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The Law of Magnetism

Poles of a Magnet
The ends of a magnet are called poles
Magnets have two poles: a north and a south

Poles of a Magnet

The Law of Magnetism
When two magnets are held close together, there will be an attractive or repulsive
force between the magnets depending on how they are arranged:

Opposite poles attract; like poles repel

The Law of Magnetism states that:
Two like poles (S and S or N and N) repel each other
Two unlike poles (S and N) attract each other

The attraction or repulsion between two magnetic poles is an example of a non-
contact force

12.1 Magnetism

12.1.1 Magnetism

YOUR NOTES  
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Magnetic Materials

Magnetic materials are attracted to a magnet; non-magnetic materials are not

Very few metals in the Periodic Table are magnetic. These include:
Iron
Cobalt
Nickel

Steel is an alloy which contains iron, so it is also magnetic
Magnetic materials (which are not magnets) will always be attracted to the magnet,
regardless of which pole is held close to it

Magnetic materials attracted to magnets

To test whether a material is a magnet it should be brought close to a known magnet
If it can be repelled by the known magnet then the material itself is a magnet
If it can only be attracted and not repelled then it is a magnetic material

12.1.2 Permanent & Induced Magnets YOUR NOTES  
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Induced Magnetism
There are two types of magnets

Permanent magnets
Induced magnets

Permanent Magnets

Permanent magnets are made out of permanent magnetic materials, for example steel
A permanent magnet will produce its own magnetic field

It will not lose its magnetism

Induced Magnets

When a magnetic material is placed in a magnetic field, the material can temporarily
be turned into a magnet.

This is called induced magnetism

When magnetism is induced on a material:
One end of the material will become a north pole
The other end will become a south pole

Magnetic materials will always be attracted to a permanent magnet
This means that the end of the material closest to the magnet will have the
opposite pole to magnets pole closest to the material

Inducing magnetism in a magnetic material

When the magnetic material is removed from the magnetic field it will lose most/all of
its magnetism quickly

YOUR NOTES  
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Worked Example

The diagram below shows a magnet held close to a piece of metal that is
suspended by a light cotton thread. The piece of metal is attracted towards the
magnet.

Which of the following rows in the table gives the correct type of pole at X and
the correct material of the suspended piece of metal?

ANSWER:  A

X must be a north pole
The piece of metal is being attracted towards the magnet
The law of magnetism states that opposite poles attract

The material of the suspended piece of metal is nickel
Nickel is a magnetic material (It will experience a force when it is placed in a
magnetic field, in this case it is attracted towards the magnet)

B is incorrect because X cannot also be a south pole (and hence is a north pole)
If the pole at X was a south pole then the piece of metal would be repelled
from the magnet because the law of magnetism states that like poles repel

C and D are incorrect because aluminium is not a magnetic material
A non-magnetic material would be unaffected by the magnetic field produced
by the magnet.


YOUR NOTES  
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Magnetic Fields
All magnets are surrounded by a magnetic field
A magnetic field is defined as:

The region around a magnet where a force acts on another magnet or on a
magnetic material (such as iron, steel, cobalt and nickel)

Magnetic Field Lines

Magnetic field lines are used to represent the strength and direction of a magnetic
field
The direction of the magnetic field is shown using arrows
The strength of the magnetic field is shown by the spacing of the magnetic field lines

If the magnetic field lines are close together then the magnetic field will be strong
If the magnetic field lines are far apart then the magnetic field will be weak

There are some rules which must be followed when drawing magnetic field lines.
Magnetic field lines:

Always go from north to south (indicated by an arrow midway along the line)
Must never touch or cross other field lines

Uniform Magnetic Field

A uniform magnetic field will be produced in the gaps between opposite poles
Note: Outside that gap the field will not be uniform

A uniform field is created when two opposite poles are held close together

A uniform magnetic field is one that has the same strength and direction at all points
To show that the magnetic field has the same strength at all points there must be
equal spacing between all magnetic field lines
To show that the magnetic field is acting in the same direction at all points there
must be an arrow on each magnetic field line going from the north pole to the
south pole

The magnetic field lines are the same distance apart between the gaps of the poles to
indicate that the field strength is the same at every point between the poles

Magnetic Field Around a Bar Magnet

The magnetic field is strongest at the poles
This is where the magnetic field lines are closest together

12.1.3 Magnetic Fields YOUR NOTES  
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The magnetic field becomes weaker as the distance from the magnet increases
This is because the magnetic field lines are getting further apart

The magnetic field around a bar magnet

Two bar magnets can repel or attract, the field lines will look slightly different for each:

Magnetic field lines for attracting and repelling bar magnets

Therefore, the magnetic field lines around different configurations of two bar magnets
would look like:

YOUR NOTES  
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Magnetic field lines between two bar magnets

Exam Tip

If you are asked to draw the magnetic field around a bar magnet remember to
indicate both the direction of the magnetic field and the strength of the
magnetic field.You can do this by:

Adding arrows pointing away from the north pole and towards the south
pole
Making sure the magnetic field lines are further apart as the distance from
the magnet increases



YOUR NOTES  
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Plotting Magnetic Fields
The shape and direction of a magnetic field may be investigated using plotting
compasses
A plotting compass is like a small bar magnet, with a north and south pole
The arrow of the plotting compass represents the north pole

Investigating the Shape and Direction of a Magnetic Field

Step 1:

Place the magnet on top of a piece of paper
Draw a dot at one end of the magnet (near its corner)

Step 2:

Place a plotting compass next to the dot, so that one end of the needle of the
compass points away from the dot
Use a pencil to draw a new dot at the other side of the compass needle

YOUR NOTES  
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Step 3:

Move the compass so that it points away from the new dot, and repeat the process
above

Step 4:

Keep repeating the previous process until there is a chain of dots going from one
end of the magnet to the other
Then remove the compass, and link the dots using a smooth curve – this will be
the magnetic field line

YOUR NOTES  
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Step 5:

Repeat the whole process several times to create several other magnetic field lines

YOUR NOTES  
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Compasses around a bar magnet show the direction of the magnetic field from north to
south

Exam Tip

Remember that the direction of the field line at a point is the same as the
direction of the force a north pole would experience at that point



YOUR NOTES  
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The Earth's Magnetic Field
On Earth, in the absence of any magnetic or magnetic materials, a magnetic compass
will always point north

This is evidence that the core of the Earth is magnetic and creates its own
magnetic field

The Earth's magnetic field is similar to that of a bar magnet

Comparison between the Earth’s Magnetic Field and a Bar Magnet

On Earth, the north arrow on a magnetic compass will point towards the geographic
North Pole (in the Arctic Ocean)

This is because the geographic North Pole is a magnetic south pole (the magnetic
field lines point out of the pole)
The north pole of the magnetic compass is attracted to the Earth's magnetic south
pole

The geographic South Pole (in Antarctica) is a magnetic north pole (the magnetic field
lines point into the pole)
The north pole of the magnetic compass is repelled from the Earth's magnetic north
pole

12.1.4 The Earth's Magnetic Field YOUR NOTES  
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Geographic and Magnetic Poles of the Earth

Exam Tip

The Earth’s north pole actually acts like the south pole of a magnet: That’s why
the north pole of a magnet is attracted to it.



YOUR NOTES  
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The Field around a Wire
When a current flows through a conducting wire a magnetic field is produced around
the wire
The shape and direction of the magnetic field can be investigated using plotting
compasses

Diagram showing the magnetic field around a current-carrying wire

The magnetic field is made up of concentric circles
A circular field pattern indicates that the magnetic field around a current-carrying
wire has no poles

As the distance from the wire increases the circles get further apart
This shows that the magnetic field is strongest closest to the wire and gets weaker
as the distance from the wire increases

The right-hand thumb rule can be used to work out the direction of the magnetic field

12.2 Electromagnetism & The Motor Effect

12.2.1 Magnetic Fields in Wires

YOUR NOTES  
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The right-hand thumb rule shows the direction of current flow through a wire and the
direction of the magnetic field around the wire

Reversing the direction in which the current flows through the wire will reverse the
direction of the magnetic field

YOUR NOTES  
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Side and top view of the current flowing through a wire and the magnetic field produced

If there is no current flowing through the conductor there will be no magnetic field
Increasing the amount of current flowing through the wire will increase the strength of
the magnetic field

This means the field lines will become closer together

YOUR NOTES  
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Factors Affecting Field Strength
The strength of the magnetic fields field depends on:

The size of the current
The distance from the long straight conductor (such as a wire)

A larger current will produce a larger magnetic field and vice versa
The greater the distance from the conductor, the weaker the magnetic field and vice
versa

The greater the current, the stronger the magnetic field. This is shown by more
concentrated field lines

YOUR NOTES  
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The Field around a Solenoid
When a wire is looped into a coil, the magnetic field lines circle around each part of the
coil, passing through the centre of it

Diagram showing the magnetic field around a flat circular coil

To increase the strength of the magnetic field around the wire it should be coiled to
form a solenoid
The magnetic field around the solenoid is similar to that of a bar magnet

Magnetic field around and through a solenoid

The magnetic field inside the solenoid is strong and uniform

12.2.2 Magnetic Fields in Solenoids YOUR NOTES  
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Inside a solenoid (an example of an electromagnet) the fields from individual coils
Add together to form a very strong almost uniform field along the centre of the
solenoid
Cancel to give a weaker field outside the solenoid

One end of the solenoid behaves like the north pole of a magnet; the other side
behaves like the south pole

To work out the polarity of each end of the solenoid it needs to be viewed from the
end
If the current is travelling around in a clockwise direction then it is the south pole
If the current is travelling around in an anticlockwise direction then it is the north
pole

If the current changes direction then the north and south poles will be reversed
If there is no current flowing through the wire then there will be no magnetic field
produced around or through the solenoid

Poles of a Solenoid

The strength of the magnetic field produced around a solenoid can be increased by:
Increasing the size of the current which is flowing through the wire
Increasing the number of coils
Adding an iron core through the centre of the coils

The iron core will become an induced magnet when current is flowing through the coils
The magnetic field produced from the solenoid and the iron core will create a much
stronger magnet overall

YOUR NOTES  
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Exam Tip

Remember the term ‘uniform field’ means a field which has the same strength
and direction at all points. This is represented by parallel field lines.When
discussing the strength of an electromagnet, avoid saying “add more coils”:

The coil describes the overall object – the individual loops of wire should be
referred to as turns.

The correct phrase to use is “add more turns to the coil”.


YOUR NOTES  





Head to savemyexams.co.uk for more awesome resources

Page 22 of 33
© 2015-2021 Save My Exams, Ltd. · Revision Notes, Topic Questions, Past Papers

The Force on a Wire
The motor effect occurs:

When a wire with current flowing through it is placed in a magnetic field and
experiences a force

This effect is a result of two interacting magnetic fields
One is produced around the wire due to the current flowing through it
The second is the magnetic field into which the wire is placed, for example,
between two magnets

As a result of the interactions of the two magnetic fields, the wire will experience a
force

The magnetic field between opposite poles of magnets interact with the magnetic field
produced around a current-carrying wire

12.2.3 The Motor Effect YOUR NOTES  
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The motor effect is a result of two magnetic fields interacting to produce a force on the
wire

Magnetic Forces
Magnetic forces are due to interactions between magnetic fields

Stronger magnetic fields produce stronger forces and vice versa

For a current carrying conductor, the size of the force exerted by the magnetic fields
can be increased by:

Increasing the amount of current flowing through the wire
This will increase the magnetic field around the wire

Using stronger magnets
This will increase the magnetic field between the poles of the magnet

Placing the wire at 90  to the direction of the magnetic field lines between the
poles of the magnet

This will result in the maximum interaction between the two magnetic fields

Note: If the two magnetic fields are parallel there will be no interaction between the
two magnetic fields and therefore no force produced

o

YOUR NOTES  
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Fleming's Left Hand Rule
The direction of the force (aka the thrust) on a current carrying wire depends on the
direction of the current and the direction of the magnetic field
All three will be perpendicular to each other

This means that sometimes the force could be into and out of the page (in 3D)

The direction of the force (or thrust) can be worked out by using Fleming's left-hand
rule:

Fleming’s Left-Hand Rule can be used to determine directions of the force, magnetic field
and current

12.2.4 Fleming's Left Hand Rule YOUR NOTES  
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Worked Example

Use Fleming’s left-hand rule to show that if the current-carrying wire is placed
into the magnetic field between the poles of the magnet, as shown below, there
will be a downwards force acting on the wire

Step 1: Determine the direction of the magnetic field

Start by pointing your First Finger in the direction of the (magnetic) Field.

Step 2: Determine the direction of the current

Now rotate your hand around the first finger so that the seCond finger points in
the direction of the Current

Step 3: Determine the direction of the force

The THumb will now be pointing in the direction of the THrust (the force)
Therefore, this will be the direction in which the wire will move


YOUR NOTES  
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Exam Tip

Remember that the magnetic field is always in the direction from North to
South and current is always in the direction of a positive terminal to a negative
terminal.Feel free to use Fleming's left hand rule in your exam, just don't make it
too obvious or distracting for other students!


YOUR NOTES  
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Calculating Magnetic Force on a Current-Carrying Conductor
The size of the force acting on a current-carrying wire in a magnetic field can be
calculated using the equation:

F = BIL

Where:
F = force acting on current-carrying wire in newtons (N)
B = magnetic flux density (which is the strength of the magnetic field) in tesla (T)
I = current flowing through the conductor in amps (A)
L = length of the conductor that is in the magnetic field in metres (m)

Force on a current carrying conductor (directed into the page)

12.2.5 Calculating Magnetic Force YOUR NOTES  
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Worked Example

A 5 cm length of wire is at 90 to the direction of an external magnetic field.
When current of 1.5 A flows through the wire it experiences a force of 0.06 N
from the motor effect.Calculate the magnetic flux density of the magnet. 

Exam Tip

You will only be expected to calculate the force when the wire is perpendicular
to the field, so you won't have to worry about angles.


o 



YOUR NOTES  
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Electric Motors
The motor effect can be used to create a simple d.c electric motor
The simple d.c. motor consists of a coil of wire (which is free to rotate) positioned in a
uniform magnetic field:

The simple d.c. motor

When the current is flowing in the coil at 90  to the direction of the magnetic field:
The current creates a magnetic field around the coil
The magnetic field produced around the coil interacts with the field produced by
the magnets
This results in a force being exerted on the coil
The direction of the force can be determined using Fleming's left hand rule
As current will flow in opposite directions on each side of the coil, the force
produced from the magnetic field will push one side of the coil up and the other
side of the coil down

This will cause the coil to rotate, and it will continue to rotate until it is in the vertical
position
When the coil is in the vertical position there will be a force acting upwards and a force
acting downwards

12.2.6 Electric Motors

o

YOUR NOTES  




Head to savemyexams.co.uk for more awesome resources

Page 30 of 33
© 2015-2021 Save My Exams, Ltd. · Revision Notes, Topic Questions, Past Papers

Forces acting on the coil in the vertical position

The split ring commutator swaps the contacts of the coil
This reverses the direction in which the current is flowing

Reversing the direction of the current will also reverse the direction in which the forces
are acting
As a result, the coil will continue to rotate

Forces on coil after commutator has reversed the direction of the current

The commutator reverses the direction of the current in the coil every half turn

YOUR NOTES  
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This will keep the coil rotating continuously as long as the current is flowing

Factors Affecting the D.C Motor

The speed at which the coil rotates can be increased by:
Increasing the current
Increasing the strength of the magnetic field

The direction of rotation of coil in the d.c motor can be changed by:
Reversing the direction of the current
Reversing the direction of the magnetic field by reversing the poles of the magnet

The force supplied by the motor can be increased by:
Increasing the current in the coil
Increasing the strength of the magnetic field
Adding more turns to the coil

Worked Example

A d.c motor is setup as shown below. Determine whether the coil will be
rotating clockwise or anticlockwise.

Step 1: Draw arrows to show the direction of the magnetic field lines

These will go from the north pole of the magnet to the south pole of the magnet



YOUR NOTES  
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Step 2: Draw arrows to show the direction the current is flowing in the coils

Current will flow from the positive terminal of the battery to the negative terminal

Step 3: Use Fleming’s left hand rule to determine the direction of the force on each
side of the coil

Start by pointing your First Finger in the direction of the (magnetic) Field
Now rotate your hand around the first finger so that the seCond finger points in
the direction of the Current
The THumb will now be pointing in the direction of the THrust (the force)

YOUR NOTES  
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Step 4: Use the force arrows to determine the direction of rotation

The coil will be turning clockwise

YOUR NOTES  



