Chapter 17

Moving Charges and Magnetism

Directions : Question numbers 1 and 2 are based on
the following paragraph.

A current loop ABCD is held fixed on the plane of the
paper as shown in the figure. The arcs BC (radius = b)
and DA (radius = a) of the loop are joined by two
straight wires AB and CD. A steady current / is flowing
in the loop. Angle made by AB and CD at the origin O
is 30°. Another straight thin wire with steady current /,
flowing out of the plane of the paper is kept at the
origin. [AIEEE-2009]

e

1. The magnitude of the magnetic field (B) due to the
loop ABCD at the origin (O) is

bol(b—a)
(1) 24ab

Hl| b-a
@) 47[?}
3) %{2(b—a)+g(a+b)}

(4) Zero
2. Due to the presence of the current /, at the origin
(1) The forces on AD and BC are zero

(2) The magnitude of the net force on the loop is
L/ i
given by 4_1_7_[“0 {Z(b -a) +§(a + b)}

(3) The magnitude of the net force on the loop is

given by 20 : (b-a)

(4) The forces on AB and DC are zero

Two long parallel wires are at a distance 2d apart.
They carry steady equal currents flowing out of the
plane of the paper as shown. The variation of the
magnetic field B along the line XX' is given by

[AIEEE-2010]
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A thin circular disk of radius R is uniformly charged
with density ¢ > 0 per unit area. The disk rotates
about its axis with a uniform angular speed w. The
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magnetic moment of the disk is [AIEEE-2011]
4
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5.

An electric charge +q moves with velocity
% =3f+4]'+R, in an electromagnetic field given
by E=3i+j+2kandB=i+j-3k.The y-

component of the force experienced by +q is
[AIEEE-2011]

(1) 3q (2) 2q
(3) Mq “4) 5q

Proton, deuteron and alpha particle of the same
kinetic energy are moving in circular trajectories in
a constant magnetic field. The radii of proton,
deuteron and alpha particle are respectively I Ty
and r . Which one of the following relations is
correct? [AIEEE-2012]

() r,
@ r,>r,> r,
@ r,

@) r, = r, =1y

I‘p<l’d

1
<

A charge Q is uniformly distributed over the surface
of non-conducting disc of radius R. The disc
rotates about an axis perpendicular to its plane
and passing through its centre with an angular
velocity . As a result of this rotation a magnetic
field of induction B is obtained at the centre of the
disc. If we keep both the amount of charge placed
on the disc and its angular velocity to be constant
and vary the radius of the disc then the variation of
the magnetic induction at the centre of the disc
will be represented by the figure [AIEEE-2012]
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A conductor lies along the z-axis at -1.5<z<1.5
m and carries a fixed current of 10.0 A in -3,
(see figure). For a field

B=3.0x10"e"% 4 T, find the power required

direction

10.

to move the conductor at constant speed to x =
20m,y=0min 5 x 1073 s. Assume parallel
motion along the x-axis [JEE (Main)-2014]

V4
Il
B Y
15
(1) 157 W 2) 2.97W
(3) 14.85W @) 297 W

Two coaxial solenoids of different radii carry current

I in the same direction. Let 1?1 be the magnetic
force on the inner solenoid due to the outer one

and 1?2 be the magnetic force on the outer

solenoid due to the inner one. Then
[JEE (Main)-2015]

() F=FK=0
2) 1?1 is radially inwards and 1?2 is radially
outwards

(3) F, is radially inwards and F, =0

(4) F, is radially outwards and F, =0

Two long current carrying thin wires, both with
current /, are held by insulating threads of length
L and are in equilibrium as shown in the figure,
with threads making an angle 6 with the vertical. If
wires have mass A per unit length then the value
of I'is

(g = gravitational acceleration) [JEE (Main)-2015]

() sin® gLk @) 2sin6 _mgL
\j g COSO \/ Lo cos0

@) 2 Kthane Mtane

Ho Ko
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11. A rectangular loop of sides 10 cm and 5 cm 13. An electron, a proton and an alpha particle having
carrying a current / of 12 A is placed in different the same kinetic energy are moving in circular
orientations as shown in the figures below: orbits of radii r,, r,, r, respectively in a uniform
5 magnetic field B. T’f)1e relation between r,, r , r_is
\ [JEE (Main)-2018]
BT ! () rp>r,=r, @ ro<r,=r,
@) / / @) r,< r,<r, 4 ro<r, < r,
7 y 14. The dipole moment of a circular loop carrying a
X current /, is m and the magnetic field at the centre
5 of the loop is B,. When the dipole moment is
doubled by keeping the current constant, the
T magnetic field at the centre of the loop is B,. The
B B,
(b) N , ratio B_2 is [JEE (Main)-2018]
/
Ve el (1) 2 @
z 1
/ ®) V2 (4) N
TB 15.  An infinitely long current carrying wire and a small
(c) ! current carrying loop are in the plane of the paper
y as shown. The radius of the loop is a and distance
X ! of its centre from the wire is d (d>>a). If the loop
2 applies a force F on the wire then
[JEE (Main)-2019]
BT
A
(@) i _@
/2 W BE | emm—
L A~ <«—d
X I
If there is a uniform magnetic field of 0.3 T in the
positive z direction, in which orientations the loop 2
would be in (i) stable equilibrium and (ii) unstable (1) F=0 (2) Fc (ij
equilibrium? [JEE (Main)-2015] d
(1) (a) and (b), respectively a 22
| @) F=ly @ Frlpm
(2) (a) and (c), respectively d d
(3) (b) and (d), respectively 16. A current loop, having two circular arcs joined by

12.

(4) (b) and (c), respectively

Two identical wires A and B, each of length 'I' carry
the same current /. Wire A 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 square

B
respectively, then the ratio B_A is
B

[JEE (Main)-2016]

n? 2
(1) 1642 @) 16
n? 2
3 82 ) Y

two radial lines is shown in the figure. It carries a
current of 10 A. The magnetic field at point O will

be close to [JEE (Main)-2019]
0]
.‘.“
D S %\
@ Q s o R v)
QO Q
Y, \¢
P S
i=10A
(1) 1.5x107"T (2 1.0x10°5T

@) 1.5x10°5T @) 1.0x107T
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17.

18.

19.

20.

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 central of the loop (B, ) to that

at the centre of the coil (B,), i.e. g—L will be

C

[JEE (Main)-2019]

1
M« @ N

1
@ N @ 7

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]
(1) 91x10% kg  (2) 1.6 x 10?7 kg
@) 1.6x10"%kg  (4) 2.0 x 10?* kg

An insulating, thin rod of length / has a linear

X
charge density p(X)=p07 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]

1) nnpl3 2) npl®
T 3 T 3
Znol —npl

@) 7o @ 3z

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 the electron = 1.6 x 10~'° C,
Mass of the electron = 9.1 x 10731 kg]

[JEE (Main)-2019]
(1) 7.5x 103 m

@) 7.5m

@) 7.5x 102 m

@) 7.5x10% m

21.

22.

23.

24.

The region between y = 0 and y = d contains a
magnetic field B = BZ. A particle of mass m and

charge q enters the region with a velocity v = vi.

if d:Zm—‘é, the acceleration of the charged

particle at the point of its emergence at the other

side is [JEE (Main)-2019]
avB[1; 3 avB(3; 15
) m [21 2jj @ - m [ZIJFZJJ

qvB f+f qvB —f+f
3) —| — 4) —
o 2] w 22T
A particle of mass m and charge q is in an electric
and magnetic field given by

E=2i+3j; B=4j+6k
The charged particle is shifted from the origin to the

point P(x = 1; y = 1) along a straight path. The
magnitude of the total work done is

[JEE (Main)-2019]
(1) (0.15)q (2) 5q
(3) (0.35)q @) (29)q

A proton and an a-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]
(1) 1:3 2 1:2
3) 1:43 @ 1:42

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 currents (see figure), the
magnitude of the currents in each wire and the
direction of the magnetic field at O will be
(ny = 4m x 1077 NA2) [JEE (Main)-2019]
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25.

26.

27.

28.

(1
(2
(]
4

A circular coil having N turns and radius r carries
a current /. It is held in the XZ plane in a

) 40 A, perpendicular into the page
) 20 A, perpendicular into the page
) 40 A, perpendicular out of the page
)

20 A, perpendicular out of the page

magnetic field Bi. The torque on the coil due to
the magnetic field is [JEE (Main)-2019]

Bnrr? | Br? |
(1) N ) N
(3) Brnr’IN (4) Zero

Two very long, straight, and insulated wires are kept
at 90° angle from each other in xy-plane as shown

in the figure. [JEE (Main)-2019]
y
I d T—>X
> P
d
S A

These wires carry currents of equal magnitude /,
whose directions are shown in the figure. The net
magnetic field at point P will be

[JEE (Main)-2019]

(1) Zero @ o
nd
Mol o Bol o o
@) gY@ 5 XY

A rectangular coil (Dimension 5 cm x 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]
0.55 Nm
0.27 Nm
(3) 0.42 Nm
(4) 0.38 Nm

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

(

)
)
)
)

29.

30.

NS

1l
(1) Repulsive and equal to %
Holil

(2) Repulsive and equal to o

(3) Zero

Holil

(4) Attractive and equal to 3

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]

(1) 10* (2 102
) 10 @ 103
Two wires A and B are carrying currents
I, and I, as shown in the figure. The separation
between them is d. A third wire C carrying a
current | 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]

C
A ' B
I1/ E I2
X
d
(1) X = ii
(hh=12)
I l,
2 x= d and x = d
L+1, L=1
L l
3 x= d and x = d
L+1, L=
I I
@) x= d and x = d
L= L+l
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31.

32.

33.

34.

The magnitude of the magnetic field at the center
of an equilateral triangular loop of side 1 m which
is carrying a current of 10 A is [JEE (Main)-2019]

[Take, p, = 47 x 107 NA2|
(1) 18T
@) 1uT
@) 34T
4) 9uT

A square loop is carrying a steady current / 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]

M —

@ —

©)

@ —

A thin ring of 10 cm radius carries a uniformly
distributed charge. The ring rotates at a constant
angular speed of 40 n rad s~! about its axis,
perpendicular to its plane. If the magnetic field at
its centre is 3.8 x 1072 T, then the charge carried
by the ring is close to (1, = 4n x 107 N/A?).

[JEE (Main)-2019]
(1) 4x10°C
(2 3x10°C
@) 7x10°C
4) 2x10°C
An electron, moving along the x-axis with an initial
energy of 100 eV, enters a region of magnetic field

B=(1.5x10"° T)k 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 10~'® C, mass of
electron = 9.1 x 10731 kg) [JEE (Main)-2019]

35.

36.

37.

I
d
= |
S P
—>
2cm
8 cm

(1) 11.65 cm (2) 12.87 cm
(3) 2.25cm 4) 1.22cm

Find the magnetic field at point P due to a straight
line segment AB of length 6 cm carrying a current
of 5 A. (See figure) [JEE (Main)-2019]

(b =4 x 1077 N-A—2)

-:Er‘u—>

A B
b 6 cm i
(1) 25x10°5T 2 15x10°5T
(3) 3.0x10°T 4 20x10°5T
A particle of mass m and charge q has an initial
velocity ©=u,;. If an electric field E = E,i and
magnetic field E:BO? act on the particle, its
speed will double after a time [JEE (Main)-2020]

] 3mvy, ) x/gmuo
(1) qE, @) TGE,
2my, 4 \/iml)o

®) "4k, ( gk,

Proton with kinetic energy of 1 MeV moves
from south to north. It gets an acceleration of
10'2 m/s? by an applied magnetic field (west to
east). The value of magnetic field

(Rest mass of proton is 1.6 x 1027 kg)

[JEE (Main)-2020]
@) 071mT
@) 74mT

(1) 0.071 mT
@) 71mT
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38.

39.

A very long wire ABDMNDC is shown in figure
carrying current /. AB and BC parts are straight,
long and at right angle. At D wire forms a circular
turm 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]

M
N
8p ¢
A
Mol Ko
LI +1 U
M g+ @ SR

2r\" TR @ r|\"TT R
A charged particle of mass ‘m’ and charge ‘¢’

moving under the influence of uniform electric field

Ei and a uniform magnetic field Bk follows a
trajectory from point P to Q as shown in figure. The
velocities at P and Q are respectively,
vi and—2yj. Then which of the following

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

[JEE (Main)-2020]

Y
E
®
P
I
a
l
(o] 2a rQ X
2v

2
A. E= é[ﬂj
4\ qa

B. Rate of work done by the electric field at P is

=)
4\ a
C. 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 2 mav.
(1) A B, C 20 A C,D
3) A,B,C,D 4 B,C,D

40.

41.

42.

43.

A long straight wire of radius a carries a current
distributed uniformly over its cross- section. The
ratio of the magnetic fields due to the wire at

a

distance 3 and 2a, respectively from the axis of

the wire is [JEE (Main)-2020]
1 3

M 35 @ 3

3) 2 4 2

3) 4 3

A small circular loop of conducting wire has radius
a and carries current /. 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]

2mm m
M 7=y @ T=45
2m m
® T=y15 @ T=\58

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 /. The electron gun
shoots an electron along the radius of the solenoid
with speed v. If the electron does not hit the
surface of the solenoid, maxium possible value of
v is (all symboils have their standard meaning)

[JEE (Main)-2020]

epynlR
m
epynlR epynlR
- 4 -
) 2m @) 4m

A beam of protons with speed 4 x 105 ms~ enters
a uniform magnetic field of 0.3 T at an 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 1072 kg, charge of the proton =
1.69 x 107'° C) [JEE (Main)-2020]

(1) 2cm (2) 12 cm
(3) 5cm (4) 4cm
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44. The figure shows a region of length ‘f 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, ‘¥
is close to (mass of proton = 1.67 x 10727 kg,
charge of the proton = 1.6 x 1019 C)

[JEE (Main)-2020]

(1) 022m @)
3) 0.88 m )

45. A wire carrying current / 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]

0.11m
044 m

(1) abl, along

(2) /2 abl, along

—
N

i+£]
NN

|

(4) /2 abl, along (%+2T§j

46. A charged particle carrying charge 1 uC is moving

+

%d\.,
§,| E

(3) abl, along (

with velocity (2f+3]'+4l€)ms—1. If an external

magnetic field of (51'A+3JA'—6/2) x 1073 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]

47.

48.

49.

(1) -3.0i +3.2j - 0.9k
(2) -300i +320; — 90k
(3) -0.30/ +0.32j —0.09k

(4) -30i +32j —9k

Magnitude of magnetic field (in Sl units) at the
centre of a hexagonal shape coil of side 10 cm, 50
turns and carrying current / (Ampere) in units of

Hol [JEE (Main)-2020]
(1) 5003 2) 25043
3) 5043 @) 53

A wire A, bent in the shape of an arc of a circle,
carrying a 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]

(1 2:5
(3) 4:6
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

@ 6:5
@) 6:4

E =30/ sin(1.5x10"t =5x1072x) V/m.
The maximum magnetic force experienced by the
electron will be

(given ¢ = 3 x 108 ms~" and electron charge = 1.6
x 10719 C) [JEE (Main)-2020]

(1) 4.8 x 1019 N
2) 2.4 x 108 N
3) 3.2 x 1078 N
@) 1.6 x 10719 N
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50. A square loop of side 2a, and carrying current /,is  54. A square loop of side 2a and carrying
kept in XZ plane with its centre at origin. A long current / is kept in xz plane with its centre at
wire carrying the same current / is placed parallel origin. A long wire carrying the same current / is
to the z-axis and passing through the point (0, b, placed parallel to z-axis and passing through point
0), (b > > a). The magnitude of the torque on the (0, b, 0), (b >> a). The magnitude of torque on the
loop about z-axis is given by  [JEE (Main)-2020] loop about z-axis will be [JEE (Main)-2020]
2,2 2.2
py Zle p HolE () b @ 9t
()T ()W 2nb n(a® +b*)
I2 2b 2.2
Bol’a® ZnPa® O o @ P
@) 52 @) — 2 2n(a” + b?) b
51. A ring is hung on a nail. It can oscillate, without 5. A ch_arged particle going around in a qrcle can be
slipping or sliding (i) in its plane with a time period considered to be a current loop. A particle of mass
. h : T | ith
T, and, (ii) back and forth in a direction M carrying charge g Is moving In a plane WL
perpendicular to its plane, with a period T,. The speed v under the influence of magnetic field B .
T The magnetic moment of this moving particle
ratio T—1 will be [JEE (Main)-2020] [JEE (Main)-2020]
2
mv2B
5y Y2 N UENPY-%
(1) 3 @ 5
2 mv?B
2 3 2) 5 g2
@ 3 @ 5
, , g™ 25
52. A particle of charge g and mass m is moving with @) - PV
: . 2 nB?
a velocity —vi (v¢0) towards a large screen
placed in the Y - Z plane at a distance d. If there ]
is a magnetic field B = BOE, the minimum value of (el B>
v for which the particle will not hit the screen is 56. A loop ABCDEFA of straight edges has six corner
[JEE (Main)-2020] points A(0, 0, 0), B(5, 0, 0), C(5, 5, 0), D(0, 5, 0),
E(0,5, 5) and F(0, 0, 5). The magnetic field in this
1) 2qdB, @ qdB, region is B =(3/ +4k) T. The quantity of flux
m 3m through the loop ABCDEFA (in Wb) is .
JEE (Main)-2020
qdB, qdB, . : (Main) !
(3) om 4) P 57. A galvanometer coil has 500 turns and each turn
has an average area of 3 x 10~ mZ2, If a torque of
53. An electron is moving along +x direction with a 1.5 Nm is required to keep this coil parallel to a
velocity of 6 x 106 ms~'. It enters a region of magnetic field when a current of 0.5 A is flowing
uniform electric field of 300 V/cm pointing along through it, the strength of the field (in T) is
+y direction. The magnitude and direction of the - . [JEE (Main)-2020]
magnetic field set up in this region such that the = 58. Magnetic fields at two points on the axis of a

electron keeps moving along the x direction will be

[JEE (Main)-2020]
(1) 5% 10723 T, along + z direction
2
3

4) 3 x 107 T, along — z direction

)

) 5x 1072 T, along — z direction
(38) 3 x 10T, along + z direction
)

circular coil at a distance of 0.05 m and 0.2 m
from the centre are in the ratio 8 : 1. The radius
of coilis [JEE (Main)-2021]

(1) 0.15m
@) 0.1m
@) 02m
@) 1.0m

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-47623456



ARCHIVE - JEE (Main)

PHYSICS

59.

60.

61.

62.

A proton, a deuteron and an o particle are moving
with same momentum in a uniform magnetic field.
The ratio of magnetic forces acting on themis
and their speed is _____in the ratio

[JEE (Main)-2021]

1) 1:2:4and1:1:2
2 1:2:4and2:1:1
3 4:2:1and2:1:1
4 2:1:1and4:2:1

A charge Q is moving di distance in the magnetic

field B. Find the value of work done by B.

[JEE (Main)-2021]
1) - (2) Zero
@) 1 (4)
A solenoid of 1000 turns per metre has a core with
relative permeability 500. Insulated windings of the
solenoid carry an electric current of 5 A. The
magnetic flux density produced by the solenoid is:
(permeability of free space = 4 x 10~ H/m)

[JEE (Main)-2021]

Infinite

() 2x103xT 2) 104z T
@) nT @ T

A hairpin-like shape as shown in figure is made by
bending a long current carrying wire. What is the
magnitude of a magnetic field at point P which lies
on the centre of the semicircle?

[JEE (Main)-2021]

(1 r—g(z + )

) j—j‘i(Z - )

(3) :—T‘z:(Z - )

(4) :—2‘[(2 + )

63.

64.

65.

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]
(1) Wire gets stretched to become straight

(2) Loop assumes circular shape with its plane
normal to the field

(3) Loop assumes circular shape with its plane
parallel to the field

(4) Shape of the loop remains unchanged

A proton and an a-particle, having kinetic energies
Kp and K respectively, enter into a magnetic field
at right angles.

The ratio of the radii of trajectory of proton to that
of a-particle is 2 : 1. The ratio of Kp tK, s

[JEE (Main)-2021]
(1) 1:8
(2) 8:
3) 1:4
4) 4:1

—_

Which of the following statements are correct?
[JEE (Main)-2021]

(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:

(C) and (E) only
(B) and (C) only
(B) and (D) only

1)
2)
)
)

(A) and (B) only
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66.

67.

68.

A deuteron and an alpha particle having equal
kinetic energy enter perpendicularly into a
magnetic field. Let ry and r be their respective radii

r
of circular path. The value of r—d is

o

[JEE (Main)-2021]

1
" @ 1

@) 2 @) 2

Two ions having same mass have charges in the
ratio 1 : 2. They are projected normally in a
uniform magnetic field with their speeds in the ratio
2 : 3. The ratio of the radii of their circular
trajectories is [JEE (Main)-2021]

(1) 2:3 @) 3:1
Q) 1:4 4) 4:3

Figure A and B show two long straight wires of
circular cross-section (a and b with a < b), carrying
current | which is uniformly distributed across the
cross-section. The magnitude of magnetic field B
varies with radius r and can be represented as:

[JEE (Main)-2021]

T I

Fig. A Fig. B
B
o/
(1)
b
0 : r
B
a
@)
bi
O B H r

69.

70.

71.

B
a
@ b
0 r
B
b
@
a
0 : r

The fractional change in the magnetic field intensity
at a distance ‘r from centre on the axis of current
carrying coil of radius ‘a’ to the magnetic field
intensity at the centre of the same coil is:

(Take r << a). [JEE (Main)-2021]

3r? 2 a?
" g @ 32
2 r? 3 a2
@) 32 @ 5z

If the maximum value of accelerating potential
provided by a radio frequency oscillator is 12 kV.
The number of revolution made by a proton in a
cyclotron to achieve one sixth of the speed of light
is

[m, = 1.67 x 10727 kg, e = 1.6 x 107"° C, Speed
of light = 3 x 108 m/s]

[JEE (Main)-2021]

A coil in the shape of an equilateral triangle of side
10 cm lies in a vertical plane between the pole
pieces of permanent magnet producing a horizontal
magnetic field 20 mT. The torque acting on the coil
when a current of 0.2 A is passed through it and
its plane becomes parallel to the magnetic field will

be \/;x10_5 Nm . The value of x is .

[JEE (Main)-2021]
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72.

73.

74.

75.

Two ions of masses 4 amu and 16 amu have
charges +2e and +3e respectively. These ions
pass through the region of constant perpendicular
magnetic field. The kinetic energy of both ions is
same. Then: [JEE (Main)-2021]

(1) No ion will be deflected
(2) Both ions will be deflected equally

(3) Lighter ion will be deflected more than heavier
ion

(4) Lighter ion will be deflected less than heavier
ion

A uniform conducting wire of length is 24a, and
resistance R is wound up as a current carrying
coil in the shape of an equilateral triangle of side
‘a’ and then in the form of a square of side ‘a’. The
coil is connected to a voltage source V. The ratio
of magnetic moment of the coils in case of
equilateral triangle to that for square is 1:\/—,
where y is [JEE (Main)-2021]

A coil having N turns is wound tightly in the form
of a spiral with inner and outer radii ‘a’ and ‘b’
respectively. Find the magnetic field at centre,
when a current | passes through coil:

[JEE (Main)-2021]

0 7l

@ 4(2%)&‘%}

© aaos3)

A current of 1.5 A is flowing through a triangle, of

side 9 cm each. The magnetic field at the centroid
of the triangle is :

(Assume that the current is flowing in the
clockwise direction.) [JEE (Main)-2021]

(1) 24/3x1077 T, outside the plane of triangle
(2) 3 x 107 T, outside the plane of triangle
(3) 243x107° T, inside the plane of triangle
(4) 3 x107° T, inside the plane of triangle

76.

77.

There are two infinitely long straight current carrying
conductors and they are held at right angles to
each other so that their common ends meet at the
origin as shown in the figure given below. The ratio
of current in both conductors is 1 : 1. The
magnetic field at point P is

[JEE (Main)-2021]
oy

) M[\/xz +y2 +(x+y)}

4r

C = Nt

4nxy

B!
4nxy

eyt -(xey)]

Given below are two statements: One is labelled as
Assertion (A) and the other is labelled as Reason

(R).

)

Assertion (A): Ina uniform magneticfield, speed and
energy remains the same for a moving charged
particle.

Reason (R): Moving charged particle experiences
magneticforce perpendiculartoits direction of motion.

[JEE (Main)-2022]

(1) Both (A) and (R) true and (R) is the correct
explanation of (A).

(2) Both (A) and (R) are true but (R) is NOT the
correctexplanation of (A).

(3) (A)is true but (R) is false.

(4) (A)is false but (R) is true.
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78. The magnetic field at the centre of a circular coil of

79.

80.

81.

radius r, due to current / flowing through it, is B. The
magnetic field at a point along the axis at a distance

% from the centre is : [JEE (Main)-2022]

B
2

1) 2) 2B

3 3
2 2
— | B 4) |—| B
© (JEJ @ (ﬁj
A proton, a deuteron and an a-particle with same
kinetic energy enter into a uniform magnetic field at

right angle to magnetic field. The ratio of the radii of

their respective circular pathsis :

rlJEE(Main)-zozz]
(1) 1:43:3 &;’%ke)

2 1:1:2 . . o °
Rr- RA. KA-.

@) V2:1:1

&M:ﬁn

A long straight wire with a circular cross-section
having radius R, is carrying a steady current /. The
current | is uniformly distributed across this
cross-section. Then the variation of magnetic field
due to current /with distance r (r< R) from its centre
will be [JEE (Main)-2022]

(1) Bocr?
@) Bocr

e

T b 2ry

1
(3) Bocr—2

1

4) Boc—

(4) Boc—
Along solenoid carrying a currentproduces amagnetic

field Balongits axis. If the currentis doubled and the

number of turns per cm is halved, the new value of

magnetic field will be equal to  [JEE (Main)-2022]

(1 B (2) 2B
B
(3) 4B @ 3

(&

82.

83.

A proton and an alpha particle of the same velocity
enter in a uniform magnetic field which is acting
perpendicularto their direction of motion. The ratio of
the radii of the circular paths described by the alpha
particle and proton is : [JEE (Main)-2022]

() 1:4 2 4:1

@) 2:1 @) 12

Twolong parallelconductors S, and S, are separated
by adistance 10 cm and carrying currents of4 Aand
2 A respectively. The conductors are placed along
x-axis in X-Y plane. There is a point P located
between the conductors (as shown in figure).

A charge particle of 3n coulomb is passing through

the point P with velocity v = (2f+3]') m/s; where

fand]' represents unit vector along x & y axis

respectively. The force acting on the charge particle

( yris 4nx107° (—xf + 2]')N. The value of xis:

28

84.

[JEE (Main)-2022]
y
\ > 4A
"I T
| &4 ¢m
10 em ; ~
|
. s » 2A
0 » N
L
(1) 2 @ 1
@) 3 4) -3
A deuteron and a proton moving with equal kinetic

energy enter into a uniform magnetic field at right
angle to the field. If r, and r, are the radii of their

~

d

circular paths respectively, then the ratio .~ will be
P

Jx :1 Where xis . [JEE(Main)-2022]
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85. An infinitely long hollow conducting cylinder with  88.

86.

87.

radius R carries a uniform current along its surface.

Choose the correct representation of magnetic field
(B) as a function of radial distance (r) from the axis

of cylinder.

©)

)

[JEE (Main)-2022]

B

0 R > I
89.
B
i \l\‘"*—_
g R I
Ba
0 : > I
R 90.
B
0 : >r

A singly ionized magnesium atom (A = 24) ion is
accelerated to kineticenergy5keV, andis projected
perpendicularly into a magnetic field B of the
magnitude 0.5 T. The radius of path formed will be

cm. [JEE (Main)-2022]

Two parallel, long wires are kept 0.20 m apart in
vacuum, each carrying current of x A in the same
direction. If the force of attraction per meter of each
wireis 2% 10°N, then the value of xis approximately:

1 1 @)

[JEE (Main)-2022]
24

@) 14 @) 2

A charge particle moves along circular path in a
uniform magnetic field in a cyclotron. The kinetic
energy of the charge particleincreases to 4 times its
initial value. What will be the ratio of new radius to the
original radius of circular path of the charge particle

[JEE (Main)-2022]

—_

1) 1:
2 1:

N

@) 2:1
@ 1:4

Two long current carrying conductors are placed
parallel to each other at a distance of 8 cm between
them. The magnitude of magnetic field produced at
mid-point between the two conductors due to current
flowinginthemis 30mT. The equal currentflowingin
the two conductors is: [JEE (Main)-2022]

(1) 30 A in the same direction

(2) 30 Ain the opposite direction
(3) 60 A in the opposite direction
(4) 300 A in the opposite direction
Given below are two statements:

Statement I: The electric force changes the speed
ofthe charged particle and hence changesiits kinetic
energy; whereas the magnetic force does notchange
the kinetic energy of the charged particle.

Statement II: The electric force accelerates the
positively charged particle perpendicular to the
direction of electric field. The magnetic force
accelerates the moving charged particle along the
direction of magnetic field.

Inthelight of the above statements, choose the most
appropriate answer from the options given below:

[JEE (Main)-2022]
(1) Both statement | and statement Il are correct
(2) Both statement | and statement Il are incorrect
(3) Statementliscorrectbutstatementllisincorrect

(4) Statement | is incorrect but statement Il is
correct
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91.

92.

93.

94.

Two charged particles, having same kinetic energy,
are allowed to pass through a uniform magneticfield
perpendicular to the direction of motion. If the ratio of
radii of their circular pathis 6 : 5 and their respective
masses ratio is 9: 4. Then, the ratio of their charges

will be : [JEE (Main)-2022]
(1) 8:5 () 5:4
) 5:3 4) 8:7

The electric current in a circular coil of 2 turns
produces a magnetic induction B, at its centre. The
coil is unwound and is rewound into a circular coil of
5 turns and the same current produces a magnetic

B
2

induction B, at its centre. The ratio of _B is
1

[JEE (Main)-2022]

5 25
1 35 @ 4
5 25
@) 7 @ -

An electronwith energy 0.1 keV moves atrightangle
to the earth’s magnetic field of 1 x 10-*
Wbm-2. The frequency of revolution of the electron
will be (Take mass of electron = 9.0 x 103" kg)
[JEE (Main)-2022]
(1) 1.6 x105Hz (2) 5.6 x105Hz
(3) 2.8 x105Hz (4) 1.8 x105Hz

A charge particle is moving in a uniform field

(2f+3]')T. If it has an acceleration of

(of —4])m/s?, then the value of o will be
[JEE (Main)-2022]
(1) 3
@) 6
3) 12

4 2

95.

96.

97.

98.

B, and B, are the magnetic field at the centre of two
coils X and Y respectively each carrying equal
current. If coil Xhas 200 turns and 20 cm radius and
coil Yhas 400 turns and 20 cm radius, the ratio of B,
and B, is [JEE (Main)-2022]
(1) 1:1 2 1:2

@) 2:1 @) 4:1

A cyclotron is used to accelerate protons. If the
operatingmagneticfieldis 1.0 T and the radius of the
cyclotron ‘dees’ is 60 cm, the kinetic energy of the
accelerated protons in MeV will be
[Use m =1.6x10%"kg,e=1.6x107"°C]

[JEE (Main)-2022]
(1) 12 (2) 18
(3) 16 4) 32
As shown in the figure, a metallicrod of linear density
0.45kg m"'is lying horizontally on a smooth inclined
plane which makes an angle of 45° with the horizontal.
The minimum current flowing in the rod required to
keep it stationary, when 0.15 T magnetic field is

acting on it in the vertical upward direction, will be :
{Use g = 10 m/s?} [JEE (Main)-2022]

(1) 30A
(3) 10A

2 15A
4) 3A

A triangular shaped wire carrying 10 A current is
placedin auniform magneticfield of 0.5 T, as shown
in figure. The magnetic force on segment CD is
(Given BC=CD=BD =5cm).

[JEE (Main)-2022]

Magnetic
field

C
o P
DC”E'%/ icm
; . R &
S5cm D K

—>.dA B

(1) 0.126N
(3) 0.216N

2) 0.312N
4) 0.245N
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99.

100.

101.

102.

The magnetic field at the center of current carrying
circular loop is B,. The magnetic field at a

distance of /3 times radius of the given circular
loop from the center on its axis is B,. The value of

B,/B, will be [JEE (Main)-2022]
(1) 9:4 @) 12:5
(3) 8:1 @) 5:3

A closely wounded circular coil of radius 5 cm
produces a magnetic field of 37.68 x 10 T at its
center. The current through the coil is A.

[Given, number of turns in the coil is 100 and
n=3.14] [JEE (Main)-2022]

A wire of length 314 cm carrying current of 14 A is
bent to form a circle. The magnetic moment of the
coil is A-m2, [Given = 3.14]

[JEE (Main)-2022]

A wire X of length 50 cm carrying a current of 2 A is
placed paralleltoalongwire Yof length 5m. The wire
Y carries a current of 3 A. The distance between two
wiresis 5 cm and currents flow in the same direction.
The force acting on the wire Yis

104.
X
e M
2A A
— 5 cm—
(1) 1.2 x 105 N directed towards wire X 105.
(2) 1.2 x 10 N directed away from wire X
(3) 1.2 x 10 N directed towards wire X
(4) 2.4 x 105 N directed towards wire X
a a a

103. Two concentric circular loops of radii r, = 30 cm and

r,=50 cm are placed in X-Y plane as shown in the
figure. Acurrent /=7 Ais flowing through themin the
direction as shown in figure. The net magnetic
moment of this system of two circular loops is
[JEE (Main)-2022]

’ /

approximately

(1) =k Am?
o £
L\
(2) —5kAm
(3) 7k Am?
@) —7k Am?

A velocity selector consists of electric field
E-Fk and magnetic field B=Bj with
B =12 mT. The value of E required for an electron

of energy 728 eV moving along the positive x-axis
to pass undeflected is

(Given, mass of electron = 9.1 x 103" kg)
[JEE (Main)-2022]
192 kVm-™
192 mVm-™
9600 kVm~'
16 kVm™

(1)
)
@)
4)
Two 10 cm long, straight wires, each carrying a
current of 5 A are kept parallel to each other. If
each wire experienced a force of 10° N, then
separation between the wires is cm.

[JEE (Main)-2022]
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Moving Charges and Magnetism

1.

2.

Answer (1)
Magnetic field due to AB and CD is zero

—H—OXLXER-FbXLXE(—R)

" 4n"a 6 4n b 6
=Hoyy 1.1 k
24 a b
RO
24ab
Answer (1)

In wire DA C
B dv
Fpa=0

In wire AB, d7xB is upwards

In wire BC, BN di . F,,=0

In wire CD, d7x B is downwards.
Since, AB and CD are symmetrical to /,

So, E‘F@:O-

Answer (2)

Taking up as positive, in region 1, field will remain
negative, and as one moves from —xo to A, field
increases in magnitude from zero to large value.

(1) AT (2) BT (3)

N

As one moves from A to B, field changes sign from
positive to negative, becoming zero at mid point.
As one moves in region 3, from B to +o, field
decreases from a large value to zero.

Answer (1)
onR?> mR? onR*e
M = X 0 =
2m 2 4
Answer (3)

F =qE +q(vxB)
IE:q[(3f+f+21€)+\?x§]

y-component = 11q

Answer (1)
Answer (2)
Answer (2)
B=30x10" e
@
' /=3m
I=10A JZ
X
k
Average Power = VYOF
time

W = jodex

j023.0x10—4e—°-2X «10x3 dx

- 9x1o—3j02e—°-2X dx

9 X01 2_3 [_e-o.zxz . 1}

9x107° X[1_e-0.4]

0.2
=9 x 1073 x (0.33)
=297 x 103 J
-3
p_ 297x10° oo\

(0.2)x5x1073
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9. Answer (1)
Net force on each of them would be zero.
10. Answer (2)

(AN
Tcos6 = Agl ...(0)
N .
Tsin® = 2n'—(2Lsin6) ...(ii)

— [ =2sin6 /M
ngcoso
11. Answer (3)

Stable equilibrium M| B

N

Unstable equilibrium 2| (_E)
z

!

/
/
L g
X

12. Answer (3)

For A For B
2rR=1L 4a =L
ho L L
== o —a%y
_Hol g _y4 Mo / (sinE+sin£J
Ba="g 7B {4na/2 4 4
By _
Now BB 8\/5

13.

14.

16.

Answer (2)
2mk
r=——
gB
2 m_ =4m
fl: m(x % qp (] 14
rp q(x 2mp qa = 2qp

Mass of electron is least and charge q, = e
So, ry<r,=r,

Answer (3)

m = (xR?), m'=2m = x(w2R)

R =+2R

ol
" 2R
_ Ho/
2% (\/ER)
B _p5
B,
Answer (2)

For shifting of loop along x-direction PE(x) = —pi- B

- PE(x)= —na?itolo
27X

02
U(X)Z_M

(PE decreases as it
2x

comes closer to wire)

—dU  pyilya® [__1j

dx 2 \x?

So, attractive force F(x)=

. woilya’ :

- F(x)==—5— (Attractive)
2d

o Fo

Answer (4)

g_Mol( 6
2R\ 360°
So,

i 45 Wi 45
B =B _-B — ,’J'OI Y 0 Y
eff — P00 T Pe0 =5 5l 102360 2x5x102 360

_ Mol 4047 %1075 ~1.0x10°5
B 120 . X .0Ox T
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17. Answer (4) 21.

" 2Nn

Npol

B =
c 2r,

B _ 1
B: N2

18. Answer (4)
eE = eVB

22.

ReB eB’R
= . = mMm=
m E

_ 1.6x107"9 x(0.5)% x 0.5 x1072
100

= 2.0 x 102 kg

19. Answer (3) 23.

dm = pdxn nx?

_ tponmx3dx
Idm_IOT

_ Tfpon ﬁ_ Ttpon€3
¢ 4 4
20. Answer (4)

_my ~/2mqV

" Bg Bq

24.

 J2x9.1x10°'x 500
100x102,1.6x 107"

1 {2x9.1x500 x 10"

~100x10° 16
-6
_754x10 75,104 m
100 x10

Answer (2)

Assuming particle enters from (0, d)

F = qvB(-sin60° —cos60°))

(0,9
G),\
(0,0)

60° 60°

- 95 (ai + )

a=-25 (37 +])

2m

Answer (2)

The straight path from originto P(x =1, y = 1) is

y=x

Work is done by electric force only

W= qu-cW = qj[de+ q3‘1[dy
0 0

=2q + 3q = 5q

Answer (4)

Answer (2)
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B,=B,=12
4nd
B= Fd - 404
2nd
2x107 x| 4
=10
= T4x10°
2
i=——==20A
ROREET R

25. Answer (3)
|t]=|uxB|
=NIA x B [A = nr
= 1= NinrB

26. Answer (1)
B=B,+B, = 'k -k]-0
27. Answer (2)
t=MxB

r=100x3x5x2.5x10—4x1xi=o.27 Nm

2

28. Answer (1)
F =la(B;-B;)

B, = Holy
2na

B, = Holy
4ra

= Hohl
4

29. Answer (4)

NIAB = KQ

108 xn
180

175 x 1 x 103 x 1 x 10 x B=

-, 10 g07x104 T
180 175

= B=103T

30.

31.

32.

Answer (1)
SF=0
oh o _
2nx  2n(x—d)
Iix = 1,d=Lx

Iy =1,

since (x > d)

Answer (1)

;/ = (%j(;sin 60)

g2, [_]
3°2 |23
B, =3 MOI( i i
) =3 ——(sin60 +sin60)
4nd
KT V3
N _an (2)(—j d= (lj(a sin60)
a 2 3
4r
(mj
_9(Holj a /3
= —| — d:—)(—
2\ ma 3 2
- 9x2x107 x10 :[ a j
- 1 23
=18 T
Answer (2)
/
a
/ —>

2a
2nr=4a = r=|\—

e
m= () a®
m, = (/) nr?
452
m, = (/)(n)(izj
T
4/a?
my =
'
_4m
L
e
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33. Answer (2)

B = gng L9 _;
2a 2n

gt oq
2a 2n

107 x40
0.1
34. Answer (2)

Radius of path, R ="~ = y2mKE
eB eB

B XgXT = q=3x10"5C

 J2x9.1x10% x100e
ex1.5x107°

\V2x9.1x1072°

= m
J1.6x10710 x1.5x102

Q
C
q q
2cm A
P
-5
=Mx100 cm =2.25 cm
1.5x10”
sin6=i=§
225 9
PQ = PA + AQ

=2.25[1 — cos0] + 11.64
=1.22 + 11.64 = 12.86 cm
35. Answer (2)

P
A
5cm.’ 4cme.

a2 K 0, (-,
3cm

Ho
B, = ——(cos 06, +cos0
P 47‘Cd( 1 2)

-7
_10 X5X(2x§j=1.5x1o-5 T
0.04 5

36. Answer (2)
y

V2 +V2 =(2v,)
=V, =3V, =a,t

_3V,m
Eyq

37. Answer (2)

=t

v

"t
o

Magnetic Force F = qvB

\ 4

v

-~ (qvB . ;
a= —d perpendicular to velocity.

{ 6
Also V=1/%= —erxm
m m

,_ QB _eB [2xex10°
m m m

3
2 [ 1.6x1071° )2 3
10 :(1.6”1027 V210° 5

B=—x103T =0.71 mT (approx)

2

38. Answer (3)

0
/@@ i

)

A

@
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By =(By)? +(By)S +(By)3 +(By) 42. Answer (3)
Mol [y A el el [ B = poni
4R J2) 2R 4nR J2
o} mvmax :B
BT?Z—”“ 7t+i qB 2
27R J2
gBR
39. Answer (1) V. - o
W, = AKE
1 1 _ GRuoni
W, +We = Em(2v)2 —Emvz “om
43.  Answer (4)
3
0+qE(2a) :Emv2 . v cosx 2T
Pitch = 4B
_ g-3m” )
4 qa = 4><105><1>< 2Tt><1.67>1<910
2 1.69%x107"°x0.3
L7 = mva(—R) 4
~0 ~ 44. Answer (4)
Lr = 4mva(—k) (v, G058) AT =
E =3mva
‘ and, AT=10><2nm
40. Answer (4) q
-27
g o)/ C(mo) () wr? pgdr 4X105X1X10><27'cx1.?97x10 _
S 2 2nr 2 2 1.6x10"°%03
J = =044 m
a _ Ho a
5 (at Ej_ 6 45.  Answer (2)
M =M, +M
(1o)(U)78” _ pipa i+ My
B,(at 2a) = =
2n(2a) 4 M, =abl ]
5_2 M, = abl k
=
B, 3
41. Answer (1) M:ﬁabl[éJr%J
T=MBsinf = la
MR2 46.  Answer (4)
nR?IBO = o
F= q(VxB)
oo [27iB
m = (1x107°)[ 21 + 3] + 4k |x[ 51 + 3] — 6k |x 1073
2ntm _ . s
T=\"B = (-30i +32j - 9k)10°N
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47. Answer (1) 2
F = Hol” 2a toward wire
2nr

nr

B = N.[G.r—ol(sin30° ¥ sin30°))

/? :
F, = 2% 23 away from wire
2nr

\
\
/ \
h ith
H \
1 H \
H 5,
4 H
e | \
“ 1 \
Tt \
------ e

<+—2a—>»
Fa

Torque about z-axis

=F,-acosd +F, - acosb

2
z(uol ZaJa.Q
2nr r

ol
=500v3 —
* " 2u,/2a%b
48. Answer (2) (a2 + b?)
2,2
AT o A (1) _ et (b>>a)
(2)(2) 2= s
_(mo)(3) 5m/3 51. Answer (2)
57 2)(4) 2n (2) |
T=2
From (1) and (2) - T
B, 6
By 5 N
49. Answer (1) T, = l
Fa™ = (a)VB, 2
/1 :2MR2, /2 = MIZ-_\) +MR2 :%MRZ

T, \/Z 2
= _—= _—_—=——
7, V3 3
— e = (1.6x10‘19)(0.1c)(5j 2 V3
¢ 52. Answer (4)

=48 x10"°N

mv
50. Answer (1) r=

= 4B,
To not collide, r < d

mv

—<d
= qB,

qB,d
m

Vmax =

Note : It should be maximum instead of minimum.
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53.

54.

55.

56.

Answer (1)
F=q(E+VxB)
E+VxB=0

Answer (2)
N2

T=(f)r

(b2
=
2mya? + b? a2 + b2

2u,/%ab

T | = 5 5.
el @2 + b?)

Answer (1)

P ~
- ~

Answer (175.00)

y
D c
E
A B
—F
B=3/+4kT

0=3x25+25x4=175Wb

57. Answer (20)

1 =NiA =500 x 3x107* x
10

T= uxpB=ppsingd

15x10

5

(- sin6=1)

B

B=20T
58. Answer (2)

1
B o 32

(R2 + X2)
B, [R? +022 ]

B, [R2+(0052 "

R%2+004 4

R?+0.0025 1
R? + 0.04 = 4R? + 0.01
R=01m

59. Answer (4)

v=F
m

Vo Vg iV, =4:2:1

= 10x500x3x5x107

8

1

fo tTq 1T =ApVp 1QgVy 196V,

=4:2:2
=2:1:1
60. Answer (2)

B 1 V = Work done is zero

W=0
61. Answer (3)
B = (mgni)u,

=4n x 107 x 103 x 5 x 500

=nT
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62. Answer (1)

&:ﬁxq_z:ﬁxq—z :Exzzi
, . , uol Ry a1 vo vy @ 3
Field due to straight section = At
r 68. Answer (1)
ol For inside point
Field due to circular section =—
4r )
. B.2nr = Mol
a
Net field = £0° 4 KO- "
2nr  4r
63. A 2 g - tol
. Answer (2) o’
For aligning magnetic moment with external _ _
magnetic field, loop will align its plane normal to For outside point
the field. This position of loop in magnetic field will B-2nr =
cause the wire to stretch out and the loop will
assume a circular shape. _ H_o'
64. Answer (4) 2nr
J I
Rzm—vz 2mK For fig. A- B(atr=a)=u—o
gB gB na

|
i: ,mpr Qo For fig. B- B (atr=0b) =%
R, m, K, ap

So option (1) is correct.

K ' 69. Answer (1)

65. Answer (3)

Theory based. -
—
66. Answer (4) r
mv
rZ—B
q 2
/
B(r)= 2(r2ui :2 Y72
_N2mk
® B(r =0)= 10
2a
rd_\’md q, _2_\/_
e X =—=4/2
la Qq Jm, 2 iy, “0132
28 o2, 22\3/2
67. Answer (4) AB |28 2(r*+a%)
B Hol
2
R_MY 2
gB
AB 1 a’
9 _1v_2 B (a2
9% 2 v, 3
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-3
212
£:1_{1+r_}
B a2
_3r
=32

70. Answer (543)

2
1m(£j —nx2x12 keV
2 \6

_ 1.67x10727x9x10®
4x36x1.6x10719 x12x10°

= 543.6197
71. Answer (3)

Mx B

T

T

(0.2)(?:;:2} 20x1073 x sin90°

=3 %1072 Nm

72. Answer (3)

) mV  ~N2Km
Radius = —— =
qB qB

Ry _m ap

Jmy

= R, < R, so deviation of lighter ion is more

Ry a4

73. Answer (3)

Magnetic moment of triangular coil

R 4

V,
Magnetic moment of square coil = %(32)6 =M,

M _2y3_ 1
M, 6 3

74. Answer (4)

dN = dx

(b-a)

b LN x ldx
L B=[ 0
a(b—a)><2x

- z(ugli/;)m(gj

75. Answer (4)

4:’” o

Field due to each wire will add up.

B, = 3B,[B,: Field due to single wire]

$30°
«— >
al2

I
By = 290 4 25in60°
4nd

B. - VBugly
, = Yotolo
4nd
a
d=-2_
23
By - 3uolo
2na

Mgly  18x1077 x1.5
2na 9x107?

=3x105T
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76. Answer (2) 79. Answer (4)

_mv _\2m(KE)
g8 gB

""" 0,83 P(x,y)
@) <O

(1)

B, = j—ol(sinm +1)(K)
i =1:42:1
80. Answer (2)

5 _ Mol . ”
B, = ——(sin0, +1)(—k) o
, =4 (sino, +1) (5T mm,

S0, By =B +B /
Net 1+ 52 H02mr2

Bx2nr =
= nR

_mof| x| w1y 1 > 95
4|y x24y? V) AT X x2 42 X = option (2)is correct

81. Answer (1)

B = puni
H—Ol(ﬂxz +y?+ x+yj Ho

~dnxy Now j - 2i
77. Answer (1) R nd ) g
Magnetic force F L v
= W=o0 B =p, " x2i=pni=B
b 2
= AKE =0 and speed remains constant. 82. Answer (3)
78. Answer (3) R_mv
qgB
B!
B_2r &_ma/qa_z
R, m,/q,
B - polr2
a r2
2
Z(r +4j 83. Answer (3)
3 Ho >l Molp | ¢
L B_(2 Field at Pis { o onr ](—k)
B 5 1 2

2nx0.04 2nx0.06

_ uo4 Mo 2 IA(——MOXZOOIA(
671

Corporate Office : Aakash Tower, 8, Pusa Road, New Delhi-110005. Phone : 011-47623456



ARCHIVE - JEE (Main)

PHYSICS

So, force F = quxB

o 200 -
—3n(2i +3 j)x(—[LkB
6n

I

200p, ~
=3n[ Poj
3n T

= 200y, j — 300y,

= 4nx107°(2) - 3i)

r, _m,/q,
So r, M/qp

2
Sox=2
85. Answer (D)

Inside a hollow cylindrical conductor with uniform
current distribution net magnetic field is zero in
hollow space.

1
But outside the cylindrical conductor B o 4

= Graphin option D would be a correct one

86. Answer (10)

RV
qgB

\2mKE

qgB

_ \2x24x1.67x107% x5x1.6x107'
1.6x107"° % 0.5

=10.009cm =10 cm

87. Answer (3)

9 2 100N/m = Holt2
di 2nd

2x107" x x?
0.2

2x107¢ =

x:«/§=1.4

88. Answer (3)

R_ﬂ_\/ZmK
Bq_ Bq
= RaxK

= rato=2:1
89. Answer (2)

As B_ # 0 that is the wires are carrying current in
opposite direction.

_ Holx2 —=30x10° T
2n(4x107°)
-6
I = MA = 30 Ain opposite direction.
10~

90. Answer (3)
Electric field accelerates the particle in the direction
of field (/E =qE = mé) and magnetic field
accelerates the particle perpendicular to the field
(IE =q\7x.§=mé) )

91. Answer (2)

We know that R = mv _ %
Bq Bq

R _ /ﬂq_z

R, my qy

= Ratio of radii =
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92. Answer (2)

_ !
2R
B 2u,/
' 2R,
5u,/
B, _ Ko
2R,
2R,
SRS
B, 5 R 25
= —_—=—X—= —
B, 2 R, 4
93. Answer (3)
T 2mm
Bq
Bq

= Frequency f =
2mm

10*x1.6x107"°
2nx9x107"

=2.8x10°% Hz

94. Answer (2)

As magnetic force is perpendicular to magnetic

field So, F-B must be 0
So,200—-12=0
a=6

95. Answer (2)

B poNI
2R
By _ N.R,
B, N,R,
200x20 1
T 400%x20 2

96. Answer (2)

R_ﬂ_\/ZmK
Bg  Bg
2 252

kB aR
2m

(1.6x1071°)2 x 0.62
2x1.6x107%7

=18 MeV
97. Answer (1)

N

45°
iB

mg

A _iB
V2 42
j_mg
Bl
~0.45x10
0.15
98. Answer (3)

=30A

F=iixB
= {1Bsin60°

5 ><0.5><£

100 2
=0.2165N
99. Answer (3)

=10x

_ Hol
1T 2R

HoiRz

1
= g3 (8R")

=8
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100. Answer (3) 103. Answer (2)
B un! wy =nrf x Iy
2R
Wy = nrf x 1,
47x10771001/ -
37.68x107 = —— —— = (w, — )~k
2%5x10-2 | )
= n(r22 —rf)l(—l?)
; _ 300A
100 =3.142x(0.52 —0.32)x7(—l€)
=3A .
= —%k Am?
101. Answer (11) 104. Answer (1)
E 1
rR-l _ 31% _50cm v =7 and KZEmV2
2 2x3.14
H = Tchi = % X B = E
m

=14 x 3.14 x (0.5)°

2x728x1.6x107"° 3
= —m?2 E = x12x10
11 A-m - \/ 9.1x10~
102.  Answer (1) = 192000 V/m
F F F 105. Answer (5)
* ™ E_Hohiz
d 2rd
F =t
2nr o 22107 x5x5 _ 107
* d T 10x10°2
4mx107 x3x2x| 50x 107 | %107 x5x5
= d:—
2n(5x1o-2) 10°*
=50 mm
=1.2x10°5N =5¢cm
a Qa a
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Magnetic Effects of Current JEE Main 2023 (April) Chapter-wise Qs Bank
Questions with Solutions MathonGo

1. Along straight wire of circular cross-section (radius a) is carrying steady current I. The current I is uniformly distributed across this cross-section. The magnetic
field is
[2023 (06 Apr Shift 1)]
(1) inversely proportional to r in the region r < a and uniform throughout in the region r > a
(2) directly proportional to 7 in the region 7 < @ and inversely proportional to 7 in the region r > a
(3) Zero in the region r < a and inversely proportional to r in the region r > a

(4) uniform in the region r < a and inversely proportional to distance r from the axis, in the region r > a

2. Two identical circular wires of radius 20 cm and carrying current /2A are placed in perpendicular planes as shown in figure. The net magnetic field at the

centre of the circular wires is x 1078T.
Y
1
e X
I

(Take 7 = 3.14)
[2023 (06 Apr Shift 1)]

3. A proton with a kinetic energy of 2.0 eV moves into a region of uniform magnetic field of magnitude % x 1072 T. The angle between the direction of magnetic
field and velocity of proton is 60°. The pitch of the helical path taken by the protonis _ cm. (Take, mass of proton = 1.6 x 10~?7 kg and charge on proton
=1.6 x107° C).

[2023 (06 Apr Shift 2)]

4. A charge particle moving in magnetic field B, has the components of velocity along B as well as perpendicular to B. The path of the charge particle will be
[2023 (08 Apr Shift 1)]

(1) helical path with the axis perpendicular to the direction of magnetic field B
(2) helical path with the axis along magnetic field B

(3) circular path

(4) straight along the direction of magnetic field B

5. The magnetic intensity at the centre of a long current carrying solenoid is found to be 1.6 x 10® A m ™. If the number of turns is 8 per cm, then the current
flowing through the solenoidis ______ A.

[2023 (08 Apr Shift 1)]

6. The ratio of magnetic field at the centre of a current carrying coil of radius  to the magnetic field at distance r from the centre of coil on its axis is 4/ : 1. The
value of z is
[2023 (08 Apr Shift 2)]

7. Given below are two statements:

Statement I: If the number of turns in the coil of a moving coil galvanometer is doubled then the current sensitivity becomes double.

Statement II: Increasing current sensitivity of a moving coil galvanometer by only increasing the number of turns in the coil will also increase its voltage
sensitivity in the same ratio

In the light of the above statements, choose the correct answer from the options given below:

[2023 (10 Apr Shift 1)]

(1) Statement I is true but Statement II is false

(2) Statement I is false but Statement II is true

(3) Both Statement I and Statement II are false

(4) Both Statement I and Statement II are true

8. A straight wire carrying a current of 14 A is bent into a semicircular arc of radius 2. 2 c¢m as shown in the figure. The magnetic field produced by the current at

the centre O of the arc is x 104 T

[2023 (10 Apr Shift 2)]

#MathBoleTohMathonGo
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9. Anelectron is allowed to move with constant velocity along the axis of current carrying straight solenoid.
(A) The electron will experience magnetic force along the axis of the solenoid.
(B) The electron will not experience magnetic force.

(C) The electron will continue to move along the axis of the solenoid.
(D) The electron will be accelerated along the axis of the solenoid.
(E) The electron will follow parabolic path-inside the solenoid.
Choose the correct answer from the option given below:

[2023 (11 Apr Shift 2)]

(1) B, C and D only

(2) Aand D only

(3) Band C only

(4) Band E only

10. An electron is moving along the positive x-axis. If uniform magnetic field is applied parallel to the negative z-axis, then
A.The electron will experience magnetic force along positive y-axis
B.The electron will experience magnetic force along negative y-axis
C.The electron will not experience any force in magnetic field
D.The electron will continue to move along the positive x-axis
E.The electron will move along circular path in magnetic field
Choose the correct answer from the option given below:
[2023 (13 Apr Shift 2)]
(1) Aand E only
(2) Cand D only
(3) B and E only
(4) Band D only
11. A straight wire AB of mass 40 g and length 50 cm is suspended by a pair of flexible leads in uniform magnetic field of magnitude 0.40 T as shown in the
figure. The magnitude of the current required in the wire to remove the tension in the supporting leadsis A, (Take g = 10 m 572).

L

[2023 (13 Apr Shift 2)]

1

12. An electron in a hydrogen atom revolves around its nucleus with a speed of 6. 76 x 10% m s in an orbit of radius 0. 52 A. The magnetic field produced at the

nucleus of the hydrogen atom is T.
[2023 (15 Apr Shift 1)]
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ANSWER KEYS

1.(2) 2.(628) 3. (40) 4.(2) 5.(2) 6. (8) 7.(1) 8.(2)

9.(3) 10. (3) 11. (2) 12. (40)

1. (2

The formula to calculate the magnetic field inside the conducting wire is given by
Bu =% .. (1)

The formula to calculate the magnetic field outside the conducting wire is given by
poJa?
Bow =55 .. (2)
From equation (1), it can be concluded that the magnetic field is directly proportional to the radial distance inside the wire, whereas from equation

(2), it can be concluded that the magnetic field is inversely proportional to the radial distance outside the wire.

2. (628)

The formula to calculate the magnetic field (B) at the centre of a current carrying circular loop is given by
s
B= M. (1)

where, po is the permeability of free space, ¢ is the current and R is the radius of the loop.

Y

~

By, By are the magnetic field due to the vertical and the horizontal loop, which by magnitude are equal.
The resultant magnetic field (Bhp,:) at the centre is, then, given by

Bnet :VBZ+BZZ\/§B

_ V2x4rx10 7 xv2
= 2x0.2

=628 x 1078 T
3. (40)

The given data is

K.E=2¢eV
B=Zx10*T
6 = 60°

The pitch of the proton is given by
P=2" yycosh ... (z)

gB
By using
G mv?
-2
— /2K
Sv=4/2

Substituting the values in equation (i)
27r><\/2mKE><%><2

1.6x10 9xmwx107°
_2xV2x16x10 T x2x1.6x10 Px10°

Ol 1.6x10719
=2x2x10'=0.4m
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4.

2)

2)

®

@

JEE Main 2023 (April) Chapter-wise Qs Bank
MathonGo

The formula to calculate the radius of the path followed by the charged particle under an external magnetic field can be written as

_m
ORI, ...(1)

The perpendicular component of velocity results in circular motion, while the parallel component results in linear motion. Hence, the path of the

charged particle is helical in nature, the axis of which lies along the direction of the magnetic field.

The magnetic intensity H is defined as the product of the number of turns per unit length in a coil n and the current that it carries I.

The magnetic field of a solenoid is given by B = poni
B _ Moni

o Ho

= H=ni ..(i)

The given data is
H=1.6x10°Am!

n = 8 per cm

Substituting the values in equation (i)
= 1.6 x 1000 = - x4

100

=i=2A

The formula to calculate the magnetic field at any axial point situated at a distance = from the centre of a circular current carrying conductor of

radius 7 can be written as
polr?

B=—1"— (1)

2 (r2+a?)

Substitute 0 for  in equation (1) to calculate the magnetic field (B.) at the centre of the conductor.

polIr?
2 (7‘2+02) v
nolr?

273

I
=5 ...(2)

B.=

Substitute r for  in equation (1) to calculate the magnetic field (B;) at the given distance from the centre of the conductor.

polr?
[ 3/2
2(r2412)
_ molr?

4/2r%

_ Mol
— L)

Divide equation (2) by equation (3) to calculate the required ratio of the magnetic fields.

mol

Be Tor
B, ol
W

=22
~V8

For a moving coil galvanometer,
(NiAB)= k6
The current sensitivity is given by

si:NTAB

So, if N is doubled then, the current sensitivity is also doubled.

The voltage is given by

V(24

The voltage sensitivity is given by

s.~(2)

As, N is increased, R also increases. So, the voltage sensitivity does not change as 7 femains constant.
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8. (2

9. 3

10. (3)

11. )

It is given that

i=14A

R=22x10"m

The magnetic field at the centre O is
_ i

B= 4R

_ 4rx1077x14

T 4x22x107?

=2x1074T

— o -
The Lorentz force is given by F' = q( v X B> = quBsin 0n. The angle § = 0°. Hence the force experienced is zero.

Thus, the electron will not experience any magnetic force and the electron will continue to move along the axis.

The Lorentz force is given by

— —
F =qu xB

%
:—?XB
So,FA:%xlAc:—j.

N
F is along — y axis

As the magnetic field is perpendicular to the velocity, motion would be circular.

The formula to calculate the magnetic force on the conductor is given by

Fp= ILB ...(1)

The formula to calculate the gravitational force on the conductor is given by

Fg=mg ...(2)

Equate both the equations and simplify to obtain the required current through the conductor.
ILB=mg

=I= 2= ..(3)

Substitute the values of the known parameters into equation (3) to calculate the required current through the conductor.

I % kgx10ms~2
T 05mx040T

=2A
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12. (40)

The magnetic field due to the electron is given by

Joqusin90°
Broc—=a7
4mr

The given data is
v="6.76 x 10° ms~!
r=052x10""m
Thus, the magnetic field is

1077 (16xx1071% ) x (6.76x10“)

B = =40T

0.52x0.52x1020
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Q1 - 24 January - Shift 1

Two long straight wires P and Q carrying equal
current 10A each were kept parallel to each other
at 5 cm distance. Magnitude of magnetic force
experienced by 10 cm length of wire P 1s F;. If
distance between wires i1s halved and currents on
them are doubled, force F, on 10 cm length of wire

Space for your notes:

P will be :
(1) 8 F, (2) 10 F,
(3)F./8 (4)F,/10

Q2 - 24 January - Shift 1

A circular loop of radius r is carrying current [ A. Space for your notes:
The ratio of magnetic field at the centre of circular
loop and at a distance r from the center of the loop
on its axis s :

(1) 1:3\/5 (2) 3\/5:2
3) 242:1 @) 1:42

Q3 - 24 January - Shift 2

A long solenoid is formed by winding 70 turns cm .
If 2.0 A current flows, then the magnetic field
produced inside the solenoid is

(Ho=4m x 107 TmA ™)

(1)1232x10°* T

(2) 176 x 10* T

(3)352 x 10°* T

(4)88 x 10T

Space for your notes:

Q4 - 24 January - Shift 2
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Magnetic Effects of Current
Questions with Solutions

A single turn current loop in the shape of a right
angle triangle with sides 5 cm, 12 cm, 13 cm is
carrying a current of 2A. The loop is in a uniform
magnetic field of magnitude 0.75 T whose
direction is parallel to the current in the 13 cm side
of the loop. The magnitude of the magnetic force

on the 5 cm side will be % N. The value of x is

QS - 25 January - Shift 1
Math List [ with List II

List — 1 List — 11
(Current configuration) (Magnetic field at
point O)
| AN
o By=—|7+2
07 4xr [ﬁ ]
I i
B ! I Ho T
By=—"-
I -O 0 4 r
g

C [ [11

D Sy —— v I
AL By = o 17 +1]

ar

Choose the correct answer from the option given
below:

(1) A-1I1, B-1V, C-I, D-1I

(2) A-1, B-I1I, C-1V, D-1I

(3) A-11I1, B-I, C-1V, D-II

(4) A-11, B-1, C-IV, D-III

Q6 - 25 January - Shift 1
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Magnetic Effects of Current JEE Main 2023 (January) Chapter-wise Qs Bank

Questions with Solutions

A solenoid of 1200 turns is wound uniformly
in a single layer on a glass tube 2 m long and
0.2 m in diameter. The magnetic intensity at
the center of the solenoid when a current of 2
A flows through it is:

(1)24x10° Am’

(2)12x10°Am’

3)1Am’

(4)2.4x10° Am’

Q7 - 25 January - Shift 2

For a moving coil galvanometer, the deflection in
the coil is 0.05 rad when a current of 10 mA is

passed through it. If the torsional constant of
suspension wire is 4.0 x 10° Nm rad ', the
magnetic field is 0.01 T and the number of turns in

the coil is 200, the area of each turn (in cm?) is :
(1) 2.0 (2) 1.0
({3) 1S (4)0.5

Q8 - 25 January - Shift 2

Two long parallel wires carrying currents 8A and
15 A in opposite directions are placed at a distance
of 7 cm from each other. A point P is at equidistant

from both the wires such that the lines joining the
point P to the wires are perpendicular to each
other. The magnitude of magnetic field at P is

x 10° T. (Given : N2 =1.4)

Q9 - 29 January - Shift 1
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Magnetic Effects of Current JEE Main 2023 (January) Chapter-wise Qs Bank
Questions with Solutions MathonGo

A single current carrying loop OI Wwire carrying
current I flowing in anticlockwise direction seen from
+ve z direction and lying in xy plane in shown in

figure. The plot of j component of magnetic field

(By) at a distance ‘a’ (less than radius of the coil) and
on yz plane vs z coordinate look like

A _\'

B
N
\
\
\

| \

1

|

«a I !
100,00 "z

1

i

I

!

/
/
”

Space for your notes:

L

By (0, a, z) By (0, a, z
ogend Pt |
(1) 2 (2 | z
By (0, a, z) By (0. a. 2)

A N

Q10 - 29 January - Shift 1
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Magnetic Effects of Current

Questions with Solutions

The magnitude of magnetic induction at mid-point
O due to current arrangement as shown in Fig will
be :

|
— a
A B . -
O E b
<— d —
G
Mol
(1) 2= (2)0
| [
(3) - () B
na ma

Q11 - 29 January - Shift 2

A square loop of area 25cm” has a resistance of
10Q. The loop is placed in uniform magnetic field
of magnitude 40.0 T. The plane of loop is

perpendicular to the magnetic field. The work done
in pulling the loop out of the magnetic field slowly

and uniformly in 1.0 sec, will be
(1)2.5x 1077 (2)1.0x 1077
(3)1.0x 107" (4)5x107°]

Q12 - 29 January - Shift 2
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Magnetic Effects of Current
Questions with Solutions
The electric current in a circular coil of four turns

produces a magnetic induction 32 T at its centre.

The coil 1s unwound and is rewound into a circular

coil of single turn, the magnetic induction at the

centre of the coil by the same current will be :
(1) 8T (2) 4T
(3) 2T (4) 16T

Q13 - 30 January - Shift 1

A massless square loop, of wire of resistance 1002,
supporting a mass of I g. hangs vertically with one
of its sides in a uniform magnetic field of 10° G,
directed outwards in the shaded region. A dc
voltage V is applied to the loop. For what value of
V. the magnetic force will exactly balance the
weight of the supporting mass of 1g?

(If sides of the loop = 10 cm, g = 10 ms™)

=V
(1) %V (2) 100 V
31V (4) 10V

Q14 - 30 January - Shift 1
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Magnetic Effects of Current
Questions with Solutions

The magnetic moments associated with two closely
wound circular coils A and B of radius r, = 10 cm
and rg = 20 cm respectively are equal if: (Where
Na, I4 and Ng, Iy are number of turn and current of
A and B respectively)

(1) 2N, 1, =N,l, (2) N, =2N,
3) NAIA :4NBIB 4) 4NAIA = NBIB

Q15 - 30 January - Shift 2

As shown in the figure, a current of 2A flowing in

an equilateral triangle of side 43cm. The

magnetic field at the centroid O of the triangle is :

2A ahngp,
&
»
2A
(Neglect the effect of earth’s magnetic field.)
(1) 43 x1074T (2) 44/3 x107°T
(3) 3 x107*T (4) 33 x107°T

Q16 - 30 January - Shift 2
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Magnetic Effects of Current
Questions with Solutions
A current carrying rectangular loop PQRS is made

of uniform wire. The length PR = QS = 5 cm and
PQ = RS = 100 cm. If ammeter current reading
changes from I to 21, the ratio of magnetic forces

per unit length on the wire PQ due to wire RS in

the two cases respectively fI,IO : Pz(; 1S

P Q
I A
—p— e
R S
(1)1:2 2)1:4
3)1:5 (4)1:3

Q17 - 31 January - Shift 1

A rod with circular cross-section area 2 ¢m’ and
length 40 cm 1s wound uniformly with 400 turns of
an insulated wire. If a current of 0.4 A flows in the
wire windings, the total magnetic flux produced
inside windings is 4nx10°Wb. The relative
permeability of the rod is

(Given : Permeability of vacuum
H, =4nx107NA™)
(1) 12.5

32
(2) =
(3) 125

5
(3 7=

Q18 - 31 January - Shift 1
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Magnetic Effects of Current
Questions with Solutions

A bar magnet with a magnetic moment 5.0 Am~ is
placed in parallel position relative to a magnetic
field of 0.4 T. The amount of required work done
in turning the magnet form parallel to antiparallel

position relative to the field direction is
(1)4] 2)11]
(3)2] (4) Zero

Q19 - 31 January - Shift 2

A long conducting wire having a current I flowing
through it, 1s bent into a circular coil of N turns.
Then it is bent into a circular coil of n tums. The
magnetic field 1s calculated at the centre of coils in
both the cases. The ratio of the magnetic field in
first case to that of second case 1s:

()N :n (2)n* : N?

(3N n’ (H)n: N

Q20 - 01 February - Shift 1
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Magnetic Effects of Current
Questions with Solutions

Find the magnetic field at the point P in figure. The
curved portion is a semicircle connected to two

long straight wires.

L

080D @l
o) Bt

Q21 - 01 February - Shift 2
As shown 1n the figure, a long straight conductor
. e . T . :
with semicircular arc of radius 0 m 1S carrying

current I = 3A. The magnitude of the magnetic

field. at the center O of the arc is:
(The permeability of the vacuum =471 x 107 NA™®)

/

[=3A I=3A
(1) 6uT (2) 1uT
(3) 4uT (4) 3uT

Q22 - 01 February - Shift 2
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Magnetic Effects of Current
Questions with Solutions

A coil 1s placed in magnetic field such that plane of
coil is perpendicular to the direction of magnetic
field. The magnetic flux through a coil can be
changed:

A. By changing the magnitude of the magnetic
field within the coil.

B. By changing the area of coil within the
magnetic field.

C. By changing the angle between the direction of
magnetic field and the plane of the coil.

D. By reversing the magnetic field direction

abruptly without changing its magnitude.
Choose the most appropriate answer from the
options given below:

(1) A and B only (2) A, Band C only
(3) A, B and D only (4) A and C only

Q23 - 01 February - Shift 2

A square shaped coil of area 70 cm’ having 600
turns rotates in a magnetic field of 0.4 wbm~,
about an axis which is parallel to one of the side of

the coil and perpendicular to the direction of field.
If the coil completes 500 revolution in a minute,

the instantaneous emf when the plane of the coil is
inclined at 60° with the field, will be V.

(Take = :2—72)
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Magnetic Effects of Current

Questions with Solutions

Answer Key

JEE Main 2023 (January) Chapter-wise Qs Bank

(As per Official NTA Key released on 2 Feb)

Q1 (1)

Q5 (3)

Q9 (3)

Q13 (4)

Q17 (3)

Q21 (4)

Q2 (3)

Q6 (2)

Q10 (4)

Q14 (3)

Q18 (1)

Q22 (2)

Q3(2)

Q7(2)

Q11 (2)

Q15 (4)

Q19 (3)

Q23 (44)
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Magnetic Effects of Current JEE Main 2023 (January) Chapter-wise Qs Bank

Questions with Solutions MathonGo
Q1 (1)
Force per unit length between two parallel straight
Hol1
wires= 2md

1, (10)°
E _ 2n(5cm) 1
E (200 8

ZT{SCm]
2

o FZZSF]

Q2 (3)
Magnetic field due to current carrying circular loop
on its axis is given as
b, ir’
2(r? + x2)"

1
At centre,x =0, B, = Hol
2r
Hol

ZXZﬁr

Atx=r, B, =

#MathBoleTohMathonGo
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Magnetic Effects of Current

Questions with Solutions

B=p,nl

—4rx107 x70x10° x2

=56tx107*T
=176 x107*T
Q49
B=0.75T

2A
M
2 cm

Force on 5 cm side 1s

‘ﬁ‘zILBsine
3 VA2 9
=2)5x107)x =—x — =—
(2X ) 4 13 130
So,x=9
Q5()

#MathBoleTohMathonGo

JEE Main 2023 (January) Chapter-wise Qs Bank

MathonGo

To practice more chapter-wise JEE Main PYQs, click here to download the MARKS app from Playstore


https://bit.ly/3QvYdAV

Magnetic Effects of Current

Questions with Solutions

Math List I with List IT

JEE Main 2023 (January) Chapter-wise Qs Bank

List - I List - 11
(Current configuration) (Magnetic field at
point O)
A - L. I
\”) By =27 +2
At
I I
B ! I1. J7
B, =20"
I<.O "4
ri /
C [ I ol
(9 B mosdfiao|
: |
D > r > v ol
I I B, = 7+1
U O 4 ]

Choose the correct answer from the option given

below:

(1) A-IIL, B-IV, C-I, D-II
(2) A-I, B-III, C-IV, D-IT
(3) A-III, B-1, C-IV, D-II
(4) A-IL, B-1, C-1V, D-III

Q6 (2)

Magnetic field at centre inside the solenoid is

given by
B = ponl

So magnetic intensity at centre

H:EZDI :EIZOO

Ho 2
H=12x10’ Am™
Q7 (2)

J
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Magnetic Effects of Current JEE Main 2023 (January) Chapter-wise Qs Bank

Questions with Solutions MathonGo
t=K©0
NiAB = K6

o _ KO 4x107x0.05
NiB  200x10x107 x0.01

Onsolving A=10"m’=1cm’

Q8 (68)
8 A

ISA

Magnetic fields due to both wires will be

perpendicular to each other.

Bj= Holg By— Hol2
2nd 2nd

B, = B2 +B2 = H0_ 2,2
2nd

—7
= ARXLY ; <82 +15% (d= —= cm)
2x(7/2)x10™ 2
= 68 % 10°T
Q9 (3)
#MathBoleTohMathonGo
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Magnetic Effects of Current JEE Main 2023 (January) Chapter-wise Qs Bank

Questions with Solutions

B, = 0 in plane of coil

B, is opposite of each other in —z and +z positions.

Q10 (4

Magnetic field due to current in BC and ET are
outward at point ‘O’

B, = Mol + Mol _ Mol _ Kol
Aor 4nr 2nr ma

Q11 (2)
¢=50cm
t=1 sec

R — Olﬂ =0.05 m/s.

L 40 x 0.05 % 0.05
10
F=By/=40x0.01 x 0.05
F=0.02 N
W=0.02x¢=0.02 % .05

=0.01A

W=1x10"J
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Magnetic Effects of Current

Questions with Solutions

Q12 (3)
B—Exa’l
2R
m:"'LUi
2R
R’=4R
B Hol
8R
Botolo
B 16
B’r=2T
Q13 (4)
F,=mg
ILB =mg
[K]LB—H@
~ mgR
LB

Z (1x107 kg)(10m /s%)(109)

(0.1m)(10° x107* T)

Q14 (3)

JEE Main 2023 (January) Chapter-wise Qs Bank
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Magnetic Effects of Current JEE Main 2023 (January) Chapter-wise Qs Bank

Questions with Solutions

M = NIA

Ms = Mg
Na s Aa=Ng Iz Ag
NaIx m(0.1)° =N_1,7(0.2)’
Nala = 4Nglp

MathonGo

Q15 (4)

d tan 60° = 24/3
d=2cm

Mol

2ntd

2x10°7x2 3
X X
2x1072 2

= 3J3x107°

B=3x sin 60°

=3

Q16 (2)
FCCI]IE
FI . FEI =1:4

Q17 3)
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Questions with Solutions MathonGo

N
¢ = Ml i Ix A

Ly =125
Option 3.

Q18 (1)

=— MB cos0
W =Au
W =~ MB co0s180° (— mB co0s0°)
W=2MB=2x5x04=4]
Option 1

Q193

No Solution

Q20 (3)

B, = (fufﬁf n Juﬁi] _ Myl [i qc LJ
4r  4nr 27 N 2

Q21 (4)
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Questions with Solutions MathonGo
m,l :
= ) (B at centre of circular arc
© 4xR ( ) ( )
_ Ml _4mx107"x3
AR 4 x B,
10
=3x10°T=3uT
Q22 (2)
¢ =B.A
=BA cos 0

Most suitable ans is 2 [Otherwise ABCD]

Q23 (44)
N=600,A=70x10"m*, B=04T
~ 500x2n  100m
e

E=NABo sinot ot is angle b/w A & B
100ﬂx};

rad/s

@

=600 %70 x 10 x 0.4 x
=44V
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Magnetic Effects of Current JEE Main 2024 April Question Bank

Questions MathonGo

Q1 - 2024 (04 Apr Shift 1)
An electron is projected with uniform velocity along the axis inside a current carrying long solenoid. Then :

(1) the electron will continue to move with uniform velocity along the axis of the solenoid.
(2) the electron will be accelerated along the axis.
(3) the electron path will be circular about the axis.

(4) the electron will experience a force at 45° to the axis and execute a helical path.

Q2 - 2024 (04 Apr Shift 1)

The magnetic field existing in a region is given by B = 0.2(1+ 2%)];5 T. A square loop of edge 50 cm carrying
0.5 A current is placed in  — y plane with its edges parallel to the x — y axes, as shown in figure. The

magnitude of the net magnetic force experienced by the loop is mN.

Y &

L 4
2mp - = = = = — | ::]

(0. 0) . > X

Q3 - 2024 (04 Apr Shift 2)

Two parallel long current carrying wire separated by a distance 2r are shown in the figure. The ratio of

magnetic field at A to the magnetic field produced at C'is . The value of z is

1A A2l
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Magnetic Effects of Current JEE Main 2024 April Question Bank
Questions MathonGo
Q4 - 2024 (05 Apr Shift 1)

In a co-axial straight cable, the central conductor and the outer conductor carry equal currents in opposite

directions. The magnetic field is zero :

(1) outside the cable
(2) inside the outer conductor
(3) inside the inner conductor

(4) in between the two conductors

Q5 - 2024 (05 Apr Shift 1)

A 2 A current carrying straight metal wire of resistance 1€, resistivity 2 x 10~ °Qum, area of cross-section
10 mm? and mass 500 g is suspended horizontally in mid air by applying a uniform magnetic field B. The

magnitude of B is %10~ T (given, g = 10 m/s?).

Q6 - 2024 (05 Apr Shift 2)

% —
The electrostatic force <F1> and magnetic force <F2> acting on a charge ¢ moving with velocity v can be

written :

(1) Fy = qE, Fy = q(V x B)
(2) F1 = ¢B,Fy = ¢(B x V)
(3) Fy = qE,Fy = g(B x V)
(4)F, =qV-E,Fy = qB-V)

Q7 - 2024 (05 Apr Shift 2)

A solenoid of length 0.5 m has a radius of 1 cm and is made up of ' m ' number of turns. It carries a current of

5 A. If the magnitude of the magnetic field inside the solenoid is 6.28 x 103 T then the value of m is

Q8 - 2024 (06 Apr Shift 1)
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Magnetic Effects of Current JEE Main 2024 April Question Bank

Questions MathonGo
An element Al = Az is placed at the origin and carries a large current I = 10 A. The magnetic field on the y

-axis at a distance of 0.5 m from the elements Az of 1 cm length is:

;

AP

(1)4x108T
(2)10x 1078 T
(3)8x 108 T
(4)12x10°8T

Q9 - 2024 (06 Apr Shift 1)

A circular coil having 200 turns, 2.5 x 10~* m?

area and carrying 100 A current is placed in a uniform
magnetic field of 1T. Initially the magnetic dipole moment (M ) was directed along B. Amount of work,

required to rotate the coil through 90° from its initial orientation such that M becomes perpendicular to é, is

.

Q10 - 2024 (06 Apr Shift 2)

A coil having 100 turns, area of 5 x 10~% m?, carrying current of 1 mA is placed in uniform magnetic field of
0.20 T such a way that plane of coil is perpendicular to the magnetic field. The work done in turning the coil

through 90° is JTAR

Q11 - 2024 (08 Apr Shift 1)
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Magnetic Effects of Current JEE Main 2024 April Question Bank

Questions MathonGo
An electron with kinetic energy 5eV enters a region of uniform magnetic field of 3 4T perpendicular to its
direction. An electric field E is applied perpendicular to the direction of velocity and magnetic field. The value
of E, so that electron moves along the same path, is NC 1,

( Given, mass of electron = 9 X 103! kg, electric charge = 1.6 x 107190)

Q12 - 2024 (08 Apr Shift 2)

A long straight wire of radius a carries a steady current I. The current is uniformly distributed across its cross

section. The ratio of the magnetic field at % and 2a from axis of the wire is :

(1)1:4
2)1:1
(3)3:4
4)4:1

Q13 - 2024 (09 Apr Shift 1)

Given below are two statements :

Statement (I) : When currents vary with time, Newton's third law is valid only if momentum carried by the
electromagnetic field is taken into account.

Statement (II) : Ampere's circuital law does not depend on Biot-Savart's law.

In the light of the above statements, choose the correct answer from the options given below :

(1) Both Statement I and Statement II are true
(2) Statement I is true but Statement II is false
(3) Both Statement I and Statement II are false

(4) Statement I is false but Statement II is true

Q14 - 2024 (09 Apr Shift 1)

A square loop of edge length 2 m carrying current of 2 A is placed with its edges parallel to the z y axis. A

magnetic field is passing through the  — y plane and expressed as B= Bo(1 + 433)]2:, where Byp = 5 T. The

#MathBoleTohMathonGo
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Magnetic Effects of Current JEE Main 2024 April Question Bank

Questions MathonGo

net magnetic force experienced by the loop is N.

Q15 - 2024 (09 Apr Shift 2)

A proton and a deutron ( ¢ = +e, m = 2.0u) having same kinetic energies enter a region of uniform magnetic
field B, moving perpendicular to B. The ratio of the radius rq of deutron path to the radius 7, of the proton

path is:
(Hv2:1
2)1:1

(3)1:v2
(4)1:2

Q16 - 2024 (09 Apr Shift 2)

A straight magnetic strip has a magnetic moment of 44Am®. If the strip is bent in a semicircular shape, its
magnetic moment will be Am®.

(given T = % )
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Solutions MathonGo

Q1

L

k4

E.H\.‘l

W

L 4

B

Since || B so force on electron due to magnetic field is zero. So it will move along axis with uniform velocity.

Q2
Force on segment parallel to x-axis will cancel each other. Hence Fy¢¢ will be due to portion parallel to y-axis.

F=05%x05x6x02-05x05x02x5
=0.5x0.5x0.2

=0.25 x 0.2

=50x10°N

= 50mN

Q3

_ poi N po(2i)  5uoi
2t 27(3r) 6T
pio(21) poi  Tuol

B~ = —
2 27t S 27(3r) 67r

Q4
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1/
o

TN

-
fB'dBZ:UJOienc:O

.. B = 0 outside the cable

Q5

uf ol o 2x 1070 x ¢
A 107°

mg = Bi/

B=-2=3>=05=5x10 "Tesla

Q6

—= —

F1=qE

- - =

Fs=q(V x B)

(Theory)

Q7

pont = B m = number of turns per unit length

Ho (%)iZB
B4 6.28x10°x0.5

m/ =vothon ;
Hol 12.56 x 107" x5

m = 500

Q8
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Solutions

Q9
™
| —M —B
=5 D
initial final

We know

— =
Wet = AU + AKE (P.E. =-M-. B)

i T
=-M-B+M-B;+0
—MB cos 90 + MB cos 0
= MB
= NIAB

:200><100><10—6><;x10—4><1:5;u

Q10

W =AU =U; - U;

W = (—4.B); — (—4. B)i

=0+ (ii- B);

= (100 x 5x 107° x 1 x 107%) x 0.2 ]
=1x10"*J =100uJ

Q11
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Solutions MathonGo

For the given condition of moving undeflected, net force should be zero.
qE =qVB
E=VB

12 x KE
= X x B
m

2x5x1.6x10"1 6
= x 3 x 10
9 x 1073¢

—4N/C

Q12

a I
Bi2nr— = p,—
15y = Hey
_ ol
"~ 4ma
Bo27m2a = pol
ol
By =
2 4ma

B,

Q13

Conceptual.

Q14

B(x=0)=B,, B(x=2)=9B,
Also, F = i/B

= Fy ZiEBO & Fy =9i£B0
F:FQ—F1:8MBO:8X2X2X5
F=160N

Q15
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Solutions

In uniform magnetic field,

R my /2m(KE)

gB T aB
Since same K.E

Jam

Rox —
q
Rzdeutron [o] ﬂ
’ Rproton Inp
=42x1
SYdi Y =421
Q16

Magnetic moment of straight wire = mx/¢ = 44

=,

9
dq

_R

(=nR

Magnetic moment of arc

=m X 2r
2/
=m X —
T
44 x 2 88
T T
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Questions with Answer Keys MathonGo
Q1 -2024 (01 Feb Shift 1)

A regular polygon of 6 sides is formed by bending a wire of length 47 meter. If an electric current of 471/3 A
is flowing through the sides of the polygon, the magnetic field at the centre of the polygon would be

z X 1077 T. The value of z is

Q2 - 2024 (01 Feb Shift 2)

A moving coil galvanometer has 100 turns and each turn has an area of 2.0 cm?. The magnetic field produced
by the magnet is 0.01 T and the deflection in the coil is 0.05 radian when a current of 10 mA is passed through

it. The torsional constant of the suspension wire is x x 10° N — m /rad. The value of x is

Q3 - 2024 (27 Jan Shift 1)

Position of an ant (S in metres) moving in Y — Z plane is given by S = 2t2] + 5k (where t is in second). The

magnitude and direction of velocity of the ant att = 1 s will be :

(1) 16 m/s in y-direction
(2) 4 m/s in x-direction
(3) 9 m/s in z-direction

(4) 4 m/s in y-direction

Q4 - 2024 (27 Jan Shift 1)

A proton moving with a constant velocity passes through a region of space without any change in its velocity.
If E and E represent the electric and magnetic fields respectively, then the region of space may have :
(A)E=0,B=0

B)E=0,B#0

(OOE#0,B=0

(D)YE#0,B#0

Choose the most appropriate answer from the options given below :

(1) (A), (B) and (C) only
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(2) (A), (C) and (D) only
(3) (A), (B) and (D) only
(4) (B), (C) and (D) only

Q5 -2024 (27 Jan Shift 1)

Two long, straight wires carry equal currents in opposite directions as shown in figure. The separation between
the wires is 5.0 cm. The magnitude of the magnetic field at a point P midway between the wires is uT

(Given : pp = 4m x 10_7TmA_1)

10 A = 10 A

Q6 - 2024 (27 Jan Shift 2)

The magnetic field at the centre of a wire loop formed by two semicircular wires of radii Ry = 27m and
Ry = 4mm carrying current I = 4 A as per figure given below is & x 10" T. The value of a is (Centre

O is common for all segments)

Q7 - 2024 (29 Jan Shift 1)

The magnetic potential due to a magnetic dipole at a point on its axis situated at a distance of 20 cm from its

center is 1.5 x 10~ °Tm. The magnetic moment of the dipole is Am®. (Given : :—i JO 10_7TmA_1)

QS - 2024 (29 Jan Shift 2)
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Two particles X and Y having equal charges are being accelerated through the same potential difference.
Thereafter they enter normally in a region of uniform magnetic field and describes circular paths of radii R

and Rj respectively. The mass ratio of X and Y is :

@ (%)
3 (%)
@ (%)

Q9 - 2024 (29 Jan Shift 2)

A charge of 4.0uC is moving with a velocity of 4.0 x 10° ms~! along the positive y-axis under a magnetic

field B of strength (2]2:) T. The force acting on the charge is 21 N. The value of  is

Q10 - 2024 (30 Jan Shift 2)

The current of 5 A flows in a square loop of sides 1 m is placed in air. The magnetic field at the centre of the

loop is X+/2 x 107" T. The value of X is

Q11 - 2024 (31 Jan Shift 1)

A rigid wire consists of a semicircular portion of radius R and two straight sections. The wire is partially
immerged in a perpendicular magnetic field B = Boj' as shown in figure. The magnetic force on the wire if it

has a current 7 is :

© 0 0 06 6

0]
?
(O]

© © 0 0 © 0
©@ @ 0
©@ @ 0@ 0 @ 0O
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(1) —iBR]

(2) 2iBRj

(3)iBR j

(4) —2iBR}j

Q12 - 2024 (31 Jan Shift 1)

A coil is placed perpendicular to a magnetic field of 5000 T. When the field is changed to 3000 T in 2 s, an
induced emf of 22 V is produced in the coil. If the diameter of the coil is 0.02 m, then the number of turns in

the coil is :

(1)7
(2) 70
(3) 35
(4) 140

Q13 - 2024 (31 Jan Shift 1)
An electron moves through a uniform magnetic field B= Byi + 2ng’T. At a particular instant of time, the

A A -
velocity of electron is © = 37 + 57 m/s. If the magnetic force acting on electron is F = 5ekN, where e is the

charge of electron, then the value of B, is T.

Q14 - 2024 (31 Jan Shift 2)

A uniform magnetic field of 2 x 1073 T acts along positive Y-direction. A rectangular loop of sides 20 cm and
10 cm with current of 5 A is Y — Z plane. The current is in anticlockwise sense with reference to negative X

axis. Magnitude and direction of the torque is :

(1) 2 x 107* N — m along positive Z-direction
(2) 2 x 10~* N — m along negative Z-direction
(3) 2 x 10~* N — m along positive X-direction

4)2 x 107* N — m along positive Y-direction
gp
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Q15 - 2024 (31 Jan Shift 2)

Two circular coils P and Q of 100 turns each have same radius of mcm. The currents in P and R are 1 A and 2
A respectively. P and Q are placed with their planes mutually perpendicular with their centers coincide. The
resultant magnetic field induction at the center of the coils is y/xmT, where x =

[Use o = 4m x 10" TmA ' ]
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Questions with Answer Keys

Answer Key

Q1 (72) Q2 (4)
Q5 (160) Q6 (3)
Q9 (32) Q10 (40)
Q13 (5) Q14 (2)

Q3 (4)

Q7 (6)

Q11 (4)

Q15 (20)
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Q12 (2)
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Q1

<

N A L) NN
B=6 <47rr> (sin30° + sin 30°)
1077 x 47/3

V3x4n
< 2x6 )

=72x1077T

Q2

7 = BINAsin
C6O = BINAsin 90°
BINA  0.01x10x 107 x 100 x 2 x 10"

A maty 0.05
=4x10° N — m/rad.

x=4

Q3

b= L — 445

dt
Att = 1sec7:4j

Q4
, e S
Net force on particle must be zeroi.e.qE +qV x B =0
Possible cases are
= =
(1) E&B =0

= = —
(i) VxB=0,E =0
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MathonGo

Solutions

(iii) gE = —qV x B
— -

E #0&B #0

Q5
i 41 x 1077 x 10

B = (—;0 ) X 2%
ma T X (g X 10’2>

=16 x 107° = 160pT

Q6

Mol ( Pol
5R, (27r) ® IR, (271') ®

Hol Hol
(7w e
drx107 " x4 4rx107 x4
4 x 47 k 4 x 27
=3x107"=ax 107"

a=3

Q7
o M

V_47I' 1'2

M
(20 x 102)”
_ L5x 107° x 20 x 20 x 104

=15x10°=10"" x

=M=
1077

M=15x4=6

Q8
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\/2mqV

Solutions
R_ mv - P - \/2m(KE)
~ gB  ¢B qB
R oc y/m
m x R?
my - R1 3
m; \ Ry
Q9
q=4,uC,7:4>< 10%jm/s
— .
B = 2kT
—= —
F =q(¥ x B)
— 4x107°° (4>< 10°5 x 212)
—4x107% x 8 x 10%]
— ~
F = 32iN
x =32
Q10
_ Pl (1 1
B=4x g (5 + ﬂ_)
=4x107" x5 x2x /2
=40/2x10"T
Q11

. .., -

il
-

qB

Note : Direction of magnetic field is in +k

— - =
F=i/xB
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Solutions
¢/ =2R
— N
F = —2iRBj
Q12

A
(%)

t

A¢ = (AB)A
B; = 5000 T,
B;=3000T
d=0.02m
r=0.01lm
A¢ = (AB)A

= (2000)7(0.01)? = 0.27

e:N<&>:>22:N<m>
t 2

N =170

Q13

— —
F =q(v x B)

5ek = e(31 + 55) x (Boi 42 Boj)

5ef<:e<6 BOR—5BOR)
=By=5T

Q14

e

v

4

/1/
Y
> X A//

1
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Solutions MathonGo
N mah

M=iA

=5 x (0.2) x (0.1)(—1)

=0.1(—1)

- o = + -3\ /%

T=Mx B =0.1(-1) x (2x107°) (j)

=2x10%(=k)N —m

Q15

QY

Ni x 1 x 100
_Mo 1 Ho — 9% 1073 T

Bp — —
2r 2
Ni x 2 x 100

By = 02 _ Ko —4%10°3T
2r 2

Bnet - “B% +B(3

= +/20mT

x =20
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Q1. JEE Main 2026 (21 January Shift 2)

An infinitely long straight wire carrying current I is bent in a planer shape as shown in the diagram. The radius of
the circular part is 7. The magnetic field at the centre O of the circular loop is :

c 2(k)

iy )

8o 409
A I B D 1 E
(1) —42 L (m — 1)i ) b5 (m— 1)
(3) — g2 (m+ 1) (@) 23 (m+ 1)

Q2. JEE Main 2026 (28 January Shift 2)

A long cylindrical conductor with large cross section carries an electric current distributed uniformly over its cross-
section. Magnetic field due to this current is :

A. maximum at either ends of the conductor and minimum at the midpoint
B. maximum at the axis of the conductor

C. minimum at the surface of the conductor

D. minimum at the axis of the conductor

E. same at all points in the cross-section of the conductor

Choose the correct answer from the options given below :

(1) A, D Only (2) D Only

(3) E Only (4) B, C Only

Q3. JEE Main 2026 (24 January Shift 2)

Two identical circular loops P and @ each of radius r are lying in parallel planes such that they have common axis.
The current through P and @ are I and 41 respectively in clockwise direction as seen from O. The net magnetic
field at O is:

(1) 3“ =~ towards Q

Q
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Q4. JEE Main 2026 (23 January Shift 2)

The current passing through a conducting loop in the form of equilateral triangle of side 41/3 cm is 2 A. The
magnetic field at its centroid is & x 10™° T. The value of avis .

(Given : po = 47 x 1077 SI units)

(1) 2v3 @ (3)3v3 @ V3

QS. JEE Main 2026 (21 January Shift 1)

A current carrying solenoid is placed vertically and a particle of mass m with charge @ is released from rest. The
particle moves along the axis of solenoid. If g is acceleration due to gravity then the acceleration (a) of the charged
particle will satisfy :

Ha>g 2)0<a<yg

(3)a=0 dDa=g

Q6. JEE Main 2026 (28 January Shift 1)

Three long straight wires carrying current are arranged mutually parallel as shown in the figure. The force

experienced by 15 cm length of wire @ is :

1A
3A 2

P Q| R

<3cm—-><——>
2cm

(tto = 4w x 1077 T.m/A)
(1) 6 x 1075 N towards P (2) 6 x 107" N towards P
(3) 6 x 107" N towards R (4) 6 x 1075 N towards R

Q7. JEE Main 2026 (28 January Shift 1)

The magnetic field at the centre of a current carrying circular loop of radius R is 16 T. The magnetic field at a
distance © = v/3R on its axis from the centre is uT

(1)4 ()2 (3) 2v/2 4)8

Q8. JEE Main 2026 (24 January Shift 1)

A short bar magnet placed with its axis at 30° with an external field of 800 Gauss, experiences a torque of

0.016 N. m. The work done in moving it from most stable to most unstable position is a x 1073 J. The value of « is
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ANSWERS AND SOLUTIONS
1.(1) 2. (2) 3.(1) 4.(3) 5. (4) 6. (4) 7. (2) 8. 64
1.

z(l;)

A i B D i E
1)
— — — —
Bo= Bag+ Bpe+ Brcp
_omiz omis i
47 47r 2r
_ iy g
- 27@ 2r
poi 2
= o —(1—m)i
Kol &

2. (2) For a long cylindrical conductor with uniform current distribution, apply Ampere's law to find the magnetic

field.

. N I ]
At distance 7 from the axis (inside the conductor, 7 < R): B(r) = ; ORZ (proportional to 7)
.

At the axis (r = 0): B = 0 (minimum)

At the surface (r = R): B = % (maximum)

Analyzing the statements:

A. Maximum at ends and minimum at midpoint - FALSE. This describes behavior along the axis, but the magnetic
field depends on radial distance, not axial position.

B. Maximum at the axis of the conductor - FALSE. The field is zero at the axis.

C. Minimum at the surface of the conductor - FALSE. The field is maximum at the surface.

D. Minimum at the axis of the conductor - TRUE. The field is zero at » = 0, making it the minimum.

E. Same at all points in the cross-section - FALSE. The field varies from 0 at the axis to maximum at the surface.

Only D is correct.

3. (1) Two identical circular loops P and Q, each of radius r, are separated by distance r along their common axis.
Current in P is I and in Q is 47 (both clockwise as seen from O).

Point O is at the midpoint. The magnetic fields from each loop at O:

IR? N
B, = 2(;21—1%2)3/2 (from P, pointing toward Q)
4pgIR? .
B; = 2(1';4(:—1%2)3/2 (from Q, pointing toward P)
3uoI R? 3uol
Byt = By = Bl = 5t = 2

2(2R?)32  42R
Direction: towards Q.
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4. (3) For an equilateral triangle of side a, the distance of the centroid from any side is r = %

Given side @ = 4v/3 cm = 4v/3 x 1072 m.
4/3x1072

2v/3
pol

The magnetic field at the centroid due to one side of the triangle is By = m(sin 01 + sin 63).

So, r = —2x10 % m.

For an equilateral triangle, 6; = 62 = 60°.
-7
2 (50 60° + 5in 60°) = 10 x (L + ) = v3x 10 T.
X
The total magnetic field at the centroid due to all three sides is B = 3B; = 3v/3x107°T.

Comparing with B = a X 107° T, we get o = 34/3.

1=

5. (4) Inside a solenoid, magnetic field B is uniform and parallel to the axis.
Particle moves along the axis, so velocity v is parallel to B.
Magnetic force F = Q(v x B) = 0 (since & || B)
Only gravity acts on the particle.

Acceleration a = g

. L Ll
6. (4) The force per unit length between parallel wires is F/L = “371512.
! / F, =7
Force on Q from P (opposite currents, repulsive towards R): % = % =2 x 107° N/m.
. F -7 _
Force on Q from R (same currents, attractive towards R): Zor _ Aml0 xD3 9 51075 N/m.

7 2% 0.02
Total force per unit length towards R: 4 x 107° N/m.

For 0.15 m length: F =4 x 107° x 0.15 = 6 x 10~ N towards R.

7. (2) The magnetic field at the center of a circular loop is Beenter = ’% =16 T.
polR?
IR? IR? I
Atz = /3R: B(V3R) = 2(R5-?-3R2)3/2 = 2(’; 032)3/2 = ==
B(v3R) _ 1/16R 1
Beenter 1/2R 8"

Therefore: B(v/3R) = % x 16p =2u T.

On the axis at distance z from center: B(z) =

The ratio:

8. (64) For a magnetic dipole in an external field, torque is 7 = mBsin
At 30°:0.016 = m x 0.08 x sin 30"
0.016 =m x 0.08 x 0.5
m = 0.4 A-m’
Work done from most stable (aligned, 0°) to most unstable (anti-aligned, 180°) position equals the change in
potential energy:
W =Up" — Uigp- = —mBcos0" — (—mBcos180°) = —mB — mB = 2mB
W =2x04x0.08=0.064]=64x107°*]J
Therefore, a = 64
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