
Poles of a Magnet 
 

A magnet can exert a force on anoth-
er nearby magnet. Magnets have two 
poles: North and South. The magnetic 
force is strongest at these poles. 
 
Two magnets will either attract or repel each other in the following 
way: 
 like poles (N–N or S–S) repel 
 unlike poles (N–S or S–N) attract 
 
Magnetic forces are non-contact forces - this means that magnets 
affect each other without touching. 

Induced and Permanent Magnetism 
 
Iron, steel, nickel and cobalt are the 
three magnetic materials. They are affected by magnets and 
are attracted to either pole of a magnet. (Steel is also some-
times included but this is only magnetic as it is an alloy con-
taining iron) 
 
Permanent magnets—A permanent magnet is often made from 
a magnetic material such as iron. A permanent magnet always 
causes a force on other magnets or magnetic materials.  
Key features of a permanent magnet: 
 it produces its own magnetic field 
 the magnetic field cannot be turned on and off – it is 

there all the time 
Bar magnets and horseshoe magnets are examples of perma-
nent magnets. 
 
Induced magnets—Unlike a permanent magnet, an induced 
magnet only becomes a magnet when it is placed in a magnetic 
field. The induced magnetism is quickly lost when the magnet 
is removed from the magnetic field. 
 
The iron filings in the image become induced magnets when 
they are near the bar magnet. Like all induced magnets, they 
lose most or all of their magnetism when they are removed 
from the magnetic field. 
 
We can test to show a permanent magnet as it can: 
 attract or repel another permanent magnet 
 attract a magnetic material (but not repel it) 

This means that you can only show that an object is a perma-
nent magnet by checking if it repels another magnet. 



Drawing a Magnetic Field 

The diagram shows these key features: 
 the magnetic field lines never cross each other 
 the closer the lines, the stronger the magnetic field 
 the lines have arrowheads to show the direction of the 

force exerted on a magnetic north pole 
 the arrowheads point from the north pole of the magnet 

to its south pole 

Magnetic Fields 
 

A magnetic field is the region around a magnet where a force acts on 
another magnet or on a magnetic material. 
 
Detecting magnetic fields—A magnetic field is invisible, but it can 
be detected using a magnetic compass. A compass contains a small 
bar magnet on a pivot so that it can rotate. The compass needle 
points in the direction of the Earth’s magnetic field, or the magnetic 
field of a magnet. 
 
Magnetic fields can be mapped out using small plotting compasses: 
1. Place the plotting compass near the magnet on a piece of paper. 
2. Mark the direction the compass needle points. 
3. Move the plotting compass to many different positions in the mag-

netic field, marking the needle direction each time. 
4. Join the points to show the field lines. 

 
The needle of a plot-
ting compass points to 
the south pole of the 
magnet. 
 
The behaviour of a 
compass shows that 
the Earth has a mag-
netic field.  
 
The Earth’s core, 
which is made from 
iron and nickel, pro-
duces this magnetic 
field.  
 



 Solenoids 
 

A solenoid is a wire coiled up into a spiral shape. When an electric 
current flows, the solenoid acts as an electromagnet.  
 
The shape of the magnetic field is very similar to the field of a 
bar magnet. 
 
The field inside a solenoid is strong and uniform. The small mag-
netic fields caused by the current in each coil add together to 
make a stronger overall magnetic field.  
 
The field outside the solenoid is much weaker. The small magnetic 
fields from each wire cancel each other out.  

Electromagnets are used in devices such as door locks that can be 
controlled remotely and electric bells. 
(Note the cross and dot in the picture showing away and toward to 
show current direction)  

Magnetic Fields around Wires 
 

When a current flows in a wire, it creates a circular magnetic 
field around the wire. This magnetic field can deflect the needle 
of a magnetic compass. The strength of the magnetic field is 
greater closer to the wire and increases if current increases. 

The direction of the current and magnetic field can be found us-
ing the right hand grip rule.  

1. Coil the fingers of 
the right hand as if 
holding the handlebars 
of a bicycle 
2. Point your thumb 
pointing away from the 
hand.  
3. The thumb indi-
cates the direction of 
the current,  
4. The curve of your 
fingers then indicates 

the direction of the magnetic field. 
E.g. The current is flowing upwards, the field is anti-clockwise 



The Motor Effect—(HIGHER) 
 

A wire carrying a current creates a magnetic field. This can interact 
with another magnetic field, causing a force that pushes the wire at 
right angles. This is called the motor effect. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculating the Motor Effect 
 
To calculate the force on a wire carrying a current at right angles to 
a magnetic field, use the equation: 
 
force = magnetic flux density × current × length 
 
F = B x I x L 
 
This is when: 
F is force in newtons (N) 
B is magnetic flux density (magnetic field strength) in tesla (T) 
I is current in amperes - also referred to as amps - (A) 
L is length in metres (m) 

Flemings Left Hand Rule—(HIGHER) 
 
The force on a given length of wire in a magnetic field in-
creases when: 
 the current in the wire increases 
 the strength of the magnetic field increases 
 
The force is greatest when the direction of the current is 
90° to the direction of the magnetic field. There is no motor 
effect force if the current and magnetic field are parallel to 
each other. 

Hold your thumb, forefinger and second finger at right angles 
to each other: 
 the forefinger is lined up with magnetic field lines point-

ing from north to south 
 the second finger is lined up with the current pointing 

from positive to negative 
 the thumb shows the direction of the motor effect 

force on the conductor carrying the current 



Starting from the position shown in the diagram of the dc mo-
tor: 
 current in the left hand part of the coil causes a down-

ward force, and current in the right hand part of the coil 
causes an upward force 

 the coil rotates anti-clockwise because of the forces de-
scribed above 

 
When the coil is vertical, it moves parallel to the magnetic 
field, producing no force. This would tend to make the motor 
come to a stop, but two features allow the coil to continue ro-
tating: 
 the momentum of the motor carries it on round a little 
 a split ring commutator changes the current direction 

every half turn 
 
Once the conducting brushes reconnect with the commutator 
after a half turn: 
 current flows in the opposite direction through the wire 

in the coil 
 each side of the coil is now near the opposite magnetic 

pole 
 
This means that the motor effect forces continue to cause 
anti-clockwise rotation of the coil. 

The Motor Effect—(HIGHER) 
 

A coil of wire carrying a current in a magnetic field experiences a 
force that tends to make it rotate. This effect can be used to make 
an electric motor. 
 
The diagram shows a simple motor using direct current (dc). 


