Moving Charges and Magnetism

1.

A very long conducting wire is bent in a
semi-circular shape from A to B as shown
in figure. The magnetic field at point P for
steady current configuration is given by:
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A wire carrying a current I along the positive

x-axis has length L. It is kept in a magnetic

field B = (2i + 3j — 4k)T. The magnitude of

the magnetic force acting on the wire is:
(2023)

(a) V3IL

(b) IL

(c) V31IL

(d) SIL

Given below are two statements:

Statement I: Blot-Savart's Law gives us the
expression for the magnetic field strength of
an infinitesimal current element(Idl) of a
current carrying conductor only.

Statement II: Biot-Smarts law is analogous
to Coulomb's inverse square law of change
g, with the former being related to the field
produced by a scalar source. Idl while the
latter being produced by a vector source, q.
In light of above statement choose the most
appropriate answer from the options given

below: (2022)
(a) Both statement I and Statement II are
incorrect

(b) Statement I is correct and Statement II
is incorrect

(c) Statement I is incorrect and Statement
II is correct

(d) Both statement I and Statement II are
correct

From Ampere's circuital law for a long

straight wire of circular cross-section

carrying a steady current. the variation of
magnetic field in the inside and outside

region of the wire is: (2022)

(@) A linearly increasing function of
distance upto the boundary of the wire
and then linearly decreasing for the
outside region.

(b) A linearly increasing function of
distance r upto the boundary of the wire
and then decreasing one with 1/r
dependence for the outside region.

() A linearly decreasing function of
distance upto the boundary of the wire
and then a linearly increasing one for
the outside region.

(d) Uniform and remains constant for both
the regions.

A long solenoid of radius 1 mm has 100

toms per mm. If 1A current flows in the

solenoid, the magnetic field strength at the

centre of the solenoid is (2022)

(@) 12.56 x 1072T

(b) 12.56 x 1074T

(C) 6.28Xx 1074T

(d) 6.28x1072T

Polar molecules are the molecules: (2021)

(a) Acquire a dipole moment only in the
presence of electric field due to
displacement of charges.

(b) Acquire a dipole moment only when
magnetic field is absent.

(c) Having a permanent electric dipole
moment.

(d) Having zero dipole moment.

An infinitely long straight conductor carries
a current of 5 A as shown. An electron is
moving with a speed of 10°m/s parallel to
the conductor. The perpendicular distance
betwen the electron and the conductor is 20
cm at an instant. Calculate the magnitude
of the force experienced by the electron at
that instant. (2021)
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Electron v=10° m/s

T

20 cm

=
e

p 5

(a) 8w x 10720N
(b) 47 x 10-2°N
(c) 8x10720N
(d) 4x 107N

A thick current carrying cable of radius ‘R’
carries current T uniformly distributed
across its cross-section. The variation of
magnetic field B(r) due to the cable with the
distance 7’ from the axis of the cable is

represented by: (2021)
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In the product (2021)

F= q(¥ x ﬁ)

= q¥ x (BT + Bj + Byk)

For q = 1 and ¥ = 21 + 4j + 6k and

F =—4i420j+ 12k

What will be the complete expression for B?
(a) —6i+ 6]+ 8k

(b) 8i+8j — 6k

(c) 6i+6j—8k

(d) —8i—8j—6k

A long solenoid of 50 cm length having 100
turns carries a current of 2.5 A. The

11.

12.

13.

magnetic field at the centre of the solenoid

is: (u =41 x107'TmA™Y)
(2020)

(@) 3.14 X 107*T

(b) 6.28 x 107°T

(c) 3.14x 107°T

(d) 6.28x 107*T

A cylindrical conductor of radius R is
carrying a constant current. The plot of the
magnitude of the magnetic field B with the
distance d from the centre of the conductor,
is correctly represented by the figure:

(2019)
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Ionized hydrogen atoms and a-particles
with same momenta enters perpendicular
to a constant magnetic field, B. The ratio of

their radii of their paths ry : r, will be:
(2019)

(@ 2:1

(b) 1:2

() 4:1

d 1:4

Current sensitivity of a moving coil

galvanometer is 5 div/mA and its voltage
sensitivity (angular deflection per unit
voltage applied) is 20 div/V. The resistance
of the galvanometer is : (2018)
(@) 250 Q

(b) 25 Q
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(c) 40 Q
(d) 500 Q

An electron falls from rest through a vertical
distance h in a uniform and vertically
upward directed electric field E. The
direction of electric field is now reversed,
keeping its magnitude the same. A proton is
allowed to fall from rest in it through the
same vertical distance h. The time of fall of
the electron, in comparison to the time of
fall of the proton is (2018)
(a) 10 times greater

(b) 5 times greater

(c) Smaller

(d) Equal

An arrangement of three parallel straight
wires placed perpendicular to plane of
paper carrying same current T along the
same direction is shown in figure.
Magnitude of force per unit length on the
middle wire ‘B’ is given by: (2017-Delhi)
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Inside a parallel plate capacitor the electric
field E varies with time as t?. The variation
of induced magnetic field with time is given
by: (2017-Gujrat)

(a) t?

(b) No variation

(c) t3

(d) t

An electron is moving in a circular path
under the influence of a transverse
magnetic field of 3.57 x 1072T. If the value of
e/m is 1.76 X 10'C/kg, the frequency of
revolution of the electron is: (2016-II)

(a) 62.8 MHz

(b) 6.28 MHz

() 1 GHz

(d) 100 MHz

A bar magnet is hung by a thin cotton
thread in a uniform horizontal magnetic

19.

20.

21.

22.

field and is in equilibrium state. The energy
required to rotate it by 60° is W. Now the
torque required to keep the magnet in this
new position is: (2016-II)

()
(b)

ﬂl%ﬁdgw@

(© 3
(d) V3w

A long wire carrying a steady current is bent
into a circular loop of one turn. The
magnetic field at the center of the loop is B.
It is then bent into a circular coil of n turns.
The magnetic field at the center of this coil
of n turns will be: (2016-II)

(@) 2nB

(b) 2n%B

(c) nB

(d) n?B

A long straight wire of radius a carries a
steady current I. The current is uniformly
distributed over its cross-section. The ratio
of the magnetic fields B and B’ at radial
distances a/2 and 2a respectively, from the
axis of the wire is: (2016-I)

(@ 1/4

(b) 1/2

(c) 1

(d) 4

A square loop ABCD carrying a current i, is

placed near and coplanar with a long

straight conductor XY carrying a current I,

the net force on the loop will be: (2016-I)
Y, B C

A wire carrying current [ has the shape as
shown in adjoining figure. Linear parts of
the wire are very long and parallel to X-axis
while semicircular portion of radius R is
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lying in Y-Z plane. Magnetic field at point O
is: (2015)

I
X
() B =—%2 (ni—2k)
(b) B = —£2_ (mi + 2K)
() B =% (ni—2k)
(d) B =% (mi+ 2k)

An electron moving in a circular orbit of
radius r makes n rotations per second. The
magnetic field produced at the center has
magnitude: (2015)
(a) Zero

n?e
(b) :—
(©) ﬁ
(d) 5
A proton and an alpha particle both enter a
region of uniform magnetic field, B, moving
at right angles to the field B. If the radius of
circular orbits for both the particles is equal
and the kinetic energy acquired by proton is
1 MeV, the energy acquired by the alpha
particle will be: (2015 Pre)
(@) 1 MeV
(b) 4 MeV
(c) 0.5 MeV
(d) 1.5 MeV

A rectangular coil of length 0.12 m and

width 0.1 m having 50 turns of wire is

suspended vertically in a uniform magnetic

field of strength 0.2 Weber/m?. The coil

carries a current of 2 A. If the plane of the

coil is inclined at an angle of 30° with the

direction of the field, the torque required to

keep the coil in stable equilibrium will be:
(2015 Pre)

(@) 0.12 Nm

(b) 0.15 Nm

(¢) 0.20 Nm

(d) 0.24 Nm

28. A current loop in a magnetic field:

26. Two identical long conducting wires AOB

and COD are placed at right angle to each

other, with one above other such that O is

their common point for the two. The wires

carry I; and I, currents, respectively. Point

P is lying at distance d from O along a

direction perpendicular to the plane

containing the wires. The magnetic field at

the point P will be: (2014)
Ho (11

@ 3 ()

(b) £ (1, + 1)

(© 2202 +13)

(d) L2313 + )12

27. When a proton is released from rest in a

room, it starts with an initial acceleration q,
towards west. When it is projected towards
north with a speed v, it moves with an
initial acceleration 3a, toward west. The
electric and magnetic fields in the room are:

(2013)

(a) ™ east, 3mdo
e ev

mag 2mag
(b) - west,——up

(2013)

(a) Can be in equilibrium in two
orientations, one stable while the other
is unstable

(b) Experiences a torque whether the field
is uniform or non uniform in all
orientations

(¢) Can be in equilibrium in one orientation

(d Can be in equilibrium in two

orientations, both the equilibrium

states are unstable
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Solutions

Ans.(d)

BP = Bupper wire @ +Bsemi—circle e
+Blower—wire ®
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Ans.(d)

|F| = 1L % B)]

= |1[Lt x (21 + 3] — 4k)]|
=5]L

Ans.(b)

u(1dix7)
4mr3

(1 - %) point away from the page

dB =
As per Biot Savart law, the expression for

magnetic field depends on current

carrying element Idl, which is a vector
quantity, therefore, statement-I is correct
and statement-II is wrong.

Ans.(b)

Ans.(a)
; N,
B = poni = pg 7t

100
~“B=4mr x 1077 x 703 X 1=1256 x107%T

Ans.(c)

Polar molecules have centres of positive
and negative charges separated by some
distance, so they have permanent dipole

moment.
Ans.(c)

— bl

" 2mR
F = BVqsin@
6 =90°
F = BY,

-7

F=20xvxe=220""2x10°x 1.6 x

107"

S8.

S9.

S10.

S11.

S12.

F=8x10"%0N

Ans.(b)

ulr
2mR?

Bin =

_ Mol

0™ 2nR

v

Ans.(a)
F =q(V x B)
F=(VxB)
F = (20 + 4f + 6k) x (Bi + Bj + Bk)
|tk
F=12 4 6
B B B,
F=

47 — 20 + 12k

= (4B, — 6B)j — (2B, — 6B)j + (—2B)k

Ans.(d)
N
B = Ho TI

=47 x 1077 x 2L x 25
0.5

=6.28 X 1074T
Ans.(c)
Inside (d<R)

(4B, — 6B)i — (2B, — 6B)j + (2B — 4B)k

Magnetic field inside conductor

i
B=£_g
21 R?

OrB=Kd ..(1)
Straight line passing
through origin

At surface (d = R)

B=1tl (2

~ 2mR
Maximum at surface
Outside (d > R)

ol
2md

1

Or B x 2
(Hyperbolic)

Ans.(a)
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S14.

S15.

S16.

S17.

S18.

mv_ p p
ry=— =71, =—
H™ ¢p ~ eB @

r eB r 2
TH _ P/eB _ TH _2
Ta p/2eB Ta 1

Ans.(a)
Voltage per division = 2—10 |4

e 1
Current per division = —A

5000
R=Y=22 _ 500
1~ 1/5000
Ans.(c)
For electron
E
a, = m—e +g
For proton
eE 2h
Clp = m—p + g ="~ t = 7
Because a, > qa,
So t, <t
Ans.(c)
Force per unit length
_ MoliI 7
F=——r=h=L=i
_ _ _ Hoi?
Fi=F,=F=_—
F1F,6=090°
Fret = V2F
_ V2uei® _ poi®
T 2md  2Znd
Ans.(d)
Apply ampere’ circuit law
ﬁB dl = ,Llo]d

B X 2nr = pgAeg %

B X 2mtr = pgmr?ey2t
B xt

A = 1r, as B is restricted within radius r.

Ans.(c)
We know that
— 45
f - 2mm
eB
f= 2mm
11 -2
f= 176x10Mx3.57x107% |-

2x3.14
f =10°Hz or 1 GHz

Ans.(d)

S19.

S20.

S21.

We know that
T=MXB=1=MBsinf

T = MBsin60° ...(1)
W = MB(1 — cos 60°) ...(2)
From Egs. (1) and (2)

Ans.(d)
We know that at the center of the circular
Mol

loop B = R

Since | = 2nR = nQnr) =>r = S

i
For one turn B = £ and

2R
nt
For n turn B’ = &%
2r

n?i

> B =% =n2p
2R

Ans.(c)

Current density | = #

From Ampere’s circuital

¢ B.dl = plenciosea

Forr<a

B X 2mr = pojnr?

atr=g,Bl=”—°1

2 4ma
Forr>a

= — Kol
Bme"—,uolﬁB—ZM
Atr =2a
B, =% 5 g0, 21 =1

4ma B,
Ans.(a)
Y ®3 C
I ¥ C{ + L
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S23.

S24.

Fup =& olll ¢ owards XY
23]

Fep = :’:TI;] away from XY
2

Fret = Fap — Fep

_ 2upli
T3

Ans.(b)

‘B’ due to segment ‘1’
B= "0 > [5in 90° + sin 0] (—k)
A

p
/&

7

Due to wire

-

— Hol 1 -
B == [sinf; + sin6,]

81=B3$01:900 62:00

|By| = |B3| = [sm 90° + sin 0°]
Mol #01
4-71'R( ) - 4-n'R
1 /401
T 22R =D
_ _ Mol (s
B, =—--(®

§ = El + §2 + §3
= kol [mi + 2]
4R

Ans.(c)

Magnetic field due to a circular loop

B = ”g—lr\” where N — no. of loops
—4__¢ _

I = TSI ne

Bz% (“N=1 as e~

loop)
Ans.(a)

makes only one

mg = 4m,

Qo = 2e

S25.

S26.

S27.

S28.

o = €
_mv _ VZmK
- qB - qB
R, =R,
2myk 2myK;
. qé‘sza :# ( «= 4m,qa = Ze,qq = e)
ampkq _ mpu(1MeV)
4e2 e?
>K,=1MeV
Ans.(c)
60°
B
=MxBE

|7] = MBsin@ = NIABsin6 = 0.20 Nm
Ans.(d)

Net magnetic field, B
A TS
- \/(an) + (an)
u
= ﬁ\/ 112 + 122

Ans.(c)

Acceleration of charged particle d=
L(E +VxB)
m

Released from rest = d = - E = a, (west)

a
m

>F="T% (west)

When it is projected towards north,
acceleration due to magnetic force = 2q,

2mag
v (

Therefore magnetic field = down)

Vo
Ans.(a)
A current loop in a magnetic field can be

in equilibrium in two orientations, one
stable while the other is unstable



