PHYSICS 100    MAGNETISM

It was discovered that some ores or metals experienced forces of attraction or repulsion when brought close together.  This force was called magnetism.  The magnetic materials were dipoles with one pole called south and the other called north.  The earth is a magnetic dipole.  A compass has a needle whose  north magnetic pole points to the earth’s south magnetic pole because opposite poles attract and like poles repel.  The compass needle points geographically north because geographic north is a south magnetic pole.

Coulomb discovered a force law between two magnetic dipoles before his law concerning two static electric charges, because ordinary magnetic materials can generate much greater force strengths than electrically charged objects.  The magnetic force between two dipole magnets is proportional to the product of the pole strengths and inversely proportional to the separation distance squared between the two poles. This is similar to Coulomb’s law for static charges.
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The separation distance is r, the dipole strength is P, and k
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 is a magnetic constant.

Oersted discovered that current flowing in a conducting wire produced a magnetic force similar to a dipole magnet.  He observed that the direction of the magnetic force was perpendicular to the direction of current flow.  
Ampere verified that current flow in a wire can generate a magnetic field by showing that two wires can attract and repel each other just as two dipole magnets.  He calculated the force between the two parallel wires.  His results led to the definition of an Ampere of current (one Coulomb per second) which is the current required to produce a force per length of 2x10
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N/m between two parallel wires separated by one meter.  The equation describing the force per unit length of wire, for two parallel wires separated by a distance r, with currents I
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(2) F/l = 2
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Moving charge is the source of  magnetic field.  The magnetic field is the force between moving charges per unit of charge and unit of velocity.  In permanent dipole magnets, the internal motion of the electrons produce the magnetic field.  The magnetic force on a moving charge in a magnetic field is perpendicular to both the charge’s direction of motion and the direction of the magnetic field.  Only the component of the magnetic field that is perpendicular to the velocity of the charge or the current can produce a magnetic force. 
(3) 
F = qv
[image: image15.wmf]^

B = IL
[image: image16.wmf]^

B
The length of the current carrying element is L.
(4)
B = F/qv
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By applying the “right hand rule”, we  can determine the direction of the magnetic force.  If you point your fingers in the direction of the moving charge and curl them towards the magnetic field, your thumb will indicate the direction of the magnetic force.  

A strong and fairly uniform magnetic field can be made by coiling several loops of wire in a circuit.  This is an example of an electromagnet.  An electromagnet will experience a torque in a magnetic field just as a permanent bar magnet or compass needle.  This torque leads to rotational motion and is the basis of electric motors.

A motor is a device that converts electric energy into mechanical energy.  Electric motors are a key component in most of our everyday appliances and electronics.
An electric current from a powered circuit can produce a magnetic field that can reach and penetrate another circuit that is not powered.  Faraday hypothesized, since a current flowing in a circuit generates a magnetic field, then magnetic field through a circuit could produce a current. He attempted to induce a current to flow in a circuit that was not connected to a power supply but  had magnetic field penetrating it from another circuit that did have current flow.  He eventually discovered that a change in the magnetic flux through a circuit induced a current to flow in that circuit.  Lenz showed that the induced current in the circuit was directed to oppose the change in flux through the circuit.

Magnetic flux is the product of magnetic field times the perpendicular area of the circuit.

(5)

[image: image19.wmf]f

 = B
[image: image20.wmf]^

A
Faraday’s law is the basis of power generation.  A generator is a device that inputs mechanical energy and outputs electrical energy (the reverse of a motor).  Wind, water, or steam can turn a turbine, which changes the magnetic flux through a giant coil and produces voltage.  The voltage difference produced is equal to the time rate of change of the magnetic flux.
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The voltage generated by large plants is millions of volts.  Power is transmitted at high voltages and low currents to minimize the resistive losses.  It must be changed or transformed into lower or more usable voltages.  A transformer uses Faraday’s law to change the transmitted voltage.  An alternating current in a primary circuit, linked to a secondary circuit, produces a changing flux in the secondary circuit, which induces a voltage in the secondary circuit to oppose this change.  The voltage induced in the secondary is proportional to the number of turns in the secondary.
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where N is the number of turns
For negligible power loss between the two linked circuits, the power through each circuit is the same.  This can be expressed as:
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