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describe an experiment to d

%3%%&}1 induction.
use the fact that the ma ced e.m.f. is affected by the rate of change of the
magnetic fiel te'o cuttlng of magnetic field lines, and the number of turns in a coil,

to solve simple electromagnetic problems.

use the fact that the effect of the current produced by an induced e.m.f. is to oppose the
change producing it (Lenz's law).

describe how a.c. generators work (rotating coil or rotating magnet setup) and the use of slip
rings and brushes where needed.

sketch and interpret graphs of e.m.f. against time for simple A.C. generators (including
relating the position of the generator coil to the peaks, troughs and zeros of the e.m.f).
explain the principle of operation of a simple iron-cored transformer.

use the terms primary, secondary coils and step up and step -down transfor

use the equation V, / V. = N, / N; (where P Wj to solve
problems.

describe the deflection of an electrtc fields and magnetlc fields.

interpret wave f scopes :
state that the speed of all electromagnetic waves in: vacuum is 3.0 x 10° ms™,air is

approximately the same as in a vacuum.

explain qualitatively, how scattering of light by molecules in the air give the sky its blue :
colour during the day and its shades of red during sunset
(use of the terms Rayleigh and Mei scattering are not required). B
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* state that theoretically Iight@@ considered to be made of massless particles that
carry energy A called 'photons’.

(Students should know as an example of this particle nature, light exerts pressure on objects

(very slight) and this has been used by satellites that have 'solar sails' that accelerate with the

help of force from light rays.)

Have you ever wondered how electricity can be created without a battery? When a
magnet moves near a wire, it produces electricity, a fascinating process called
electromagnetic induction. This simple idea powers huge machines like generators
and even charges our phone wirelessly. But the story does not end there. These
changing electric and magnetic fields can travel thr '

(E.M) waves bringing us light, radio signa @@ £

our food. From lighting kel % ing people across the world,
electromagnetic induct] maves are the hidden forces shaping our
everyday lives. L%Mo the science behind these amazing wonders.

18.1 Electromagnetic Induction |

. Electromagnetic induction is the process by which a changing magnetic field
- produces an electric current in a conductor.
This principle, first discovered by Michael
Faraday and at the same time Joseph Henry in (a) @{{1T1
1831, is fundamental to the operation of many
devices such as generators, transformers, and
inductors. To understand the phenomena of (b) @1
electromagnetic induction let us |

experiments. om
Take a coil of conducti & edC and (g %

connect it to a eter G, as shown in
Fig. 18.1. First, keep the magnet still near the
coil. We will notice that the galvanometer Fig. 18.1: Induced current'
needle does not move, no electricity is & coil by moving 3 maghet

produced because there is no change happening in the magnetic field (Fig 18.1-a)
- “Now, move the magnet towards the coil. The galvanometer needle deflects in one

N AN
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direction, meaning that ¢ M\M

produced (Fig. ISW
Move the magnet away from the coil. This

time, the galvanometer needle deflects in the
opposite direction, showing the current has
reversed (Fig.18.1-c).

There are different ways to produce induced
emf. Imagine a straight wire of length (/)
placed in the magnetic field of a permanent
magnet as shown in Fig. 18.2. This wire is
connected to a sensitive galvanometer

any battery. When the loop i IS il in ag :
galvanometer shows no defle hen the loop is moved from ieft to right,
the wire cuts throwmnc field Imes and current starts to flow through the
loop. The galvanometer shows this current. When the motion stops, the current
also stops. If the loop is moved in the opposite direction, the current also changes
direction, which is shown by the galvanometer deflecting in the opposite direction.
The amount of the induced current depends on how fast the wire is moved and the
resistance in ihe loop. If we change the resistance of the loop by connecting

different resistors and move the loop at the same speed each time, we notice that
the product of the current / and resistance R always remains constant.

e ! x R = constant
This constant value is the induced e.m.f. When the circuit is a@ nduced
Jgﬁ@a

e.m.t. causes a current to flow. The mduc sed in the
following ways:

() using astronger magnetic ﬁ%&mkg

(ii) moving the loo|
(iiiy using a coil wath many turns instead of a single loop

We can also do the experiment in another way: instead of moving the loop through
the magnetic field, we can keep the loop still and move the magnet. The result is the
same in both cases. This shows that it is the relative motion between the loop and
the magnet that creates the induced e.m.f. In simple terms, this movement changes
the magnetic flux through the loop.

PN @@m



Magnetlc flux is the numhe

5 - Q(\\\‘..
s
The magnetic flM\m by

$=BAcosO ... (181) i e
B = Magnetic field strength _ A
A = Area of the coil e 5 : e
6 = Angle between magpnetic field and normal — —— * 4 Z
to the coll / >

The unit of magnetic flux is weber (Wb). (a) (b)
When a magnetic field of 1 tesla passes - 125 110000000 ha
perpendicularly through an area of one (@M

square metre, the magnetic flux is equal to

one weber.
Mathematically; 1 Wb = 1T nb @®®

The magnetic flux is maxim
However, when :

Faraday’'s Law of Electromagnetlc lnduetw:t* |

The average e.m.f. induced in a conducting coil of N loops is equal to the
" negative of the rate at which the magnetic flux is changing with time.

Mathematically; it is expressed as: Ad
Where: Ex s e (18.2)

= induced e.m.f. (in volts, V)
N = number of turns in the coil

2.

¢ = rate of change of magnetic flux EIZ
Negative sign indicates that ﬂ-ﬁ \ﬁ%@@m hange of magnetic flux

that produce rt
R R g A catbivi i ._ ums experiences an induced emf of 2.5V for 0.20s.
ant ¢ h*g fhi‘s interval, calculate the total change in



To find: ge ik AdA?

Usmgthefcrmula'. i

'-Rearrangmg to solve for M: T

i A= (ex A /N |

Substitutmg the values - A¢=(25V x0209)/25
' Ap= 05 / 25 =002 Wb

._/ o

Magnitude and Direction of Induced e.m.f (Lenz's Law)

Lenz's Law is a fundamental principle in
electromagﬁetism that describes the direction
of the induced current resulting from a
changing magnetic flux. It states that:

The direction of induced c

such that it OW
produces it. _

This law is a direct consequence of the
conservation of energy. If the induced current

Movement agalnst repulsmn

ovement against attraction

@))))‘9

Fig. 18.4: Lenz’s law

A,-;‘ .

were to reinforce the change instead of &%y

" | Do You Know?
opposing it, it would lead to a perpetual ' @ el it

increase in energy, which is impossible. Sl molig s tiaghenthiomgh sl
When a magnetic field near a conductor can generate current. This is the same
changes whether due to a moving magnet, a :;"“wgz':y:m s'" Wil est o
varying current, or a changing coil orientation | 1.0 fcter o .change el sriagnetic
an electromotive force (e.mf) is induced, il the urrent it
driving a current. The direction of this curren

t - # y fast-rotating
is not arbitrary; it must generate its\0 ‘é\i e ket i)
magnetic field that counteraﬁ‘& e\ orig| .
change in flux. F a magnet is —
pushed toward c0|l the coil's induced If we stop moving a magnet near a coil,
current will produce a magnetic field that Whathéppe"smtheinduCEdwrrent?
repels the magnet, resisting its motion

(Fig. 18.4-a). Conversely, if the magnet is
pulled away, the induced current will create a
field that attracts the magnet, again opposing
the movement (Fig.18.4-b).

Tidbit

- ] %\ ﬂ@©m
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An alternating current (&C)\generator is a device that converts mechanical energy
o] i ; .

into electrica using electromagnetic induction. The most basic type

includes a rectangular coil placed between the poles of a permanent magnet, as

shown in Fig. 18.5(a). The coil is connected to two slip rings, which rotate along with
the coil, while carbon brushes remain fixed and maintain contact with the slip rings

As the coil rotates, it m

magnetic field, W e b
force. This motion'induces a voltage across |

the ends of the coil. The faster the coil rotates, b
the faster it cuts the magnetic field, resulting
in a larger induced voltage. The induced
voltage (or e.m.f)) changes throughout the rotation, as shown in Fig. 18.5(b).

When the coil is vertical, it moves along the field lines, and no magnetic flux is cut.
So, the induced voltage is zero. As the coil rotates and becomes horizontal, it cuts
the magnetic field lines at the maximum rate, producing the maximum voltage.

After a half-turn, the direction of the coil's movement through the figld reverses,
causing the polarity of the voltage to switch, a2\ (C ©)
resulting in an alternating voltage. This!| 8% Do You Know?

continuous change in direct ;
alternating current (A.C), whi ckand L{') anA.C. %ﬁ@m ::fwltaa:f r;\::f;sl _
forth in the exte t- The shape of the thatis whyitis called alternating current.

voltage graph is a sine wave, completing one  Slip rings in an A.C. generator help to

! . : : maintain continuous electrical contact
full cycle in each full rotation of the coil. The with the rotating coil while allowing

number of such cycles per second is called the current to alternate naturally.
frequency, measured in hertz (Hz). ]
For example; if the coil rotates once per second, the frequency is 1 Hz, and if it

o~ =i




rotates 50 times per second, the frequency is

el i e\

50 Hz (which is the frequency of A.C mains in %) R L
many countries like Pakistan). According to By AR
Faraday’s law of electromagpetic ind é‘ .? .YB S X
anemdf. is produced ina ci 025 N

. £ : -0.50 - =
change in ma gh it. The Nt _f__/
amount of em: erated depends on how **L4—t—gt—r— —
fast the magnetic field is being cut by the coil. skse B alggr o
Figure 18.6 shows how the e.m.f. varies with time for simple A.C generator

time during the rotation of a coil in a simple

A.C generator. The graph clearly displays a sinusoidal pattern, which represents the
alternating nature of the generated voltage.

The e.m.f. reaches its maximum value when the coil is horizontal, as this is when it
cuts the magnetic field lines at the highest rate. The e.m.f. becomes zero when the
coil is vertical, since no magnetic flux is being cut at that position. As the coil
continues to rotate, the direction of the em.f. reverses every half-turn, pro ucing

alternating current. 'a
« At0and r radians (or 0° and 180°), the co)l ? is zero.

« Atm/2and 37 /2 radians i orlzontal

» Atm/2,the e.mf.is positive r i
« At3m/2 it ﬁegative maximum due to the reversal in direction of

motion.
This repeating cycle creates the familiar A.C waveform, which alternates between
positive and negative values over time.

18.3 Transformer
A transformer is a device used to increase or
decrease the voltage in an alternating current
(A.Q) circuit. It works without any electrical
connection between its input and output coils.
Figure 18.7 shows a simple transformer. It has
two coils of wire: the primary coil with

Iron core

of a simple
showing primary and
wound around an iron



! e W T -.. . o
helps carry the magnetic field fro m on @\‘t\”
to the other. O N by, i A% |
When an alte i [;B > is applied to  The buzzing sound in transformers is due
the pri , 1t causes an alternating I the iron core vibrating at 50 or 60 Hz

i This vi_bration is caused by varying
current /, to flow. This current produces a Mmagnetic field and not by the current

directly.
changing magnetic field in the iron core. The
magnetic field passes through the secondary
coil, where it induces an alternating voltage V.. This causes an alternating current |/,
to flow in the secondary circuit. There is no direct electrical connection between the
two coils. Energy is transferred from the primary coil to the secondary coil through
the magnetic field in the core.

Step-up and Step-down Transformers

Transformers are used to either increase or
decrease voltage in A.C circuits. When the
secondary coil has more turn
primary coil, the tran e

output volta i io a step-up
transformﬁﬁm-a). Conversely, when
the secondary coil has fewer turns than the
primary, the output voltage is reduced, and it
is known as a step-down transformer
(Fig. 18.8-b).

This relationship between coil turns and

voltages is described by the equation:

Ball (18.3)

Ve~ Np
This equation is known as the turns-ratio
equation for a transformer.

where

V; isthe voltage across the primary-coil> @@@8 : (a) Step-up transformer

V. is the voltage across the sec: e (b) Step-down transformer
N, is the number oﬁgdu\gmo ‘ primary coil

N, isthen rns in the secondary coil
This equation shows that the voltage ratio is directly proportional to the number of




turns in the coils. For exampl % -
has 5 turns and the se

the output VOIM twice the input m“d‘ e

voltage. iinourhome. e
Example 18.2: Electricity is transmitted at a voltage of 20,000 V with a current of 5 A
through power cables that have a resistance of 10 Q. Calculate the power loss in the
cables?
Sotution: _ .
* Giventhat; :
Voltage V = 20,000 V
Current/ =5A
Resistance £ = 100 20 @@
Tofind; _ @@W
We know that \N AR\S! '
Power loss P = I’R
Substrtutmg thevalues :
P = (57 x 10
P=25x10
P =250 W
The p:merfoss in the cables is 250 W.
The direction of electron beam or cathode rays can be changed by electrlc and
1

magnetic field.

The cathode rays gene‘rated
gun are negatively charged ele

with high speed. 3 c arged T
electron in cath eam is attracted by Cathode

the positive electrode and is repelled by the Plg 18.9: Deflection of electron
negative electrode. Thus, we can say that SN A Eec

S T Ty R R R TR e A L
" \ﬂ'\gl___ '3"-_"‘ i -F%ﬁﬂw—.?dh[



field, as shown in Fig, 18!
d q\"lh'

Deflection by Magnetic Field

cathode rays are deflegiuxm

A magnetic field exerts force on electrically
charged particles that are in motion. Cathode
rays generated from an electron gun are a
stream of negatively charged electrons.
Electrons, while passing through the magnetic
field, are deflected as shown in Fig. 18.10. To & 110 Deflection of eleciion passing
determine the direction of force and thus the o ki
deflectlon of the e!ectron beam 1the Flemlng s Ieft hand rule can be used.

component of the CR
which in;lgwo n, deflectmg

system, a cent screen. : w

The electron gun generates a focused beam Which travels faster radiowaves or
of electrons. It contains a heated filament F 82M™Mareys?Why?

that heats the cathode C, causing it to emit

electrons. These electrons are then accelerated and focused by three anodes placed
at high positive potential. A control grid G, kept at a negative potential, controls
how many electrons reach the screen and thus adjust the brightness of the spot
formed. Once accelerated, the electron beam enters the deflecting system. The
deflection system consists of two pairs of plates: the Y-plates, which control vertical
movement (up and down) based on the input signal, and the X-plates, WhICh
control horizontal movement (left to right).

Fig. 18.11: (a) Schematic diagram of CRO (b) Different waveforms displayed on a CRO screen




The fluorescent screen Em
material that glows
strikes it. As t S rlkes different points

on the screen, it leaves a visible trace, allowing
the waveform of the signal to be seen. To

© Amplitude :’;

move the spot horizontally across the screen
in a regular time-based manner, the CROuses ' Positive ramp

a saw-tooth waveform, which is applied to the

X-plates. This waveform (Fig. 18.12) increases

steadily over time and then rapidly drops to

its starting value, repeating this cycle continuously. This pattern of voltage, called a
saw-tooth wave, causes the electron beam to sweep from | i
drops to zero. This motion creates a timea

TR
display how the signal chang ove %
When a sine wave is a [&‘@\m ates and a saw-tooth voltage to the
X-plates, the Ww@uﬁo’ch up and down and side to side, tracing the waveform

of the signal on the screen. The result is a clear, real-time display of the signal's

shape. The display appears stable only when the frequency of the sawtooth wave
(time base) is equal to or a multiple of the input signal's frequency. This
synchronization can be adjusted using controls on the CRO.

CROs are extremely useful for measuring and analyzing electrical signals. They can
show the waveform of a signal, measure its amplitude, determine its time period
and frequency, and even allow comparison of two signals to measure their phase
difference. For instance, if two waveforms are displayed together and one rises
while the other falls, they may be out of phase by 180° whlch ea5|ly

observed on the screen. o Qm
%@ onics, physics, and medical
m eflecting plates, and a fluorescent screen to

visually repr signals. The inclusion of a saw-tooth wave in its time

A cathode ray oscilloscope |
diagnostics. It uses electr

base is important, as it ensures that the electron beam sweeps across the screen ata

constant rate, making accurate and stable signal display possible.




o el

18.6 Scattering of Li%lltin thie Ad
Al

Have you ever wonder blue during the day and turns reddish at
sunset? This W menon is caused by scattering of sunlight in the Earth's
atmfasphere. nlight is made up of all the colours of the visible spectrum; red,
orange, yellow, green, blue, indigo, and violet. As this light passes through the
atmosphere, it interacts with tiny gas molecules. Blue light, having a shorter
wavelength, scatters more easily than red or green light. As shown in Fig. 18.13,

during daytime, this scattered blue light reaches us from all directions, making the
sky appear blue. i

Fig. 18.13: Scattering of sunlight during daytime and sunset

During sunrise or sunset, the sunlight has to % A
pass through a longer path in the | Cblue. Erove e
atmosphere. By the time the light reaches us,
much of the blue light has already been ‘g Jovetlongdistanpass =i =
scattered out of the path. What remains are gl s
the longer wavelengths like red and orange, B T /
which scatter less. These colours dominate the |,/ o e S G 2ntsr bhue duriria the

sky near the horizon, giving it t ybutred'at sunset? '
reddish hues we often : <
Factors such Wg - ater droplets in the atmosphere can make the
sunset even Mo atic by enhancing the scattering of certain colours, leading

to deep reds and purples. i e

s




nght is commonly know ,
but it also has “nature. According
to modern physics, light can be viewed as a
stream of massless particles known as
photons. These photons carry energy and
momentum, even though they have no rest
mass. This idea h-elp;s explain how light
interacts with matter in situations where wave theory falls short.

One important piece of evidence for the particle nature of light is the photoelectric
effect, shown in Fig. 18.14. When light shines on a metal surface, it can transfer
energy to electrons. If the energy is high enough, electrons are ejected from the
surface, these are called photoelectrons. This effect proves tthes
in packets (photons), and not as a contlnugus Wave A # is radiation
pressure light can exert a tlrg . Though the force is very
small, it has real-world appli ce, solar sails on some spacecrafts are

designed to rew momentum of the photons gradually pushes the
sail forward, all the spacecraft to move through space without using any fuel.
This concept demonstrates the dual nature of light it behaves like both a wave and

a particle, depending on how it interacts with materials. It is one of the most
fascinating ideas in modern physics. g

EXERCISE

A. Multiple Choice Questions

Fig. 18.14: Particle nature of light

Tick (v') the correct answer.

181 What happens to the induced e.m.f. in a coil if the rate of change of the
magnetic field increases?
(a) Decreases

(b) Remains thesame
__{c)Increases @@@W@O

(d)Becomeszero

122 InanAC generator S sed to:
' (a) reve ion periodically
(b) con to D C

(c) prevent mduced current
(d) increase magnetic flux
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The sky appears blue
(a) reflection of li
(b) sc rwavelengths
“ (c) absarption of blue light
(d) refraction of light
184 Light can be considered as massless particles called:

(a) electrons (b) protons
(c) photons (d) neutrons
185 Inatransformer, energy is transferred from the primary coil to the secondary
coil through:
(a) direct electrical connection (b) amagnetic field in the iron core

(c) electrons flowing through the core (d) heat conduction

181 Whatis the direction of induced cugen
182 Whyaresliprings used in an A\C ge T" :
183 Whenisinducede. 7 m ) AX generator?

184 Whyiw .
185 Whatis-atransformer and on what principle does it work?

181 If a magnet is moved qmckly into a c0|l alargeremf.is mduced Why does

- speed affect the magnitude of the induced current?
182 Why is an iron core used in transformers instead of wood or plastic?

Explain briefly.
183 Howdoes the concept of photons help explain the working of solar sailsin
space?
184 Why can a transformer work only on alternating current and not on direct

Descnbe how Le of conservation of energy. Give
pport your explanatlon

one reW
182 Comp -up and step-down transformers. Include the difference in

number of turns, voltage output, and where is each used.

183 How does the scattering of sunlight cause the sky to appear blue during the




day and red at sunset? Explain.

184 Whatisan osculloscope and how does it help in analyzing electrical signals?

Describe its main components.

- 185 Whatis the shape of the path followed by an electron when

181

18.2

183

184

185

D. Numerical Problems

:“t\ﬁoves atright
angles to a uniform magnetic field? Explaln ww@ @

A coil consistin @@&&um turns experiences a change in
magna@ﬂ\mrﬁ 0.3 Wb to 0.8 Wb over a time interval of 04 s.

Determine the average induced eIectromotlve force (e.m.f.) generated in

the coil during this time. [Ans: -62.5 V]
A circular loop of radius 0.2 m and resistance 5 Q is placed perpendicular to
a magnetic field of 0.5 T.If the field drops to zero in 0.1 s, calculate:
(a) the induced emf
(b) the induced current and its direction (assuming the field points into the
page) [Ans: 0.63V,0.126 A]
A transformer has 500 primary turns and 100 secondary turns. If the primary
voltage is 220 V, find: (a) secondary voltage (b) is this a step-up or step-
down transformer? [Ans: 44 V.S (V <V)]
A step-up transformer has a turns ratio of 2:100 g voltage of
25 Vis applied to the prima c @ ndary voltage?

[Ans: 1250 V]

A step-down m a turns ratio of 100:5. If an A.C voltage of 190 V
is appl primary coil, what is the voltage across the secondary coil?

[Ans:9.5V]




