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describe an experiment to degyan induction.
use the fact that the magﬁﬂi@m ce
©)

magnetic fiel te'of cutting of magnetic field lines, and the number of turns in a coil,

d emf. is affected by the rate of change of the

to solve simple electromagnetic problem:s. :

use the fact that the effect of the current produced by an induced em.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 em.f. against time for simple A.C. generators (including
relating the position of the generator coil to the peaks, troughs and zeros of the em.f.).

explain the principle of operation of a simple iron-cored transformer.

use the terms primary, secondary coils and step-up and step-down transf I@‘&:@
use the equation V, / V. = N, / N, (where P %51d @@@éondam to solve
problems. KX@ _

describe the deflection of an%%@@@&y electric fields and magnetic fields.

interpret wave fi ifloscopes.
state that the Speed of all electromagnetic waves in: vacuum is 3.0 x 10° m s™, 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).
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* state that theoretically light sidered tc be made of massless particles that
a

carry energy a A called ‘photons'.
(Students should know as an example of this particle nature, light exerts presstire 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 throu 0 magnetic
(E.M) waves bringing us light, radio signa @ @ gn Microwaves that heat
our food. From lighting ing people across the world,
electromagnetic induct] ;@ waves are the hidden forces shaping our
everyday lives. Le%@g&mgto the science behind these amazing wonders.
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' 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

1831, is fundamental to the operation of many

devices such as generators, transformers, and
inductors. To understand the phenomena of

electromagnetic induction let us

experiments. OW u
Take a coil of conducti & edC and @

e

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 currentin
needle does not move, no electricity is A coil by moving a maghiet

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




<2 T NN, W AT Y S S S 0 WY 5

direction, meaning that ¢
produced (Fig. 18.1-

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,

i 'x\,f:v :

forming a closed circuit or loop without using !
any battery. When the loop i IS il in ‘\- 2td, o current flows, and the
galvanometer shows no deﬂe n the loop is moved from left to right,
the wire cuts thro ic field lines, 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 lvop. 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.

()

L€ ! x R = constant
This constant value is the induced e.m.f. When the circuit is comp!e @ mduced
a

e.m.t. causes a current to flow. The mduc cun sed in the
following ways: m“ @m
() using astronger magne’cic]p m

(i) moving the Ioo
(ii using a coil WIth many turns mstead 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. Theresultis 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 rragnetlc flux through the loop.
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Magnetic flux is the numhe

area. .
i\
The magnetic fl s given by

P=BAcosO ... (18.1)
B = Magnetic field strength
A = Area of the coil
® = Angle between magnetic field and normal
to the coll ’
The unit of magnetic flux is weber (Wb).
When a magnetic field of 1 tesla passes iz 1231000
perpendicularly through an area of one (a) Maximum (b) Zero
square metre, the magnetic flux is equal to @ @©m

o 7

one weber. @@@W

Mathematically; 1 Wb = 1T ng
The magnetic flux is maxim m‘ weangle between B and A is 0° (Fig. 18.3-a).

However, when ot een B and A is 90°, flux will be zero (Fig. 18.3-b).

(b)

Faraday’s Law of Electromagnetic Induction |

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 fluxis changing with time.

Mathematically; it is expressed as:

AQ 182
Where. E= _N E ......... ( o )
€ = induced em.f. (in volts, V)

N = number of turns in the coil

y _
A—T = rate of change of magnetic flux 3 Sl@o ,
Negative sign indicates that tr%indﬁ%@ hange of magnetic flux

that produce it. ?




‘, Rearrangmg to solve for A¢

Substl‘tgting the. values‘ ¥ A¢i=f REWx 020825 |~
e Ap=05/25=002 Wb

itk

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

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

The direction of induced ctitre

such that it oppo e\ \cat
producesit. WW

This law is a direct consequence of the
conservation of energy. If the induced current
were to reinforce the change instead of ;

opposing it, it would lead to a perpetual %
increase in energy, which is impossible.

Movement against repulsion

\i/oN
{ @ Do You Know?

¢ Simply moving a magnet through a coil
When a magnetic field near a conductor - can generate current. This is the same

changes whether due to a moving magnet, a E_’inclip': used in wind turbines and
> ¥ S ; icycle dynamos.
varying current, or a changing coil orientation | 0 facter you change the magnetic

an electromotive force (e.m.f) is induced, field in a e current it

y fast-rotati ng

driving a current. The direction of this curr%p ke
ma strong current.

is not arbitrary; it must generate, i 1 “
magnetic field that counterf%& a

change in flux. F a magnet is

pushed toward coul the coil's induced !f we stop moving a magnet near a coil,
what happens to the induced current?

current will produce a magnetic field that

repels the magnet, resisting its motion |
(Fig. 18.4-a). Con\(ersely, if the magnet i
pulled away, the induced current will create a |
field that attracts the magnet, again opposing |
the movement (Fig.18.4-b). :
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An alternating current (.G !1 nerator is a device that converts mechanical energy
into electrica’@@@@s?ng 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
to transfer the generated current.

Direction 1 2 3 4 2 5
~ ] [ A N8
varg P ! rs T . 4

B induced 7 \ i it
S = ?\t..\\.\ @‘of rotations
| N e

3 i‘

e 10 . 7 A
Fig 3.5 A A

As the coil rotates, it m

magnetic field, W etic lines of &
force. This motign'induces a voltage across

the ends of the coil. The faster the coil rotates,
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.
S0, 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 field reverses,
causing the polarity of the voltage to switch, o _ 1S\ O
resulting in an alternating voltage. Thi ow?
continuous change in direction: ;

In an A.C. generator, the voltage reverses

alternating current (A.C), whi v . i Foar
S ~direction with every half-turn of the co
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 (H2). :
For example; if the coil rotates once per second, the frequency is 1 Hz, and if it

e /:ff\\m




rotates 50 times per second, the frequency is

emf (V)

50 Hz (which is the frequency of AC mainsin v F————= \
‘many countries like Pakistan). Accordlng Ao S QN2 L
. ALY

QRpIC =D %

an em.f. is produced in a ¢ 025 \

i : : -0.50 /";
change in ma ; R Mt nagl
amount of em. erated depends on how  **l4—t—p—yp—t s —-

fast the magnetic field is being cut by the coil. L P e S

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 coll
continues to rotate, the direction of the e.m.f. reverses every half-turn, producing

alternating current. @
« At0and r radians (or 0° and 180°), the coil i $is zero.

o Atm/2 and 3®/2 radians orlzontal

Faraday's law of electrom.:jiA

« Atm/2, the emf.is positive r : .
. At3m/2, it@ﬁm ﬁegative maximum due to the reversal in direction of

motion.
This repeating cycle creates the familiar A.C waveform which aIternates 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 N, turns
(A.C) 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
and the secondary coil wij
coils are wound on a sq

, \l\l\\N\N

lron core

N, turns



~ hI carry te magnetic field f i Y : g

to the other. Om D - 3
When an alternati (& »Is applied t0  The buzzing sound in transformers is due
tl;me prim , 1t causes an alternating %‘;‘f;‘ev:':r';ggf ibeing = e
current /, to flow. This current produces a L?:g;f;": field and not by the current
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

output voltage,.j iO a step-up
transformwm-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:

BN (18.3)

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

where

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

Vs is the voltage across tb e ‘ (b) Step-down transformer
N, is the number oﬁ}lg\ ‘ rimary coil
0

"N, isthen turns in the secondary coil
This equation shows that the voltage ratio is directly proportional to the number of
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' The cathode rays generated fro an ele @

" .-uiuuqn-‘ﬁiﬂb

turns in the coils. For exampl ¥ ‘u o

has 5 turns and the se Step—up transformers increase voltagefor
: lon -distance transmlssion whtte:—;ste
the output vol e twice the mput m:}, mnsfm\- duce it t .

voltage.

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 of10Q. Calculate the power loss in the
cables?

Solution:

Given thet; :
Voltage V = 20,000 V
Current/ =5A

‘ Resistance R = 10 2 @ @@
Tofind;, @@
We know that; | “i m @
WW Power loss P = I?R

Substttutmg the values
P= (5)-2 x 10
P=25x10
P=250W

The power lossin the cables is 250 W.

18.4 Deflection of Electron|

The direction of electron beam or cathode rays can be changed by electric and

magnetic ﬁeld.

ur‘c‘

gun are negatively charged el

with high speed charged
electron in catho eam is attracted by |
the positive electrode and is repelled by the Fig. 18.9: Deflection of electron

negative electrode. Thus, we can say that O e




‘ R R
cathode rays are deflegt sitive _efectrode in the presence of electric

field, as shown in Fig. 18! ; >
= R\ RI 5 . a
Dflec_tmn by Magnetic Field s S S

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. 1810. To  "# ’”“‘ L Recton Pt
determine the direction of force and thus the Sl e
deflectlon of the electron beam the Flemlng s left- hand rule can be used.

KX X X

component of the CRCD}
which includes

n, deflectlng

[¢) : ;

The electron gun generates a focused beam Which travels faster radiowaves or

of electrons. It contains a heated filament F 8MM2/s?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, wh|ch
control horizontal movement (left to right).

Fluorescent

and focusing anodes

(a)
Fig. 18.11: (a) Schematic diagram of CRO (b) Different wavef

L]
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The fluorescent screen i@

positive gi"czz
material that glows n beam 4 ramp \ /
+
strikes it. As t S nkes different points 2 é /
= Bty d% oy e
on the screen, it leaves a visible trace, allowing =
. : £
the waveform of the signal to be seen. To - Ve L Vo
move the spot horizontally across the screen pasta T R 37 AT
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 |
drops to zero. This motion Creates a tmeex@

display how the signal chang ove % ;
When a sine wave is a % tes and a saw-tooth voltage to the

X-plates, the tS’oth 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° WhICh ea5|Iy
observed on the screen.

A cathode ray oscilloscope | ‘ Q&@rﬁg physics, and medical
diagnostics. It uses electr &

mg plates, and a fluorescent screen to
visually repre it signals. The inclusion of a saw-tooth wave in its time

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

constant rate, making accurate and stable signal display possible.




sun;et? This menon is caused by scattering of sunlight in the Earth's
atmosphere. Sunlight 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. ‘ ‘ :

A

Fig. 18.13: Scattering of sunlight during daytime and sunset

During sunrise or sunset, the sunlight has to &
pass through a longer path in the |
atmosphere. By the time the light reaches us,
much of the blue light has already been |
scattered out of the path. What remains are "=
the longer wavelengths like red and orange,

which scatter less. These colours dominate th

sky near the horizon, giving it t% " :

reddish hues we often i

Factors such as dus ti ater droplets in the atmosphere can make the
sunset even atic by enhancing the scattering of certain colours, leading

to deep reds and purples. : L e e

/
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Light is commonly know ahave asa s

but it also has ‘nature. According "™ @@@Q 4 4

to modern physics, light can be viewed as a @@;@A

stream of massless particles known as

photons. These photons carry energy and

momentum, even though they have no rest

mass. This idea helps 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 that light mes

- in packets (photons), and not as a contlnuaus Wa is radiation
pressure light can exert a t| rough the force is very

©  ©— gected
photoelectron

Metal surface

Fig. 18.14: Particle nature of light

small, it has real-world apph ce solar sails on some spacecrafts are
designed to refl 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. T

EXERCISE

A. Multiple Choice Questions

Tick (v') the correct answer. :

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

(b) Remains the s: @
mxni'rZZ'sli i “\S\W@

BT (d) Becomes zero
182 InanAC generator sed to:
T (a) reve ion periodically

(b) con A toD. C
(c) prevent induced current
(d) increase magnetic flux
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(a) reflection of li (gm
(b) sc i rwavelengths
- (c) abs ion of blue light

i DB WY POSIR geern VR, M SR 1 S ) S . Wy

Bt

The sky appears bIL@

(d) refraction of light
Light can be considered as massless particles called

(a) electrons (b) protons

(c) photons (d) neutrons

In a transformer, energy is transferred from the primary coil to the secondary
- coil through:

(a) direct electrical connection (b) a magnetic field in the iron core

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

What is the direction of induced curren
Why are slip rings us d inan A\C gen
When is induced e in @an AXCgenerator?

Why i W . ,
What is-a'transformer and on what principle does it work?

1 Ifa méghét is moved qmckly.fnté 5 Eoil, alargere.mf.is in_duted. Why does
: speed affect the magnitude of the induced current?

Why is an iron core used in transformers instead of wood or plastic?

Explain briefly.

How does the concept of photons help explain the workmg of solar sa|Is in
space?

Why can a transformer work only on alternating current and not on direct

Descnbe how Lenz m aw of conservation of energy. Give
one real-li b'support your explanation.
Comp -up and step-down transformers. Include the difference in

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

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




184

£ 188

181

18.2

183

184

185

D. Nu_mencal Problems

- A coil consistin ‘ ound turns experiences a change in
magnmf@{mg 0.3 Wb to 0.8 Wb over a timeinterval of 04s.

day and red at sunset? Explain.

What is an oscilloscope, and how does it help in analyzing electrical signals?
Describe its main components. ‘

What is the shape of the path followed by an electron when %@oves atright

angles to a uniform magnetic fleld? Explaln w%]@ @

Determine the average induced electromotlve 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 (assumlng 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:44V, St (V,<V)]
A step-up transformer has a turns ratio of 2:18 i g voltage of
25Visapplied to the pnma c @GMondary voltage?

[Ans: 1250 V]

A step-down sa turns ratio of 100:5. If an A.C voltage of 190V
is appl prlmaly coil, what is the voltage across the secondary coil?
[Ans:9.5V]




