Magnetism and Electromagnetism

Force of Magnetism – is a force of attraction or repulsion that usually occurs between metals.  Not all metals however can be affected by the magnetic force.

Examples – coins  (which ones are affected?)

Magnetic Poles – there are 2 magnetic poles which we call North and South.  The poles are named this way because if it is suspended freely a magnet will point North/South.  The end that points north is called the north pole of the magnet.

Magnetic Field of the Earth

The earth acts as if it has a giant bar magnet within.  The poles of the magnetic force of the earth are not perfectly lined up with the geographic poles of the earth which are lined up with the rotation axis of the earth.  The magnetic pole in the northern part of the earth would actually act as a “south” pole because other north poles are attracted to it!
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Law for Magnetic Poles 

Like poles repel, opposite poles attract and some magnetized materials can attract some non-magnetized materials.

A Magnetic material is one that can be affected by the magnetic force including iron, nickel, cobalt and steel while a Non-Magnetic material is one that cannot be affected by the magnetic force including copper, aluminum and most non-metals.

Permanent magnet is a material that behaves as a magnet and remains that way. (not necessarily forever!)  A temporary magnet can be made by placing a magnetic material near a permanent magnet.  The magnetic material will then behave as a magnet while it is nearby and affected by the permanent magnet.  This temporary magnet is called an induced magnet.

Domain Theory of Magnetism

This is a theory that explains the nature of magnetic and non-magnetic materials.  According to the domain theory a magnetic material is made up of many many tiny magnets called “domains.”  A domain is a group of neighbouring atoms/molecules that each individually act like tiny magnets. (called dipoles)   When the group of dipoles are lined up facing the same way they collectively act like a tiny magnet called a domain.  

A “magnetic” material is then a material made up of many many domains while a non-magnetic material just doesn’t have any domains inside it.   A permanent magnet is a magnetic material with many of its domains aligned so that the entire material has a “north” end and a “south” end.

Effects of the Domain Theory

- Demagnetization


- reverse magnetization

- breaking a bar magnet
- magnetic saturation

- induced magnetism

- keepers

Magnetic Field - Is the region around a magnet in which the magnetic force works.  This is an idea or concept that helps us visualize or explain how and why a magnetic force is exerted when objects are not even in contact.  We represent a magnetic field using field “lines” which are drawn to show the direction of the magnetic force.  These lines are not necessarily straight lines.  

Properties of magnetic field lines

· arrows on the field lines show the direction of the magnetic force on a “north” magnetic pole

· field lines never cross each other

· field lines form closed loops (they have no start and no end)

· the strength of the magnetic force is indicated by the “density” of the magnetic field lines.  If the field lines are closer together then the force is stronger.

· field lines point from north to south outside a magnet and opposite inside it.

The earth’s magnetic “field” provides the field lines necessary for us to use a compass for navigation.  A compass is just a tiny magnet suspended freely so that it can line itself up with the magnetic field lines of the earth.  Problems arise because the magnetic poles of the earth are not lined up with the true geographic poles of the earth.  If you were to follow your compass continually north you would not end up at the true north pole of the earth.  

Magnetic Declination angle – is the angle between the direction a compass points and the direction to the true geographic north pole of the earth.  The declination angle is different from different locations on earth.  There are magnetic declination angle charts giving the declination angle from different locations on the earth.

Magnetic Inclination angle  - is the angle between the direction of the earth’s magnetic field lines and a horizontal line.  

Electromagnetism - Electricity and magnetism are related and one doesn’t exist without the other!

When electric current flows through a conductor there is a magnetic field created in the space around the wire.  The magnetic field created around a straight wire is circular and arrows are placed on the circles according to the left hand rule for a straight conductor.  (LHR)

LHR for a straight conductor – place your left hand on a conductor with your thumb in the direction of the electron flow.  Your fingers will wrap around the wire in the same direction as the magnetic field wraps around the wire.

We use the following symbols to represent a conductor with current flowing through it:
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We can draw the magnetic field around the wire:


Magnetic Field for a Loop of wire:  the same picture from above represents a cross section of a loop of wire.  Note that the magnetic field lines in the middle of the loop are in the same direction and enhance each other creating a stronger magnetic field.
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Magnetic Field of a Coil of Wire
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This magnetic field is very similar to the magnetic field of a bar magnet.

In fact the coil produces a field with a North and one end and a South at the other end.  We can determine which end of the coil becomes a North using the Left Hand Rule for a coil of wire.

Left Hand Rule for a coil of wire :

Place your left hand on the coil so your fingers wrap around the coil the same way the current wraps around the coil.  Your thumb will point to the North end of the coil.

Electromagnets – are made by simply wrapping wire into a coil and passing electric current through the wire.  There are several factors that affect the strength of an electromagnet including:

1) number of windings in the coil

- more windings ( stronger magnet

2) amount of current flowing in the coil

- more current ( stronger magnet

2) diameter of the coil

- smaller diameter ( stronger magnet

4) core material 

- different material ( different strength

The effect of the core material can be tremendous.  By inserting a core material we are adding domains which can line up with the magnetic field of the coil itself.  This greatly enhances the strength of the electromagnet.  

The factor by which a core material increases the magnetic field strength is called the material’s magnetic permeability.  A permeability of 10 means the field strength is multiplied by 10!  Some materials have a magnetic permeability as high as 6100 for iron and 100000 for permalloy.  

Ferromagnetic – describes materials that enhance the magnetic field for example iron

Paramagnetic – describes materials that neither enhance nor reduce the magnetic field for example air

Diamagnetic – describes materials that reduce the magnetic field strength for example copper.

Materials that are ferromagnetic have many domains.  When a ferromagnetic material is in a magnetic field its domains line up with that magnetic field thus enhancing it.

SOFT FERROMAGNETIC refers to a material if its domains can change alignment quickly and easily while HARD FERROMAGNETIC refers to a material if its domains do not change alignment easily.  We use hard ferromagnetic materials to make permanent magnets while an electromagnet is usually made of a soft ferromagnetic material.  When the electromagnet is turned “off” it loses its magnetic effect quickly if a soft ferromagnetic material is used in the core.

Uses for electromagnets include:

· Buzzers and bells

· Lifting scrap metal (old junk Chryslers)

· Relay switches

· Magnetic recording devices like tape recorders, VCR machines and disc drives.

· A variety of other devices

Motor Principle  (interaction of magnets &electricity)

A conductor with current flowing through it will experience a force when in the presence of an external magnetic field.  The force experienced is perpendicular to both the current and the external magnetic field lines.  The direction of the force on the conductor is given by the Left Hand Rule for the Motor Principle.

This occurs because the magnetic field produced by the current flowing in the conductor interacts with the external magnetic field.  The amount of force is increased when the external magnetic field strength is increased as well as when the current is increased.

Left Hand Rule for the Motor Principle

Place your left hand so your fingers point in the direction of the external magnetic field and your thumb indicates the direction of the electron flow.  The force will act in the direction that your palm would push the wire.
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Conductor

Uses for the  Motor Principle include:

· Electric Motors

· Electric Meters (Ammeters, Voltmeters, . . .)

· Speakers

Electromagnetic Induction  (creation of electricity)

When a magnetic field is moved or changed in strength in the presence of a conductor, an electric current is induced in the conductor.

To enhance the amount of induced current the conductor can be coiled.

The amount of induced current depends on:

· the number of windings on the coil

· the rate of change or movement of the magnetic field

· the strength of the magnetic field used

Lenz’s Law – the direction of the induced current

The current induced in a conductor always flows in the direction so that the newly formed magnetic field from the induced current opposes the action of the magnetic field that caused the induction.

Example – if you are inserting a north pole of a magnet into a coil of wire the current induced in the coil produces a magnetic field with a north pole at that end to repel the north pole you are inserting.  

(it opposes what you are doing!)

Uses for electromagnetic induction include:

· electromagnetic generators

· transformers

· reading of magnetic recorded data

Transformers – are devices that use electricity to produce electricity.  This may sound useless but transformers are actually very useful devices because they allow us to change the voltage in a circuit!

There are two separate electric circuits when a transformer is used.  The first (or primary) circuit has a supply of electricity and a coil of wire which is wound around a good core material.  Also wound around the same common core is another completely separate coil of wire (the secondary coil) which is in turn connected to a load of some sort.  

When current passes through the primary coil it causes a magnetic effect in the core material which in turn induces a current in the secondary coil.  Electricity is used to create magnetism, which in turn creates electricity again.  This process may seem useless but the voltage and current characteristics in the two circuits can be different.  In fact transformers are used to change the voltage in a circuit.  For a transformer to operate properly the current in the primary circuit must be continually changing so we use Alternating Current for transformers.

The Transformer Formula

N1  =  V1

N1 = number of windings on coil 1

N2
   V2

N2 = number of windings on coil 2




V1 = voltage in coil 1




V2 = voltage in coil 2

The ratio of the windings = the ratio of the voltages!

A transformer that increases the voltage is called a “step-up” transformer while a “step-down” transformer lowers the voltage.

Transformers can change the voltage BUT they do not increase the amount of power in a circuit!  If the voltage is increased then the current is decreased by the same factor at the same time.   An IDEAL transformer will maintain the same amount of power in the primary and secondary circuits. (Recall P =VI)

In reality the power is slightly decreased when a transformer is used but we will consider ideal transformers for our calculations.  A step-up transformer which doubles the voltage will cut the current in half!

Transformers are used extensively in our society.  We use them in the distribution of electricity from the generating stations to our homes.  Electricity is generated at 20kV and then immediately stepped up to 500kV for long distance transmission.  With high voltage we can transmit a large amount of power without the current being too high.  This saves on losses of energy in the wires along the way.  High voltages are very dangerous so we use step down transformers to decrease the voltage for transmission lines within cities.  The voltage is decreased to 115kV, then to 44kV, then to 16/4kV in each neighbourhood.   Finally the voltage is stepped down to 120/240V for use in homes.  Each change requires a transformer!  We also use several smaller transformers such as adapters to reduce the voltage from 120V to 6V or 9V for use with portable radios or cd players.
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