Physics - Electromagnetic Induction
Electric Generators

In 1831, James Faraday found that a wire placed in a changing magnetic field could generate an electron flow in the wire.
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When a wire is held stationary or is moved parallel to the magnetic field, a current is not produced in the wire.
The magnetic field must be changing; this is done by either moving the wire or the magnets.
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The process of generating a current in a magnetic field is called electromagnetic induction.
An electric generator converts mechanical energy to electrical energy. 
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An electric generator consists of a number of wire loops, called an armature, in a strong magnetic field. 
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The picture above shows the inside of a city electric generator.
Windmills can make electricity by turning the armature in an electric generator.

[image: image6]
Electromotive force, EMF, is the energy given to the electrons in a magnetic field. It is measured in volts.
                               EMF = βLv

EMF depends on:

β, strength of the magnetic field, measured in Tesla (T)
L, the wire length measured in meters (m)
v, velocity of wire measured in m/s

When a wire moves up through a magnetic field, it produces a current in one direction.  
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The current moves in the opposite direction when the wire is moved down.
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Current that changes directions is called alternating current (AC).
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Current that runs in only one direction is called direct current (DC).
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The current changes direction each time the loop rotates 1800.
In the USA, the current changes direction or alternates 120 times per second. 
It makes 60 complete cycles per second which equal to 60 Hz.
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When a wire moves through an electromagnetic field, only the component of the wire’s velocity that is perpendicular to the field produces the maximum current.
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Maximum current in produced when the wire cuts the magnetic field at 900. 
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Zero current is produced at 1800. 
Because current and voltage are zero at the 1800 position in an alternating current, the power is less than the power delivered by a direct current. The power in the alternating current is ½ the power in direct current.
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Recall that P = IV. Because V = IR, this is the same as P = I2R
Thus the power for an alternating current can be written in terms of effective current, 
Pac =  I2eff R
Since the power for an alternating current is one half the power for a direct current, 

 Pac =  ½ Pdc , then  I2eff R = ½ (I2maxR)
When solving for Ieff, the equation, I2eff R = ½ (I2maxR) becomes:
Ieff =  √½ (I2max) which equals 0.707 Imax 
This is reduced to:      Ieff = 0.707 I max            Veff = 0.707 V max
Electric Motors
An electric motor converts electrical energy to mechanical energy.
An electric motor and electric generator are identical in construction. 
Both an electric generator and a motor have an armature placed in a magnetic field.
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A voltage is supplied to the wire of the motor’s armature. The armature of the motor is then placed in a magnetic field. The interaction of the magnetic field and the magnetic field produced by the voltage supplied to the armature causes the armature to turn.
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In 1834, H.F.E. Lenz formulated a law in regards to electric generators and motors.
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Lenz’s Law:

As a generator’s armature moves through a magnetic field, it causes a current to flow. At the same time a force is produced which opposes the movement of the wire that caused the current in the first place. This statement is known as Lenz’s Law.
Lenz’s Law also applies to motors. When a current carrying wire on an armature is placed in a magnetic field, the armature turns. At the same time a back EMF is produced in a direction that opposes the current in the motor.
Transformers

A transformer consists of two coils of wire electrically insulated from one another wrapped around an iron core. 
The primary coil contains AC current which causes a changing magnetic field. 
A voltage is induced in the secondary coil by the changing magnetic field from the AC current in the primary coil.
Mutual inductance is the term used to define a voltage induced by a changing magnetic field from the AC current. The changing magnetic field from the AC current is called a changing EMF. 
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The EMF produced in the secondary coil, called a secondary voltage; it is proportional to the primary voltage. The EMF produced in the secondary coil also depends on the ratio of turns of wire in the secondary to the primary coil.
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Less turns in the secondary coil to the primary coil is called a step down transformer.

More turns in the secondary coil to the primary coil is called a step up transformer.
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              Vs   =  Ns                                    
              Vp       Np                                   
Vp = voltage in primary coil
Vs  = voltage in secondary coil
Np  = number of turns or wire in primary coil                                       

Ns  = number of turns or wire in secondary coil     
            VpIp    =        Vs Is                             
Ip  = current in primary coil

Is   = current in secondary coil
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