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Electromagnetic induction: The process of
generating electrical current in a loop, caused
by the relative movement between the wire
and the magnetic field, that is, when the wire
moves through the magnetic field or when
the magnetic field moves through the wire

Faraday Experiment: Faraday put a part of a
closed-loop wire within a magnetic field as
shown in the figure, and studied the effect of
wire movement in different directions on the
generation of an inductive current in the
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electrical circuit

An induced current can be obtained in one
of the following ways:
1- The relative movement of the

conductor or magnet so that it cuts the
lines of the magnetic field

2- Change in the magnetic flux that
penetrates the coil

Note:

e When the wire is moved vertically or
oblique along the magnetic field lines, the
galvanometer indicator deflects Which
indicates to the flow of current
e The current generation continues with the
movement of the wire
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increasing:
1- The strength of the magnetic field.

2- Increase the speed of the movement of
the wire

to determine the direction of the induced
current. By using the right-hand rule:

O Thumb points in the direction of the wire
motion.

O The fingers points to the direction of the
magnetic field.

O The palm of the hand points to the
direction of the
force which is the same of the direction of

The intensity of the current increases with
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How can an electric current be generated in Jliae ddausl gy el & AL jeS )L Al 68 Sy S
a wire by a magnetic field? aliae
2
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WIRE (EMF) is equal to the strength of the
magnetic field times the length of the wire
times the component of the velocity of the
wire in the field that is perpendicular to the
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e s sl (EMF) <l 8 Laiuaall 45504 <)) dadlal)
& Ly pae ALl Jola Al g pian unhalinadl Jlall
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field

EMF=LBvsin(0)

If an EMF generates a current in a wire that is
part of a circuit with an effective resistance
R, the current’s magnitude can determine by
the following equation

a3 (e 12 a Jia el A 15 Al g EMF OIS 1)
AN Aslaall Ll e paad Ky (R Alad 3 glia

What is the unit of electromotive force
(EMF)?

(EMPF) 2l Sl axdlll 3 580 o L

A straight wire that is 25 m long, is mounted
on an airplane flying at 125 m/s. The wire
moves in a perpendicular direction through
Earth’s magnetic field (B = 5 x 1072T).
What EMF is induced in the wire
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A straight wire, 0.20 m long, moves at a

a magnetic field of strength 8.0x10-T

constant speed of 7.0 m/s perpendicular to

Al de un (0.20 M) Alsh aiius dlu & ady
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wire?

The wire is part of a circuit that has a resistance of 0.50 Q. What is the current through the

Alad) B lall Ll )ada Lad (.50 €2) Lgiaglia 34003 O be S Alud) GlS 1)

Page4

! 0505369567 Uas Ay 2ana 53! !



You move a straight wire that is 0.5 m long ey el (0.5 M) Alsh asiien ellu &y
at a speed of 20 m/s vertically through a 0.4 o_ylia 8] ewdalize Jlae e L 5ee (20 cm/s)

T magnetic field pointed in the horizontal b e 204 T)
direction
What EMF is induced in the wire L) 8 3 giall Aial) Al je<l) Aadlall 5 81 jlaia Lo

The wire is part of a circuit of total resistance of 6.0 Q. What is the current in the circuit
€5 5l Ll Ll ke s (6.0 Q) Letiaslia s il (g e Slld) (IS 13

A straight wire segment in a circuit is 30.0 m 30.0m syl & adiiaal) Gl adaie J sk &y
long and moves at 2.0 m/s perpendicularto | (uhliae Jasw Jde Bagee 2.0 m/s Ac pun & ady
a magnetic field.

A 6.0 Vis induced. What is the magnetic field magnitude?
bl Jaall (ual6.0 V. vl dgdl (3,8 o 131

The wire is part of a circuit of total resistance of 6.0 Q. What is the current in the circuit
€5 5l Ll Ll laie s (6.0 Q) Letiaslia 3 il (g e Slld) (IS 1)

The induced current is 1.2 A what is the total resistance of the circuit
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At what speed would a 0.20-m length of
wire have to move across a 2.5-T magnetic
field to induce an EMF of 10 V?

Al g <L Ly s o oy ) A pead) s
EMF &02aY¥2, 5-T (uhlise Jas 4 0.20-m
10 V ey

Determine the direction of the induced
current in the wire shown in the figure?

Determine the direction of the induced
current in the wire shown in the figure?
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If the shown circuit is placed aside in a
magnetic field,It has a uniform intensity of
0.15 T and is directed to the inside of the
page.lf the conductor (QP) moves with a
constant velocity to the right

Its amount is (2 m/s) depending on the data
on the figure.

answer the following:

1- Determine on the diagram the direction
of the induced current passing through the
resistor.

2-Calculate the magnitude of the
electromotive force induced in Circuit
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Induced EMF in microphone

Microphone is constructed like earbud, but it

works in reverse

Magnet
Coil

Diaphragm

CstsSaal) 2 8l giall iniual) 4 oS dadlal) 5 53l

8 Jamy 43S0 5 3 Ao Lo Jia () 58 5 ySaall
Slaall olaiy!

The microphone converts sound waves into
electrical signals. The microphone's
aluminum diaphragm is attached to a coil in
a magnetic field. When sound waves vibrate
the diaphragm, the coil moves. The
currentthat is generated is proportional to
the sound wave
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Electric generator

It is a device that converts mechanical
energy to electrical energy

Types of Electric Generator

1- AC electric generator

2- DC electric generator
What are the components of the AC electric
generator?

» Number of wire loops wound around

an iron core (armature or rotor)
» Strong magnetic field.
» Two slip rings.
» Two brushes.
» Rotation axle
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Working principle:
electromagnetic induction

Y Y dalsy
Ols yse -5

(onbalina g <l Eal) o Janl) dsa

Compare between DC and AC generators

23 yiall il g patisadl Sl ol o G 8

DC generator
Charges move in a single direction.
Current is in one direction because
the wires of the armature connect to
a circuit by means of a commutator.

AC generator
Charges move in two direction.
Current is in tow directions because
the wires of the armature connect to
a circuit by means of a slip ring device

How to calculate the average induced

J\ﬂﬂ\ﬂym\yw\ﬁjdﬂ\@)ﬁn@mw

power by AC generator
Pyc =

How to calculate the effective current
produced by AC generator

22 yiall
5 Pac max
23 yiall Sl Al ge e i) Jladll Ll s 4088

V2

e = = Imax = 0.707 Iy
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How to calculate the effective potential Dkl Ase e ) Jladl) agad) (5 58 qilaa 43858

difference produced by AC generator 23 yiall
V2
Verr = - Vinax = 0.707 Vi ux
Effective voltage is commonly referred to as 22) RMS 2¢all a sale Juadl) agall ) Ly
RMS (root mean square) voltage (an il au sia

Note: The voltage generally available at wall Dl g Lailall dilia A L gae Uil agal) 1403 gala
outlets is the magnitude of the effective seall el asdl Gad g e Jladll agall
voltage, not the maximum voltage

12
A generator develops a maximum voltage of | 170 V L s elac 408 13 laga Al 3 gl L Al g
170V ;b le
What is the effective voltage¢ 5[EY:1INVENINV-FR

---------------------------------------------------------------------------------------------------------------------------------------------------------------

A 60-W lightbulb is placed across the generator with an Imax of 0.70 A. What is the effective

current through the bulb
Cluaall (& Jladl) JLdll jlaia Led (0.70 A) AN calinl) dagdl) cuilS g cal gag (6O ) 43,28 zlanaa Juag

What is the resistance of the lightbulb when it is working?
d.u:\ Ladie Cl.ya.d\ a.Aj&A J\ﬁ.ﬁ La

13
If the average power used over time by an 75 el ¢ gl Learding Al 6 50l Jas gia IS 1)
electric light is 75 W, what is the peak s saaill 5 )0l & Lad (W
power?
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The RMS voltage of an AC household outlet (1 e (A gliiall 2gadl AlLadl) dagll cuilS 1)
is 117 V. 117V

What is the maximum voltage across a lamp connected to the outlet?
el 138 ga J e 50 zliae JIA 2gall palind) dagil) )aia Lad

If the RMS current through the lamp is 5.5 A, what is the maximum current in the lamp
Srluaall b Ll Ll calied) Ledl) jia ld 55 A luaall b Ll Jledll [l dad il 1)

An AC generator delivers a peak voltage of | 425 V W jlais adac dad 13 laga Al gy o slite i ol 5a
425 V.

What is the Vefr in a circuit placed across the generator
Jladll 2gall jlaie Le

The resistance is 5 X 10%Q. What is the effective current?
rluad) & Ll Jladl) Sl e led 5 x 102 e slial) ded il 1)
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Lenz’s Law

Lenz’s law says that the magnetic field
produced by the induced current is in the
direction that is opposite the original field
In other words (the magnetic field produced
in a coil by the induced current resists the
change in the external field)

Note that the inductive magnetic effects
reverse changes in the field, not the field

H o
Jaall Sy Jiall il ol o) (Ao 1l g 538 iy
G alalinall Jlaall 8 iill e ¢l wdaliall
A
Dl e cile 8 i) halinal) Jlaall) AT iz
(> ad Jaal el o gl dhatioal)
il Sl Agiald) Apaalaliaal) <ol il o Jaay -
Ands Jaal) G s cJlaall b

According to Lenz’s law, determine the
direction of the induced current and the
induced magnetic field in the following
cases shown in the figure

Jlacall g cuaiocal) LN oladi) daa ¢ jidl oy gilal (G
s A gl Al YA b Ginional) eashaliza
Jeall

s
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In each of the following cases, determine the
direction of the induced current in the coil
and resistor (R)

JS 8 (R) askall s calal 3 Caninaall ) olai] aaa
A YAl (e

OEEE D .| | o T r—
(T PSS r—

3

From the opposite figure ideniify the
dirction of the induced current in resistance

(cd) while the magnet is moving to the right

a i) 8 Canienal) i) ol as (Jiliall JSEN 3
Ol ) ulalisal) & a3 Lasie (cdl)

o T
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eddy currents.

eddy currents are generated in any piece of
metal moving through a magnetic field.

the magnetic field they produce opposes the
motion that caused the currents

the self-inductance.

It is the property of a wire either straight or
in a coil to create an induced EMF that
opposes the change in the potential
difference across the wire

el pall @ )l
DA @l jati Ayianse Akl gl A Al sall ol Hlaill AL 3
(halize Jlas

S AS ) G jlag 4 A adalizall Jlaall
Gl bl o G

Qgt&:\ Gaall

A dadla s g8 o Lisy Cale 8 ol aiiins cllud dpala L)
Gl yie sgall 38 A il G jlay

Transformers

Define transformers.
Transformers are devices that increase or

decrease potential difference with relatively
little waste of energy

Note: Only alternating current can be sent
through a transformer. Direct current cannot
pass through a transformer

What is the principle of transformer work?
The transformer depends on mutual

inductance where an EMF and current in one
coil due to changing current in another coil.
What are the components of the
transformers?

<Y gaall

<Y saalls 3 gaialila
e el 5 e JE 5l 35 A 8 e ) o Y gal

Jsne JA (o T 23 il Ll Jlas ) (g el
Usaa i o of (Sa Y ilaall it

Y sadll Jae e 58
EMF 058 ¢ Jaliiall ciall e J yaall aaing
AT Cale B lall 5t e daly cale 8 Ll

<Y saal) cligla A La

Primary coil

Which is connecting to the alternating current source

Secondary coil

Which is connecting to the devices (resistance)

Iron core

Which is carrying the changes in magnetic field from the primary
coil to the secondary coil.
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The coil connected to the source is called a
primary coil (P) and the other is called a
secondary coil (S), as it is connected to a
consumption circuit that has a resistance
called the load resistance

A 2022-2023 G , sl 541} Jucaill
AV (P) Lol lile ey aeaally Juaial) calall
Led il 3 Shata () 5 Cam (S) Lsilh ke s
el Ae gl ans da slie

The ideal transformer equation

N gaall Alial) ddalaal)

The number of turns of the primary and secondary coils

The potential difference of the primary and secondary coils

The electric current of the primary and secondary coils

» Note: The efficiency of the real
transformer is between 95-98% which
is the ratio of the output power to the
input power

Transformers are of two types:

* The step-up transformer: If the number of
turns of the secondary winding is greater
than the number of turns of the primary
winding (Ns > Np)

The transformer raises the potential
difference and decreases the intensity of the
current.

Step-down transformer: If the number of
turns of the secondary winding is less than
the number of turns of the primary winding
(Ns < Np)

The transformer reduces the voltage and
raises the current

What is the type of each of the following

95-98% (i (sl J gaall 3elS ol 55 ddaaDle
VLAY A ) s Al A8 Ay 4

ol 8 &Y gaal)

6 SN Galal) Cildl sae S 13 sgall b)) J gaali*
(NS > Np) (25 cilal) cildl aae ¢ S|

LD ot LA g agall 581 ladl ) (168 Jgaall 8
cilall el sae S 1Y) agall (28lAl) J saali*

(NS < Np) a0y cilal) cildl aae cpa JB] (o oSl
L) Bkl Tadl ) g agad) (A1 LA (158 J gaall (8

40l e gaal) (pa JS £ 65 94 La

transformers

iron
core

primary secondary
coil ‘ coil

primary

coil
=

-

secondary
coil

W
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Remember

Step-Up Transformer Step-Down Transformer
wW<Y% >V
E>L b <A
N, < N, N, = Ny
19

A step-up transformer has a primary coil
consisting of 200 turns and a secondary coil
consisting of 3000 turns. The primary coil is
supplied with an effective AC voltage of
90.0 V

e O5Sh (Flaly) Cale e (5 i 3eall adl ) Jsae
M5 3 Ak AR 3000 (e 058 (5 56 ala 5 441200
90.0 V &y Jlad 23 jie i agay Slai) Caldl)

What is the voltage in the secondary circui

Lﬁ}‘u\ —aldll < AVEN | FEIWAN

The current in the secondary circuit is 2.0 A. What is the current in the primary circuit
AN Cilal) A Ll ga e 2.0 A b (sl ald) Ll S 1A
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The lamp is lit by an electrical transformer
and a differential power source Its effective
voltage is (12 V), as shown in the adjacent
figure. Using In the adjacent figure and the
data on it, complete the following table

GAUL Huass AL eS Jsae ddalu g Fluas clay
Use ) slal) JSAN 3 LS (12 V) Jladll g
Y Jsaall JaS agle il slall a1

i L rad b ol ) i | g | g il | Gl s
i il ; 3,
21

A step-up transformer has a primary coil
consisting of 200 turns and a secondary coil
consisting of 30 turns. The primary coil is
supplied with an effective DC voltage of
10.0 V. what is the voltage in the secondary
circuit

200 Oe 0sSh Sl cale e s ging agadl xdl ) J saa
alall 3 g 35 %y 381 30 e S (5 536 Cala g Adl

58 Lac10.0 V iy Juad e i aga SlaiY)

5 5D Cillal) B 00 S agal)
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A step-down transformer has 7500 turns on
its primary coil and 125 turns on its
secondary coil. The potential difference
across the primary circuit is 7.2 kV. What is
the potential difference across the
secondary circuit?

If the current in the secondary circuit is 36
A, what is the current in the primary circuit

aile 84817500 e 2all (sl Jsaa (s sing

e 2l 8 ly s Al adle 3 ARIN25 5 ot )
7.2 Kv a1 3 il

0 U 5 nlall ye agall 3 8

& Okl L 36 A a4 Ul 5 3lall A Lall IS 1)

PR E ORI

---------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------------------------------------------------

A step-up transformer has 300 turns on its
primary coil and 90,000 turns on its
secondary coil. The EMF of the generator to
which the primary circuit is attached is 60.0
\'}

5 il 4ile AEI300 e 2ea) ] Jsma 5 sin:
gall 8 2eal (58 gy (5 5 4ile 3 490,000
U5l 3614 4115 5,60,0 V/ Al 5 5121 4y ALl
2l 305

What is the EMF in the secondary circuit

s L 53 e aeall 5 e

The current in the secondary circuit is 0.50 A. What current is in the primary circuit

Ayl 5l Ll L 0,50 A gy 4 il 5 _slall 3 Ll
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1
Which dimensional analysis is correct for EMF clual msall gazadl Juladl) La
the calculation of EMF
A) (N-A-m) (J) B) (N/A-m)(m)(m/s)
C) J-C D) (N-m-A/s)(1/m)(m/s)
2

A 150 W transformer has an input potential
difference of 9.0 V and an output current of
5.0 A. What is the ratio of V cutput t0 Vinput?

JE59.0V Mudivtaga L8150 W Jsse b
V output t0 Vinput “LwiL5.0A. é—{-} zA

A) 1to3

B) 3to 10

C) 3to1l

D) 10to 3

A 15 cm length of wire is moving
perpendicularly through a magnetic field of
strength 1.4 T at the rate of 0.12 m/s. What

wgkund@ﬁngﬁcm “al gl Gl & Aty

EMF Jldaa e, 0.12 m/s J22 1.4 T o_la

. . . . Sl A diadiial)
is the EMF induced in the wire? i

A) OV B) 0.025V

C) 0.018V D) 2.5V

4

A transformer uses a 91 V supply to operate
a 13 V device. If the transformer has 130
turns on the primary coil and the device
uses 1.9 A of current from the transformer,
what is the current supplied to the primary

Jlea Janiill 91V @l aeal | jian Jgna paiiy
e 441130 e s sing Jnall OIS 13 13 V 22l
e Okl (01,9 A Dleall aadiing 5 ol alal)
€0l Calall g 3all Ll Led o gl

coil?
A) 0.27 A B) 4.8A
C) 0.70A D) 13.3A
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An AC generator that delivers a peak
potential difference of 202 V is connected to
an electric heater with a resistance of
4.80x10% Q. What is the effective current in

202V @y e (38 (ol 4l 20 jia s ol se Jaaly
Ll 50 e 4,80%10% Q  Aaslia Sl yeS i
SO A Jladl

the heater?
480 ﬂg

202V ()

A) 0.298 A

B) 1.68 A

C) 2.38A

D) 3.37A

Which of the following will fail to induce an
electric current in the wire?

ALl 8 Ll eS 1k Gy o L Les 6

AL & & @ & @
* & 2 = @

L
—-—

* @ @2 @
B out of page

e @
e @ .P"
L IUI

-

® & @
B out of page
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From the opposite figure ideniify the
dirction of the induced current in resistance

(cd) while the magnet is moving to the right

gl & Canaal) ) slad) a0s (el A0 3
Ol ) (laliall & ety Lavie (cd)

—_—
o 1Y

s 'AA A A

C d

A) From right to left

B) From left to right

C) up D) No induced current formed
8
is (are) generated when a piece of metal s e Garall (e dadad & jari Ladie laad 68
moves through a magnetic field Lliie
A) Eddy currents Al sall <l Ll B) Lenz's law ) o8
C) Voltage drops 2l L sl D) EMF Afal) il oS dadlall 5 Gl
9
In a transformer, the primary coil has twice 2 Caria e A Calal (s sing «Jgaall 8
as many loops as the secondary coil. This is a 5 Usne 1 o il Calall b clalal)
transformer ) i
A) step-down oadla B) step-up &)
C) Reduction Uil D) Voltage APEN
1
An electric generator converts Jsma S eS Al gall

A) Mechanical electrical

energy il yeS Al ) 4Salaal) A8

energy into

B) electrical energy into magnetic energy

Anphling 48l ) 40l 5eS)) 43l

C) magnetic energy into electrical energy

350,45 Bl ) dpaapbolial 25l

D) magnetic into mechanical

energy  ASuilSuw ddla ) dpnhliag) 43U

energy
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