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CHAPTER 6
Electromagnetic Induction

INDUCED ELECTROMOTIVE FORCE IN A WIRE
Induced electromotive force in a 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 field.
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primary potential difference ( Vp) __number of turns in primary coil (Np) current in the secondary coil (Is )

secondary potential difference ( Vg) number of turns in secondary coil (Ng ) current in the primary coil (1)
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Induced electromotive force Sl A Aiatiiaal) Al ,g<l) dndlal) 5 gal)
(Induced EMF ) (a3 EMF)
When a wire moves perpendicular to a magnetic O L puhalie e o b gas b & oy Lasis
field, there is a force on the charges in the wire. & anid dundalina 5 g8y Al bl JAla clialdll
The force causes negative charges to move to ) ) bk aai ¢y (g S ) Al i)

one end of the wire, leaving positive charges at . . . . R A
' o Jal A gal) cliallll & s Laa Jal
the other end . therefore a potential difference ool 2 G sal) il &y Las AT ca k)

across the length of the wire. bl &l Cp gl BB 8 Sgas Ul g, AY)
This potential difference is called the induced Aiallical) Ay 1S dadlal) 3 68Y) anu
electromotive force, or (induced EMF). . (Xaiwal EMF)

The magnitude of an induced EMF in (o Adalioial) Aily gl dndlal) 5 ghl) laba daiay
a wire in a magnetic field depends on: 5 (Kiniuwal) EMF) ookl Jlae b dll
1- The strength of the magnetic field (B) . (B) ,.u..‘h" Likall Jlaal) ;us.. -1

2- The length of the wire within the field (L) L NP
3- The component of the velocity of the (L) sl Jlaall Jala el st -2

length of wire that is perpendicular to the Jaall e 43 ganl) Ll A jou 48 4 -3
field ( V (sin 8)) L (V (SN 0) ) cpmabisal

INDUCED ELECTROMOTIVE FORCE IN A WIRE
Induced electromotive force in a 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 field.
Sl A Liatieal) Al <l) dadial) 3 681
Alal) Jgh 3 g g puaghaliiall Jlaal) ke (s sboi EMF el (8 Liaional) Ayl jg<) Aadlal) 3 5l
. uhliiall Jlaall oladl o 433 gaad) Ao puall 48 40 B L paa

EMF =B L V(sin 0) EMF=IR

If a wire moves perpendicular to a magnetic field, the || @ = 90° }uuhlisall Jlaall e Lagas ) & jas 1d)
above equation reduces to EMF = B L vV because (EMFmax=B L V) 0sSi 5 {sin90 =1 &

sin 90° = 1. Note that no EMF is induced in a length — o el Taadl 4 %) e Allod) & g 13)
of wire that moves parallel to a magnetic field (6 =0NuEes _d - ZJJA . Ju :
because Sin 0° = 0. EMF=0¢0s5. {sin0=0 <

=F
B=1

mr =B Lo =(f )0 =(5) v= (B2

I c=V

(A C
Therefore, EMF is measured in volts sl s0s 53 EmF ulis GllAl

N m) _ (Nm) ]

Right-hand rule determine 7 il ) ad) Bacld
the direction of current k) sl
Point your thumb in the direction A8 ya olad) b dlalgy) 4un s b

the wire moves and your fingers s .
in the direction of the magnetic dlaall sladl (o dabial g Al

field. Your palm points in the : o) i Baal )l | dalinal)
direction of the force on the ' Motion of s Loanlalinall § g1 olai)

b . - _ the wire
p?smve (;h)arges (the direction (D olad) ) A gall Cilialdil)
of curren \ )
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(1) Jead

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 = 5.0x10-5 T).

What EMF is induced in the wire ?

-

Ao I i Bl o cfia (25 M ) A sh sl Gl
2N bl Jaall o Lages (125 mis)
.(B=5.0x105T)

ellaa) B Bl gial) Afald) duily g <l) dndlal) 3 6811 j)aBa Gaa)

(2) s

A straight wire segment in a circuit is ( 30.0 m)
long and moves at ( 2.0 m/s) perpendicular
to a magnetic field.
1- A(6.0V) EMF is induced .
What is the magnetic field ?
2- The total resistance of the circuitis (5.0 Q).
What is the current?

Ay & a8y 5(30.0 M) B33 (b asiiens clls Jsb iy
. poublite Jlaa o et (2.0 M/s)
L(EMF = 6.0 V) s 131 -1

. o) Jlaal) isha La
(5.0 Q) 51 da glia s 13) -2

. Gaatoaal) ) dagd e

(3)d

) sl

You move a straight wire that is (0.5 m) long at

a speed of (20 m/s) vertically througha (0.4 T)

magnetic field pointed in the horizontal direction.

1- What EMF is induced in the wire ?

2- The wire is part of a circuit with a total
resistance of ( 6.0 Q) . What is the current ?

Aoy Aol () (0.5 M) Agh asins dllu & 2y
(0.4 T) o hia (A puskalian Jlaa (1o Lasas (20 M/s)
¢ Al A 5l gilal) Afial) 4l gt dadlal) 3 6AN) aka La -1
(6.0 Q) Lgtaglia B yila cals ja dllud) (IS 1Y) -2

¢ 5_alall gé Jlad) Ll lata awal
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Electric Generators
- Electric generator converts mechanical
energy to electrical energy.

Al gl il gal)
Al ) A tpal) ABLY J3ng Sl 2 il ) 2 5l

- Electromagnetic induction is the
Principle governing the
operation of electric generators.
- It consists of a number of wire
loops in a magnetic field.
The wire is wound around an
iron core, which concentrates

-

. Al 4
o Llas (A 2l () 8 g e -
(ralaling g gl Cial) faga

Oa b Jga ciila Cila (ha (3983 -
G 35 e Jaay G ) il

the magnetic flux
through the wire
- An electric current is

induced in a rotating
wire loop in a circuit
that is in a magnetic
field. direction and
strength of the
induced current
change as the loop
rotates .

Maximum Current
Agia LS )
Top view uk-i O Bl

H%EE

Side view (uila (e Jhia

(G

Jlae JAI3 gy ((ruasalidal)

Zero Current
).La _s_gl.u.u _Jl._n.dl
Top view u-‘" O obila

[== 0

Side view (s (s JBia

2e
E

I=0

Ol s (ol g LS oy
(rlalitall Jlanal) J03 Cilal

o lia ity gl LD

L alad) ) 99 ae daladl g

I=0

i

~

(1) alternating current (AC) generators

In contrast, alternating current (AC) generators
use a slip-ring device to connect wires to

a circuit. In this device, one ring is connected
to one end of the armature, and the other ring is
connected to the other end of the armature as
shown in Figure. As the armature rotates
through 180°, the induced EMF reverses
direction. This means the current also reverses
direction. the current alternates at a fixed rate
and varies sinusoidally ( Figure )

L(AC) (Sa5all) qugliiall L) Al sa (1)

Bl (AC) (el ) qulital) JLil) il ga addiid
Aala Jeali dua | Al gall Bilay el Jaa g3l (3¥ 33
A0 ARl Juati g cilad) Ak aaly J Y YY)
490 0 cilal) ol ga a L JSAEN (B LaS calall AY) G jhally
138 g, Adatial) Auily oS dad)al) 5 g8 slad) uSaly 180°
LA 50 (B, dalad) (uSates Ll Ll ¢ ny
Loy A0S gl Jamay ) olad) iy | ) paliaaly

Armature (wire loop)

Slip rings

Axle \ _
Ousdl jsaa Brushes S
Bl 8

Hawaws
LU
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Average power 38t} Jas gia

The power produced by an AC generator is the product of L. vt w e . . .
the current and the potential difference. Because both ) (38 9 L) dagd CAlIAS (glifall ) 23 al) )

current and potential difference vary, the power in the gl (38 A Ll i pa duala (A 58l g, ) aiuly
circuit varies . so we take average power . . Ada giall dagdl) dals UAL 3 yuriia 5 adl) SUA
Average power (Pac) : half the maximum power ( PAC max ) 3=l 3 080 Ciuai ; ((Pac ) 848 Jaw gia

Pmax_

1
-PAC = E R\C max

Time

Effective current and potential difference Jladl) 4444‘ éﬁ 3 J‘:‘m
It is common to describe alternating currentand || 5,38 5 Judll Lol sale a3 jial) agal) 558 5 Ll cha g
potential difference in terms of effective current i
and effective potential difference, rather than - 3alll a8l Ga Yy Jladl) g
referring to their maximum values
Effective potential difference is commonly RMS ¢ (@2 pusly Jladl) agall (32 ) 5 Lay) oy
referred to as RMS (root mean square) potential (i) o gia 0 )
difference

]max

\/E = 0.707 Imax Vcﬂ= (@) V:nax — V;nax = 0707 Hﬂax

V2

(4) sl

An AC generator delivers a peak potential (425 V) 34> (38 bl 03 e L Mg gy
(425V)..d|fferencec_)f o . Agally Aaia 303 b ( Veff ) Jhiata-1
1- What is the ( Veff ) in a circuit connected to 5.0%102 Q. (5 sk 5 1l B on shial) il 13 -2

the generator ? g s
2- The resistance is 5.0x102 Q. What is the - Jladll Gl 53 La

effective current ?
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(5) Jiged

A generator develops a maximum potential

difference of (170 V).

1- What is the effective potential difference?

2- A (60 W) lamp is placed across the generator
with an Imax of (0.70 A) . What is the effective
current through the lamp ?

3- What is the resistance of the lamp when it is
working?

(170 V) i 24l @8 (o (pual s (il g gl
. Jladl) agad) g4l -1
CilS 5 (Al S A galls (60 W) bdks zluan Juag 13) -2
. (0.70 A) Jall akin) Lol
. cl.y.a.dle Jkall Jladd) Ll jla8a La
¢ Jazy Ladie zluaal) da glia La -3

(6) sl

The RMS potential difference of an AC

household outlet is (117 V).

1- What is the maximum potential difference
across a lamp connected to the outlet ?

2- If the RMS current through the lamp is (5.5 A)
what is the lamp’s maximum current ?

23 e by (30 (Al S e A RMS 3 38 fy
(117 V)

¢ dially Jualia gluaay jar 2 @4 i la-]

(5.5 A) du gl Jlall RMS LS oS 1) -2
"Cw\g&ﬁgﬁwé$h

(7) Jaad)

If the average power used over time by an electric
light is (75 W) , what is the peak power ?

20 b S T laaa Lgadiioy L 5 al) o gia (S 1)
¢ sl 508l L, (75 W) & 3
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Transformers <Y gaall

devices that increase or decrease potential AC 23 il Uil sgall (38 (il of ad ) Lo Jary Sl
differences only alternating current AC . Lis
(AC) can be sent through a transformer. .
Direct current (DC) cannot pass through [ DC saiesall JLiil) (il of b, oS Y ]
a transformer.

q
D q
q

Primary Secondary

Primary

Primary Secondary

step-up transformer transformer step-down transformer
||

- A transformer has two coils electrically yaal) o B o o gt cite (e Jgaall 0 5SE -
insulated from each other but wound around the

: . il Ll S clg)
same Iron core, SY1 5 ) il s :”d"’\:‘f
- one coil the primary coil is connected to an AC A A o (AC )J T uatal) -
source . other coil the secondary coil . - g cilal) e
- Working method : mutual inductance between . Odla O Jalial) Cadl s Jand) Jaga -
two coils . - T o
. . . Lil) a5 AC iaalls Slaiy) cilal) s Ladic
When one coil the primary coil is connected to e ? < g
an AC source, the changing current creates @) Qlal) PA jay it pbilite Jlaa J) i)
a changing magnetic field that is carried through Gl & .. . _—

; : b o Algn aial) Jlaall 138 Gl catal) )
the core to the other coil the secondary coil . In o gy il d Yo !
the secondary coil, the changing magnetic field L34 LS 5833 e EMF 43l
induces a varying EMF and current

primary potential difference ( Vp) number of turns in primary coil (Np) current in the secondary coil (Is )
secondary potential difference ( Vg) number of turns in secondary coil (Ng ) current in the primary coil (I, )

(Is) A bl Bl (N ) Gy Galll el sae (V) Hlaiy) Gl sgall 3
(Ip) sy Gl & i (Ng) @3 Gl clil e ™ (V) oo 500 alall seall 3

Step-Up Transformer — all adl; Jsaa
Step-Down Transformer ¢l adla Jsaa

(0556148911 ) (sl sef



Amira.Emam
Rectangle


12 (o) - dale daal sa-

=i (612 # =i s PHYSICS

(8) sl

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).

1- What is the potential difference across the
secondary circuit ?

2- If the current in the secondary circuit is (36 A)
what is the current in the primary circuit ?

4ile (& (AL 7500 ) slo ) palld Jsaa s sin

i 5. o HUN Adla B (Al 125 ) 5 (i) ) (AN
A(72KV) i) cilal) pe agald) g8

A I B0 e gl 3 L1

B Ll Lad | (136 A) dg gl 3 yilall A LAl (ls 1y -2
§ ALi)aiy) 3Nl

(9) Jeadl

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).

1- What is the potential difference in the
secondary circuit ?

2- The current in the secondary circuit is (2.0 A) .
What is the current in the primary circuit ?

M) 4dla B (481200 ) ol ) BN e g5
GA 5. s Adla B (A1 3000 ) 9 (i)
. (90.0 V) Ay dilal) jue Jladl) 3gal)
A B e gl 5L -1
(2.0 A ) &gl 5 aal A ) ol 1) -2
¢ 40N 5 il B il Lad
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MULTIPLE CHOICE dasaal) 4alay) il

(1) Jleaal

Which dimensional analysis is correct for the ¢ EME w o | | oldas
: - Slead Gluad maall (gl Jaladl) L
calculation of EMF? -

| (N-A-m)J) 3 | (N/A-m)(m)(m/s)
n|J-C 3 | (N-m-A/s)(1/m)(m/s)

(2) J&as)

A 150 W transformer has an input potential S5 5(9.0 V) i g G (150 W ) Jsase ey

difference of 9.0 V and an output current of on .. )
5.0 A. What is the ratio of V output to V input ? * Vinput (! Voutput 4ssila, (5.0 A) g oA

J1to3 g|3tol
[ 3to10 [ 10to3

(3) Jluial

A 15 cm length of wire is moving perpendicularly Ll las e Lo 15 cm ) 4l sha o &
through a magnetic field of strength 1.4 T at the - Js ngo 1;:1/(3 ) 3:.}.3( f: ) ajz

rate of 0.12 m/s. What is the EMF induced in the e .
wire ? ¢ i) & daduall EMF o

glov 70018V
710025V ql25v

(4) Jlads)
A transformer uses a 91 V supply to operate Jar Sl Jinidl (91 V) il ¢l I tas J g2 EC

a 13 V device. If the transformer has 130 turns .
) ) ) iy catal) el LS KVEN E,Jp
on the primary coil and the device uses 1.9 A of el il gl L (13 V) 42

current from the transformer, what is the current (1L9A) K J"@‘J‘ o J“" sl 130.)
supplied to the primary coil ? ¢ A Calall A La) LA Lea

1027A 1070 A
|48A 7 133A

(5) JLaal

An AC generator that delivers i bl Jany o glite s Al ga
a peak potential difference of ekt bt ol e

202 V is connected to an electric dagliay Al S GAu 2a (202 V) 32

heater with a resistance of 20 b i
4.80x102 Q. What is the effective 3430 Q 202V ( - (4.80x107 Q) la e
¢ i) 8 Jladl) Ll La

current in the heater ?

g/ 0.298
ql238A
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(6) Jldsl
What is the maximum value of the induced EMF
in AC generator if its effective value is (220 V)?

Al ga Cila (B Aiaioal) 4l jg) AS jaal) 3 gl palinl) Aol La
£ (220 V) Lgd Adladl) Aol cullS 1Y) o 33 jia L
[ 440V | 155.6 V

| 3111V | 220V
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