JEE Advanced 2020 Physics | Paper-1 | Code-E

SECTION 1 (Maximum Marks: 18)
¢ This section contains SIX (06) questions.
e Each question has FOUR options. ONLY ONE of these four options is the correct
answer.
¢ For each question, choose the option corresponding to the correct answer.
e 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 questions is
unanswered);

Negative Marks : -1 In all other cases.

1. A football of radius R is kept on a hole of radius r(r<R) made on a plank kept
horizontally. One end of the plank is now lifted so that it gets tilted making an angle 0
from the horizontal as shown in the figure below. The maximum value of 6 so that the
football does not start rolling down the plank satisfies (figure is schematic and not

drawn to scale)

r
A) sinb=—
(A) sin R

r
B) tan0=—
(B) tan R

r
C) sinO0=—
(C) si =

r
D) cosO=—
(D) R

Answer: A
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Solution:

Draw free body diagram, where the normal reaction will act on point of contact. So,

Normal here
tends to zero

In the limiting case mg will act along normal reaction. For Omax , the football is about to

roll, then N2 = 0 and all the forces (mg and N1) must pass through contact point. So,

. Perpendicular
. sin@_, =

Hypotenuse

r

= sin0  =—
max

R
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2. A light disc made of aluminium (a nonmagnetic material) is kept horizontally and is

free to rotate about its axis as shown in the figure. A strong magnet is held vertically at
a point above the disc away from its axis. On revolving the magnet about the axis of the

disc, the disc will (figure is schematic and not drawn to scale)

|

(A) rotate in the direction opposite to the direction of magnet’s motion
(B) rotate in the same direction as the direction of magnet’s motion
(C) not rotate and its temperature will remain unchanged
(D) not rotate but its temperature will slowly rise

Answer: B

Solution:

Al

By Lenz's law, the disc also tries to move in same direction because in the backward
part of disc the flux reduces as magnet moves and as there is change in magnetic flux,
so there is eddy current production which leads to production of heat. These currents
are such that it opposes the relative motion. So, disc will rotate in the direction of

rotation of magnet.
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3. A small roller of diameter 20 cm has an axle of diameter 10 cm (see figure below on the

left). It is on a horizontal floor and a meter scale is positioned horizontally on its axle
with one edge of the scale on top of the axle (see figure on the right). The scale is now
pushed slowly on the axle so that it moves without slipping on the axle, and the roller
starts rolling without slipping. After the roller has moved 50 cm, the position of the

scale will look like (figures are schematic and not drawn to scale)

x=0 x=50cm

(A)

x=0 x=25cm

X a
xl=0 x=100cm

Copyright © Think and Learn Pvt. Ltd.
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Answer: B
Solution:
-~ In this case pure rolling without slipping,

Let radius of roller is R and radius of axle is r.

0 Xx=75cm

oR

-~ As we know, v = or
Now from the figure,
v—oR=0

v=mR
v:10co:>c0:l
10

Diameter
Radius =

Velocity of point (A) = v+ or

Now, put the values of w and r,

:V+1Lx5
10
=3—V= 1.5v
2

So distance moved by point of contact

=1.5x50cm =75 cm
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4. A circular coil of radius R and N turns has negligible resistance. As shown in the

schematic figure, its two ends are connected to two wires and it is hanging by those
wires with its plane being vertical. The wires are connected to a capacitor with charge
Q through a switch. The coil is in a horizontal uniform magnetic field B, parallel to the
plane of the coil. When the switch is closed, the capacitor gets discharged through the
coil in a very short time. By the time the capacitor is discharged fully, magnitude of the
angular momentum gained by the coil will be (assume that the discharge time is so

short that the coil has hardly rotated during this time)

[
(A) gNQBORZ
(B)TNQBoR?
(C) 2rNQBoR?
(D) 4nNQBoR?
Answer: B
27t September 2020 |Physics Page | 6
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Solution:

~ N
—
N

y¥ VvV Vv N
0

After closing switch, within fraction of seconds entire charge flows through coil and

produces impulsive torque.

Now, change in Angular momentum =

j wdt=AL . (1)

*1=MxB
Where, M = Magnetic moment
B = Magnetic field
M = Ni (zR?)
1 = MB sin90°= MB = (NinR?) Bo
*+sin90°=1
Put all the values in equation (1),

[ NinR*Bdt = AL
= N7R? Bo [idt =AL
According to question Jidt =Q

— NnR2B,Q = AL

= nNQBoR2=AL
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5. A parallel beam of light strikes a piece of transparent glass having cross section as
shown in the figure below. Correct shape of the emergent wavefront will be (figures

are schematic and not drawn to scale)

Light Glass
_
—_—
Air —— Air
—_—
—_—
(A) (B) (€) (D)
Answer: A
Solution:
Light Glass
7
Air

Concept: based on Huygen's principle.

Theory of wavefront — wave moves such that direction of propagation is
perpendicular to wavefront.

And as we can see that light ray will travel more in air than glass medium. And if glass
medium is more than wave front will slack. So, shape of the emergent wavefront will be
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6. An open-ended U-tube of uniform cross-sectional area contains water (density 103kg

m-3). Initially the water level stands at 0.29 m from the bottom in each arm. Kerosene

oil (a water-immiscible liquid) of density 800 kg m-3 is added to the left arm until its

h
length is 0.1 m, as shown in the schematic figure below. The ratio [h_lj of the heights
2

of the liquid in the two arms is

0

I 0.1m IS

ha

15
(A) 1

35
(B) 33

7
€) .

5
(D) 2

Answer: B

Solution:
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" Pressure will be same at same horizontal level,
Pa = Pg (Same horizontal level)
P +p...8x0.1+p g(h,-0.1)=P, +p_ sgh,
Where, Patm = Atmospheric pressure
pkero = density of kerosene = 800 kg/m3
pw= density of water = 1000 kg/m3
g = acceleration due to gravity.
As we know, pressure force due to liquid column = pgh

= 800x0.1+1000(h,-0.1)=1000h,
= 0.8+10h, -1=10h,
= 10(h,-h,)=0.2 - (1)
hi1 - h2=0.02
Also, initial level of water in both arms = 2x0.29
- h,-0.1+h,=0.58
h, +h, =0.68 . (2)
From (1) & (2)

h1=0.35&h2=0.33
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. h 35

h, 33
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SECTION 2 (Maximum Marks: 24)
e This section contains SIX (06) questions.
e Each question has FOUR options. ONE OR MORE THAN ONE of these four option(s)
is(are) the correct answer(s).
¢ For each question, choose the option corresponding to the correct answer.

e 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 four options is 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 questions is
unanswered);

Negative Marks : -2 In all other cases.

7. A particle of mass m moves in circular orbits with potential energy V(r) = Fr, where F
is a positive constant and r is its distance from the origin. Its energies are calculated
using the Bohr model. If the radius of the particle’s orbit is denoted by R and its speed
and energy are denoted by v and E, respectively, then for the nth orbit (here h is the

Planck’s constant)
(A) Rc1”? and v cn®?

(B) Rcn®? and v ocn'”?

2122 \1/3
© E:E(nhFj

2\ 47*m

1/3
n’h?F?
mT™Tm

(D) E=2[4 2

Answer: B, C
Solution:

P.E,V(r)=Fr
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..Force= —V
dr

h 2 2y3, Fh
M e MV =M:>v3: Y van”
2mmv nh nh 2mm

nh
2tmv

From (2) R=

Rocnd

E =KE + PE
:%mvz +V(r) :%FR+FR

_3pRr =3 nh

1

2.2 ( nFh j
21mm 5
21tm

1

2122 \3
E=§ nhZF
2\ 4n'm

Option B and C.
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8. The filament of a light bulb has surface area 64 mmz2. The filament can be considered as
a black body at temperature 2500 K emitting radiation like a point source when
viewed from far. At night the light bulb is observed from a distance of 100 m. Assume
the pupil of the eyes of the observer to be circular with radius 3 mm. Then
(Take Stefan-Boltzmann constant = 5.67 x 10-8 Wm~2K-4,

Wien'’s displacement constant = 2.90 x 10-3m-K,
Planck’s constant = 6.63 x 10-34]s,
speed of light in vacuum = 3.00 x108 ms-1)
(A) power radiated by the filament is in the range 642 W to 645 W
(B) radiated power entering into one eye of the observer is in the range 3.15 x 108 W
to 3.25x 108 W
(C) the wavelength corresponding to the maximum intensity of light is 1160 nm
(D) taking the average wavelength of emitted radiation to be 1740 nm, the total
number of photons entering per second into one eye of the observer is in the range
2.75 x 1011 to 2.85 x 1011
Answer: B, C,D
Solution:

Surface area of filament (A) = 64 mm?
Temperature (T) = 2500K

P=ecAT*

=1x5.67x10"°x64x10°x(2500)* =141.75 W

2

Radiated power entering one's eye = X Tr

4nR?

_ 141.75x(3x107°)
4(100)

=3.19x10-8W — option (B)

For wavelength corresponding to maximum intensity,

A T=b

=318.9x10-10

5 293 10°°
g 2500
For no of photons, per sec,

=1160nm — option (C)

Nhe_
8
N PA_3.19x10°x1740x10”
he  6.67x10*x3x10°
Ans. BCD

P

= 2.77x1011 Option (D).
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9. Sometimes it is convenient to construct a system of units so that all quantities can be
expressed in terms of only one physical quantity. In one such system, dimensions of
different quantities are given in terms of a quantity X as follows: [position] = [X?];
[speed] = [X#]; [acceleration] =[X?]; [linear momentum] = [X4]; [force] = [X"]. Then

(A)a+p=28

(B)p+q-r=8

(C) -qg+r=a

(D)p+q+r=p
Answer: A, B
Solution:

Position = [x%]
=[L]=[X"] ...(1)
speed = XP

LT-1=XP

X*T-1 = XP (from (1))
T1=Xkx . (2)
Acceleration = XP
LT-1x T1=Xp

XX =x"

2o _ P

=2-a=p

oa+p=2p3

Option (A)

[Linear momentum] = x4
M LTt = x4

M.XP = xa

M =xdP . (3)

[force] = x*

M LT-2 =xr

M.Xp = x*

M=xP ..(4)

From (3) & (4),q-Bp=r-p
p+q-r=[ option (B)

a. p
From (A) p+q—r—E+E
Pig-r=2%
2 2
Ans:- AB
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10. A uniform electric field, ]—E:—400\/§§/NC‘1 is applied in a region. A charged particle of
mass m carrying positive charge q is projected in this region with an initial speed of

2410x10°ms™". This particle is aimed to hit a target T, which is 5 m away from its
entry point into the field as shown schematically in the figure. Take 9 _10"ckg.
m

Then

T
/{ __________ g .

&
< >

(A) the particle will hit T if projected at an angle 45° from the horizontal

(B) the particle will hit T if projected either at an angle 30° or 60° from the horizontal

(C) time taken by the particle to hit T could be \/gus as well as \E“S

(D) time taken by the particle to hit T is \/gps

Answer: B, C
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Solution:
N N v v / y/ E_
u
/—\
. — R
Range

Consider like projectile motion,

So here, g, = ak_ 400~/3x10%
m

g _9E_ 40043 x10"
m

u’sin20
geff

R:

12
_4x10x10%xsin20 _ . o 3
400+/3%10" 2

20=60°,120°

-.0=30°,60°

2usin@
geff

T:
1

2x 2010 x10° x =
at 0=30°,T= 2 us = \/7
400+/3 x10" J3><4 \/

at 9 =60°, T:\/gps Ans.Band C
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11. Shown in the figure is a semicircular metallic strip that has thickness t and resistivity p.

Its inner radius is R1 and outer radius is Rz. If a voltage Vo is applied between its two
ends, a current [ flows in it. In addition, it is observed that a transverse voltage AV
develops between its inner and outer surfaces due to purely kinetic effects of moving
electrons (ignore any role of the magnetic field due to the current). Then (figure is

schematic and not drawn to scale)

vot, [ R,
(A) I——ln(R j

p 1
(B) the outer surface is at a higher voltage than the inner surface
(C) the outer surface is at a lower voltage than the inner surface
(D) AVocl?
Answer: A, C, D

Solution:

To calculate resistance, ¢ =mr, A=tdr

dr =P
tdr

But all elemental strips are in parallel so
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&7
t(thickness)

I \ \VI
=
Il
1 1
R, *dR
1 _fudr
R PTT
L_Lgn[&]
Req pTC Rl
I=i=M(R2 /R,)Option (A)
R, 7P

| Vo
| I

electrons move in a circular path so they exp. centripetal force due to electric field set
up because of p.d., so 'E' field should be from inner to outer, therefore outer surface is

at lower voltage than inner.

To check p.d. across surface, let us consider elemental resistance

_pm
tdr

27t September 2020 |Physics Page | 19
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- di= Yotdr
pmr
neAv, = V,tdr
pmr
(as A=tdr)
Ly VK,
pnrne 1

Now as electrons move in circular path so,

-~
-,
A2Y

~.pd., AV=-[Edr

R,
AV =—K'V; |

Ry

dr
I,3

AV =K'V} B
Rl RZ

AV =K"V}

= AVaV;

AVal®
(asV,al)
Ans. Option ACD
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12. As shown schematically in the figure, two vessels contain water solutions (at

temperature T) of potassium permanganate (KMnOa4) of different concentrations ni
and nz(n1>nz2) molecules per unit volume with An = (n1-n2) < n1. When they are
connected by a tube of small length / and cross-sectional area S, KMnOs starts to diffuse
from the left to the right vessel through the tube. Consider the collection of molecules
to behave as dilute ideal gases and the difference in their partial pressure in the two
vessels causing the diffusion. The speed v of the molecules is limited by the viscous
force -fv on each molecule, where [ is a constant. Neglecting all terms of the order

(An)?2, which of the following is/are correct? (ksis the Boltzmann constant)

(A) the force causing the molecules to move across the tube is AnksTS

(B) force balance implies nifvl = AnksT

(C) total number of molecules going across the tube per sec is (%j{kBTJS

B

(D) rate of molecules getting transferred through the tube does not change with time

Answer: A, B, C
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Solution:
P.S ) M\P,S
b
F=APS
PV =NK,T
=(P,—P,)S
(F-P) P= %KBT
P = nKgT

=n,K;TS—n,K,TS

=(n,—n,)K; TS=AnK; TS= AnK; TS (Option - A)
Bvx(n,xSx/)=AnK,.T.S

=n, v/ =AnK,T

Option (B).
N = total number of molecules,

dN

—=Sxvxn,
t

AnK,T

=Sx (from (B) putting vni1)

Correct option (C)
As An decreases with time so no of molecules decreases with time, option (D) not

correct.

Ans. ABC.
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SECTION 3 (Maximum Marks: 24)
e This section contains SIX (06) questions. The answer to each question is a
NUMERICAL VALUE.

e For Each question, enter the correct numerical value of the answer using the mouse

and the on-screen virtual numerical 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.

e Answer to each question will be evaluated according to the following marking scheme:
Full Marks : +4 If ONLY the correct numerical value is entered;

Zero Marks : 0 Inall other cases.

13. Put a uniform meter scale horizontally on your extended index fingers with the left one
at 0.00 cm and the right one at 90.00 cm. When you attempt to move both the fingers
slowly towards the center, initially only the left finger slips with respect to the scale
and the right finger does not. After some distance, the left finger stops and the right
one start slipping. Then the right finger stops at a distance xr from the center (50.00
cm) of the scale and the left one starts slipping again. This happens because of the
difference in the frictional forces on the two fingers. If the coefficients of static and
dynamic friction between the fingers and the scale are 0.40 and 0.32, respectively, the
value of xp (incm)is

Answer: 25.60

Solution:
FBD of Rod
N, N,
«— 50cm Se 40ch
» ]
ﬁ *
(Initial) f, f.

As the rod is in equilibrium

.". Tnetabout centre = 0

.. 50N1 =40 N2
. N2> N1
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.. by balancing torque, we conclude N2>N1, so f2>f1

N\
N,
N3ﬁ X, >e-40CmM
[ > |
ﬁ b
f<=“'(N: ‘t=.I'ISN4

As rod does not move, only left finger slips,
SoF_,=0 pkN3=psNs

0.32N3=0.40 N4 ... (1)
=0, xiN3=40Ns we(2)

Netapout center
Dividing eq. (1)by(2)

0.32 0.40
X 40

=X, =32cm
1

Ns Ne

— X e Xz

ﬁ b
fe=usN =N,

=Fnet=0, usNs=pkNe
0.40Ns = 0.32N6 ... (3)
Tnet = 0, Nsx1 = Ne Xr . (4)

About centre

Div eq.(3) by eq.(4), 0.78 = R 32
1 XR
0.40 0.32
32cm X,
X, =22232 12855 60cm
40 5
Ans. 25.60
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14. When water is filled carefully in a glass, one can fill it to a height h above the rim of the
glass due to the surface tension of water. To calculate h just before water starts
flowing, model the shape of the water above the rim as a disc of thickness h having
semicircular edges, as shown schematically in the figure. When the pressure of water
at the bottom of this disc exceeds what can be withstood due to the surface tension, the
water surface breaks near the rim and water starts flowing from there. If the density of
water, its surface tension and the acceleration due to gravity are 103kg m=3, 0.07 Nm-!
and 10 ms-2, respectively, the value of h(in mm) is

,Ih

Answer: 3.74
Solution:
Let radius of disc = 'r'

Pavg. X

S(2n rHJ

[A = projected area = h(2r)]

(After balancing effect of Patm on both sides)
S x 2nr = Pavg. x h(2nr)

0+pgh pgh

Pavg.= =
2 2

2
ézhz
Pg
—~h= 2 _ IZT)—'W:\/EX1073m:3.74mm

pg 10°x10

Ans. = 3.74
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15. One end of a spring of negligible unstretched length and spring constant k is fixed at

the origin (0, 0). A point particle of mass m carrying a positive charge q is attached at

its other end. The entire system is kept on a smooth horizontal surface. When a point

dipole p pointing towards the charge q is fixed at the origin, the spring gets stretched

to a length [ and attains a new equilibrium position (see figure below). If the point mass

is now displaced slightly by Al < lfrom its equilibrium position and released, it is found

to oscillate at frequency %\/E . The value of § is
m

Sy

§+‘<

(0,0) 1

Answer: 3.14

Solution:
YA

(DD”J_,fgCTO*ﬁOfGO'O'O'O’ﬁ ......................  x

v
As we know, for spring block system,

(1 [K
2n\'m

2

So we can also observe 'k’ as from eq.

XZ

Uzlkx2
2
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U _
dx

2
d IZJ:K
dx

So we can say,

&9/
f—i dX2

2 m
So by above concept let us find Potential Energy, (U) of system from equilibrium.
As given, negligible unstretched length, so spring length is elongated length only.
Ya

egb™ point
T . iq
....... <D,UJ—>{ 6‘66660 O’@O’ﬁ\G)) X
= : >X
\/ !
U=tk P
dne, X
AUy 2P
dx 4 e, X

(for equilibrium, (;—U =0) given equilibrium at x =
X

AKe=—2P1_ (2)
dre, /
d’u 6pq
diff. eq(1) again, =K+
1) 2 dx* 4, x*
d’U
As equilibrium at x=/, ..— = 6pq ;
At et dre, l
(From (2) put value of 2pq )
dne,
2
9%- =k + 3K = 4K
dx*|
at x=/
2
et [V 1 R 1w
271 m 2tV m  mw\m
S.0=T =3.14 Ans.
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16. Consider one mole of helium gas enclosed in a container at initial pressure P1 and

volume Vi. It expands isothermally to volume 4Vi. After this, the gas expands
adiabatically and its volume becomes 32Vi. The work done by the gas during
isothermal and adiabatic expansion processes are Wiso and Wadia, respectively. If the

ratio Wiso fln2, then fis .
w

adia
Answer: 1.77
Solution:

Let the initial temperature is T

He
P, V,
T
N\
\]/isothermally ,8(\0@
RS
a4, T — 32v,, T

For adiabatic process

TV'-1 = Constant, y =

5
3}
=1 Vs
32V,

I
—
7~ X\
X |-
N
w N

_T
4
Wadb, = nR(T1_T2)
y—1
nR(T—Tj
-\ 4
51
3
= §nR><ﬂ = 2 RT
2 4
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Now work done in isothermal.;

Wiso= nRT ln[ﬁj

1

= nRT ln(ﬂj

1

= 2nRT In2

1so

Wadb 2 nRT
8

W, _ 2nRTIn2

= Eln2
9

f= 16 =1.77
9

17. A stationary tuning fork is in resonance with an air column in a pipe. If the tuning fork
is moved with a speed of 2 ms-! in front of the open end of the pipe and parallel to it,
the length of the pipe should be changed for the resonance to occur with the moving
tuning fork. If the speed of sound in air is 320 ms-1, the smallest value of the

percentage change required in the length of the pipe is

Answer: 0.62
Solution:
: nv
For open pipe resonance, f = i

Let us consider forn =1,

Initial length of pipe = L1 for f1

\'
(fl :4_]_‘1J ..... (1)

Now due to Doppler’s effect,

[o( 320 )
320-2
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320

fo=| = 1f .. 2

= (2B
\%

for=— L. 3
4L, (3)

320)( \Y _ Vv

318 4L, 4L,

L, 318

= 2=
L 320

% change in length,

%xw()% - (%JxlOO%

1

= (1—h]x100%

1
= 1—ﬁ x100%
320

_2004, S 0.625%
320 8

=0.62%
Ans. 0.62

18. A circular disc of radius R carries surface charge density G(r) = 00(1—%), where oo is

a constant and r is the distance from the center of the disc. Electric flux through a large

spherical surface that encloses the charged disc completely is ¢o. Electric flux through

another spherical surface of radius " and concentric with the disc is ¢. Then the ratio
% is .
¢

Answer: 6.4
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Solution:

Charge in the elemental ring = I o 2nrdr
r=0

do = Genc (charge enclosed completely, so r = R)
80

&b = denc (... upto r:%)

80
q= IGO (1 —%jandr
0

= cho_:[rdr - %jrzdr

0
2 3
= 270, L
2 3R

R* R
For ¢o, r = R, genc = 270, {———R} 2no,R? x%

R
For ¢, r= Z, q’enc = 27'5(50 R

R? R?
= 210, —
2x16 64x3

w
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