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Electromagnetic Induction

Inducing current

el o Ao g8 Aadlet d dnd punblien Jla y (AL L) g Al 8 jall 28 3 Stu. Textbook 132
1 | Explain how the relative motion between a conductor such as a wire and a magnetic field causes an Ch. ASS. Q 28,36 150, 152
induced emf Ch STF.Q3 155
9 (V) il L im0 g o f A S0 bl 5 g1l iy Stu, Textbook 113
Define electromotive force emf and specify its unit as volts (V). Ch.STRQ1 155
A 0 e st (1= EE) Gl 5 3 il Tk 0 i 30 e s (EMF= BLvsin(0)) Aad (1
redaling Jlaa jie ol jady s Ralie 3 il (e e o i il i Ciaiiall
grestinn Jlaes b o gy (Filae s i (e e o ) e i Satad) Ll sladt paadl il ol 3 ke 2
1) Apply the equation (EMF= BLvsin{#)) to determine the magnitude of induced emf for a wire moving through a Example 1 134
16 magnetic field .
2)Apply the equation (I= %) to calculate the magnitude of induced current in a wire that is part of a closed Chu. ASS.Q 45 151
drouit.
J)Apply the right-hand rule to determine the direction of the induced current in a wire (that is part of a closed
circuit) moved in a magnetic field.

Faraday’s and Henry’s experiments illustrated that how the magnetic
field changing:

1- When the wire moved perpendicular to the field there is a current

2- When the perpendicular wire is moved in the other direction the current reverses
direction.

3- When the wire is moved parallel to the field nothing happens.

r Y
Figure 7 The direction of current induced in a wire moving through a magnetic field
depends o the direction the wire moves. When motion stops, so does the current.

Wire moves up. Wire moves down.
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How can produce current from the electromagnetic induction ?

the current requires a source of electrical energy as a battery and the
charge flow from the higher to the lower potential

EMF ( Electromotive force ): is the potential difference across the
battery and not actually force

How the EMF produced ?

When a wire moves perpendicular to a magnetic field there is a force on
charges in the wire the force causes the (-) charges to move to one end of
the wire leaving the + charges at the other end. The separation of charge
produces electric field and (EMF ).
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INDUCED ELECTROMOTIVE FORCE IN A WIRE
EMF is equal to the strength of the magnetic field times the length of the wirs tinies the
component of the velocity of the wire in the field that is perpendicular to the figid

EMF = BLv({sin 6)

EMF -------- volt

— EMF
V= mmmmmmmeeeee m/s I —
| ’ K

R --=-mmem- ohm Q

EMF =[vB EMF =0.0 EMF =LvBsin0
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Right-Hand Rule

The Right rule- hand :-

F B

the fingers point to magnetic field.
The palm of hand point to force.

The thumb point to the direction of wire move.

v

urrents 27§

The conditions of producing EMF :- 4l ¢S 4S s 3 88 Al g o g &

1- The presence of a closed-circuit conductive wire
2- The presence of movement

3- The presence of a magnetic field

4- A break in the magnetic field lines or a change occurs
a. In magnetic flux p=ABcose)
I — 4020 435,500 Juwogon ddw 2g>
2-34Sy> 2g>g
3 - suablizxo Jlxo 242>

4- Syus g1 woblUiiadl Jlxadl bghs ) gadhis &gds
b LI sl 5 p=ABcose))

The magnetic flux changesd when:

1. When the strenoth of the maenetic field around the wire chanees.
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INDUCED EMF A straight wire is part of a circuit that has a resistance (R) of
0.50 £2. The wire is 0.20 m long and moves at a constant speed of 70 m/s
perpendicular to 8 magnetic field of strength 80x102T.

2. What EMF is induced in the wire?

b. What is the current through the wire?

c. If a different metal were used for the wire, increasing the circuit's
resistance to 0.78 {1, what would the new current be? =
oo pae

KNOWN UNKNOWN
v = 7.0 mis EMF = 7?
L =020 m 1=2
8=80x<x102T

R; = 0.50[€2

SOLVE FOR THE UNKNOWN
a. EMF = BlLv -

= (8.0x10 2 THO.20 m)(7.0 m/s)
O0.11 T-m?3/s
= 011V

StbStute B = 80>X10-2 L = 020m.v =70 m/=

11
= onv_ N SubSfufe EMF = 011 V. R, = 050 S2.

[T R
1. You move a straight wire that is 0.5 m long at a speed of 20 m/s vertically through a
0.4 T magnetic field pointed in the horizontal direction.
a. What EMF is induced in the wire?
b. The wire is part of a circuit with a total resistance of 6.0 2. What is the current?

2. 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 (B8 = 5.0x10"> T).
What EMF is induced in the wire?

3. A straight wire segment in a circuit is 30.0 m long and moves at 2.0 m/s perpendicular
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Current induction (part 2)
A s 80 () i (1
3 a0l e Bl o i 80 Sl e e (2 Stu Texthaok

[} Describe an electric generator, specifying its components.
1) Apply the concept of electromagnetic induction to explain how a generator works.

136

The Electrical generator

Is operation converts mechanical energy to

electrical energy .

What is the components of the electric
generators?

1- Number of wire loop in a magnetic

field.
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2- Theiron core ( which concentrated the
magnetic field).

3- The rotor (the iron and wire make up
generator’s armature.

How The current produced by generator ?

1- The armature rotate in magnetic field.
2- wire loops cut magnetic field line.
3- The EMF produced.

How increases the EMF in the generator ?

EMF= LBV so it depend on the length of the
wire. When the wire loop increase (L) will
increase and the EMF will increase and the
larger EMF have the stronger wire.
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What happen when the loop rotate (in the
horizontal position )?

The strength and the direction of the current
will change and the strongest current when
the loop is horizontal and the loop’s motion
is perpendicular to the field.

What happen when the loop rotate (in the
vertical position)?

The loop will cut fewer magnetic field line per
unit of time and the current decrease and
the current = zero because the wire moves
parallel to the magnetic field.



MS/ Rahma (one line private teacher)
Tel / 0557368293

The current will change from zero to max value
and back zero during each half turn.

When current will reverses?

Each time the loop turns through 180 degree.

Maximum Current

Zero Current

Current v. Time
Top view

=

Side view

2a e
! 1=0 s
o i3 _ :
N}! i iliﬁ ”ﬁ! - E.s
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Jlsall (6551 Calall
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Jlaall (g A 5338 5all

R k\ *"_\T
Jisd &J‘Jeid" e TR x4 :‘ \
- ol e A ae 28 a0 “?\I T T

How can the generators take the power?

By the water heated by burning fossil fuels —
fissioning uranium- wind and moving water- by
the people hand.

What is the difference between the motor and
generator?
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1-Generator ------ convert mechanical energy to
electrical energy.

Motor ----- convert electrical energy to
mechanical energy.

2- the generator connects to a circuit by a
brush-slip-ring device instead of the
commutator .

(olalpanin s LR a5 e S0 e 508 e B Zentilll 5080 AT ol g At Bl o0 Failall 8 20 Dl ) e
em el S0 L Gl gl ernf ) Aadladl 5 gl dagy Calall

6

Stu. Textbook 136

Draw a sketch of emf [or current) versus time for an AC generator, relating the position of the coil to
the emf (or current) induced.

Imax 4

Armature s =A== FXx--- =
(wire loop) €
A E 0
E
(&)

Brushes ™~
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Figure B This AC gemeraior is similar im
construciion tao an electric motor except it
conects to a circuit using a brush-slip-ring
device Instead of a commutator. As the
armature rotates, the direcition of the current
altermates in time {(fop rightl. The powar
delivered byw the generalor s always positive

[baottom right).

Identify In what position s the armatune

wihen current is zerc?

| R N R
Lentily the mainenergy translormation that ocurs n an electri generato,

St Texthock 196

What is the two type of generators and the

difference between it?

DC generator

AC generator

Charges move in a
single direction as
battery

The current alternates
from + to—and revers
it direction

Currentis in one
direction because the

Current is in two
direction use a slip-
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wires connect to a ring device to connect
circuit by a wires to circuit.
commutator

Py R T W ENTREN

5

o , . , S Textbook
Identfy the orientation of the loop with respect to the magnetic ield when the current n the AC 136
generator s either maximum or minimun,

Alternating current :

is an electric current that periodically reverses direction and

changes its magnitude continuously with time, in contrast to direct
current (DC), which flows only in one direction.

power: product of the current and the potential
differences .

The power is always positive because | and V
are either positive or both negative.


https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Direct_current
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Average power P(AC) is half the maximum
power =% p AC max

Effective current :-

EFFECTIVE CURRENT

2 2 - 25 5
Effective current is equal to \T times the maximum current.

2
Ieff - (%) I max = 0.707 I max

-

EFFECTIVE POTENTIAL DIFFERENCE

—

Effective potential difference is equal to VT2 times the maximum potential difference.
RMS = |N2 e
Vet = | =5~ | Vimax = 0.707Vimax

M iyl sy iy 34 13

T (hASS Q41 130
Calelat the s o v vles ofcurent, volkag, and o for an A gt Q
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- gl e Gl e L Y o f il €0 il 5 St Testhook 137
Calculate the emf induced for different arientations of the AC generator coil Ch. Ass. Q 46 146
) oo Al g pecils il e i 5t AC 20t 5 5 e Rl gl B f s Stu. Textbook 138
8 | Show that the average power of an AC generator is half of the maximum power produced by the Ch.Ass Q41,042 150
generator.

5. A generator develops a maximum potential 1. \fthe average power used over time by an electric

difference of 170 V. light is 75 W, what is the peak power?

a. What is the effective potential difference? ¥, CHALLENGE An AC generator delivers a peak

b. A60 W lampis placed across the generator with potential difference of 425 V.
an !I’Ml Of 070 What is the Effective current a What is the v&" ina circuit connected to the
through the lamp? generator?

¢. Whatis the resistance afthe lamp when itis b. The resistance is 5.0x10% 0. What s the effective
working? current?

6. The RMS potential difference of an AC household
outletis 117 V. What is the maximum potential
difference across a lamp connecied to the outlet? If
the RMS current through the larp is 5.5°A, what is
the lamp's maximum current?
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° 3 eff /
o eff

_120.19%
~0.4954
R=242.80
42 3
D Ver == Venax =0.707V o
Y, =0.707(1707) =120.197
=glmax =0.7071._

I, =0.707(0.704) =0.495 4
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/
/

—7
v, =0.707V,,,

et OV s sy
0707 0.707
/1, =07071,, - /
/1 Iy _554 _.
o 0.707 0.707

1
;iC:EPmax
ZPAC:Pmax

ma.x

= 2(75w) =150w

N i

¢ luadl L8 o L
- - D

V=117V
T =m
L R
T =554
L =™ |2
?5
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Applications of Induced Current

ABRl Bia gl da g 3 ) mia g

Describe that Lenz's Law is a consequence of the law of conservation of energy

Stu. Texthook

140

10

o= el @l it ) pkliall Jadl bphal o pa sl ol ol e bl Jill sl gl B8 ks
Ailha s plolea SO W ydlin pe Ylad o B 3 Cinis ol (8 i dalise Db dili dils
Apply Lenz's Law to describe the direction of current induced as a wire or conducting bar cuts through
magnetic field lines (changing magnetic flux through a closed loop of variable area) while being pulled
| over ather conducting wires or bars which form together a closed loop.

Lenz’s Law i Gieild

The magnetic field produced by induced current is in the
direction that is opposite to the organic field.

sl A& b il Ll e il uadalisall Jlaal) ola|
csba¥! Jlaall a jladll

o) 30 g (i 3] 5 dumiid 33 5 13)

Stu. Textbook

® Boyut of page

140
141
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» The wire pulled in the first magnetic field produced
EME.

» The EMF produced (l) in the circuit.

» Motion of charges produced (F).

» The current produced (B) in the direction opposite
the first magnetic field.

EMF |l s Js¥) bl Jlaall d @llul) oS ja
oSl Ul Al g8 oy o
Loyl 5 58 al 5 il 4S a
Js¥) omaliaal) Jlaall Lilae sl Jlae 2l 0 Sl o) Ll

What is the importance of Lenz’s low ?

Is to detect the direction of the induced current in closed
circuit.

aalaa ‘;,Jj\g é Caaliall J\,}.ﬁ\ sl AYRENCREY Y J‘d U}’G :\'.4‘“‘2"
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2o Bel by bl e Gokal (g.u.hl.n.o el i ) wil] JUD (gualalial) Jlab) Bali) ds v’
u.l.a!l Jaedl ol mbliio Jlao

2 et sl Mgt (i ] ) bl SN gumiadaliil| Jiak! ol s v
kel Jlal) okl gabi (§ guslabiio Jiao

(Rl i it ) i ol D e e i e v
(abdidng willail wialai Giaay geadabiad! iz .u.s a

sl g Ll fp Al @S pall A il 8 Ceasall LAD slaSly il sy 140
Determine the type of pole induced on the face of a coil and the direction of induced current in a coil Stu. Textbook 141

when a coil and a magnet are in relative motion

11

s gl ol gl g S gl e e il R S i sy 141
12 Stu. Textbook 142

Describe how Lenz's Law affects the operation of electric motors and generators .

» The approaching magnet causes an increase in the
magnetic field the induced current produced a magnetic
field that opposes the increase in field.

» If the magnet moved away from the coil the magnetic field
will decrease and the current produced a magnetic field in
the same direction as the field of the magnet and adding
to the field.

» A decreasing magnetic field induces a field to oppose the
decrease,, increasing magnetic field induces a field to
oppose the increase .
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» When the magnet brought closer------------- repel (like
poles).
» When the magnet moves away--------------- Attract (unlike
poles).

—
Oeahalinall dlag) e ¥ uablizal) s 85 Aic .

(il ] ) il i) i) oty s v
= (adlidg wiliad] el Giaay gealabial] dladl ais

4@"5 0 ;ggu._.,ai.a»uigum,uw
,(\-;,‘f S By wiskall ks gl s il ¢33 o )
A
’ .
L EE] ol i el il e il ) sl g 39 50 o
p s S
Qoisvy 3 )-/_J,
|\¢:/;B S\ bl i ol ol ol Gl 3 Bl Hw@
Q
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(Rl ] ) bl i D) e il e
(ahliig willail widlsi cidas geslobial] dladl ads v/

—_— X LY o 6 il il (30 it ol 553 sl Sl i
525 %x%*ﬂ)“ il ol ol gl il gri b -1
AVA YA Vf X < S \/ . N
G o ) | ol &l ] b - 20D (6 ] gud] ] DA G -2

—avan . \? 2
a b 8.
] Gl (§ gl i iyl i il -3
g Do gl 8y 4 bl -l

5102 Gl S G i ey -

T, B L] (36 |t | o i b e 00 QL (4 did| (] sl O] 3 -4

Generators and Lenz’s law:-

» When a generator is not in a circuit
Boilal) 8 algall (S5 ¥ Ladic
No EMF and current produced and no force acts on the

armature and the armature is easy to turn
Qs ij*aﬂﬂ,a\gt.ﬂd‘g.‘; Al g Y 5 g8l &S}M‘\aﬂ\db'ﬁ Al g Y
298 Jg

» When a generator is in a circuit
Al JAN Al gall ) 6SH Ladis

The EMF induced and generates current and the force on
the armature is opposite the force that turns and the
armature is difficult to turn. O¥ 4 sar o Cilall
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gl 5 g8l duSlaa 5 g8 g L Al gl g Aliatlca A8 3 g8 A 4% gaw

» When a generator supplying a large current
23S (Al S L Al gal) Al gy Lanic

alal)

The opposite EMF is very large and the generator must

supply with a mechanical energy.

L ga yS) Calall ﬁjﬁMJ'AJﬁSMM\ Aiatinall axdlall 3 gall o 65
ALy yeS a8l LY Ao HlA 4SS aBlay oy 35l oty

Motors and Lenz’s law:-

11

il L s Tl 38l e il 8 et L alaTly il e
Determine the type of pole induced on the face of a coil and the direction of induced current in a coil
when a coil and a magnet are in relative motion

St Textbook

140
141

12

At S gy Sl B e 5008 i iy

Describe how Lenz's Law affects the operation of electric motors and generators .

St Textbook

141
142

» When you first turn on a motor

Sl ol eX sy die

The current is large and the motion of the wires across the

magnetic field induced EMF that opposes the current this
result reduced current through the motor.

5gb 5 puuhliall Jaall e ) AS a9 S (kD) Ll (58,
o5sall e (Al gsl) Ll (8 A LAl 13gd duslaa

» When a mechanical load is placed on a motor
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ﬁ)ﬂ‘&séﬁl@ad&:ﬁjﬁbé

The rotation of the motor slows so the induced of EMF wiill
decrease and the current through the motor will increase.

S5 \&jw\ ajsj\ dﬁ-‘jgfbjéﬁ‘ cﬂ);d\ c«L_;L-\\:uLJj.u
o5isall e Jall LSl salyy I

Why the light-bulbs dim in your home (which connect in

Parallel when other motor-driven appliance starts operating?

dic Al jia A o)l Ao A pal) Luily ¢Sl riliaal) 5plids) ST filal
£ S i gS aa o (540005 jga) Sl

Because of the change in current there is a decrease in
potential difference across this device.

O SO Ll oS oS oY )

S b e goiy Loyl L]
bl e lol xS ULy Lex )

What happen when the current of the motor is
interrupted?
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£ il Sl & paall 6 il g Ll bl die Euay fiLe

The magnetic field in the motor drops to zero and a
large EMF is induced that oppose the change created
and this can cause a spark to jump across the switch.
lde g o I wublicadl Jleall gadlisy
Ol OSa0gd S duai> 548 dJgi) 08
ol S st 050

Why the Lenz’s law consistent with the
conservation law?
$oLll Lda dj.r?jé.a J—;’-’dﬁ'&‘cﬁl}-@ Jilat
Because it prevents the growth of an infinitely variable
magnetic field and thus prevents current

From increasing to infinity. Otherwise, energy will be
generated

Dkl ey gy 3gan s rie pudaline Jlae sad aiay 43Y
2l Al g el GAL | e Y Lo 33l e
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iy Sl Sl gl Ja 988 S pslatina s o)l Sl (1

AV) 2 gl Lpdihaa g gy o f g Sl At 3 ) ey (2
Dkl Gy Sl Jly Rndisall iy g it s il ey iy g8 Sl 008 3 13!
s e iR by )y i) i ey (4 13
gl s Jyaa g sgall il e 1 35ig(5 | As mentioned in the Stu. Textbook 1
1) Define electromagnetic induction and state Faraday's law, Connecting Math .
2)Define electromative force em and specify its unit as volts (V). 14
J3)Define Lenz's Law of electromagnetic induction and relate it to induced emf and induced current. 14

4)Describe magnetic levitation and the braking effect through eddy currents as applications on Lenz's Law

Electromagnetic Induction

Applications of Induced Current

Eddy current 4« gl & Lal)

Induced currents in a conductor (piece of metal) moving relative to
a magnetic field that produces a magnetic field in the direction
opposite to that which induced the currents

Yina il pste uuhiliie Jlaa (8 disea dakdd gl Juaga (B LS 1 (ool gl Ll
Jl,.\ﬂ’ gé g,wﬁ lem &:ﬂ u.uSl.a.d’ al.&'\\ﬂ gé M&A

Eddy currents are used in many applications

il sae 8 del sl Ll alasiud
1- The Balance &)l

The metal plate on the balance beam moves through the magnetic
field and an eddy current is generated in the metal and the
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current produce a magnetic field that opposes the motion that
caused it

géé.cy.'a‘g.d\jm\uhﬁ‘ﬂ\)ﬂg\jgd\&\Jjgl,\.'ﬁga\jg.d\usgéw;@bjﬁs
<l ks ) ddlia @Qﬁﬂ\)@ﬁﬂwgﬁawhgﬁm‘fﬁgﬁ%d@
G g AS Al slad) (use (B iy ndilite Jlae W g i Al g ((Azal g2

a ks

2- Braking effect : (eddy current damping)
Laldiall ‘;A‘ ) Ll
When eddy current have a braking effect on metal the
effect called (eddy-current damping)

And used to slow the movement of the metal parts as
trains and roller coasters.

< b e Abia gal) alual) 48 ja play) b daliial) al gal) Ll andic
@M\J

How can reduce the eddy current effect in the motor?

The motor cores are constructed from thin metal layers that have
insulation added between the layers.

%M@J@&awﬂngM/M/M@UJ/an/OAM
i) U jle wliuds
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Magnetic Levitation (ouhlizall (32l

» Magnetic levitation is the use of a magnetic field to suspend an
object in the air.

o1 sel) (o Le tod aalail ardalianall Jlaall alaial sa

An aluminum ring is placed on top of a coil with an iron core. When
the electromagnet is switched on with the AC current, the ring is
repelled by the electromagnet. (Explain)

This is because the changing magnetic field of the electromagnet
induces eddy currents in the ring which induce a magnetic field that
opposes the original field. If the force of repulsion is balanced with the
gravitational force, the ring levitates!
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&SJQA&Y@Q}JY‘Q&@M‘M‘ @3)5
Mgl A 52 punhlinadl Jaall B ail oY
(skiliia Jlae A8 Al g AGlal) b gaa) @i b
Andlalld g8 aa ALY 3 g8 () 3) o Ladis g ¢ uSlaa
48lal) gl

Why the lower ring does not rise?
Cnal) JSAY) B Aliid) 4Blad) ads Y 13l

Because it is an incomplete circuit and the EMF does
not generate a current so no force on the ring and no

levitation.
Gl Y g Afiadioia dxdla B g8 Al g Y A AldiSa 8 B il A LY Sllag

AN
» Magnetic levitation used in the very fast trains

If the force of repulsion is great enough, an object can
levitate, like this high speed maglev train. There is no
friction between the tracks and the train, so it can move
very fast.
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Jaa dag jadl o jUadl) @w&&d\ Caaladl) 3 AU (e BalEILY) (S
O s (6} #&Yﬁy‘ﬁhw\ (Galadil) Qb‘.h'éwﬁgﬂ\

Jl.kﬁ\ K] C)M\
ol S 1 el Bt S e ] g )
I P i g 0 9 P )i St Towthook 143
Défine sel-inductance and ecibe the ffectproduced by sell-nduction i lrcult continingcol (hASS.Q.71 153
Whenthe curment s witchd onor o suddenly

Self-Inductance (514 &uall
Self-inductance is a property of a wire where an EMF is induced in
the wire to oppose the change in the potential difference that caused it.
bl Jlaall ey Ladie Cala d Aintivee A6l oS 4ndlas g8 A5 sa I Cual
ad il s aagi Caldl 4
Self-inductance in a coil of wire connected to a circuit by following
the steps below

1- When the switch is closed 7Ldd) 566 4bat

» The magnetic field will increase because of increasing current
» Induced EMF in the opposite direction of the current.
» Induced opposite current and the original current decrease.
Dbl 3l sy Jwdalizall Jlaal) ala
anll QuSlaall olaiy) 8 dliniuce 4xdla 358 i
DLl palail o dazd  La¥) lill uSlee Cndisa i o 63
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2- With time, when the current reaches a constant final value
ALl ! JLdl) Jpa g9 5 i plidal) (318 2

» There is no change in the magnetic field
» The induced EMF gradually becomes 0 V.
» The current became constant and no induced current.

wkw\dl.;d\géﬁa.aﬁ‘ﬂ
Alintie 428103 8 an g3 Y

Culs Ll vay UL Entine AL jeS i A gy Y

3- If you open the switch suddenly

Luily g <) 5 il peid Abiat

» The potential difference supplied by a battery is decrease and
the magnetic field and current will decrease.

» So induced EMF to be in a direction to maintain the magnetic
field.

» The Induced current is in the same direction as the current
from the battery.

» When the large induced EMF can produce a spark.

oSl Ll pndalirall Jlaall e S GllaS 5 Sl S agall J&
aaill Sl a&Y\@Mw\uﬁ Al ¢

alall (alini¥ iy LVl Ll slatl a3 Sl eS s Al
B8 e () (S Sl diatiadl Gy oS 4ndlall 5 8l Al 3

Al S
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? Low Current Medium Current High Current i

“Transformers “are devices that increase or decrease potential
difference with relatively little waste of energy.

Oo Lt Jiun 38 gl aa Ll o) gl (3558 ad i s gl oY sl
43Ul

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

Dbl L) axiieg o (S Y5 Y gaall 8 20 il Ul aadiiy Jais
What is the principle of transformer work?

Y gaall Jas fisa
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“The transformer depends on mutual inductance where an
EMF and current in one coil due to changing current in another
coil.”
Calall & Ll g 4ndlall o gall & el s Jaliiall Gl e J saall aaiag
A alall il et o J YY)

The changing current create changing in magnetic field that is
carried through the core to other coil-the secondary coil and
inducing vary EMF and current.

Calall I sl Qe Jany J Y1 bl 8 asdaliaad) Jlaall s il s
4 L5 4x8la 3 48 Al 5 g (5 Ul

Cpd Je r Hod &)l Stu. Textbock 144
Apply the principle of mutual inductance to explain the working of a translormer (. AS5.Q07 151

“mutual inductance Jtsiall Salf’

An EMF and current in one coil due to changing current in
another coil.

DA Gale 8l ) s Cale 3 o giall Ll g Afaiall 4ndlall 5 56l o
What are the components of the transformers?
o S J gaall il s

Primary coil: Which is connecting to the alternating current
source

23 yia bl jaaan Al ge Alab) cale
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Secondary coil: Which is connecting to the devices (resistance)

(M}\AAM) a_).gé\)n-l ‘_LAJA Lﬁyu —ala
Iron core: Which is carrying the changes in magnetic field from
the primary coil to the secondary coil.

Lﬁjﬂ\ —alall @\MY\ alal) 1a ‘;u.d:.w\ Jaaddl yed Jesy L.,SM\ 2aall 18

The ideal transformer equation

Ne Ve Is

Ns Vs 1Ir

The turns ratio: <)) &l dae pn avuil)

The number of turns of wire in the secondary coil divided by the
number of turns in the primsry coil

Type of transformers

=il g Sl <Y gaall £ 4

1. A transformer that takes voltages from lower to higher
values is called a step-up transformer.
gl adl ) J e
2. a transformer that takes voltages from higher to lower
values is called a step-down transformer.

deall =ilA J gaa

3. Ideal transformer. e J sas
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4. Real transformer. 28 J sna
5. Isolation transformer.

Jall Jgadll

el i A ) gy =) g s 30y gl L s (1
18 Al Jrad s g R B (2
1) Relate the turn's ratio of a transformer to its =voltage ratio and apply the equation in problem solving.
2\ Anoly the ideal transformer equation to solve numerical nroblems

o

Example 2
Ch. Ass. Q81

step-up transformer

step-down transformer

Ns>Nrp Ns<Nrp
Vs>Vp Vs<Vep
Ip>15 Ip<Is

146
153

secondar
coil

L primary
pnm.lrj secondary il
coil coil

The Ideal Transformer Jtial J[saall

» The electrical power delivered to the secondary circuit
equals the power supplied to the primary circuit.
» The ideal transformer is 100 percent efficient.
» Can be represented by the equations:
o e (Al Ll jgSI) 5 280 (g glesi (5 oilll] ilal) 6 ALy jg ST/ 5yl
” - LYl Cala)
9100 4 50 i) 4s0si
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Fl-' —_— P:.
'L:’.a.i’;- = Wsls

TRANSFORMER EQUATION

The ratio of the current in the secondary coil to the current in the primary coil is equal to the
ratio of the potential difference in the primary coil to the potential difference in the secondary
coil, which is also equal to the ratio of the number of turns on the primary coil to the number of
turns on the secondary coil.

Isolation transformer &) Jsaall

In this transformer the primary and secondary coils have the
same number of terms so the input and output potential
differences are Identical.

58 I sl o el i 4 (g i8] 5 YT Calal] (o IS Cilal) fs 4
(lhie )5S 7 By SR 5 agad]
Uses of the isolation transformer
die] cibsea] (A S el [ saal) piiiuny
It used for safety reasons as:-

» Sensitive electronic (computers- recording
instrumentation) devices to protect from electric shock.
o @MM/ <ifdra g J.'r:;',n,mﬂlgﬁ'.o aaad] 4ui g SKIY) 5 jga )
4ty s Cilesal/
» Medical tools such as ultrasound and diagnostic imaging.
g@dﬂ/#}mﬂ/f@'{;@}mf/dﬁﬁﬂléﬁa -y QUJY/QJ
Y
» Reduce the electrical noise.
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sl gl o all auldidy
Real Transformers 4&8all ¥ gaall

» Transformers typically lose some percentage of their power, so
their efficiency is typically between 95% and 98 %.
» Efficiency is the ratio of output power to input power.
(o LglildS 7 9) sl g Lgd pall] Ly gl dpseall) (o oty i Budad] J gaal)
% 98 A 95
U 5 Jﬁf/ é,-// ZEY JIA'J/ Y J.ﬁ.f/ poy, M/ 7 seldsl

P, Vi,
PP N %IP

efficiency =

>
» Energy losses are largely caused by the resistance in the coils
(and the iron core), which heat up. This leads to significant
power losses in large transformers.
il 5 suanl) Q) 5 ULl el s (e Al EEAY Jsaall (he 52 el 4dllal
Lo 5 Janall o sedl s A o

STEP-UP TRANSFORMERS 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 potential difference of 90.0 V.

a. What is the potential difference in the secondary circuit?

b. The current in the secondary circuit is 2.0 A. What is the current
in the primary circuit?

El ANALYZE AND SKETCH THE PROBLEM

|
—tis e ——_
« Draw an iron core that has turns of wire on either side. F—————
» | abel the variables [, V, and N. \I'p M. N, v,
KNOWN UNKNOWN —__.i---i

Nz =200 Vp=000V Ve=17? )
N:=3000 [-=20A lo=7?
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E1 SOLVE FOR THE UNKNOWN

a. Solve for Ve.

Y- N
Vp 2= ND
NsVp
Ve = No
(3000)(90.0 V)
=—2pg ¥ Subshtuls N. = 3000,V = S0.0V, N, = 200
= 1350 V

b. The power in the primary and secondary circuils is equal assuming
100 percent efficiency.
Pp = Ps
Vilp = Vel € Subslitute Py = Vol Pum 1

Solve for Ip.

Vst
.rp: :-":

(1350 V)(2.0 A)
=" anoov Subsdilide V= 1350V =20 AL =900V

=3.0x10'A

16. 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?

17. CHALLENGE A step-up transformer has 300 turns on its primary coil and 90,000 turns

on its secondary coil. The potential difference of the generator to which the primary
circuit is attached is 60.0 V. The transformer is 95 percent efficient. What is the
potential difference across the secondary circuit? The current in the secondary circuit
is 0.50 A. What current is in the primary circuit?

Uses of Transformers

W 20wl o 0 ) i
15| i fomer e e ot sttt e g
Ot it i poe s

S Totook
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1. GENERATOR

Kinetic energy from wind spins turbines, which
turn armatures in a magnetic field and induce

an EMF. The EMF is converted to an electric signal
and sent to a substation.

2. SUBSTATION

A step-up transformer in the substation
increases the voltage for cost-effective
transmission.

\ ]

Al

/

3. STEP-DOWN TRANSFORMER |
Induced EMF in a step-down
transformer decreascs voltage fo: |
consumer use.- |
el




