ELECTROMAGNETISM 

SUMMARY
Magnetism

The earth has a south magnetic pole near the earth's north pole and a north magnetic pole near the south pole.

The magnetic field direction is away from a north pole and towards a south pole.

A free swinging magnet in a magnetic field will align itself parallel to the magnetic field.

The north pole of the magnet points towards the north because it aligns itself parallel to the earth's magnetic field and is attracted to the south magnetic pole near the north pole.

A wire with an electric current has a magnetic field around it with a shape that is a series of concentric circles centred at the wire.

The strength of the field is directly proportional to the current and inversely proportional to the distance from the wire.

To determine the direction of the field around the wire, grip the wire with your right hand with your thumb in the direction of the current. The direction of the field is the way the fingers curl.

A single moving electron has a magnetic field around it. its shape and direction is the same as for the wire. Just think of the electron forming a current in the opposite direction to its velocity.

A current carrying wire in a magnetic field has a force on it due to the field around the wire interacting with the magnetic field.

The force is equal to the strength of the magnetic field's component at 90o to the wire B(, times the current I, times the length of the wire in the field l.
The direction of the force is in the direction the palm of the right hand is facing when the fingers are pointed in the direction of the field and the thumb is in the direction of the current.

The unit of magnetic field is the Tesla T. One Tesla is the field that will give a force of 1 Newton to a wire 1 metre long at 90o to the field carrying a current of 1 ampere. A field of 1 T is very strong!

The torque created by a magnetic force is equal to the component of the force at 90o to the radial line times the distance between the line of action and the rotation point.

Without a commutator, the plane of the coil of wire in an electric motor will stop at 90o to the direction of the magnetic field.

The torque on the coil of wire in an electric motor is a maximum when the plane of the coil is parallel to the field.

The commutator reverses the direction of the current in the coil every half a turn and the coil keeps rotating in the same direction.

Electromagnetic Induction

The magnetic flux is the component of the magnetic field at 90o to plane of a coil of wire times the area of each turn times the number of turns.

The unit of magnetic flux (B is the Weber Wb. The flux is one Weber when a field of 1 Tesla is at 90o to an area of 1 m2. 

The magnetic flux can be changed by changing the field strength or rotating the coil.

When the flux through a coil of wire changes, an EMF is induced inside the coil that drives an induced current which creates a magnetic field is around the wire.

The direction of the induced field inside the coil opposes the change in the flux that induced the field. It opposes the change because if it helped, conservation of energy would be violated.

The average size of the induced EMF in Volts is equal to the number of turns times the change in flux in each turn divided by the time to change.

A rotating coil in a magnetic field has a sinusoidal alternating EMF and induced current set up in it.
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The maximum induced EMF is equal to the number of turns n times the strength of the field B times the area of the coil A times the angular frequency .

The angular frequency  is the number of radians the coil turns through each second. Angular frequency equals 2 times the number of turns per sec f.

The period of the alternating EMF is 2 divided by .

The DC equivalent of an alternating EMF or current is called the RMS value.

The RMS value is equal to the amplitude (peak value) divided by the square root of 2.

Transformers

The primary coil is the one connected to an AC power supply. The secondary coil is connected to the load.

If the secondary coil has more turns than the primary coil, the transformer is a step-up one. The induced EMF in the secondary coil is greater than the EMF connected to the primary coil. 

The current induced in the secondary coil of a step up transformer is less than the current in the primary coil.

If the secondary coil has less turns than the primary coil, the transformer is a step-down one. The induced EMF in the secondary coil is less than the EMF connected to the primary coil. 

The current induced in the secondary coil of a step down transformer is greater than the current in the primary coil.

A 100% efficient transformer is called ideal and has the same power transfer in the secondary coil as in the primary coil.

An iron core that is a series of laminated plates results in nearly 100% power transfer from the primary to the secondary coil.

In an ideal transformer, the EMF induced in the secondary coil over the EMF applied to the primary coil equals the no. of turns in the secondary coil over the no. of turns in the primary coil.

In an ideal transformer, the primary coil EMF times the primary coil current equals the secondary coil EMF times the secondary coil current.

Power Transmission

The Potential Drop from one end of a transmission wire to the other equals the current in the wire times its resistance.

The Potential Difference across the far ends of two parallel wires equals the PD applied by the generator minus the current times the total resistance of the two wires.

The power transfer in each wire when electrical energy is converted to heat equals the current squared times the resistance of the wire.

Less power transfer to heat occurs in transmission wires when a step up transformer is near the generator and a step down transformer is near a city.

Less power transfer occurs  when transformers are included because a smaller current is driven through the transmission wires. One hundredth the current means one ten thousandth the transfer of electrical energy to heat in the transmission wires.







