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SPH3U: Electricity and Magnetism 

Magnetism: A Basic Overview 
 

Certain materials when suspended will orient themselves so that they point in a 

north-south manner. Such materials are called ______________________________ and 

are affected by the earth’s magnetic field. A field is a region of space in which a 

___________________ is experienced. Gravitational, electric and magnetic fields are 

examples of fields. The end of a magnet that points toward the Earth’s north 

pole is called a _________________ seeking pole or simply a __________________ pole. The 

other end of the magnet is called the __________________ pole. Magnetic poles exert 

forces on each other much like electric charges;  

 

i. Like poles ______________________ each other.  ii. Unlike poles ____________________ each other. 

 

Compasses are small magnets which will orient themselves in a magnetic field. Since 

the north pole of a compass is attracted to the earth’s north pole, it means that the 

earth’s north pole must actually be a magnetic _____________________ pole! The Earth’s 

magnetic field is thought to originate from the movement of charged particles inside 

its molten core. Archeological evidence has suggested that the Earth’s magnetic field 

has changed directions several times. In order to understand the earth’s magnetic field, let us first 

consider the magnetic field due to a simple bar magnet (see the diagram above). 

 

Magnetic field lines represent the direction of the magnetic force. The following simple rules apply: 

1. Field lines originate from _____________________ poles and end at ______________________ poles. 

2. Field lines never ____________________ (A net force can only be in one direction). 

3. The concentration of field lines indicates the ________________________ of the magnetic field.  

 

A bar magnet has two poles and thus generates what is referred to as a simple 

______________________ field. The Earth also appears to generate a simple dipole field 

(see the diagram to the right) 

 

When a large number of particles from the sun collide with the earth’s magnetic 

field where it is strongest (the poles) the magnificent Aurora’s are produced 

(Borealis in the north and Australis in the south) 

  

     

Ferromagnetism 
 Ferromagnetism is a type of magnetism exhibited by the elements cobalt, iron, nickel, gadolinium 

or any alloys containing these elements. Two other forms of magnetism, paramagnetism and 

diamagnetism are more subtle forms and will not be discussed at this time. 

 Ferromagnetism can be explained by considering the phenomena of 

electron spin. Each electron can be envisioned as a spinning top. This spinning 

top (spinning charge) acts like a loop of current (see the diagram at right). The 

loop of current (shown at the top of the “spinning” electron) produces the field 

shown. 

 

 In most atoms’ electrons with a spin in one direction are paired up with 

electrons with the opposite spin. As a result these fields cancel out. In 

ferromagnetic materials a number of electrons are not paired up (four for iron) 

thus the fields do not cancel out.  



Domain Theory 

 

Each of these unpaired electrons produces a field which affects the nearby electrons. This causes groups 

of electrons to have their fields _________________________.  These microscopic regions in which the fields due 

to the unpaired electrons are aligned are called _________________________ (only magnetic materials have 

domains). Each domain has ____________________________ which is the sum of all the individual fields. Due to 

thermal motion, the directions of the domain fields are constantly changing. As a result, the piece of 

ferromagnetic material has no overall field.  

 

An overall field can be created using an external magnetic field (either 

by contact shown in Figure 1) or by induction (Figure 2). This will 

cause alignment of the domain fields, and a growth in size of domains 

which are pointing in the same direction as the external field. The 

alignment and growth of domains can create very strong magnetic 

fields. 

 

 

If the piece of ferromagnetic material is pure iron, the domains will quickly disalign when the external 

field is removed (making it an excellent core for an electromagnet). If, however, the material is hardened 

steel (Hardened steel contains a significant number of carbon atoms) the domains tend to become locked 

in place and the material holds its magnetism after the external field has been shut off. Hardened steel 

makes excellent permanent magnets. 

Figure 2 
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