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

in solenoids. @@

ent is used in relays and loudspeakers

0
state the effect on the magnetic field a i We@jirection of the
current.
IRy

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, including t @J
commutator and brushes. Q

describe and explain the a m% circuits. :
state that it is theori al s magnetic field is generated by the rotation of

the Earth aWw core that contains charged particles in motion.
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@‘“‘ th interactions between

l* « ; electric charges produce electric fields,
€ an electnc current, create magnetic fields. This
sto understand how modern devices work. Electromagnetism is

Electromagnetism is the braB Y of ph
electric and magnetlc fields.

connectlon hel

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 machines and to understand the science behind today's
technology. :

The magnetic effects of a steady current can be demonstrated through
experiments involving a current—carrying conductor.

Hans Christian Orsted stated ta Q&“
steady electric curren Carrying Current-carrying
conductor fines of conductor  Lines of
conductor gener | magnetic
field B aroun is can be ' needle
.demonstrated by passing a
current-carrying wire through a
vertical cardboard sheet and S (&l
connecting it to a battery. When Magnetic field mmmeu
current flows, magnetic field is N T
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 smali compasses or sprinkling iron filings on the cardboard. The compass
needles align themselves along the direction of the ety Ating
tangentially to the circular lines of force (Fig 7 \-8) @ )‘ i
reversed by switching the b % ss n

edles and iron filings
also reverse their ahgnment t e magnetic field direction depends

Fig. 17.1: Magnetic effects of a current

on the current ﬂ n the dot and cross convention, a dot (.) represehts
current ﬂowung 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 electrical-engineering, particularly with alternating currents.
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The direction Wn i

around a current- arryi'ng straight wire Shiak Seaihe
can be found using the right-hand grip RN N
rule, asshowninFig.17.2.

: S : ; SRR :

According to the righ'.c hand gl:lp rule S dh:r;imsv S =

If you hold the wire in your right hand of fietd ~ e
magnetic field

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 1 i@@m any
straight current-carrying wire. The ma eti fj 8ps around the
wire, and its direction depe the current. If the current
changes direction, the direeti etic field also changes.

Fig. 17.2: Current-carrying conductor

o L
ks Ay Y

A solenoid is a coil 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
- the field strong and uniform, like a bar magnet
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, e = FOHk e
is called an electromagnet (Fig. 17.3). The rig Y
hand rule helps to find out Mneﬂc ield produced by the
solenoid (Fig. 17.4). Ac @%m
If you grip the d wnth your right hand such that the curled fingers point
in the direction of the conventional current, then the thumb will point
towards the north pole of the solenold

SRR



and magnet

ic locks becao% z i
strength can W&&@Xy adjusting the

current.

? Current flow

-3 3 - ~ i L ] e L - i1 - S
- *Rient hand riila £~ lenniad
rig. E /.4: nignt Nand ruie tor a sOHIeNO0IC

Magnetic field lines, Jjust like lectric 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. : @@@

2 Magnetic field lines always form closed laop @o

3 Atany point, the tangent to a e @‘m“ the direction of the
magnetic field. O% % |

4, Magnetic field |i Oss (intersect) each other.

5 Where ic 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 Conductors

When two wires carry electric current in the

same direction, they create magnetic fields iy
around themselves, As shown in Fig. 17.5(a), d
the magnetic fields between the two wires
interact in such a way that the opposite poles .S
are near each other, and the two wires a

' each other. This happens

| magnetic fields support eacﬁ’gm en

the wires and puill

‘ However, if the ¢ in the two wires flows Fig. 17.5: Forces between paralle; wires
in opposite directions, their magnetic fields
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It is known that an eIe fic curr generates a magnetic field, much like 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.

- a Weollk

The effect of a magnetic figjd\o aYbe illustrated using the
setup in Fig. 17.6. A batt ctric current in the wire positioned inside
the magnetW Permanent magnet. This wire then generates its own
magnetic field, which interacts 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 given as: m

~ F = ILBsin ,
The direction of this force can be% mmg 's left-hand rule, -

which states: Q

Extend the thu , middle finger of the left hand so that they
are at righ to one another. If the forefinger represents the magnetic
field direction and the middle finger shows the current direction, then the
thumb will point in the direction of the force acting on the conductor.
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As illustrated in Fig. 17.7, the force o
conductor is perpendicular B

current and the ma [
with Fleming's legﬁﬂ% .

“The SI unit of magnetic field (also called

Heming's feft.

S . s . i 3 er Siaes :
magnetic flux density) is the tesia (T). ‘,-,_&t&"ﬁﬁg-récﬁsn  tiand rule
ltesla(T)is defined as: Fig 17.7: Direction of ¢ on a current-

Carrying conductor placed in a magnetic fisld

Let us imagine a rectang @

carrying a current and i et (10\d RQalghe

field, as shown in iﬂ . 3 il
positionWoa way that it js M
Perpendicular to the magnetic field of 3 :

Peérmanent magnet. Now, if we connect the
ends of the coil to a battery, electric Current
starts flowing through the coil When this
happens, we can apply Fleming's Left Hand
Rule to understand what force acts on the
different parts of the coil, According to the rule:
On the side PQ of the coil, the force acts outward. On the side Rs; the force acts
inward. This happens because the current flows in opposite direction the two
sides of the coil. As a result, two forces are produced thg a agnitude
but opposite in direction. These Oppositefor S. A couple produces 3
rotational effect or torque, which ¢ % art rotating.
Thus, we can say that: (ix '

ol

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

Fig.17.8: A current-carrying

coit in a magnetic ficld




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

The turning effect on the coil can be made
stronger by

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.

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

are two types of electric motors, one g

Magnet

Alterﬁating Current (A.C) motor an

is Direct Current (D.C) ,

operates UW% lon~ between a g
current-car coil (armature) and a

magnetic field. When a coil is placed in a Fig. 17.9: Working principle of D.C motor
magnetic field, it experiences forces that cause it to rotate (Fig. 17.9).

Commutator/split rings

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 mai

in ith the
\?! mutator also

commutator, allowing current to flow. és e ce f‘
' i half of the commutator
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switches brushes, re
R OT the current

direction. As a re re
changes t Ikéetion of the forces which

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

The gtic effects of ctric curren

of Current _
t 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

magnetic effects of current enable the conversion o A ct@@@@‘gy into .
Nrea

mechanical energy or sound, making the @@ ical and electronic
systems. O% mmm@ ,
Relay A\

A relay is an I device that uses magnetism to control another circuit. It acts
like a bridge between the input and output circuits, allowi ng 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 magpnetic field. This magnetic field is the
key that makes the relay work.

(b) Armature ;

The armature is a small movable piece in

@d@@mcomes

atds itself. This movement

magnetised and demagnetised, it p

helps to open or closethe@ o the relay.
O

(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.




{(d) Moving Contact O
The moving contact e armature. When the armature moves due to
magnetism, and 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 magnetlsed and pulls the
armature towards it. This action closes the lamp's circuit ows as

shown in Fig. 17 10 (c). @@

Input side Output side

(€) The switch of the relay is ON

(a) A mechanical relay

A loudspeaker also uses the magnetic effects
of current to convert an electrical signals into
sound. It consists of a coil (attached to a
diaphragm) which is placed in a permanent
magnetic field as shown in F|g 17 1
an alternating current
through the coll, i arying
magnetic § (
permanent magnetic field. This interaction e 17.1%: Magneuc efiects in foucspesiers

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

Speaker
cone




electrical signal. Loudspe
and televisions etc.

Earfh S magnetlc fleld acts like an mwsnb!e
shield that surrounds the planet and stretches
into space (Fig. 17.12). It is 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 fiip over time. This
magnetic field is essential because it protects

the Earth from dangerous solar winds and
cosmic radiations by pushing away harmful charged partlcles and radiation
-{;@ ﬁ

helps with navigation, guiding both humans and amm
sea turtles by a‘!owmg themto senseart@s MAGHE = n :
Origin of Earth s Magnetic r.ela"‘ ‘

YA
. Scientists

The Earth acts like ‘l“

believe this EM 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 e
two parts: a solid inner core and a liquid outer North | Morthpole
core made of molten iron and nickel. As the s B
Earth spins, heat from the inner core causes the — 5
liquid metal to flow, creating electric currents. (/4 3 m

These currents produce magnetic fields, which @“
combine and grow strongey, %Je t %

It also
ds and

Do,.!You K'now?f,‘ -

rotation. This process eto-

hydrodynam@ﬁwj magnetic field
active and S the magnetosphere, a Geographic

South
magnetic pole

south pole

protective barrier that shields Earth from
harmful sofar wind and space radiation. e
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ERCISE. Pkl

Tick (v ) the ‘Nk answer.
171 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
7.2 AD.Cmotor 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

173 The part of a D.C motor that reverses the direction n@@@gh the
coil every half-cycle: @?75&
(a) the armature @@

(b) the commutatoﬁ)“ mﬂ

(c) the brushes
(d) thﬁwﬁﬁw |
174  The twd main 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
17.5  What does a steady electric current in a conductor generate around it?
(a) Electric field
(b) Light
(c) Magnetic field
(d) Sound waves

176 What happens to the magnetic fleld direction w q“ @@mof the

ot

currentis reversed?
(a) The magnetic field remains

E ;
r 2N\ NBE £\S i ton
(c) The magneti !‘\‘ stronger
(d) Thwmcfd disappears \ i




172

1&3

174

173
17.6

171

What is the di pfthe-magnetic field around a straight current carrying
wwe?M _

What happens to the magnetic field if the magnitude of the current in a wire
isincreased?

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

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

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

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

ﬁ@.ﬁre@nt flows

es thlS reveal about the

Ina D.C motor, v “} as\the coil stop turning after 90° if the direction of
the cW@versed? What mechanical feature solves this issue?
How dees placing a wire at different angles to a magnetic field affect the

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

17.1

17.2

g

174

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

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.
Describe an experiment that demonstrates the magnetic field p ced by

a current-carrying conductor using a compass or iro
Discuss the theory behind the Earth %\ g@ e role of the

Earth's molten core IK &? %

e




