ais o .
RIY o amie
Jri o

describe the pattern and direction of the magnetic field due to currents in straight and

in solenoids.

state the effect on the magnetic field q walmctlon of the
current. n

SN

wperiment to show that a force acts on a current-carrying conductor in a
magnetic field (including the effect of reversing:

(a) the current

(b) the direction of the field

state and use the relative directions of force, magnetic field, and current.

describe the magnetic field patterns between currents in parallel conductors and
relate these to the forces on the conductors (excluding the Earth's field).

state that a current-carrying coil in a magnetic field may experience a turning effect
and that the turning effect is increased by increasing:

(a) the number of turns on the coil

(b) the current

(c) the strength of the magnetic field

describe the operation of an electric motor, mcl @b@@
commutator and brushes.
c1rcmts

describe and explain the a

state that it is theori a magnetlc field is generated by the rotation of
the Earth a Sh core that contains charged particles in motion.




Electromagnetlsm is the bra

electric and magpnetic field x; dplainshow electric charges produce electric fields,
and how movW € an electnc current, create magnetic fields. This

connection helps ts to understand how modern devices work. Electromagnetism is
an essential part of everyday life, powering electric circuits, communication systems
and generators. Even light is an electromagnetic wave, showing how important this
force is in science and technology. Learning about electromagnetism gives us the
knowledge to build useful machlnes and to understand the science behind today's
technology

The magnetic eﬁ’ects of a steady current can be demonstrated through
experl ments involw ng a current—ca rrymg conductor.

Hans Chrxstlan Orsted stated
steady electric current m
conductor ge

field B aroun is can be
.demonstrated by passing a
current-carrying wire through a
vertical cardboard sheet and
connecting it to a battery. When
current flows, magnetic field is
produced around it whose
direction can be determined using right hand grip rule. Concentric circles are
formed by the magnetic field around the conductor. This can be observed by
placing small compasses or sprinkling iron filings on the cardboard The compass
needles align themselves along the dlrection of the inting
6f the current is

tangentially to the circular lines of force :g \ 5 l e
reversed by switching the b% .. pass needles and iron filings
n

{a) 1

[Clockwise)
Fig. 17.1: Magnetic effes

also reverse their allgnmen e magnetlc field direction depends

on the current fl the dot and cross convention, adot (.) represents
current flowmg of the paper, while a cross (x) indicates into the paper. The
magnetic field is strongest near the conductor and weakens with distance. This
concept is essential in electncalengmeenng, particularly with alternating currents.
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-the field strong and uniform, like a bar magnet

around a current arrymg straight wire
can be found using the right-hand grip
rule, as shownin Fig.17.2.

According to the right-hand grip rule:

If you hold the wire in your right hand
with your thumb pointing in the
direction of the current, then your
fingers curl around the wire in the
direction of the magnetic field.

This simple method helps us to quickly find the magnetic fi ' |@@m any
straight current-carrying wire. The ma eti i 8ps around the
wire, and its dlrectlon dep iﬁ&&&ﬁﬁ@cmmm If the current

etic field also changes.

Fig. 17.2: Current-carrying conductor

A soleno_td isa c0|l of wire wounded in the shape
of a cylinder that generates a magnetic field
when current flows through it. The combined
effect of all loops of the wire of solenoid makes

with north and south poles. A solenoid acts as a
magnet and can attract or repel a bar magnet.

This temporary magnet, powered by electricity, Aé 17, 3 v‘ noi d

is called an electromagnet (Fig. 17.3). The r@h

hand rule helps to find out

netlc ield produced by the
solenoid (Fig. 17.4). Ac [&

in the direction of the conventional current, then the thumb will point
howards the north pole of the solenmd

m&m..mqa! 128 bsmuas -

s ————l?



and magnetic locks becao% agneti i
strength can @W SR
current. b .

Fig.1 7.4: Right nand rule for 3 lenoid

1 Current flow

Properties of Magnetic Field Lines

Magnetic field lines, just like electric field lines, are imaginary. They do not physically
exist but are a way to visualize the magnetic field. These lines have important
properties:

1. Magpnetic field lines always start from the north pole and end at the south
pole. : ©m
2. Magnetic field lines always form closed 3{1@ 0@
3 the direction of the

3 At any point, the tangent to a R i
magnetic field. O -

\N .\, PETOSs (intersect) each other.
vetic field lines are closer together, the magnetic field is
stronger; where they are spread apart, the magnetic field is weaker. _
Understanding these Properties helps us to visualize how magnetic fields behave
around magnets, current-carrying wires, and in devices like motors and generators.
These ideas are very important in real-world technologies,

Forces on Parallel Current-Carrying Conductor_s

When two wires carry electric current in the

same direction, they create magnetic fields ok yk
around themselves. As shown in Fig. 17.5(a),
the magnetic fields between the two wires ‘
Interact in such a way that the opposite poles ‘-: =
are near each other, and the two wires attrac d‘

' each other. This happens,

magnetic fields support eac hg: en
the wires and pull 4

~ However, if the ¢ in the two wires flows
in opposite directions, their magnetic fields

()

Fig. 17.5: Forces between parallel wires
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lt is known that an electnc current generates a magnetlc f:eld much hke a
permanent magnet does. Since a magnetic field exertes a force on a permanent
magnet, it follows that a current-carrying conductor should also experience a force
when placed in a magnetic field.

o a @@
The effect of a magnetic fie “ j be illustrated using the
setup in Fig. 176 A ba iti insi
the magneti pe rmanent magnet This wire then generates its own
magnetic field, which :nteracts with the magnetic field of the magnet. As a result, a
force acts on the wire. Based on the direction of the current, the wire is either
pushed tot he right (Fig.17.6-a) or pulled to the left (Fig. 17.6- b).

Michael Faraday found that this force is always at right angles to both the
direction of the magnetic field and the direction of the current. The force
becomes stronger if:

1. The electric current (/)in the wire increases

2. The magnetic field (B) becomes stronger

3. Length (L) of the wire inside the magnetic field
The magnitude of this force is gwen as:

= ILBsi @ @@m
The direction of this force can be @ ng's left-hand rule,

which states: O
mlddle fmger of the left hand so that they




As illustrated in Fig. 177, the force g
conductor js perpendicular
current and the ma '

with Fleming's Je W |
The SI gnit of Mmagnetic field (also called R et

e e BT A
, Ty MiddiSSinge szt Hemingls fefr.
Magnetic flux density) is the tesjs (T). s '-"iirétﬁc'h Higndiile -

1tesla(T)is defined as: Fig 17.7: Direction .

ef force on a Cureent-
Carrying conductor alac 2¢ in a magnetic field
A =

Let us imagine & rectanguiar coil .._"—"""ii U :
carrying a current and i8) 0\ eé‘ et

field, as shown in. Fig\1y\a.

Positioned RiNFNRAC' way that it js e
Perpendicular to the magnetic field of 3
Peérmanent magnet. Now, if we connect the
ends of the coil to 3 battery, electric current
starts flowing through the coil When this
happens, we can apply Fleming's Left Hang i .
Rule to understand what force acts on the Hg; ;fﬁ:__:u:_f"::::’;:’ng
different parts of the coil, According to the rule: B e

On the side PQ of the coil, the force acts outward. On

but opposite in direction. These Opposite for
rotational effect or torque, w@ch %{@
o ﬁ
.

Thus, we can say that:

Whena curreW placedin a Magnetic field, it experiences a couple of
forces that m e coil rotate, as shown in Fig.17.8. This is the working principle




of electric motors, which are used everywhere
around us from fans to cars.

The turning effect on the coil can be made
stronger by
1. increasing the number g
More loops mean a strony
force. \N
2. increasing the current flowing through the
coil. More current creates a stronger torque.
3. increasing the strength of the magnetic
field. A stronger magnet makes the coil to rotate with more torque.
These factors help to make electric motors more powerful and efficient.

17.4 Electric Motor
An electric motor is a device that converts
electrical energy into mechanical energy. There

are two types of electric motors, one g
0)

Magnet

Alterr'tating Current (A.C) motor and u .
is Direct Current (D.C) '?'-%
operates UWQ ciion between a
current-ca coil (armature) and a
magnetic field. When a coil is placed in & Fig. 17.9: Working principle of D.C motor
magnetic field, it experiences forces that cause it to rotate (Fig. 17.9).

However, without any external help, the coil would stop rotating after 90°, as the
forces acting on its sides (such as PQ and RS) push it into a vertical position, making
the coil perpendicular to the magnetic field. At this point, the net force becomes
zero, preventing further rotation. To keep the coil rotating, the current direction
must be reversed just as the coil reaches the vertical position. This is achieved using
a split ring commutator, which is a metal ring divided into two halves, each
connected to one end of the coil. Carbon brushes maiwm the
commutator, allowing current to flow. 65 !ﬁ‘,\ ‘{ mutator also

lps ach half of the commutator




allows continuous rotation of the coil. The S
speed of the motor can be adjusted by controlling the current flowing through it.

X *‘m.ﬁ?&iﬁ?ﬁe-

The magetic effects of electric current are used in modern technology. The
principle of creation of magnetic field due to current flow in a wire is utilized in
relays and loudspeakers which rely on the interaction between electric currents and
magnetic fields to perform their functions. These applications demonstrate how the

ical and electronic

magnetic effects of current enable the conversion o A C@g@gy into .
Nran

mechanical energy or sound, making the @@
systems. O“ m%“
i\

Arelay is an I'device that uses magnetism to control another circuit. It acts
like a bridge between the input and output circuits, allowing a small current to
provide a larger current. As shown in figure 17.10 (a), a relay uses the magnetic
effect of a current to switch an output circuit ON or OFF. A mechanical relay consists
of several important parts:

(a) Coil and Core

The relay has a coil made of wire wound around a magnetic core. When an electrical
current passes through the coil, it creates a magnetic field. This magnetic field is the
key that makes the relay work.
(b) Armature -

The armature is a small movable piece insid

¢ the @m@(@oﬂ becomes
magnetised and demagnetised, it p @ @ﬁ‘, watds itself. This movement

helps to open or close the! tothe relay.

(c) Return Sprin &
The return s connected to the armature. It brings the armature back to its

original position when the current stops. In simple words, it acts like a reset button
that resets the relay when electricity is cut off.

e



(d) Moving Contact ®)
The moving contact the armature. When the armature moves due to
magnetism, M&%ntad also moves. This contact either joins or breaks the
circuit, allowing or stopping the flow of current to the device (like a lamp). Similarly,
it helps to open door lock, starting of motor car and heavy machines.

How a Relay Works?

A relay helps to turn ON and OFF a lamp easily:

When the switch is OFF

No current flows through the coil. The armature stays in its normal position. As a
result, the lamp's circuit remains open, and the lamp does not glow, as shown in
Fig. 17.10 (b).

When the switch is ON

Current starts flowing through the coil. The coil becomes magnetised and pulls the
armature towards it. This action closes the lamp's circuit ape th@ ows as
shown in Fig. 17.10 (c) %}7

input side Output side K
(@) A mechanical relay (b) The switch of the relay is OFF  (€) The switch of the relay is ON

Fig. 17.10: Relay

A Io‘:cfépeaker also uses the magnetic effects
of current to convert an electrical signals into ~ wsenet -'3 ]
sound. It consists of a coil (attached to a
diaphragm) which is placed in a permanent

magnetic field as shown in F|g 17 i &@@

an alternating current

through the coil, it ﬁr} arying | |
magnetic Wﬁﬁ eracts with the
permanent magnetic field. This interaction ~ "& "

generates a force on the coil, causing it to move back and forth. The movement of
the coil vibrates the diaphragm, producing sound waves that correspond to the




electrical signal. Loudspeal
and televisions etc.

Earths magnetlc ﬁeld acts like an mws;ble
shield that surrounds the planet and stretches
into space (Fig. 17.12). Itis similar to the field
of a bar magnet, with a north and south pole,
but unlike a regular magnet, it constantly
shifts and can even flip over time. This
magnetic field is essential because it protects

the Earth from dangerous solar winds and

helps with navigation, guiding both humans and an:m

cosmic radiations by pushing away harmful charged partlc{es and radiation
'C® !ﬁ

sea turtles by allowing them to sense art@s

Origin of Earth's Magnetic Field ..‘

\ U
The Earth acts lik B iel. Scientists
believe this i e its molten iron core is
constantly spinning and the movement of
these charged particles creates a huge
magnetic field. Earth's magnetic field is
thought to be generated by the movement of
liquid metal in its core, a process known as
the dynamo effect (Fig. 17.13). The core has
two parts: a solid inner core and a liquid outer
core made of molten iron and nickel. As the
Earth spins, heat from the inner core causes the

liquid metal to flow, creating electric currents,

e

These currents produce magnetic fields, @Il@“ .

eto -

combine and grow strong ue t
rotation. This process

hydrodynami W magnetlc field
active and s the magnetosphere, a

protective barrier that shields Earth from
harmful solar wind and space radiation. '

O

south pole

. @ Do You Know?

Geagrapl

North
magnetic pole C

South

= magnetic pole

It also
ds and

hic
north pole
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Which statement is true about the magnetic poles?
(a) Unlike poles repel

(b) Like poles attract

(c) Magnetic poles do not affect each other

(d) A single magnetic pole does not exist

A D.C motor converts:

(a) mechanical energy into electrical energy

(b) mechanical energy into chemical energy

(c) electrical energy into mechanical energy

(d) electrical energy into chemical energy

The part of a D.C motor that reverses the direction rr =T

coil every half-cycle:
(a) the armature @@@
(b) the commutatoﬂ “

¢) the brushes -
(© s J‘}N
ain layers of the Earth's core that contribute to the generation of
the magnetic field are:

(a) crust and mantle

(b) inner core and outer core

(c) lithosphere and asthenosphere

(d) troposphere and stratosphere

What does a steady electric current in a conductor generate around it?

(a) Electric field

(b) Light

(c) Magnetic field

(d) Sound waves

What happens to the magnetic field direction whe m,. @@@m‘ the

current is reversed?
(@) The magnetic field remains ;
(b) The magnetic fidlé\dlsGeversesdirection

(c) The magneti -5 DFf sstrohger
(d)Th eld disappears \\
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\,“ agnetic field around a straight current carrying

17%1 What is the ofthe
wire?
17.2 What happens to the magnetic field if the magnitude of the current in a wire

is increased?

173 How can you identify the north and south poles of an unmarked
magnetized steel bar?

174  What rule determines the direction of force on a current-carrying conductor
placed in a magnetic field? Explain briefly.

17.5 What role does the commutator play in a D.C motor?

17.6 What is the source of the Earth's magnetic field according to the theory?

17.1 Why does a magnetic field form aro

through it, but not when the '- \What dges this reveal about the
nature of electr|CI
172 InaD.C motor mh oil stop turning after 90° if the direction of

@ﬁg@@t flows

r‘éversed? What mechanical feature solves this issue?

173 How do¥s placing a wire at different angles to a magnetic field affect the

magnetic force it experiences, and why is this important in designing
motors?

17.1 How is a magnetic field created around a current-carrying wire, and what
factors affect its strength? :

17.2  Explain the concept of the right-hand grip rule and how it helps determine
the direction of the magnetic field around a current-carrying conductor.

17.3 Describe an experiment that demonstrates the magnetic field produced by

a current-carrying conductor using a compass or iropyfifiny .
174 Discuss the theory behind the Easth f\ % and the role of the

Earth's molten core |“ s;{

=




