Moving Charges and Magnetism
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(1) MAGNETIC FIELD

> It is space around a current carrying
conductor in which its magnetic effects can
befelt.
Oersted concluded that moving charges or
currenis produced a magnetic field in the
surrounding space.

1_1, VELOCITY SELECTOR
When electric field and magnetic fields are
crossad and velocity of particle is perpendicular o
E
both fieldsthen particles with speed v B pass
undeflected. This principle is employed in mass
specirometer.

\ Eil BIOT-SAVART'S LAW
According to this law, the magnetic field at a pointduetoa
current element of length di carrylng currant | at distance r
from element is
= whdising
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ftis angle between di and 7

(2) LORENTZ FORCE

Mechanical force experienced by a moving charge through
electric and magnetic fleld

F—qifl{vwﬂ.‘i—ﬁf
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magnatc

» Magnetic force depends on magnitude of charge, its
nature and its velocity.
When charge is at rest, it does not experience any
magnetic force.
When charge is moving parallel to magnetic field, it does
not experence any mechanical force.

é MOTION IN MAGNETIC FIELD
In uniform magnatic field charge particle can have threa types
of path.
1. Straight line; when B|| ¢
2. Circular path: v | B
Perpendicular force acts as a centripetal force and
produces a circular motion perpendicular to magnetic field.

v Znm

; - m
adius of circle r=— and T =
Rad e 8 pr-

Helical path: velacity v and 8 are inclined at angle
020, 0=290°,0=180°

Velocity component along magnetic field remains
unchanged, due to other companant motion is circular.

The combined path is helical motion.
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(5 CYCLOTRON
A machine o actelerate charged particles or ions to high
energies cyclotron; uses both electric and magnetic field in

combination to increase kinetic energy of charge particies

» Frequeney of reveiution of charge pariicleis independent
of its enargy:

fe s

5 Tha frequeéncy is called gyclatron frequency.
nm

The frequency of electnic field is in resenance with cyciotron
fraquency. Final KE ofion

P
9. B RiE
2m

E; = radius of Dee

Iagnetic field out

Deliection plate

Exit part
-«

| s At the centre of loop, x =0
171

7 IMAGNETIC FIELD ON AXIS OF CIRCULAR COIL
8= _-“&
2“?2 ; xz)J-z
| 'where R = radius of coil
¥ = distance along axis from

| centra of coi plana

o =

| Field lines form closed loop around circular wire

B

(8) AMPERE'S CIRCUITAL LAW
Law states § B-dl = uyl. where / refers to current passing the

H
loop through open surface 5. The sign of current is
determined from right hand rule.

» If Bis directed along tangent to amperian loop of perimeter
L and field is constant in magnitude

Bl =pd,
I.= net curent enclosed by closed loop.

of radius a

[[osciLaron | ,

. Magnetic field in region r< a, 8 =|

Magnetic field in region (r= g}, 8 =

gl MAGNETIC FIELD DUE TO SOLID CONDUCTOR
A long straight wire with circular cross-section g
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1:0 MAGNETIC FIELD DUE TO A LINE CURRENT

s Magnetic field at distance R from straight long infinite wire
camying a current /.

J ’ ey et 5
g=LF0" | field lines are circles concentric with wire
2R

'_1:‘f:.-DIRECTION OF MAGNETIC FIELD

The rule is called right hand rule:

Grasp the wire in your right hand with your extended thumb
pointing in the direction of the current, your fingers will curl
around in the direction of magnetic field.

(12 LONG SOLENOID
Magnetic field inside long solencid (B)
When solenoid carries current [ is
B=nl

n = number of tums per unit length

FOR A TOROID

gk NI
2ar

N = total number of lurns and r = average radius

'13 MECHANICAL FORCE ON A CURRENT
CARRYING CONDUCTOR

A current carrying conductor of straight length L carrying
current | expenence lorce

F =1l «B)

But if wire is of arbitrary shape

F =3 i(di = 8)

Summation can be converled into integration in most cases

I',‘_I_A" FORCE BETWEEN CURRENT
) CARRYING WIRES
> Two current carrying conductors placed near each other
experience magnetic forces,
When conduclors are parallel
F = oy,
2ad
Force on one conductor of length L due to current in other
gt separation d. Parallel currents attract and antiparallel
currents repel
Mewton's third law

The results are in accordance with

(15 TORQUE ON CURRENT LOOPS

Torque on magnetic dipole

t = mBsiph

T = NiAsing

Any pianner current loop is equivalent to magnelic dipole
af dipale moment

m=1A

(16) MAGNETIC MOMENT OF REVOLVING
: CHARGED PARTICLES
Magnetic moment associated with revolving eleetran with
spaed vinaradlusofcrdar is
Byr
K
-

im— ]
it 2m,

Where J is apgular momentum of the electron
For aleciron, angular momentum |s opposite in direction
tomagneticmoment.
In"genagal for any charge g angular momentum and
I'I".E-l-_.".fﬂEiI(: momen! are in same direction.
o
J o 2m

This is called Gyromagnatic ratio and is constant.

Minimum value of magnetic moment is called Bohr magneton

§o=9.27 x 107 Am’

L

3

(i7) MOVING COIL GALVANOMETER

Torgue due to radial magnetic field on loop of area A with
Nnumber of turns carying current / is
t=NIAB
defiection on scale

_[NAB |
Q =| _K_ |
Quantity in bracket is constant for galvanometer. This
makas linear scals
Current sensitivity of galvanometer
o2 _NAR

Y K
Curmrent sensitivity can be easily increased by changing N

18/GALVANOMETER CONVERSION AMMETER
Modification of galvanometer by connecting a low
resistancein parallel.
VOLTMETER

To measure voltage across any section of circuit, |t is
connected in parallel. When a large resistance is in seres
with galvanamalter, it becomeas a voltmeatar.

(19 ROGET'S SPIRAL
When current passes through spring the effect is length
of parallel current produces attraction, decreasing spring
length, oscillations starts and continue with tick - tick -
tick ...

—

Current
source

=
3 \\_‘_‘.{/ﬂ:— Mereury
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» Sharpen Your Understanding

A current element Al =dxi (where dx =

1 cm) is placed at the origin and carries a
large current of 10 A. The magnetic field on
y-axis at distance of 50 cm from it is

NCERT Pg. 148]
(1)2=10°T
(2)2x10°G
(3)4x10°T
4)3x10%G
Consider a tightly wound 100 turn coil of

radius 12 cm carrying current of 10 A. What

is magnetic field at centre of this coil.
NS T Pg. 146]

(1)1.2=x10°T

(2)5.2x103T

(3)46x105T

(4)1.9=10°5T

A straight wire carrying current of 15 A is

bent into a semicircular arc of radius 2.5 cm.

The magnetic field at the centre of
semicircular arc is NCERT Pg. 150
(1) 1.88x 104 T

(2)26=x10°T

(3) 377 <10+ T

(4)52=10°T

Consider a tightly wound 200 turns coil of
radius 10 em carrying current of 10 A, The

magnitude of magnetic field at the centre of
the coil is INCERT Pg. 151]

() 2rx 10T

(2) 4n <103 T

(3)6rx 10T

(4) 3nx103T

A long straight wire of circular cross-section
of radius 5 cm is carrying a steady current of
20 A, uniformly distributed over its cross-
section. The magnetic field induction at 2 cm
from the axis of the wire is

(1)1.6=10°T

(2)28=10=T

(3)3.3=10°T

(4) 32x10°T

A long straight cylindrical wire carries
current / and current is uniformly distributed
across cross-section of conductor. Figures
below shows a plot of magnitude of
magnetic field with distance from centre of
the wire. The correct graph is

NCERT Based MCQs

e r

A closely wound solenoid 80 cm long has 5
layers of winding of 400 turns each. The
diameter of solenoid is 1.8 cm. If it carries
current of 8 A then magnitude of magnetic
figld intensity inside solenoid near its centre
is ICERT Pg. 1

(1) 162x10+4T

(2) 2513 x 103 T

(3) 31 =102T

(4) 16.8=x10°T

A circular coil of 30 turns and radius 8 cm
carries a current of 6 A. It is suspended in a
uniform horizontal magnetic field of 1.0 T,
The field lines make an angle of 60° with the
normal of the coil. The magnitude of counter
torgue that must be applied to prevent the
coil from turning is NCERT Pg. 169
(1) 3133 Nm

(2) 0.236 N m

(3) 308N m

(4) 35N m
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a.

In a chamber, a uniform magnetic field of
1.2 T is maintained. An electron is shot into
the field with a speed of 3.2 x 10° m s
normal to the field. The radius of circular
orbit in which it starts circular path is
{m.=9.1 x 103 kqg) [NCERT

(1) 15.16 ym

(2) 6.27 um

(3) 1242 ym

(4) 22.4 um

Two moving coil galvanometers M: and M:
have the following particulars. Ni1 = 30,
Bi=025T A =72x=10"%m? G =100
and N =60, B2=050 T, A== 1.8 x 103
m?, Gz = 50 respectively. The spring
constants are identical o both
galvanometers. The ratio of their current
sensitivity is [NCEF

(1) 11

2)2:1

(3)4:1

(4)1:4

A toroid ring has inner radius 21 cm and
outer radius 23 cm in which 4400 turns of
wire are wound. If the current in the wire is
10 A, then magnetic field msude the core of
the toroid will be ICERT Pg

(1) 44 x104T

(2) 4 = 1027

(3) 66 =x10T

(4) 126 x103T

12. Two concentric circular coils X and Y of

radius 20 cm and 25 cm respectively lie in
the same vertical plane. Coil X has 40 turns
and coil ¥ has 100 turns. If coll X and Y
carries currents of 18 A each but in opposite
sense, the net magnetic fleld due to the coils
at their centre is ICE 70
(1) 312 x 104 T

(2)1.2x105T

(3)7.2%x10°T

(4) 226 x 10T

A galvanometer has resistance of 60 £2. It is
converted in to an ammeter by connecting a
shunt resistance of 12 Q. lts range
becomes =RT Fg. 172]
(1) 68

(2) 50

(3) 51

(4) 60

To convert a galvanometer into a voltmeter

of large range, we connect a resistance with

galvanometer. The resistance

(1) Is connected in parallel and of higher
value

(2) Is connected in series and of lower value

(3) Is connected in parallel and of lower
value

(4) Is connected in series and of higher
value

15. Magnetic moment associated with an

electron moving at speed v in a circular orbit
of radius ris (in magnitudes)

(1) evr (2)

(3) ﬂ @) 2

The horizontal component of earth's
magnetic field at a certain place is
3.2 x 10° T and field is directed from south
to North. A long straight conductor is
carrying a current of 3 A. What is force per
unit length experienced by it when it is
placed on horizontal table and current in
wire is from west to east? [NCERT Pg. 156

(1) 9.6 x 10°* Nm™", upwards
(2) 9.6 x 10-° Nm-', downwards
(3) 3.6 x 10-5 Nm", upwards
(4) 9.6 x 10-5 Nm™", horizontal

Two long straight parallel wires A and B
carrying current of 20 A and 10 A is same
direction are separated by a distance of 5
cm. The force of 15 cm section of wire B is

Pg
(1) 1.5 x 103 N, attractive
(2) 1.6 = 10-* N, repulsive
(3) 1.2 x 10 N, attractive
(4) 1.2 x 10-* N, attractive
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18. A cyclotron’s oscillatory frequency is 10

MHz. What should be the operating
magnetic field for accelerating deuterons?

NCERT Pg. 146]

(1)096T (2) 152 T

(3) 046 T (4) 1.32T
A charge g = 1.6 x 102 C moving with
speed of v m s crosses electric field

‘E|—ax10" Vm™ and magnetic field

Earth’s natural magnetic field is about

tesla and that on the surface of a neutron
star is about tesla,

Magnetic field exerts a mechanical force on
current carrying wire F = , where |

is conductor length with a d|rect|on identical
to current /. [NCERT Pg. 1

The product of n and & has relation with
speed v of electromagnetic wave in a
medium and pe =

r Pa

If magnetic field is parallel to positive y axis
and a positive charge particle is moving
along positive x-axis, it will experience
Lorentz force along

|B‘ =1.2 T . The electric field and magnetic

fields are crossed and velocity v is also
perpendicular to both. If the charge particle
crosses both fields undeflected the value of

-

vis ICERT Pg. 140]
(1) 7.2 x 10°
(2) 7.2 =104
(3) 5= 10°
(4) 5= 10°

@\Thin king'in Context

In uniform magnetic 8. when a charge
particle ‘has motion directed perpendicular
to field, particle will move on and
work done by magnetic force is _

INCERT Pg-a38]
When ~ a charged pardicle . enters
perpendicular in a uniform magnetic field,

magnitude of its angular velocity will be
independent of the

When electric field and magnetic field are
perpendicular to each other and also
perpendicular to velocity of a charged
particle, then electric and rnagrletrc force are

in directions. INCERT Paq. 140]

Cyclotron uses the concept that frequency
of revolution of the charged particle in
magnetic field is independent of its

NCERT Pg. 140]

A proton is moving with speed of
2 x 10 m s~ enters a uniform magnetic field
B =1.5T. At the entry velocity vector makes
an angle of 30° to the direction of the
magnetic field. The pitch of hel;cal path it
describes is nearly NCER ]

(1) 6.25 mm

(2) 4.37 mm

(3) 7.25 mm

(4) 1.67 mm

In a cyclotron, under perpendicular
magnetic field B (uniform) and radius of
Dee R, maximum kinetic energy gained by
an ion of charge g and mass m is

The electrostatic field is produced by a
scalar source, namely, electric charge. The
magnetic field is produced by a vecmr

source namely . [NCERT Pg

A current element is placed at origin along
+x-axis. The observation point where
magnetic field is desirable is along +y axis,
then magnetic field is dlrected along

axis. ICERT Pg |
Magnetic field due to a long current carrying
wire at finite distance is directly proportional
to and inversely proportional to
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There exists a simple rule to determine the
direction of magnetic field due to a long wire.
This rule is called

Pg. 149
A long straight wire of circular cross-section
is carrying steady current. The current is
uniformly distributed over the cross-section
of wire. The magnitude of magnetic field on
the axis of wire is

A solenoid consists of a long wire wound in
the form of helix where neighbouring turns
are closely packed. The field outside the
solenoid is and field inside the

solenoid is parallel to axis and

Pn

Toroid can act like magnetic container and
are expected to play key role in . an
equipment for plasma confinement in fusion
power reactors.

Two current carrying wires placed near each

other can exert mechanical forces on each

other. When two straight wires are held

parallel it can be observed that parallel

currents and antiparaliel currents
. _each other.

S R |

18. One ampere is the value of that steady

current which when maintained in each of
two long, straight, parallel conductors of
negligible cross-section, and placed one
metre apart in vacuum, would produce on
each of these conductors a force equal to
newton per metre of length.

=T

Dimensions of magnetic moment are
and its Slunitis

Voltage sensitivity is defined as the
deflection per unit
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