JEE Main 2020 Paper

Date of Exam: 8" January (Shift II)
Time: 2:30 pm - 5:30 pm
Subject: Physics

1. A very long wire ABDMNDC is shown in figure carrying current i. AB and BC parts are
straight, long and at right angle. At D wire forms a circular turn DMND of radius R. AB, BC

are tangential to circular turn at N and D. Magnetic field at the centre of circle is

C
i
Ay
Kol _ 1 Uol
a. [T[ 5 b. p—-— [T+ 1]
kol Bol [y 1
¢ 2R d 27R [n + x/f]

Solution: (d)

To get magnetic field at O, we need to find magnetic field due to each current carrying

part 1, 2, 3 and 4 individually.
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Let’s take total magnetic field as By, then
ET:§1+§2+§3+§4
Since 2 and 4 are parts of same wire, hence

B —”_oi i o __ i oN(_1 Il_oi" l’-_oi . ° . o T
Br == (sin90° —sin 45 )( k)+2R k +—(sin90° + sin45°)k

Lot -] +Er+ L1+ 2] &

4TR V2 4TR
By = 2L [vZ + 2n] k
B Mol 1 7
Br _2nR[\/_§+n] k

k denotes that direction of magnetic field is in the plane coming out of the plane of
current.

2. A particle moves such that its position vector7(t) = cos wt{ + sin wt j, where w is a
constantand t is time. Then which of the following statements is true for the velocity v(t)
and acceleration d(t) of the particle?

a. v and d both are perpendicular to 7

b. ¥ and 7 both are parallel to 7

c. ¥ is perpendicular to # and d is directed away from the origin
d. v is perpendicular to 7 and d is directed towards the origin

Solution :(d)

7 = coswt i+ sinwt ]
ar . o o
U= — = w[-sinwt i+ cos wt ]
> dv " . o
a=—-= —w?[cos wt 1 + sin wt |]
- 2>
ad=—w*r

Since there is negative sign in acceleration, this means that acceleration is in opposite
direction of 7

For velocity direction we can take dot product of ¥ and 7.

U.7 = w(—sin wt i + cos wt J). (cos wt { + sin wt §)
= w[—sin wt cos wt + cos wtsinwt] = 0

This implies that ¥ is perpendicular to 7.
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3. Consider two charged metallic spheres S; and S, of radii ; and r,, respectively. The

electric fields E;(on S;) and E,(on S,) on their surfaces are such that% = % Then the
2 2

ratio V;(on S;)/V,(on S;) of the electrostatic potentials on each sphere is

1 2
a. — Ty
T2 b. (7"2)
T2 3
c. — Ty
" d. (Tz)
Solution: (b)
E, n
E, - r

Vi Ein nnon (ﬁ)z
— =— X—=|—
Vo, Exyr, 1, 1 g

4. A transverse wave travels on a taut steel wire with a velocity of V when tension in it
is 2.06 x 10* N . When the tension is changed to T, the velocity changed to % The value

of T is close to
a. 30.5x10*N b. 2.50 x 10* N
c. 10.2x10%2N d. 5.15x 103N

Solution :(d)
V < T

v, |
v, (T
2V 2.06 x 10%
5>—= [——
|74 T

2.06 x 10*
=——— N=515x 103N

=T
4

5. A particle of mass m is dropped from a height h above the ground. At the same time
another particle of the same mass is thrown vertically upwards from the ground with a

speed of /2gh. If they collide head-on completely inelastically, the time taken for the

. . , h.
combined mass to reach the ground, in units of \/; is
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[o¥]
N"“%

N ®

=
N m

Solution: (a)
AQ

h

B(Sv=ng_n

L7 rr7

: . h
Time taken for the collision t; = Toon

After t;

[

Vi= 0- gty = —Y—

2
And Vg = \2gh - gt; = \/ﬁ[\/—__

At the time of collision

:mVA + mV_B) =2m7f

And height from the ground = h — —g t2=h _E =

So, time taken to reach ground after collision = ’2 X == \/7
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6. A Carnotengine having an efficiency of1—10 is being used as a refrigerator. If the work done

on the refrigerator is 10 ], the amount of heat absorbed from the reservoir at lower
temperature is

a. 99] b. 90 ]

c. 1] d. 100]

Solution :(b)

For Carnot engine using as refrigerator
Work done on engine is given by
W=0;—-0Q;..(1)

where @ is heat rejected to the reservoir at higher temperature and @, is the heat
absorbed from the reservoir at lower temperature.

Itis givenm =1/10

n=1- &
Q1
Q2 _ 9
- a L (2)
We are given, W = 10]
Therefore, from equations (1) and (2),
10
=1
9~ 1
=0,=90]

7. Twoliquids of density p; and p, (p, = 2p;) are filled up behind a square wall of side 10 m
as shown in figure. Each liquid has a height of 5 m. The ratio of forces due to these liquids
exerted on the upper part MN to that at the lower part NO is (Assume that the liquids are
not mixing)

___________ M

S ISm
__________ =
3 ISm
|I D
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a. 2 b. 1
3 2
. - d 1
4 3
Solution:(c)
Pl e e e e e e e e
S| A
-~ [OM
N L |
HRRRRRRRNE
’*""". ] [Om
PS\IIIIIIIIIIIIIIIIIIIII v

The net force exerted on the wall by one type of liquid will be average value of pressure
due to that liquid multiplied by the area of the wall.

Here, since the pressure due a liquid of uniform density varies linearly with depth, its
average will be just the mean value of pressure at the top and pressure at the bottom.

So,
P;=0
P, = pg x5
P; =5pg + 2pg X 5

P, + P
F1:<12 Z)A

P, + P
FZ=<22 3)A

So,
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8. As shown in figure, when a spherical cavity (centered at O) of radius 1 m is cut out of a
uniform sphere of radius R (centered at C ), the center of mass of remaining (shaded)
part of sphere is shown by COM, i.e. on the surface of the cavity. R can be determined by
the equation

a. (R+R+1)R2-R)=1 b. (R?—=R—-1)2-R)=1
c. (R?-R+1)(2-R)=1 d (R?+R-1)2-R)=1

Solution (a)

Let M be the mass of the sphere and M’ be the mass of the cavity.
Mass of the remaining part of the sphere=M - M’

Mass moments of the cavity and the remaining part of sphere about the original COM
should add up to zero.

M-M)Y2-R)-M'(R-1)=0

(Mass of the cavity to be taken negative)
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= Sn(R — 19)pg 2~ R) = (1 *pg(R — 1)
=>[R*-1)2-R)= H)(R-1)
> R?*+R+1DR-1DR-R)=(R-1)
(using identity)
=>R*’+R+1)R2-R)=1

9. A particle of mass m and charge q is released from rest in uniform electric field. If there
is no other force on the particle, the dependence of its speed V on the distance x travelled
by it is correctly given by (graphs are schematic and not drawn to scale)

a. b.

v, Vi

k J
=

Solution. (b)

Applying work energy theorem,
gEx = =mv?
v? o x

Hence, solution will be option (b)
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10. A galvanometer having a coil resistance 100 Q gives a full scale deflection when a current
of 1 mA is passed through it. What is the value of the resistance which can convert this
galvanometer into voltmeter giving full scale deflection for a potential difference of 10 V?
In full scale deflection, current in galvanometer of resistance is 1 mA. Resistance required
in series to convert it into voltmeter of range 10 V.

a. 7.9 kQ b. 9.9 kQ
c. 89k0O d. 10 kQ

Solution: (b)
Vo=1igR;=01v

v=10V

R =R v 1
_gvg

=100 x99 =9.9 kQ

11. Consider a mixture of n moles of helium gas and 2n moles of oxygen gas (molecules taken

to be rigid) as an ideal gas. Its (E_Z) value will be
67 40
s b5
19 23
e d 3
Solution: (c)
Using formula
c _ n, Gy, + nyC,,
Vmix n, +n,
3R 5R
nX—+2nX—-  13R . . Do .
C, .. =—=2——>=2=— (+ Heis monoatomic and O, is diatomic)
mix 3n 6
19R
Pmix Cvmix tR= 6
. _ Pmix _ 2
. ymlx Cv ) 13
mix
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12. A uniform sphere of mass 500 gm rolls without slipping on a plane horizontal surface
with its centre moving at a speed of 5 cm/sec. Its kinetic energy is
a. 8.75x107%) b. 6.25x107%J
c. 875x1073] d 1.13x1073)

Solution :(a)

v=>5cm/s

777 77577

Total K.E. = Translational K.E + Rotational K.E.

1 1
= Emv2 + Ela)z

1 . K
=§mv 1+ﬁ

k is radius of gyration.

= 3x3x(zg) 1+
2727 \100 5

= 8.75x107%]

13. A capacitor is made of two square plates each of side ‘a’ making a very small angle a
between them, as shown in figure. The capacitance will be close to

=,
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X tang = xo

—— e e =

Let dC be the capacitance of the element of thickness dx

goadx
[( — e
d+ ax

These are effectively in parallel combination

So,

C=Jdc

f
0

d+ ax

SC= %[m(max)]g
C = %[ln(1+%)]
2

ng"; (1—%)

14. In a double-slit experiment, at a certain point on the screen the path difference between
the two interfering waves is %th of a wavelength. The ratio of the intensity of light at that

point to that at the centre of a bright fringe is

a. 0.568
c. 0.672

b. 0.853
d. 0.760

8™ Jan (Shift 2,Physics) Page | 11

Copyright © Think and Learn Pvt. Ltd.




JEE Main 2020 Paper

Solution: (b)
In YDSE, the intensity at a point on the screen varies with the phase difference between

the interfering light waves as:
AQ
= e (%)
o COS >
Here, A@ = phase difference between the interfering waves

I, = maximum intensity on the screen

15. As shown in figure, a battery of emf ¢ is connected to an inductor L and resistance R in
series. The switch is closed at t = 0. The total charge that flows from thebattery, between

t = 0 and t = t, (t. is the time constant of the circuit) is

L R

— TR — AW ——

<

| .
I I
€L £ ER
eR? el?
EL 1 EL
C. — - - d =
R2 e) R?

Solution :(a)

This is standard L — R growth of current circuit.
t

() ==e T
= —_— c
l Re

Substituting in the integral
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Tc
q=| (Ddt
0
i
€ elc
Tc |,
I3
eR?

the surface on that planet is

Solution: g = 8 m/s?

WV (mis)
F 9
eu=0 :
A
£
P
¥ £
h=100 m Zs04
A
V-
P4
r— *1(s)
1
777 (0 SER

So, Trapezium'’s area

oo 9t
2

Xx-=19 (i)

N | =

~ gt2=100 (ii)

Solving equations (i) and (ii), we get

g =8m/s?

8™ Jan (Shift 2,Physics)

16. A ball is dropped from the top of a 100 m high tower on a planet. In the last % s before

hitting the ground, it covers a distance of 19 m. Acceleration due to gravity (in ms~2) near

Since the radius of planet is much larger than100 m, it’s a uniformly accelerated motion.
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17. An objectis gradually moving away from the focal point of a concave mirror along the axis
of the mirror. The graphical representation of the magnitude of linear magnification (m)
versus distance of the object from the mirror (x) is correctly given by
(Graphs are drawn schematically and are not to scale)

mdl

fzf X f 2f x
C. d.
Solution: (b)
Magnitude of linear magnification, m= |—§
From mirror formula,
1 N 1 1
v ox f
Multiplying the whole equation by u, we get
v_ f
x x—f
Using the above equation in magnification formula,
v f
m = |——| = | | m
X f—x
For x = 2f, m=1
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Thus option (b) is correct

18. Asimple pendulum is being used to determine the value of gravitational acceleration g at
a certain place. The length of the pendulum is 25.0 cm and a stop watch with 1 sec
resolution measures the time taken for 40 oscillations to be 50 sec. The accuracy in g

a. 5.40% b. 3.40%
c. 4.40% d. 2.4%

Solution :(c)

L
T=2m |—=
g
B (Zn)z
g - * T
Ag AT AL
T L
2(1>+0'1—440ty
50/ 25 7
19. An electron (mass m) with initial velocity v = v,i + v, is in an electric field E = —Eok. If
Ao is initial de-Broglie wavelength of electron, its de-Broglie wavelength at time t is given
by
a. = b. _rovZ
m2vg m=vg
C. 2o d 2o

25242 2R2¢2

1+EE28 24858

2m VO m VO
Solution :(a)

h
Momentum of an electron, p = mv = n

. h
Initially m(\/ivo) =
Velocity as a function of time=v,i + vyj + % tk
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h

So, wavelength A = —————
e2E2
m,|2v3+—0t2
m

e?Ef

20. In the given circuit, value of Y is

B=0 [ ED—I

a. 1 b. 0
c. Will not execute d. Toggles between 0 and 1

Solution: (b)

|

~
Il

o
o

([
? 33
+ W W
o + + W
SN

h<
I
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21. The first member of Balmer series of hydrogen atom has a wavelength of 6561 A. The
wavelength of the second member of the Balmer series (in nm) is

Solution: (486 nm)

1—RZZ<1 1)
r n2  n,2
_R12(1 1)_5R
M D 22 32 36
1—R12<1 1)_3R
Ay M 22 42) 36
k2_20
A 27

20
Ay =ﬁx6561Z\=486nm

22. Aplane electromagnetic wave of frequency 25 GHz is propagating in vacuum along the z-
direction. At a particular point in space and time, the magnetic field is given by B=5x
10787 T. The corresponding electric field is given by Eis (speed of light ¢ = 3 X 108 m/s)

a. 1.66 x 1071%{V/m b. —1.66 X 107141 V/m
c. 151V/m d. —15i{V/m

Solution: (c)
B _.
|BI
|E| =|B| % ¢
Given,

§=5x10—8jTandC=3x108%

volt

Therefore, |[E| =15 —
m

Direction of E will be perpendicular to BandE x B gives direction of propagation of

wave which is in z-direction (k). Therefore, E will be along positive x-direction (7).
Hence, E = 15i V/m
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23. Three containers C;, C, and C; have water at different temperatures. The table below
shows the final temperature T when different amounts of water (given in liters) are taken
from each container and mixed (assume no loss of heat during the process)

C, C, Cs T(°0)
11 21 - 60
— 11 21 30
21 — 11 60
11 11 11 0

The value of 8 (in °C to the nearest integer) is

Solution: (50)

Since, all the containers have same material, specific heat capacity is the same for all.
V16, + V50, = (V1+V;)6f

From second row of table,
16, + 26, = (1+ 2)60

6, + 26, = 180............... (D
From third row of table,

0x60,+1x60,+2%x60;=(1+2)30
92 + 203 = 90 ............... (2)
From fourth row of table,

20, +6; = (1+2)60
20, + 63 = 180............... (3)
From fifth row of table,
0, +6,+0;=(1+1+1)0
6, +6,+0; =30...... (4)
From equation. (1)+ (2) + (3)
30, + 36, + 36; = 450
Thus, 6; + 6, + 6; = 150
From (4) equation 150 = 36
So, 8 = 50°C
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24. An asteroid is moving directly towards the centre of the earth. When at a distance of 10R
(R is the radius of the earth) from the earth’s centre, it has a speed of 12 km/s.
Neglecting the effect of earth’s atmosphere, what will be the speed of the asteroid when
it hits the surface of the earth (escape velocity from the earth is 12 km/s )? Give your
answer to the nearest integer in km/s

Solution: (16)

Taking, asteroid and earth as an isolated system conserving total energy.

1, ( GMmy 1 _ ( GMm
L o (- M) e (- Gy

2 10R 2 R
v =ug + Gl PR
" R 10
|, , 9GM
v Uy g?
Since, escape velocity from surface of earth is 11.2 Ske% = %

9 (11.2)2
= 2 4 —
J12 ti

=+vV2569 = 16 km/s

25. The series combination of two batteries both of the same emf 10 V, but different internal
resistance of 20 Q and 5 Q, is connected to the parallel combination of two resistors 30 Q
and R Q. The voltage difference across the battery of internal resistance 20 Q is zero, the
value of R (in Q) is

Solution: (30) PPV T R
— A A———
; 2001 | 50 |
‘v AN SN S
iy 300
— NN\
f" Rn
NV
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If V; and V, are terminal voltage across the two batteries.
V=20
Vi=¢—-1i.ng
0=10—-ix20
i=054
V,=10-0.5%5
Vv, =75V

B 7.5+7.5
T30 x

7.5
— =0.25
x

0.5

x =300
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