubble will be
adiabatic. We can apply, PVY = constant
P,V =pV)

Pi_ (E)Y
P, \V,

P; _ (rl)y
P, Bl Iy

rq 5 Pa2+_2 . . s

(—) = ——% — option A is incorrect

Also for adiabatic process, P1™YTY = constant
1y

P v T = constant

3
. . T P,\s 1
Using this, =2 = (—1)5
T, P,
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T2\2 P . .
(_2) =-2= % — option D is correct

Also for adiabatic process, dQ = 0

dU+dW =0

If work done is non-zero then, change in internal energy is also non-zero. So option B is
incorrect.

Now, if bubble is perfect heat conductor, then process inside the bubble is isothermal.

PVi =RV,
Vi _ Py
vV, P,

4S

ri\3 _ P, _ Pazty ; :
=(2L) =2= s — option Cis correct
ry P1 P31+H

A disk of radius R with uniform positive charge density c is placed on the xy plane with its center
at the origin. The Coulomb potential along the z-axis is

V(z) = %(\/R2 +22—-7)
0
A particle of positive charge q is placed initially at rest at a point on the z axis with z = Zo, and Zo
> 0. In addition to the Coulomb force, the particle experiences a vertical force F = —ckwith ¢ >

0.Letp = Z;f:. Which of the following statement(s) is(are) correct?

(A) For B = % and z0 = 2—75 R, the particle reaches the origin.

(B) For B = 2 andz0 = % R, the particle reaches the origin.

4
(C) ForB = % and z0 = % the particle returns back to z = zo.

(D) For B > 1 and zo > 0, the particle always reaches the origin.
ACD

V(@) = = VR 22 — 2] [2.7-[1 — =] < ;’22:] 1+B) ==
Fext-= —ck = —E;::

o
Vext. = €z = uZ
280

U@ et = 2 [VRZ + 22 — 7] + cz

280

J E E v STAR BATc H New Batch Starting from :
) 14th Sept. 2022

For Class 12th Pass Students Fam———




13.

MOT?O N° JEE Advanced Question Paper

with Solution

U(z) =2 [VRZ+ 22 —z] +cz
2¢

(0]

forp=1/4
atz=0, atz=zo=2—75R
U(0) = 4RC U(zo) = ZRC
3R R
Atz =z, —7atz =75

U(zy) = 3RCU(z) = 2.887RC
In option (A) particle reaches at origin with positive K.E.

du(z) _ _ 3R
T—Oatz-\ﬁ
At B=1/4 atzzf/—‘; — V(z) =V7RC

In option B at U(z) = 3RC
= K.E.at origin will become negative. Atz = R/+/3
= In option (c¢) — U(%) < U(0)
R 3R
and U(ﬁ) > U(ﬁ)

= Particle will return back to zo
In option (D) — U(z) will keep on increasing with z particle will be at best on origin always.

A double slit setup is shown in the figure. One of the slits is in medium 2 of refractive index nz .
The other slit is at the interface of this medium with another medium 1 of refractive index n1 (#
nz ). 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 0 equals the angle of refraction of the beam.
Consider two approximately parallel rays from the slits received by the detector.

Medium 1

S
N S
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Which of the following statement(s) is(are) correct?
(A) The phase difference between the two rays is independent of [.
(B) The two rays interfere constructively at the detector.
(C) The phase difference between the two rays depends on B1 but is independent of 2.
(D) The phase difference between the two rays vanishes only for certain values of @ and the
angle of incidence of the beam, with @ being the corresponding angle of refraction.
Sol. AB

oL
\p{& B

AB = (d) (tan0)
and BC = AB sina =(d) (tan0) (sina)
Also, AD = AB sin6
= Path difference (in vaccum)
=n1 BC-n2 AD
=n1 (AB) sino- n2(AB sin0)
= AB (n1sino-n2sin0)=0
= (A), (B) are correct

14. In the given P-V diagram, a monoatomic gas (y = g) is first compressed adiabatically from state

0.6
Ato state B. Then it expands isothermally from state B to state C. [Given G) ~0.5,In2 =0.7]
P(kPa)| // C
B
300

100
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Which of the following statement(s) is(are) correct?

(A) The magnitude of the total work done in the process @ — @ — B is 144 K].
(B) The magnitude of the work done in the process & — [ is 84 K.

(C) The magnitude of the work done in the process @ — @ is 60 KJ.

(D) The magnitude of the work done in the process @ — [ is zero.

Sol. BCD
PROCESS A - Bis adiabatic.

__ PjVi-—P¢Vg
So, Wyg = Ty

Also for any adiabatic process, PVY = constant
PV =BV}
100 x (0.8)Y = 300 x V/

=3=(2)
0.6
=) =
Vi = 0.5 x 0.8 = 0.4m3

100x0.8—300x0.4
Now, W,g = ——
3

40x103x3

=—60 ; 10%]

= —60K]

Now for process B - C,
The process is isothermal.
SO, Wg¢ = nRTIn "t

1

In question, nothing is said on no of moles of gas. But for any ideal gas PV = nRT
Applying Ideal gas equation at B, nRT = PV

nRT =300 x 0.4 x 103 = 120 x 103

Now Wge = nRTln% =120 x 103 x lng =120 x 103 x In2

= 120 x 103 x 0.7 1

= 84K]

Therefore, Total work done in Process A - Band B - C is -60+84=24 K]

Process C to A is isochoric so work done is 0.

Options B,C,D are correct

SECTION 3 (Maximu 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 correcponding to the correct answer.
Answer to eahc 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.
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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 @ and with the same radius @ 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 B about the vertical axis passing through the center of A. The

angular momentum of B is BAwR? with respect to the center of A. Which of the following is the

value of n?
PR

7 9

(A)2 (B)5 OF (D)2
Sol. B
= vel. of B from centre of A frame Vg = w(2R) ....(i)
'R = Vg...(2) [Since point of contact of A & B does not move so relative vel = 0]
'R = w2R -~ w'R = vg ¥
Since B is in combined trans. & Rotational \ Vi= 0\(2R)
So. Net angular momentum abt A. By
P— — — V
La = Lapt cM.of Disc B+ LofcM.abta -
= IB(J.)B +Fx m\_f)CM(B)
mR? ,

=T.2<o+2R.M.oo(2R) > 'R
_ 2 2 /
=mwR* + 4mwR AS Jo

=5 moR?

16. Whenlight of a given wavelength is incident on a metallic surface, the minimum potential needed
to stop the emitted photoelectrons is 6.0 B. This potential drops to 0.6 @ 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?

[Take™ = 1.24 x 10-6] C™* ]

(A) 1.72 x 107 m, 1.20 eV (B) 1.72 x 107 m, 5.60 eV
(C) 3.78 x 10-7 m, 5.60 eV (D) 3.78 x 10-” m, 1.20 eV
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1.24x1076
= 4%x1.8
1=1.72%x10""m|
Eq (1) - 4xeq(2)

60 ="~ g
2.4 = = — 4¢h,
) B )
3.6 = 3¢,

17.  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 | 0division 4 divisions

touching 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+£0.0230, 8 (1.23 £0.02) @E2 (B)2.22 £0.01 @08, (1.23 + 0.01) BE?2
(C)2.14+0.022@, @ (1.14 +0.02) @E2 (D) 2.14 +0.01 @@, @ (1.14 + 0.01) @2
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Sol.

MOT<i>0 N° JEE Advanced Question Paper

with Solution

()]
2X0.5
least count of the scale = o0 MM = 0.01 mm

Zero error of the scale = 0.04 mm
Reading from 1stattempt:d = (2 + 20 X 0.01) — 0.04 = 2.2 — 0.04 = 2.16 mm

Reading from 2nd attempt: (2 + 16 X 0.01) — 0.04 =24+ 0.12 = 2.12mm
Mean Diameter = @ + 0.02 mm

d =214+ 0.02 mm
Now Cross-sectional area = rr?

And error in areais 2 X error in radius

2
Cross - sectional area=1m (zzﬁ) + 0.02 mm?

e

= A = n{1.14 + 0.02}mm?

2
+ o.oz}

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?

B _ —Hol (3 1\ + B _ “Hol 3 1 N7
(A)B = L (2+4\/§n)k (B)B = L 2+2\/§nk
B — hol 1 \% Bkl 4 4 1N

QB =="(1+%)k (©B =221 +2k .
(9]
B, — tol ¢ _ ol ¢

A
= 1 ~ 1
B; :—‘;)—k=‘;%(—k)
L ) B 3L/41 V
B, = .~ [sin0 + sin45](—k) -

\ v
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_ Mol . oy HoI(=R)
1= 411'(L)\/§( k) = 4m\2L

«— L —>

T 0=45
L
B=B, +B,+5 = wl gy il (py

4721
1

— Ml 1 f — “Hol _t
- L (4nx/§+1)k_ L (1+4m/5
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Students under Students under 0/ selection from
AIR 100 AIR 500 O 'MMP & V* Batches

I 518 79 AlES

LIRS E RGNS JEE | NEET | NTSE | Boards | Olympiads | MyBizkid

* Category

Get upto 100% SCHOLARSHIP
Class 12th to 13th Moving Students Class 10th to 11th Moving Students on the basis of JEE 2022

NTA Score | FEE After Scholarship

DROPPER BATCH NURTURE BATCH | = =~

99.99.49 39,407

98-98.99 45,975

JEE 2023 NEET 2023 JEE/NEET 2024 wion o
Starting From : | Starting From : Starting From : :::::: ;;:z:
31st Aug. & 14th Sept. 2022 31st Aug. & 14th Sept. 2022 14 Sept. 2022 s Taans

>79.99% 1,05,085
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