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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

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




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

The intensity of the current increases with
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 Right-Hand Rule Direction of Current
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

Motion of
the wire

induced current

I




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

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

_ EMF

I

R



Q1

What is the unit of electromotive force
(EMF)?



Q2

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 107%T).
What EMF is induced in the wire



A straight wire, 0.20 m long, moves at a

Q3_A constant speed of 7.0 m/s perpendicular to
a magnetic field of strength 8.0x10>T
What EMF is induced in the wire S S D
S TR )

.....

What is the direction of the induced current?



Q3-B A straight wire, 0.20 m long, moves at a

constant speed of 7.0 m/s perpendicular to
a magnetic field of strength 8.0x10>T

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

wire?



You move a straight wire that is 0.5 m long
Q4 at a speed of 20 m/s vertically through a 0.4

T magnetic field pointed in the horizontal
direction

What EMF is induced in the wire

The wire is part of a circuit of total resistance of 6.0 Q). What is the current in the circuit



A straight wire segment in a circuit is 30.0 m
Q5 long and moves at 2.0 m/s perpendicular to
a magnetic field.

A 6.0V isinduced. What is the magnetic field magnitude?

The induced current is 1.2 A what is the total resistance of the circuit

The wire is part of a circuit of total resistance of 6.0 Q. What is the current in the circuit



Q6

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?



Q7

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




Q8

Determine the direction of the induced
current in the wire shown in the figure?
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Q9

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




Q10 Determine the direction of the induced
current in the wire shown in the figure?

X X [ X BX

X X ||, X X
_,

X X X X

X X X X

X X L X X




Q11 Determine the direction of the induced
current in the wire shown in the figure?
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Q12

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

X X XPx x X X
x Xg x x Xxi X
v
X
R ;x ﬂ.SAlIlI
X X X x xi x
XB x XQX x X X



Induced EMF in microphone

Microphone is constructed like earbud, but it
works in reverse

T
e
d
d

ne microphone converts sound waves into
ectrical signals. The microphone's

uminum diaphragm is attached to a coil in
magnetic field. When sound waves vibrate

the diaphragm, the coil moves. The

currentthat is generated is proportional to
the sound wave

Wires

Magnet

Coil

Diaphragm



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.

V.V VYV

Rotation axle

Armature
(wire loop)




Compare between DC and AC generators

DC generator AC generator

Charges move in a single direction. Charges move in two direction.

Current is in one direction because | Current is in tow directions because
the wires of the armature connect to | the wires of the armature connect to
a circuit by means of a commutator. | a circuit by means of a slip ring device




How to calculate the average induced power by AC generator

Pye = §PACmax

How to calculate the effective current produced by AC generator

V2
lerr = | 5 | Imax = 0.7071 Iinqs

How to calculate the effective potential difference produced by AC generator

Effective voltage is commonly referred to as RMS (root mean
square) voltage

V2
Veff = 7 Vmax = 0.7071 Vmax



Q 1 3 ° A generator develops a maximum voltage of 120 V

1- What is the effective voltage?

2- A 20-W lightbulb is placed across the generator with an Imax of 0.40 A. What is the effective
current through the bulb?

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



Q14

If the average power used over time by an electric light is 95 W, what is the peak
power?



Q15

The RMS voltage of an AC household outlet is 145 V.

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

2- If the RMS current through the lamp is 4.5 A, what is the maximum current in the lamp?



Q16

An AC generator delivers a peak voltage of 550 V.

1- What is the VVefrin a circuit placed across the generator?

2- The resistance is 2 x102 Q. What is the effective current?



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
itself
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According to Lenz’s law, determine the
Q1 7/ direction of the induced current and the

induced magnetic field in the following
cases shown in the figure




According to Lenz’s law, determine the
Q1 38 direction of the induced current and the

induced magnetic field in the following
cases shown in the figure
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According to Lenz’s law, determine the
Q1 9 direction of the induced current and the

induced magnetic field in the following
cases shown in the figure




In each of the following cases, determine the

Q20 L . . .
direction of the induced current in the coil
and resistor (R)
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In each of the following cases, determine the

Q21 L . . .
direction of the induced current in the coil
and resistor (R)




In each of the following cases, determine the
Q22 L . . .
direction of the induced current in the coil

and resistor (R)




In each of the following cases, determine the

Q23 L . . .
direction of the induced current in the coil
and resistor (R)
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In each of the following cases, determine the

Q24 L . . .
direction of the induced current in the coil
and resistor (R)




From the opposite figure ideniify the
dirction of the induced current in resistance
(cd) while the magnet is moving to the right

Q25
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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



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 currentin one
coil due to changing current in another coil.



What are the components of the

transformers?

HilnE1aXL1I B \Which is connecting to the alternating current source

o) E1a"Ae1 B \Which is connecting to the devices (resistance)

Iron core Which is carrying the changes in magnetic field from the primary
coil to the secondarv coil.

Transformer
Primary Secondary
= —]
— —
= -l




The coil connected to the source is called a st
ep-Up Step-Down
primary coil (P) and the other is called a Transformer Transformer

secondary coil (S), as it is connected to a Vo < Vi Vo > V;

consumption circuit that has a resistance I, > I, I, < I

called the load resistance

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.

Is VP NP



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

The ideal transformer
Note: The efficiency of the real

transformer is between 95-98% which
is the ratio of the output power to the
input power



Q27

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



Q28

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



MCQ



Q30

Which dimensional analysis is correct for EMF —lual msiall gaed) 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)



Q31

A 150 W transformer has an input potential | J&59.0V MuJ3232 32150 W Uy b

difference of 9.0 V and an output current of V output 10 Vinput A L 5.0 A . iy z 3
5.0 A. What is the ratio of V output t0 Vinput?
A) 1to 3 B) 3 to 10

C) 3to1 D) 10 to 3



Q32

A 15 cm length of wire is moving oublize Jae pe Loysec]5 cm A sh el & o
perpendicularly through a magnetic field of
strength 1.4 T at the rate of 0.12 m/s. What
is the EMF induced in the wire?

A) OV B) 0.025 V

EM F J)8als 012 m/s Ja: 1.4 T 5l
Aol 8 ddaiiuall

C) 0.018 V D) 2.5V



Q33

A transformer uses a 91 V supply to operate
a 13V 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

e il 91 V i aad | jras J gaae adiu
e 4130 e g s Jsndl G 13 13 V gl
Go JHH (019 A el aadinn g oo ) aldl
fon )l alall a6 5l HLall Lad ¢ gadll

coil?
A) 0.27 A B) 4.8 A
C) 0.70 A D) 13.3A



An AC generator that delivers a peak 202V o aga (58 (ol 4120 yie LS Al e Jaaly
Q34 potential difference of 202 V is connected to i) 30 La 4.80x102 O 4a i il oS Gl

an electric heater with a resistance of

4.80x10% Q. What is the effective current in

the heater?

Tl B Jladl)

480 01 202V C)_

A) 0.298 A B) 1.68 A

C) 2.38A D) 3.37A



From the opposite figure ideniify the da gliall & Caiaall L) slad) aaa (Jiaal) AN 4

Q36 dlrctlon. of the mducec.i curre.nt in re5|st§nce el o), st s e il
(cd) while the magnet is moving to the right

—
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C aaanpn d

A) From right to left B) From left to right

C) up D) No induced current formed



Q37

is (are) generated when a piece of metal Jae pe el (1o daddf & 2T Ladie LA 6 a0
moves through a magnetic field i
A) Eddy currents el gall Ll B) Lenz's law el o

C) Voltage drops 2l Lo g D) EMF Afiall (5l Sl Aadlall 3 gall



Q38

In a transformer, the primary coil has twice 2 Caaa e Sl calal) g giag o] sl
as many loops as the secondary coil. This is a @ Jsme 13 s ilil) Gl 3 il
transformer )
A) step-down SRtES B) step-up B

C) Reduction Jadanl) D) Voltage s



Q39

An electric generator converts . Jsaa Sl esl) Al sall
A) Mechanical energy into electrical B) electrical energy into magnetic energy
energy AL S d3la ) 480l A3l Ainplaline A8l ) 454 pSl) 48Ul

C) magnetic energy into electrical energy D) magnetic energy into mechanical

%&Ls‘).es Bl | dawaloliaoll 43lkall energy A SSie Al ) dundalingd) AdUal|



Good luck
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