JEE Mains & Advanced Past Years Questions

JEE-MAIN
PREVIOUS YEAR’S

1. Two identical wires A and B, each of length ‘/ ¢, carry the

same current /. Wire A is bent into a circle of radius R and
wire B is bent to form a square of side “ a “. If B, and B, are
the values of magnetic field at the centres of the circle and

Ba
square respectively, then the ratio B is:
B

[JEE Main-2016]
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. An electron, a proton and an alpha particle having the

same kinetic energy are moving in circular orbits of radii
LI W 5 respectively in a uniform magnetic field B. The
relation between r, r,r, is: [JEE Main-2018)
(@) r<r=r, (b) r,<r<r,

) r<r,<r () r>r=r,



. Thedipole moment of a circular loop carrying a current I,
is m and the magnetic field at the centre of the loop is B,.
When the dipole moment is doubled by keeping the current
constant, the magnetic field at the centre of the loop is B...

. B
The ratio B, 1s:

@ 3

[JEE Main-2018
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. The region between y = 0 and y = d contains a magnetic

field B=Bz . Aparticle of mass m and charge q enters the

. mv
region with a velcoity v =vi .Ifd= 2q_B , the acceleration

of the charged particle at the point of its emergence at the
other side is :
[JEE Main - 2019 (January)]
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. In an experiment, electrons are accelerated, from rest by
applying a voltage of 500 V. Calculate the radius of the

path if a magnetic field 100 mT is then applied. [Charge of
electron=1.6 x 107 C, Mass of electron =9.1 x 103! kg ]
[JEE Main - 2019 (January)]
(@) 7.5%x10°m (b) 7.5x10?m
(¢) 75m (d) 7.5x10*m
. A particle having the same charge as of electron moves in
a circular path of radius 0.5 cm under the influence of a
magnetic field of 0.5 T. If an electric field of 100 V/m makes
it to move in a straight path, then the mass of the particle
is (given charge of electron = 1.6 x 10-°C)
[JEE Main - 2019 (January)]
(@) 9.1x10° kg (b) 1.6x107kg
(¢) 1.6x10"kg (d) 2.0x10*kg
. One of the two identical conducting wires of length L is
bent in the form of a circular loop and the other one into a
circular coil of N identical turns. If the same current is
passed in both, the ratio of the magnetic field at the centre
of the loop (B,) to that at the centre of the coil (B)), i.e.

B
_BL will be [JEE Main - 2019 (January))
C
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10.

11.

An infinitely long current carrying wire and a small current
carrying loop are in the plane of the paper as shown. The
radius of the loop is a and distance of its centre from the
wire is d (d >> a). If the loop applies a force F on the wire

then: [JEE Main - 2019 (January)]
......... (.1.. ----.--@

(@) F=0 (b) Foc(%j
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A hoop and a solid cylinder of same mass and radius are
made of a permanent magnetic material with their magnetic
moment parallel to their respective axes. But the magnetic
moment of hoop is twice of solid cylinder. They are placed
in a uniform magnetic field in such a manner that their
magnetic moments make a small angle with the field. Ifthe
oscillation periods of hoop and cylinder are T, and T,
respectively, then: [JEE Main - 2019 (January))
(@ T,=T, (b) T,=2T,

(o) T,=1.5T. (d T,=0.5T.

An insulating thin rod of length ¢ has a linear charge

X
density p(x)= poz on it. The rod is rotated about an

axis passing through the origin (x = 0) and perpendicular
to the rod. If the rod makes n rotations per second, then
the time averaged magnetic moment of the rod is:

[JEE Main - 2019 (January)]
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As shown in the figure, two infinitely long, identical wires
are bent by 90° and placed in such a way that the segments
LP and QM are along the x-axis, while segments PS and
QN are parallel to the y-axis. If OP = OQ =4 cm, and the
magnitude of the magnetic field at O is 10 T, and the two
wires carry equal current (see figure), the magnitude of
the current in each wire and the direction of the magnetic
field at O will be (p,= 47> 107 NA?):

[JEE Main - 2019 (January)]

(a) 20 A, perpendicular out of the page
(b) 40 A, perpendicular out of the page
(¢) 20A, perpendicular into the page
(d) 40 A, perpendicular into the page



12.

13.

14.

15

16.

17.

A proton and an o-particle (with their masses in the ratio
of 1 : 4 and charges in the ratio of 1:2) are accelerated from
rest through a potential difference V. If a uniform magnetic
field (B) is set up perpendicular to their velocities, the
ratio of the radii r_: r_ of the circular paths described by
them will be:

[JEE Main-2019 (January)]

(@ 1:\2 () 1:2
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A moving coil galvanometer has a coil with 175 turns and

area 1 cm?. It uses a torsion band of torsion constant 10
N-m/rad. The coil is placed in a magnetic field B parallel to
its plane. The coil deflects by 1° for a current of 1 mA. The
value of B (in Tesla) is approximately :-

[JEE Main-2019 (April)]

(@) 107 (b) 10!
(c) 10* (d) 107
A circular coil having N turns and radius r carries a current

I. It is held in the XZ plane in a magnetic field Bi. The
torque on the coil due to the magnetic field is
[JEE Main-2019 (April)]
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The magnitude of the magnetic field at the center of an

equilateral triangular loop of side | m which is carrying a
current of 10 A is : [Take p,=4m x 107 NA?]
[JEE Main-2019 (April)]

(@) 18uT (b) 3uT
() 1uT (d) 9uT
A square loop is carrying a steady current I and the

magnitude of its magnetic dipole moment is m. If this
square loop is changed to a circular loop and it carries the
same current, the magnitude of the magnetic dipole moment
of circular loop will be :

[JEE Main-2019 (April)]
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Two very long, straight and insulated wires are kept at 90°
angle from each other in xy-plane as shown in the figure.
These wires carry currents of equal magnitude I, whose
directions are shown in the figure. The net magnetic field
atpoint P will be :

[JEE Main-2019 (April)]

(@) Zero ) L)
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18.

19.

20.

21.

A rigid square loop of side 'a' and carrying current I, is
lying on horizontal surface near a long current I, carrying
wire in the same plane as shown in figure. The net force on
the loop due to wire will be: [JEE Main-2019 (April)]
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(a) Attractive and equal to

poLiI,

(b) Repulsive and equal to

(¢) Repulsive and equal to Holily

(d) Zero

A rectangular coil (dimension 5 cm % 2.5 cm) with 100 turns,

carrying a current of 3 A in the clock-wise direction is kept

centered at the origin and in the X-Z plane. A magnetic

field of 1 T is applied along X-axis. If the coil is tilted

through 45° about Z-axis, then the torque on the coil is:
[JEE Main-2019 (April)|

(@) 0.55Nm () 027Nm

(¢) 038Nm (d) 042Nm

Find the magnetic field at point P due to a straight line

segment AB of length 6 cm carrying a current of 5 A.

in figure (p, = 4n < 107 N-A?) [JEE Main-2019 (April)]

jae)

A
-

9
P

\h

A 6 cm B
(@ 3.0x10°T (b) 2.5x10°T
(¢) 20x10°T (d 1.5x10°T

An electron, moving along the x-axis with an initial energy
of 100 eV, enters a region of magnetic field

B =(1.5><10'3T)1A< at S (See figure). The field extends

between x = 0 and x=2 cm. The electron is detected at the
point Q on a screen placed 8§ cm away from the point S.
The distance d between P and Q (on the screen) is
:(Electron’s charge = 1.6 x 107" C, mass of electron

=9.1 x 107'kg) [JEE Main-2019 (April)]
Q
b
8 cm
(@) 12.87cm () 1.22cm
(¢) 11.65cm (d) 2.25cm



22,

23.

24,

25.

A proton, an electron, and a Helium nucleus, have the
same energy. They are in circular orbits in a plane due to
magnetic field perpendicular to the plane. Let L andr,
be their respective radii, then,

[JEE Main-2019 (April)]
(@) r,> >y, () r,< r<ry,
(0 r,< =1y, d r,> =T
Two wires A & B are carrying currents I, & I, as shown in
the figure. The separation between them is d. A third wire
C carrying a current I is to be kept parallel to them at a
distance x from A such that the net force acting on it is
zero. The possible values of x are: [JEE Main-2019 (April)]
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(I —1,)

©) x=( Ul Jd and x = L d
L+L (L -1,)

d X= L dand x = L d
I +1, I-1,

The electric field of a plane electromagnetic wave is given

by E=E, % cos (kz + wt). Att=0, a positively charged

I
particle is at the point (x, y, Z):[O’O’Ej' If its

instantaneous velocity at (t = 0) is Vof( , the force acting

on it due to the wave is: [JEE Main-2020 (January)]

(a) Zero (b) parallelto |

A A A A

) (d) parallel to Lt

7 B

A particle of mass m and charge q has an initial velocity

(¢) antiparallel to

V=v,j. If an electric field E=E,i and magnetic field

B= Bof act on the particle, its speed will double after a

time: [JEE Main-2020 (January)]
2mv, 5 3mvy,
@ qE, ®) qE,
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26.

27.

28.

Proton with kinetic energy of | MeV moves from south to
north. It gets an acceleration of 10'”m/s? by an applied
magnetic field (west to east). The value of magnetic field.
(Rest mass of proton is 1.6 x 10727 kg)

[JEE Main-2020 (January)]
(@) 7.1mT () 71mT
(¢) 0.71mT (d 0.071mT
A verylong 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 parts are tangential to circular turn at N and D.
Magnetic field at the centre of circle is :

[JEE Main-2020 (January)]
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A charged particle of mass ‘m’ and charge ‘q’ moving under
the influence of uniform electric field E i and a uniform

magnetic field B k followsa trajectroy from point P to Q as
shown in figure. The velocities at P and Q are respectively,

vi and —ZVE . Then which of the following statements

(A,B,C,D) are the correct ? (Trajectroy shown is schematic
and not to scale)

Y

!
lO

3 [ mv?
“ E= 4 qa 3 3
mv
(B) Rate of work done by the electric field at P is Z( a J

(O) Rate of work done by both the fields at Q is zero
(D) The difference between the magnitude of angular
momentum of the particle at P and Q is 2mav.
[JEE Main-2020 (January)]
() (A),(B),(C),(D)
(@ B),(C),[D)

(@) (A),(B),(C)
(© (A),(C).(D)



29.

30.

31.

32.

A long, straight wire of radius a carries a current distributed
uniformly over its cross—section. The ratio of the magnetic
a

fields due to the wire at distance 3

and 2a, respectively

from the axis of the wire is:

[JEE Main-2020 (January)]
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An electron gun is placed inside a long solenoid of radius

R on its axis. The solenoid has n turns/length and carries
a current I. The electron gun shoots an electron along the
radius of the solenoid with speed v. If the electron does
not hit the surface ofthe solenoid, maximum possible value
of vis (all symbols have their standard meaning)

[JEE Main-2020 (January)]
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A small circular loop of conducting wire has radius a and

carries current L. It is placed in a uniform magnetic field B
perpendicular to its plane such that when rotated slightly
about its diameter and released, it starts performing simple
harmonic motion of time period T. If the mass of the loop is
m then :

[JEE Main-2020 (January)]
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A wire carrying current I is bent in the shape ABCDEFA as
shown, where rectangle ABCDA and ADEFA are
perpendicular to each other. If the sides of the rectangles
are of lengths a and b, then the magnitude and direction
of magnetic moment of the loop ABCDEFA is

[JEE Main-2020 (September)]
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The figure shows a region of length ‘I’ with a uniform
magnetic field of 0.3 T in it and a proton entering the
region with velocity 4 x 10° ms! making an angle 60° with
the field. If the proton completes 10 revolution by the time
it cross the region shown, ‘1’ is close to (mass of proton
=1.67 x 107 kg, charge of the proton=1.6 x 10" C)
[JEE Main-2020 (September)]
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(@ 022m () 0.1lm

(¢) 0.88m (d) 044m

A beam of protons with speed 4 x 10° enters a uniform

—i

magnetic field of 0.3 T atan angle of 60° to the magnetic
field. The pitch of the resulting helical path of protons is
close to (Mass of the proton = 1.67 x 10*" kg, charge of
the proton = 1.69 x 10 C)

[JEE Main-2020 (September)]
(@) 2cm () 12cm
(¢) Scm (d) 4cm
A galvanometer coil has 500 turns and each turn has an
average area of 3 x 10 m?. If atorque of 1.5 Nm is required
to keep this coil parallel to a magnetic field when a current
of 0.5 A is flowing through it, the strength of the field
(inT)is

[JEE Main-2020 (September)]
Magnitude of magnetic field (in ST units) at the centre of a
hexagonal shape coil of side 10 cm, 50 turns and carrying

I
current I (Ampere) in units of % is

[JEE Main-2020 (September)]

(b) 25043
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37.

38.

39.

40.

A charged particle carrying charge 1 uC is moving with

velocity (21 + 3] + 412) ms™'. If an external magnetic field

of (SiA + 3} - 61A<) x 107 T exists in the region where the
particle is moving then the force on the particle is

Fx10°N . The vector F is [JEE Main-2020 (September)]

(@) —-3.0i+3.2j-0.9k
(b) —300i+320j—90k
(©) —0.30i+0.327—0.09k

(d —-30i+32j-9k

A circular coil has moment of inertia 0.8 kg m? around any
diameter and is carrying current to produce a magnetic
moment of 20 Am?®. The coil is kept initially in a vertical
position and it can rotate freely around a horizontal
diameter. When a uniform magnetic field of 4 T is applied
along the vertical, it starts rotating, around its horizontal
diameter. The angular speed the coil acquires after rotating

by 60° will be [JEE Main-2020 (September)]
(@) 10rads™? (b) 10mrads™
(¢) 20rads™! (d) 20mrads™
Awire A, bent in the shape of an arc of acircle, carryinga

current of 2 A and having radius 2 cm and another wire B,
also bent in the shape of arc of a circle, carrying a current
of 3 A and having radius of 4 cm, are placed as shown in
the figure. The ratio of the magnetic fields due to the
wires A and B at the common centre O is

[JEE Main-2020 (September)]

(a) 2:5 (b) 6:5
(c) 4:6 d) 6:4
A square loop of side 2a, and carrying current I, is kept in

XZ plane with its centre at origin. A long wire carrying the
same current I is placed parallel to the z-axis and passing
through the point (0, b, 0), (b>>a). The magnitude of the
torque on the loop about z-axis is given by

[JEE Main-2020 (September)]
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41.

42,

43.

44.

45.

An electron is constrained to move along the y-axis with a
speed of 0.1 ¢ (c is the speed of light) in the presence of

electromagnetic wave, whose electric field is E = 30}

sin(1.5x107 t—5 x 102x) V/m . The maximum magnetic

force experienced by the electron will be

(Given ¢ =3 x 10* ms™' and Electron charge =1.6 x 10"? C)
[JEE Main-2020 (September)]

(@) 4.8x10°N (b) 24x10"%N

(¢) 32x10"N (d 1.6x10"N

A charged particle going around in a circle can be

considered to be a current loop. A particle of mass m

carrying charge q is moving in a plane with speed v under

the influence of magnetic field B. The magnetic moment
of this moving particle :
[JEE Main-2020 (September)]
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A particle moving in the xy plane experiences a velocity
dependent force F= k(Vyi +ij) , where v _and v, are

the x and y components of its velocity v . If 3 is the
acceleration of the particle, then which of the following
statements is true for the particle?

[JEE Main-2020 (September)]

(a) Quantity v -a is constant in time
(b) Kinetic energy of particle is constant in time

(¢) Quantity yx3 is constantin time

(d) F arises due to a magnetic field

A square loop of side 2a and carrying currentI is kept in xz
plane with its centre at origin. A long wire carrying the
same current I is placed parallel to z-axis and passing
through point (0, b, 0), (b >> a). The magnitude of torque
on the loop about z-axis will be

[JEE Main-2020 (September)]

(a) 2ch (b) Tc(aZ + b2)
p,I’a’b 2u,I%a’
(C) 2Tc(a2 +b2) (d) TEb

A particle of charge q and mass m is moving with a velocity

—Vi(V # () towards a large screen placed in the Y - Z

plane at a distance d. If there is a magnetic field B = B012 ,
the minimum value of v for which the particle will not hit
the screen is

[JEE Main-2020 (September)]
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46. An electron is moving along + x direction with a velocity JEE-ADVANCED
of 6 x 10°ms'. It enters a region of uniform electric fieldof PREVIOUS YEAR’S

47.

48.

49.

50.

300 V/cm pointing along + ydirection. The magnitude and
direction of the magnetic field set up in this region such
that the electron keeps moving along the x direction will
be [JEE Main-2020 (September)]
(@) 5x%107°T,along + zdirection
(b) 5% 107T, along —z direction
(¢) 3x10*T,along+zdirection
(d) 3 x10*T, along —z direction
Which of the following statements are correct?
[JEE Main-2021 (March)]
(A) Electric monopoles do not exist whereas magnetic
monopoles exist.
(B) Magnetic field lines due to a solenoid at its ends and
outside cannot be completely straight and confined.
(C) Magnetic field lines are completely confined within a
toroid.
(D) Magnetic field lines inside a bar magnet are not
parallel.

(E) x=-1 is the condition for a perfect diamagnetic
material, where x is its magnetic susceptibility.
Choose the correct answer from the options given below:

(@) (A)and (B)only

() (B)and (C)only

(¢) (C)and (E) only

(d) (B)and (D)only

A plane electromagnetic wave propagating along
Y -direction can have the following pair of electric field
(E) and magnetic field (B) components.

[JEE Main-2021 (March)]

(@) E, B, or E. B, (b) E, B, or E, B,

(C) Ey,lBy or EZ,BZ (d) Ey’Bx or Ex’By

A loop of flexible wire of irregular shape carrying current
is placed in an external magnetic field. Identify the effect
of the field on the wire.
[JEE Main-2021 (March)]
(a) Loop assumes circular shape with its plane normal to
the field.
(b) Loop assumes circular shape with its plane parallel to
the field.
(c) Wire gets stretched to become straight.
(d) Shape of the loop remains unchanged.
A plane electromagnetic wave of frequency 100MHz is
travelling in vacuum along the x -direction. At a particular

point in space and time, B =2.0x10847T . (Where, f is
unit vector along z-direction) What is £ at this point?

[JEE Main-2021 (March)]

(@ 0.6jV/m (b) 6.0kV/m

(©) 6.0jV/m @ 0.6kV/m

1. Consider the motion of a positive point charge in a region

where there are simultaneous uniform electric and magnetic
fields E = on and B = Boj .Attime t=0, this charge has

velocity v in the x-y plane, making an angle 0 with x-axis.
Which of the following option(s) is(are) correct for time t

>07? [IIT JEE-2012)
(a) 1f0=0°, the charge moves in a circular path in the x-z
plane.

(b) 1f 6 = 0°, the charge undergoes helical motion with
constant pitch along the y-axis.

(¢) If06=10°, the charge undergoes helical motion with
its pitch increasing with time, along the y-axis.

(d) If0=90°, the charge undergoes linear but accelerated
motion along the y-axis.

. A cylindrical cavity of diameter a exists inside a cylinder

of diameter 2a shown in the figure. Both the cylinder and
the cavity are infinitely long. A uniform current density J
flows along the length. If the magnitude of the magnetic

N
field at the point P is given by 12 Mo al, then the value of

Nis: [IIT JEE-2012)

< 2a >

3. Aloop carrying current I lies in the x-y plane as shown in

the figure. the unit vector k is coming out of the plane of
the paper. the magnetic moment of the current loop is:

[IIT JEE-2012)
y

(@) a’lk ) [§+ 1}12112

©) —[%Hjaﬁl% @ (2r+1a’k



4. An infinitely long hollow conducting cylinder with inner

radius R/2 and outer radius R carries a uniform current
density along is length. The magnitude of the magnetic

field, |]§| as a function of the radial distance r from the axis

is best represented by: [IIT JEE-2012]
A
Bl [
(a) (b)
> —t—r
R/2 R R/2 R
h
E] /& Ef
© @
L . 5
R/2 R ' R/2 R '

. A particle of mass M and positive charge Q, moving with

1

a constant velocity 1, =4i ms™ , enters a region of

uniform static magnetic field normal to the x-y plane. The
region of the magnetic field extends from x = 0 to
x =L for all values of y. After passing through this region,
the particle emerges on the other side after

10 milliseconds with a velocity U, =2 (\/g i+] ) ms™'. The

correct statement(s) is (are): [JEE Advanced-2013]
(a) Thedirection of the magnetic field is —z direction.
(b) The direction of the magnetic field is +z direction

50tM

3Q

(¢) The magnitude of the magnetic field units.

100nM
3Q

(d) The magnitude of the magnetic field is

units.

. A steady current I flows along an infinitely long hollow
cylindrical conductor of radius R. This cylinder is placed
coaxially inside an infinite solenoid of radius 2R. The solenoid
has n turns per unit length and carries a steady current I.
Consider a point P at a distance r from the common axis. The

correct statement(s) is (are): [JEE Advanced -2013]
(a) In the region 0 < r < R, the magnetic field is
non—zero.
(b) Intheregion R <r<2R, the magnetic field is along the
common axis.
(¢) Intheregion R <r< 2R, the magnetic field is tangential
to the circle of radius r, centered on the axis.
(d) Intheregionr> 2R, the magnetic field is non—zero.

. Two parallel wires in the plane of the paper are distance X
apart. A point charge is moving with speed u between the
wires in the same plane at a distance X, from one of the
wires. When the wires carry current of magnitude I in the
same direction, the radius of curvature of the path of the
point charge is R,. In contrast, if the currents I in the two
wires have direction opposite to each other, the radius of

: %o
curvature of the path is R . If X, 3, the value of R,

[JEE Advanced -2014)]

is.

Paragraph For Questions 11 to 12

The figure shows a circular loop of radius a with two long parallel
wires (numbered 1 and 2) all in the plane of the paper. The distance
of each wire from the centre of the loop is d. The loop and the
wires are carrying the same current I. The current in the loop is in
the counterclockwise direction if seen from above.

8.

10.

[JEE Advanced -2014]

Q S
d : d
Wire 1 Wire 2
P R

When d ~ a but wires are not touching the loop, it is
found that the net magnetic filed on the axis of the loop is
zero at a height h above the loop. In that case

[JEE Advanced -2014]
current in wire 1 and wire 2 is the direction PQ and RS,
respectivelyand h ~ a
current in wire 1 and wire 2 is the direction PQ and SR,
respectivelyand h ~ a
current in wire 1 and wire 2 is the direction PQ and SR,
respectivelyandh ~ 1.2 a
current in wire 1 and wire 2 is the direction PQ and RS,
resepectivelyandh ~ 1.2 a

Consider d >> a, and the loop is rotated about its diameter

(@)
®)
(©)
@

parallel to the wires by 30° from the position shown in the
figure. If the currents in the wires are in the opposite
directions, the torque on the loop at its new position will
be (assume that the net field due to the wires is constant
over the loop)

[JEE Advanced-2014]
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A symmetric star shaped conducting wire loop is carrying
a steady state current I as shown in the figure. The distance
between the diametrically opposite vertices of the star is
4a. The magnitude of the magnetic field at the center of

the loop is: [JEE Advanced -2017)
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11.

12.

A uniform magnetic field B exists in the region between
3R . . o
x=0and x = 7 (region 2 in the figure) pointing

normally into the plane of the paper. A particle with
charge +Q and momentum p directed along x-axis enters
region 2 from region 1 at point P, (y=—R). Which of the
following option(s) is /are correct?

[JEE Advanced-2017]

y
Region 1 4 Region 2

Region 3
X X X
B
x X %
X X X
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(@) When the particle re-enters region 1 through the
longest possible path in region 2, the magnitude of
the change in its linear momentum between P, and

the farthest point from y-axis is p/+/2 .

(b) For a fixed B, particles of same charge Q and same
velocity v, the distance between the point P, and the
point of re-entry into region 1 is inversely proportional
to the mass of the particle.

(¢) For B= EL , the particle will enter region 3
13 QR

through the point P, on x-axis
2 p o .
(d) For B> ——— the particle will re-enter region 1.
3 QR

Two infinitely long straight wires lie in the xy-plane along

the lines x = = R. The wire located at x = +R carries a
constant current I, and the wire located at x =—R carries a
constant current I,. A circular loop of radius R is suspended

with its centre (0, 0, \/3R ) and in a plane parallel to the xy-

plane. This loop carries a constant I in the clockwise
direction as seen from above the loop. The current in the

wire is taken to be positive if it is in the + j direction. Which
of the following statements regardint the magnetic field
B is (are) true?

[JEE Advanced - 2018]

13.

14.

(a) IfI =1 then B cannot be equal tozero at the origin
(0,0, 0).

(b) IfI,>0 and I, <0. then B can be equal to zero at the
origin (0, 0, 0).

(o) IfI, <0andI,>0 then B can be equal to zero at the
origin (0, 0, 0).

(d) If1, =1, then the z -component of the magnetic field at
[
the centre of the centre of the loop is 2R )

In the x-y plane, the region y > 0 has a uniform magnetic
field B,f( and the region y < 0 has a another uniform
magnetic field B,f< . A positively charged particle is
projected from the origin along the positive y-axis with
speed v, =mms " at t= 0, as shown in the figure. Neglect
gravity in this problem. Let t = T be the time when the
particle crosses the x-axis from below for the first time. If
B, =4B,, the average speed of the particle, in ms™, along
the x-axis in the time interval T is

[JEE Advanced - 2018]

A conducting wire of parabolic shape, initially y = x?, is
moving with velocity V = V,i inanon -uniform magnetic

B
field B=B, [1 + [%) k, as shown in figure. IfV, B, L

and P are positive constants and A¢ is the potential
difference developed between the ends of the wire, then
the correct statement(s) is/are :

[JEE Advanced - 2019]

(a) | Ad|remains the same if the parabolic wire is replaced
by a straight wire, y = x initially, of length /21,

(b) | Ad|is proportional to the length of the wire projected
on the y-axis.

1
(o) |Ad|= EBOVOLforBZO

4
(@) |Ad|= 3 B,V,Lforp=2
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1. (d) A e
4x 9 (sin 45° +sin 45°)
a
4n—
2

A B

/
(where Rzé and a=Z)

By lml = (1)
= B, 2R2.2 4/2\R

)
424\ 1) 82
2. (a) Radius of circular path in magnetic field is given

Vv2Km
gB
where K =kinetic energy of particle
m =mass of particle

by R =

q = charge on particle
B =magnetic field intensity
R =radius of path

For electron

+J2Km, .

r = (1

. B ®
For proton

2Kmp (i)

r=-+*—— (1
P eB

For o particle

y2Km, _ 2K4m, _ 2Km,
e¢B

© q,B 2¢B

as me<mp sore<rp:ra
3. (b) Dipole moment of circular loop ism

m, =LA=1nR* {R=radius of the loop}
Kol

B =
'R

T

...(iii)

As moment becomes double = radius becomes

V2 R (keeping current constant)
m,=Ln (v2 R)? =2.ItR*=2m,

B Bl _ &
27 2(2R) T 2
I31
= 4=



. (Bonus)
Assuming particle enters from (0, d) 9. (a) -

F=qvB (—sin60°i - cos60°))

B ~ “
2
a=-TB(5 1))
2m 2 ><—
None of the option is correct.
59 110" XV T
[ =31 c
. Bq Bq B\f .

~ 2x9.1x107 x 500
100x10°v1.6x107"

1 A2x9.1x500x107>

" 100x10° J16
11. (¢) B=2 Mol —=(cosB, —cosh,)
75.4%107 4nd
=———— =75%x10"m
100x10 B=10*
p,=4nx107,0,=90°0,=180°
B (d) eE=evB d=4x 10,2
= =20 A (into the page
= E= e_Br B _ ( P%) _ _
m 12. (@) m,=m q.=9 K =qV=K
m =4m q,72q K =2qV=2K
— m= eB’r Radius of circular path,
_mv_V2Km_ mV o 1
(1.6x107?)(0.5)%(0.5x1072) ; gB  gB qB? r, V2
= =2x10%kg
100 o
13. (@) 1=MxB
)] BL_2R = |T|= MBsin90°=CH
b= Y = Cosina
C 2(R/N) = CO=1
B, 1 = 10_6><%=10_3><10_4><175><B
B N

N o ~ = B=10"Tesla.
. (d) For shifting of loop along x-direction PE(x) = —i

14. (a)
Holy
. PE(x)= —ma’i=*2
)= 2nx i
TR —>B=Bi
. U(x)= ——2"— (PE decreases as it comes closer to
wire) X
) —dU  pil,a’ (-1 z
So, attractive force F(x) = “ax = e
Magnetic moment of coil = NIA j = Nl(ﬂfz) j
 F(x)= pollya 0 (Attractlve) A
Torque on loop (coil) = M x B = NI (nr?) Bsin90°(—k)
a2
Foc—

& ~NIneB(-k|



15. (a)B= 3{E(Sin60°+sin60")}
4mr

a 1
Here, r= 2\/5—2\/5

B_3{4nx107x10x2\/§{£+ﬁﬂ

4rx1 2 2
B=18x10°=18uT
16. (b)) m=NIA=1x Ix a’=]a’

here a = side of square
Now, 4a =2mr

2a
= ==
T
For circular loop
m’ =1 xIxnr
2 4
—IXIXTCX(Z_aJ :(Iaz)—
T T
, 4m
m= —
T
17. (a)
"
d.p
R d

Magnetic field at point P

- Bl ol )=

"t 2nd 2nd
18. (b)
I Q L R
1,FJF
1) G R
T 3
' ap S

F, & F, cancel each other
Force on PQwillbe F, =1, B, a

2ma 27
Force on RS will be F,=1,B,a

=1, Holy a

2n2a

_ HoliT,
4n

poLiI,

Net force=F —F_ = repulsion

19. () [f=[MxB|

T=NIx A x B x sin45°
7=0.27Nm
20. (@)

-7

Bz_HoI 2sin@ = 107 x5x2x3 X5j2><3 _3

4nd 4x107 x5 2
=15%x10°=15uT

R .MV 1/2m(K.E.)

x107°

21. =
@ = 4B 4B
\/2><9.1><10’31><(100><1.6><10’19)
R= 19 3
1.6x107° x1.5x10
R=2.248cm Q
Sinb=—2 —089
2048 — 7
pCpe o TR U
N P
tan6= 20 L
TU <£2cny>
>
2 QU 8 cm
1.026 6
QU=11.69
PU=R(1 - cos) = 1.22
d=QU+PU
mv v 2mK
22. (¢) 1= B B

= I, =T >r
c P [



23. (b)

1
I‘Xl(lij

Net force on wire carrying current I per unit length is

HoIlIJr Mool _

2nx  2m(d—x) -
L_ L I,d
x (x-d) XTI -1,

i)

24. (c) Force dueto electric field is in direction — 7

(i+])
becauseatt=0, E=———*FE
\/5 0

Force due to magnetic field is in direction q(V x B)

and v k
. itisparallel to g

. net force is antiparallel to

25. (d)

B=B,i
V) =vi+Vvi v, =\/§VO

B =0+ Ly o
m qE
26. (¢)
North

West East

_
RN R
AE=1Me\

Proton
South

B

1
- KE.=1.6x108= 5 x 1.6 x 10727 v2

v=+/2x10" m/s
. Bav=ma

_ L6x107x10"
1.6x107" x~</2x10

=0.71x103T
So, 0.71 mT

27. (@)

By =(By), +(Bo ), +(Bo), +(By),

B0 [5in 90° - sin 45°]® + 50 0 + =0 (sin 45° +5in 90°) ©
4nR 2R 4nR

—Hyl 1 Mol Mol | 1
- l-— [+ —+ —+1|0O
475R{ ﬁ} 2R 475RL5 }

_Hd {—1+L+2n+i+l}®

4R \/5 \/5
= M[\/E + 211] 0]}

4R

Mot | 1
= —+n|O
2nR L/E }
28. (@)
(a) by work energy theorem

mag

1 1
W +W = Em(ZV)2 - Em(v)2

3
0+qE2a= —mv?

2
3wy
4 qa
(b) Rate of work done at A = power of electric force
=qE)V
3wy’
4 a

dw
(c) atQ, o 0 for both forces

(d) AL=(-m2v2ak)—(-mvaf)
AT |=3mva

.a
wir  M'3 pia g
29. (d) B, =—">= =t % _Po

2ma’ 2ma® ma’6 6ma

i

B:L ’///////////AV//////////'
2m(2a)
a3
B, _4_2 T
B, 6 3 T

B //////l



R — E — mvmax
30. (Cl) max 2 euoin
Vmax = Re HOin
2m

31. (d) t=MB sin6=1Ia

2

R21 Bo = TR

2nIB  2m 2mm
w= =—; T=
m T \ 1B

32. (b) M=M,+M,

(04

M, =abl]

M, =ablk

. Y

M=~2abl| L+ =
(ﬁ ﬁJ

33. (d) (v,cos0) x AT=1

and, AT=10x B

1 10x2rx1.67x107%
L4 x100x —=x T =1
2 1.6x107 " x0.3

= [=0.44m

) 2nm
34. (d) Pitch = vcosB % _qB

27
— 4x10° Xlx 21 x1.67x10

— 9 =4cm
2 1.69%x107x0.3

35. (20) i = NiA =500x3x10™* x%
T=[ixp=puBsin® (-sinO=1)

15x10
B= =
10x500x3x5x10
B=20T

Bol (o aio i 2o
36. (a) BC—N,[6.4—TOH(SIH3O +5sin 30 j

3 300 i
r=—a-=

2 r =«
50043 Ho!

37.

38.

39. (b)) B

40.

11
|Uf_Ui|: 5 ®

(d) F= q(VxB)

=(1x10°) [2i+3]+4k] * [5i+3j—6k] x 10

= (=301 +32j-9k)10°N

(Bonus)

2

V3

1
20x4x — —0=— Bw?
0x4x 5 0 2><(08)0)
= w=13.16rad/s

(Ho)(2) 3(m/2)
AT (2)2) 2n (1)

 m)3) 5773
B= ")) 2n -(2)
From (1) and (2)

B, _6

B, 5

2

ol
r

F = 2a toward wire

1

2

1
F,= Po” 2a away for wire
2nr

F,

Torque about z-axis
=F, racosO+F, -acosO



41. (a) E™ =(q)VB,

E
—L=c=B, =[&]
B c

0

E
= F™ =(1.6x109)(0.1 c)(

=48 x 10N

42. (a) 1\7I=%qu(—1§)

_______________________ ™ q
qv(mv)(-B
2 g )l B
- mv
2B’
B ok
. (C) dt y
o, K,
dt m
dv, v
= i v =vdx=vdy
y X
=V =V§,+C
\7><?1(V -V )—
. - kC
Vxd=—0
m
2
44. (b) X
I
T(t)r
pl (b)2a

= 271\/212 +b? \/a2 +b’

2u,I’a’b
Ttmal - Tc(a2 + bz)

-0
C

.\
45. =
(d) qB,
Tonot collide, r<d
= r= o d
gB,
gB,d
Vmax -
m

Note: It should be maximum instead of minimum.

wExB=C
. Ex B should point in the direction of propagation of

wave (y — direction here)

. possible combinations are (EX,BZ) or (EZ,BX)

49. (a) Force on each wire be along radially outward and equal
so, it will take the shape of circle and parallel to the
field.

50. (c) The proportion of the electric to attractive fields in an
electromagnetic wave in free space is equivalent all

the time to the speed of light. £ = Bxc. where: B =
Magnetic Field. ¢ = speed of light.

f =300MHz
B=2x10"T=E=BxV=02x10%4)x(3x10%)
=6(kxi)=6jV/m=E=6jV/m
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1. (¢,d)

+q @ X
I£ 6 = 0° then due to magnetic force path is circular but due
to force qE, (M) q will have accelerated motion along y—
axis. So combined path of q will be a helical path with
variable pitch so (A) and (B) are wrong.
If 0 = 10° then due to vcos0, path is circular and due to qE,
and vsin6, q has accelerated motion along y-axis so
combined path is a helical path with variable pitch (C) is
correct.
If0=90° then F_= 0 and due to gE motion is accelerated
along y-axis. (D)




5. (a,0)

2. (5) B = Hola _Hola Component of final velocity of particle is in positive y
2 12 direction.
Centre of circle is present on positive y axis. so magnetic
_(Moda \({_L1)_5(MoJa|_5Hoal N field is present in negative z-direction
| o2 6) 6l 2 ) 12 T 12 H,at Angle of deviation is 30° because
N=35 Vy 1
tan0=_— = 7=
: m=y
a
7{2] a’ 0= z
3. (b) Area=a’+ 4x =22+ — 6
2 2 ot=0
n) . _ QB
A=) Pt
M6
R -2
4. (d) Case-Ix< > Qt
50Mn
IB=0 B=| 30
6. (ad)
R =
Case-Il —<x<R —— o
2 ::\

j B.d7 = !

2
, (R
B 2mx =, {“X ‘“(5] }J

(@) For0<r<R= B=#0

(d) Forr>2R=B=#0

e

[ I

70|

Case-llIx>R PRV
IBdZ =n I T pol .
’ 2" 27X, ! 2n(x —Xxp) (‘opposite )
2
R My I Mol
B|2mx=p, | nR* — 7| — = -
B 2mx =, {n n[zj }J B, mx, 2n(x—x;) (same)
Case - 1 When current is in the same direction
I3 3uel 3l 3pl
|B|:“L—R2 BB - Ko - Ko _ Ko
2x 2 1 2nx,  4mx, 4nx,
3u,JR? mv
Bl= 72— R~ 3B,
8x qby
5o Case-2 When current is in oposite direction
9u,l
1Bl B=B= 4mx
mv
R~ qB,
R, B, 9

R, B 37



sin @
1-cos0

8. (0 BR =B due toring _

3
2

B, =B due to wire - 1

B, = B dueto wire-2 9 0
2sin —cos — 3

Bl &— 2 2.3

In magnitudes B, =B, = > rr 1 a o 0 5
S —
Hola 2
Resultant of B, and B, = 2B, cos0 = —
r
2u,Ima? cotg—i:tang—z
B, = L 2 2 2 3
4nr
For zero magnetic field at P
) 2) 4
pola  2p,lna 21 — _
— = _ 3) 3 4 12
mr 4nr = tanf=—"L=2=_x_ ==
4 5 3 5 5
= h~x1.2a 1-
9 9
. . . . Hol
9. (b) Magnetic field at mid point of two wires = ey ®
Magnetic moment of loop = Ira’ 13 b 12
u,I%a2 sin® =—
Torque on loop =M B sin 150° = 02—d 5
10. (a)
T 12 3R I3R P 8P
y I 13 2 8 QB 13QR
4 4a a
l P 3R
@ o <5
a QB 2
Total Mgnetic Field - P
at centre = 12 times magnetic field due to one wire B>—~—_
3QR
12u,1; . , I NEE
B=—"""[sin60°—sin30°| = —x12| ———
4na [ ] 4ra { 2 2 12. (a,b,d)
Mol
= B= x6(+3 -1
4ma (\/_ )
11. (¢,d)
X x P X
p<—I x=-R
@ " J |AB|=~/2p
p
' ' x (a) atorigin, B=0 due to two wires if[, =1, hence (Bnet) at
() R'= mv origin is equal to B due to ring, which is non-zero.
B ~
Q (b) If1,>0and I, <0, B atorigin due to wires will be along
d=2R'= ﬂ docm +k direction and B due toring is along —k direction
B R ~
Q and hence B can be zero at origin.
E p— R' ~
(c) R*(1-cosB) =R (¢) IfI, <0and1,>0, B atorigin due to wires will isalong—k
R'sin@ = 7 and also along —k dueto ring, hence B cannot be zero.




@)

(b) we have

v v
Lo qB, &N qB,

_@ o x . B,
v © Since, B, = 2
At centre of ring, B due two wires is along x-axis, O
hence z-component is only because of ring which m
. TimeinB, = 5~ =t
- ~ B 1
B=tod iy, qB,
2R
13. [2.00] o m
(a) Average speed along x-axis Timein B, = qB, ~ L

Total distance along x-axis
d, +d,=2r +2r,=2(r, +r,)=2(5r,)
Total time T=t, +t, =5t

10r,

mv B,
Average speed = x =
2

2

gB, mm

14. (a,b,d)

2
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