AQA
6.7
Magnetism and
Electro-magnetism

1
© R Ashbee 2017

Poles of a magnet
What is magnetism?
Magnetism is a force. We can compare it to another force, gravity, in order to
understand it more clearly.
A magnetic field is similar in some ways to a gravitational field. It is the space around
a magnet in which a magnetic material experiences a force. Magnetism, like gravity,
is a non-contact force. There are some important differences from gravity though.
Difference 1: While gravity acts between all objects with mass, magnetism only acts
between 3 groups of objects: permanent magnets, induced magnets, and
electromagnets.
Difference 2: Magnetism has polarity. Most people are familiar with magnets having
North and South poles, but what does this actually mean? Masses are attracted to
each other without concern for the orientation of the masses. Consider two masses:
a golf club on the Moon:
The golf club will be attracted to the
Moon if it is this way up:

And it will also be attracted we flip it
over so it is the other way up:
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The same is not true for two magnets. If we
have two magnets then we can arrange them so
that they attract:

But if we flip the top magnet over like we did
with the golf club, it will no longer be attracted.
Instead, it will be repelled:

For gravity, we do not have to distinguish
between different ends of a mass. But for
magnetism, the direction of the force, i.e.
attraction or repulsion, depends on which way round the magnets are. This is what
we mean when we say magnetism has polarity.

Difference 3: Magnetism can be induced in magnetic materials. An iron nail does
not normally act like a magnet. If we put two normal iron nails near each other we
would not get attraction and repulsion as above. However, if we put an iron nail near
a magnet, the iron nail gets temporarily turned into a magnet. This is called an
induced magnet. An induced magnet always has its poles lined up opposite to the
original magnet: so an induced magnet will always be attracted to the original
magnet as there will be opposite poles facing each other.
Not many materials can become induced magnets: iron, steel (an alloy of iron),
nickel and cobalt. When we say a material is magnetic, what we really mean is that it
becomes an induced magnet when placed in a magnetic field. An induced magnet is
a material that becomes a magnet when it is placed in a magnetic field. When
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removed from the magnetic field an induced magnet loses most/all of its magnetism
quickly. It ceases to be an induced magnet.
The objects that we usually think of as magnets are properly termed permanent
magnets. A permanent magnet produces its own magnetic field.

Magnetic poles
The poles of a magnet are the places where the magnetic force is strongest. When
two magnets are brought close together they exert a force on each other. Two like
poles repel each other. Two unlike poles attract each other.
Questions
1.
2.
3.
4.
5.
6.

Is magnetism a contact or non-contact force?
Define a permanent magnet.
Define an induced magnet.
Name the four magnetic materials.
State the two conditions required for an induced magnet to be created.
What happens to an induced magnet when it is removed from a magnetic
field?
7. What is the force between two opposite magnetic poles?
8. What is the force between two like poles?
9. State where the magnetic field around a magnet is strongest.
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Extension
Copy this car design and then explain why it
won’t work:

Answers
1.
2.
3.
4.
5.
6.
7.
8.
9.

Non-contact
A magnet which produces its own magnetic field
A material that becomes a magnet when placed in a magnetic field.
Iron, steel, nickel and cobalt
A magnetic material in a magnetic field
All or most of its magnetism is removed
Attraction
Repulsion
At the two poles

Extension Answers
Because of Newton’s third law, each magnet will pull on each other with an equal
force.
Intervention Questions
1. Explain why magnetism is a non-contact force.
2. Eleanor says “a permanent magnet is an object that will always be a magnet”.
Can you improve her definition?
3. Zufi says “an induced magnet is an object that can lose its magnetism easily”.
Can you improve her definition?
4. Name the four magnetic materials.
5. Jacob says “you can make an induced magnet with a magnetic material”. Can
you improve his statement?
6. How can you remove an induced magnet’s
magnetism?
7. A student ties a magnet onto a string and
hangs it so that it can swing freely. He
holds another magnet up to it as shown in
the diagram. Describe the motion of the
hanging magnet.
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8. The student repeats the experiment but
holds the second magnet in a different
orientation, as shown in the diagram.
Describe the motion of the hanging magnet.

9. James is picking up paperclips with a
magnet. Where will he pick up the most paperclips?
Intervention Answers
1. Magnets do not need to touch in order to exert a force on each other.
2. A permanent magnet is an object which produces its own magnetic field
3. An induced magnet is a material that becomes a magnet when placed in a
magnetic field.
4. Iron, steel, nickel and cobalt
5. You can make an induced magnet with a magnetic material by putting it in a
magnetic field
6. Take it out of the magnetic field.
7. It will rotate anticlockwise.
8. It will rotate clockwise.
9. At the poles.
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Magnetic fields
A magnetic field is the region around a magnet where another magnet or a magnetic
material experiences a magnetic force.
Because forces are vectors, fields always have a direction. We represent fields by
drawing lines with arrows on them. It is useful to compare magnetism with gravity
again here:

The direction of a gravitational field is always towards the centre of the mass: This
describes the direction another mass would be attracted.
The direction of the magnetic field at any point is always from the North pole to the
South pole. This means that if you put a North pole of another magnet at a certain
point, the field lines tell you the direction of the force it will experience.
The strength of the magnetic field depends on the distance from the magnet. The
field is strongest at the poles of the magnet.

Compasses
A magnetic compass contains a tiny
permanent magnet that is free to move. The
compass needle points in the direction of the
Earth’s magnetic field. The North pole of the
magnet points to the North pole of Earth.
This is at first surprising, because two North
poles ought to repel. However, the
geographical North pole of the Earth is
actually a magnetic South pole.

The fact that the Earth has a magnetic field gives us evidence that the Earth's core is
magnetic.
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We can plot the magnetic field of a magnet using a compass:

Questions
1.
2.
3.
4.
5.
6.
7.
8.

Define “magnetic field”.
Draw the magnetic field around a bar magnet.
Draw the magnetic field around a bar magnet with its poles reversed.
What happens to the strength of a magnetic field as you get further from the
magnet?
Where is a magnet’s field strongest?
What do magnetic field lines show us?
Describe how to use a plotting compass to plot a magnetic field. Include a
diagram.
Describe evidence for the Earth’s core being magnetic.
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9. Explain how a compass works.
Extension
Which graph best shows the strength of a magnetic field as we move along a bar
magnet from North to South? Copy it and explain why you chose it.

Answers
1. A magnetic field is the region around a magnet where another magnet or a
magnetic material experiences a magnetic force.
2.
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3.

(check direction of arrows)

4.
5.
6.
7.

It gets weaker
At the poles
The direction of the force on the north pole of a magnet at that point.
Place a compass at the North pole of the magnet.
Mark a dot where the needle points. Lift the
compass and put it back down, with the tail of the
needle touching the dot you have just made. Repeat
until you have reached the south pole. Join the dots
together to make a field line. Add an arrow from
North to South. Repeat for different starting
positions for the compass.
8. The fact that compass needles always point North is evidence that the Earth’s
core is magnetic
9. The needle of a compass is a tiny bar magnet that is free to move. It aligns
itself with the Earth’s magnetic field and so always points North.
Extension
Graph A is correct. At the North pole, the force will be high in magnitude as the
magnet is strongly repelled.As we move towards the centre of the magnet, the
magnitude decreases, reaching its lowest point in the middle of the magnet. It
increases again as we move towards the South pole, reaching its maximum at the
South pole as the magnet is strongly attracted.

Intervention Questions
1. The following definition of a magnetic field has two errors in it. Write out the
correct version: “A magnetic field is the region around a magnet where an
object experiences energy.”
2. Draw the magnetic field around a bar magnet.
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3. Draw the magnetic field around
a bar magnet with its poles
reversed.
4. The picture shows the field
around a magnet as shown by
sprinkling iron fillings over it.
Compare the strength of the
field at A, D and E.
5. What name is given to the parts
labelled E and G? How do you
know?
6. What can we draw to show the
direction of the force on a North
pole?
7. Copy these steps out in the correct order, and add a sentence to each
describing the step. Give it the title “Using a compass to plot magnetic field
lines”.
8. What do compasses tell us about the Earth’s core?
9. The following explanation of how a compass works has three errors in it. Write
out the correct version. “A compass needle is a tiny induced magnet that is in
a fixed position. It aligns itself with the Earth’s electric field and so always
points North.”
Intervention Answers
1. “A magnetic field is the region around a magnet where another magnet or
magnetic material experiences a magnetic force.”
2.

3. (Check direction of arrows)

4. The magnetic field is strongest at E,
moderate at D, and weakest at A.
5. Poles – you can tell the field is strongest here as the most iron filings have
been attracted.
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6. Field lines
7. Using a compass to plot magnetic field lines:

8. That it is magnetic
9. “A compass needle is a tiny permanent magnet that is free to move. It aligns
itself with the Earth’s magnetic field and so always points North.”

Electromagnetism
Magnetism is a special case of the electromagnetic force. Electrostatic attraction and
repulsion are also special cases of electromagnetism. Electric fields and magnetic
fields are closely linked but they are not the same.
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Field around a straight
current-carrying wire
When an electric current flows
through a straight wire, a
magnetic field is induced around
the wire. We can demonstrate
this by putting the currentcarrying wire through a
horizontal piece of cardboard,
and placing iron filings or
compasses on the cardboard:

The magnetic field is stronger
the closer you are to the currentcarrying wire. We can increase the strength of the magnetic field by putting a higher
current through the wire.

Field in and around a solenoid
We can shape a current-carrying
wire into a coil. This is called a
solenoid. A solenoid has a stronger
magnetic field because the
movement of charge (current) is
more concentrated in the space.
Increasing the strength of the field
is called “increasing the magnetic
flux density”. Around the outside of
the solenoid, the magnetic field is a
similar shape to the field around a
bar magnet. Inside the coil, the
magnetic field is uniform: a
constant magnitude and direction.
This is shown with straight field lines of constant separation.
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Electromagnets
We can further increase the
strength of the magnetic field
around a solenoid by adding
an iron core inside the coil.
This is called an
electromagnet.

Questions
1. How can a magnetic field be induced around a wire?
2. How can we demonstrate the field around a current-carrying wire?
3. Draw the magnetic field around a current-carrying wire.
4. What two factors affect the strength of the field near a current-carrying wire?
5. What is a solenoid?
6. What effect does shaping a current-carrying wire into a solenoid have on the
strength of the induced magnetic field?
7. Why does a solenoid have this effect?
8. Describe the shape of the field around a solenoid.
9. Describe the shape of the field inside a solenoid.
10. Draw the field in and around a solenoid.
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11. What effect does adding an iron core have on the strength of the field around
a solenoid?
12. What name is given to a solenoid with an iron core?
13. Draw a diagram to show the comparison between the field around an ordinary
solenoid and the field around an electromagnet.
Extension
a) Which graph best shows the strength of the magnetic field at different
distances along the inside of a solenoid? Copy and label it.

b) On your graph, add a second line to show the strength of the field if an iron
core was added. Label the second line “with iron core”.
Answers
1. Put an electric current through it.
2. Thread the wire through a hole in a horizontal piece of card, then use
compasses or iron filings on the card to show the field.

15
© R Ashbee 2017

3.
4.
5.
6.
7.
8.
9.

Distance from the wire, magnitude of current.
A current-carrying wire shaped into a coil.
Increases it.
There is more flow of charge in a given volume.
Similar to that around a bar magnet
Uniform

10.
11. Increases it.
12. Electromagnet.
13.

Extension answers
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a)

b)
Intervention Questions
1. What is induced around a current-carrying wire?
2. Draw a diagram to show how we demonstrate the field around a currentcarrying wire.
3. Draw the magnetic field around a current-carrying wire.
4. What happens to the strength of the field as we increase the current? What
happens to the strength of the field as we increase the distance from the
wire?
5. What do we call a current-carrying wire shaped into a coil?
6. What effect would straightening out a solenoid have on the strength of the
magnetic field?
7. Why would straightening out a solenoid have the effect described in (6)?
8. Describe the shape of the field around a solenoid.
9. Describe the shape of the field inside a solenoid.
10. Draw the field in and around a solenoid.
11. What can we add inside a solenoid to increase the strength of its magnetic
field?
12. Describe the structure of an electromagnet.
13. Compare the field around an ordinary solenoid and the field around the same
solenoid turned into an electromagnet with an iron core.
Intervention Answers
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1. A magnetic field.
2. Draw a diagram to show how we demonstrate the field around a currentcarrying wire.

3. Draw the magnetic field around a current-carrying wire.

4.
5.
6.
7.
8.
9.

Increases; decreases
A solenoid
Decrease
There would be less flow of charge in a given space.
Similar to that around a bar magnet .
Uniform

10. .
11. Iron core
12. Solenoid with iron core
13. The field around the electromagnet is stronger.
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Fleming’s left-hand rule (HT)
If a current-carrying wire is placed in a magnetic field, the wire experiences a force.
This is called the motor effect. We can use Fleming’s left-hand rule to find the
direction of the force, field or current if the other two quantities are known:

Note this uses conventional current, i.e. from the positive terminal to the negative.
The direction of a magnetic field is always from North to South.
If the wire is free to move, it will move in the direction of the force.

When describing directions we can use the following terms: “up, down, left, right, into
the page, out of the page”.

A force, magnetic field or current can be shown going into the page as Xs, and out of
the page as ∙s:
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Questions:
1. What is the motor effect?
2. Describe how we use Fleming’s left-hand rule. Use a diagram to support your
description.
3. In terms of magnetic poles, what direction is a magnetic field always in?
4. Copy the diagram
and draw the
direction of the
force on the wire.
Label it “F (force on
the wire)” .
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5. Copy the diagram and
draw the direction of
the force on the wire.
Label it “F (force on
the wire)” .

6. Copy the diagram and draw the
direction of the force on the
wire. Label it “F (force on the
wire)” .

7. Copy the diagram and draw the
direction of the magnetic field. Label it “B (magnetic field)”.
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8. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.

9. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.
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10. Copy the diagram and draw the direction of the current. Label it “I (current)”.

11. Copy the diagram and draw the direction of the current. Label it “I (current)”

12. Copy the diagram
draw the
direction of the
current. Label it
“I (current)”

and
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13. The diagram shows the apparatus for the “kickwire experiment”. The
magnetic poles are shown by the letters X and Y. Which is North and which is
South?

14. The diagram shows a wire in a magnetic field. When the circuit is switched
on, the wire moves forwards (into the page). Copy the diagram and label the
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positive and negative terminals of the battery.

15. In this diagram both the direction of the current and the magnetic field are
concealed. When the switch is closed, the wire experiences a force out of the
page. If we reverse the direction of the current, which direction would the
force be in?

16. In the circuit
shown, the
wire
experiences a
force into the
page. What
would happen
if magnet A
and magnet B
were swapped
places?
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17.
When the switch is closed
in this circuit, the wire between the magnets experiences a force going into the page.
What would happen if the battery was flipped over and the magnets swapped
places?

Answers
1. The effect by which a
current-carrying wire in a magnetic field experiences a force.
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2. Hold thumb, first finger and second finger of left hand at right angles. In order
they stand for FBI:

thumb = F = force,
first finger = B = magnetic field,
second finger = I = current.
Find the directions of the two known quantities in the question, line up your
hand, and see which direction the unknown (subject) is in.

3. North to south.
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4.

5. Copy the diagram and draw the direction of the force on the wire. Label it “F
(force on the wire)” .
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6. Copy the diagram and draw the direction of the force on the wire. Label it “F

(force on the wire)” .

7. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.
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8. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.

9. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.
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10. Copy the diagram and draw the direction of the current. Label it “I (current)”.

11. Copy the diagram and draw the direction of the current. Label it “I (current)”
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12. Copy the diagram and draw the direction of the current. Label it “I (current)”

13. X = North, Y = South
14. The diagram shows a wire in a magnetic field. When the circuit is switched
on, the wire moves forwards (into the page). Copy the diagram and label the
positive and negative terminals of the battery.
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15. Into the page.

16. Out of the page.

17.
The force would still be into the page.

Intervention Questions:
1. A current-carrying wire is placed in a magnetic field and experiences a force.
What name is given to this effect?
2. Describe how we use Fleming’s left-hand rule. Use a diagram to support your
description.
3. A physical quantity is always from a North pole to a South pole. What is the
name of this quantity?
4. Copy the diagram and draw the direction of the force on the wire. Label it “F
(force on the wire)” .
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5. Copy the diagram and draw the direction of the force on the wire. Label it “F
(force on the wire)” .

6. Copy the diagram and draw the direction of the force on the wire. Label it “F
(force on the wire)” .

7. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.
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8. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.

9. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.
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10. Copy the diagram and draw the direction of the current. Label it “I (current)”.

11. Copy the diagram and draw the direction of the current. Label it “I (current)”
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12. Copy the diagram and draw the direction of the current. Label it “I (current)”

13. The diagram shows the apparatus for the “kickwire experiment”. The
magnetic poles are shown by the letters X and Y. Which is North and which is
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South?
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14. The diagram shows a wire in a magnetic field. When the circuit is switched
on, the wire moves out of the page. Copy the diagram and label the positive
and negative terminals of the battery.

15.
In this diagram both the direction of the current and the magnetic field are
concealed. When the switch is closed, the wire experiences a force upwards.
If we reverse the direction of the current, which direction would the force be
in?
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16. In the circuit shown, the wire experiences a force downwards. What would
happen if magnet A and magnet B were swapped places?

17.
When the switch is closed in this circuit, the wire between the magnets experiences
a force going into the page. What would happen if the battery was flipped over and
the magnets swapped places?
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Intervention Answers
1. The motor effect
2. Using left hand, point thumb up, first finger forward, middle finger to the right.
Turn hand until two quantities match the two in the question. Find the
remaining direction from the third finger/thumb.
3. Magnetic field
4. Copy the diagram and draw the direction of the force on the wire. Label it “F
(force on the wire)” .

5. Copy the diagram and draw the direction of the force on the wire. Label it “F
(force on the wire)” .
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6. Copy the diagram and draw the direction of the force on the wire. Label it “F
(force on the wire)” .

7. Copy the diagram and draw the direction of the magnetic field. Label it “B

(magnetic field)”.
8. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.
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9. Copy the diagram and draw the direction of the magnetic field. Label it “B
(magnetic field)”.

10. Copy the diagram and draw the direction of the current. Label it “I (current)”.
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11. Copy the diagram and draw the direction of the current. Label it “I (current)”
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12. Copy the diagram and draw the direction of the current. Label it “I (current)”

13. X = South, Y = North

14. The diagram shows a wire in a magnetic field. When the circuit is switched
on, the wire moves out of the page. Copy the diagram and label the positive

45
© R Ashbee 2017

and negative terminals of the battery.

15. Downwards
16.
The force would now be upwards

17.
The force would still be into the page.

Magnetic flux density formula

The strength of a magnetic field is called the magnetic flux density.
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The force on a current-carrying wire is related to the magnetic flux density by the
formula:

F = Force in Newtons (N)
B = Magnetic field strength in
Tesla (T)
I = Current in Amps (A)
l = length of wire in the field in
metres (m)

This formula only works when the conductor is at right angles to the field.
If the conductor is not at right angles to the field, the force will be less.

This is given on the Physics equation sheet.

1. What formula links the force on a wire, the magnetic field, current and length
of wire?
2. Copy and complete the table:
Symbol
Quantity
F
B
I
l

Definition

Unit

3. What is the scientific term for the strength of a magnetic field?
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4. Where will the magnetic flux density be highest: X, Y or Z?

5. Find the force on a 5m length of wire carrying a current of 0.2A in a magnetic
field of 75T, at right angles to the field.
6. A wire of length 22m carries a current of 3.6A in a magnetic field of 49T, at
right angles to the field. What is the force on the wire?
7. What is the force on a 0.3m length of wire placed in a magnetic field of 16T,
at right angles to the field, if the current is 15.4A?
8. A wire is placed in a magnetic field at right angles to the field. If the wire is
1.7m long, carries a current of 0.45A and experiences a force of 12N, what is
the magnetic field strength?
9. Find the magnetic field strength if a 3.6m long wire carrying 0.82A of current
experiences a force of 5.7N when placed in the magnetic field at right angles
to it.
10. A current-carrying wire is placed in a magnetic field at right angles to the field
and experiences a force of 0.85N. Find the magnetic field strength if the
length of the wire is 0.7m and the current is 1.1A.
11. A wire of length 0.78m is placed in a magnetic field of strength 12T, at right
angles to the field. If the wire experiences a force of 15N, find the current
through it.
12. What is the current through a wire if 0.29m of wire in a magnetic field of 120T
(at right angles to the field) experiences a force of 38N?
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13. When a current-carrying wire of length 3.75m is placed in a magnetic field of
strength 68.2T, at right angles to the field, a force of 0.68N acts on the wire.
Find the current through the wire.
14. A length of wire carries 6.4A of current. When placed in a magnetic field of
strength 700T, it experiences a force of 850N. Find the length of the wire.
15. Find the length of a wire which experiences 24N of force when placed in a
magnetic field of strength 6.4T, at right angles to the field, if the wire is
carrying 0.06A of current.
16. How long is a wire carrying 0.25A which experiences a force of 126N when
placed in a magnetic field of 65T, at right angles to the field.
17. Bill and Elody look at the apparatus shown in the diagram.

Elody says, “I predict the wire will experience a force of 5.88N.” Bill says, “I
predict the wire will experience a force of about 0.56N.” Who is right? Explain
your answer.
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18. James, Sonia and Sam look at the apparatus shown in the diagram.

James says, “ I predict the force on the wire will be 12.096N”.
Sonia says, “I predict the force on the wire will be about 13N.”
Sam says, “I predict the force on the wire will be 40.32N.”
Who is right? Why?

19. Connie, Theo and Bertie look at the apparatus shown:
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Connie says, “ I think the force on the wire will be 9.72N.”
Theo says, “I think the force on the wire will be less than 9.72N.”
Bertie says, “I think the force on the wire will be more than 9.72N.”
Who is right? Why?

Extension
The force on a wire not at right angles can be worked out as a perpendicular
component using a right-angled triangle:
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Find the force on this wire:
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Answers
1. F = BIl force = magnetic flux density x current x length
2. Copy and complete the table:
Symbol
Quantity
F
Force
B
I

Magnetic flux
density
Current

l

length

Definition
The push and
pull on the wire
Strength of the
magnetic field
The rate of flow
of charge
The length of
current-carrying
wire at right
angles to the field

Unit
N
T
A
m

3. Magnetic flux density.
4. X

5. 75N
6. 3880.8N
7. 73.92N
8. 15.69T
9. 1.93T
10. 1.10T
11. 1.60A
12. 1.09A
13. 2.66X10-3A
14. 0.19m
15. 62.5m
16. 7.75m
17.
Bill is right because only about 0.13m of the wire is in the field.
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18. James is right because the length of wire in the field is 1.8m.

19.
Theo is right because the wire is not perpendicular to the field.

Extension
The force on a wire not at right angles can be worked out as a perpendicular
component using a right-angled triangle:
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Find the force on this wire:
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F = BIl = 12.5 x 0.6 x 0.11 = 0.83N

Intervention Questions
1. What formula links the force on a wire, the magnetic field, current and length
of wire?
2. Copy and complete the table:
Symbol
Quantity
F
B
I
l

Definition

Unit
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3. If magnet A has a higher magnetic flux density than magnet B, which has the
stronger field?
4. Where will the magnetic flux density be highest: Q, R or S?

5. Find the force on a 6m length of wire carrying a current of 0.1A in a magnetic
field of 15T, at right angles to the field.
6. A wire of length 12m carries a current of 3.6A in a magnetic field of 42T, at
right angles to the field. What is the force on the wire?
7. What is the force on a 2.3m length of wire placed in a magnetic field of 1.6T,
at right angles to the field, if the current is 15.4A?
8. A wire is placed in a magnetic field at right angles to the field. If the wire is
1.7m long, carries a current of 0.25A and experiences a force of 38N, what is
the magnetic field strength?
9. Find the magnetic field strength if a 3.6m long wire carrying 0.85A of current
experiences a force of 280N when placed in the magnetic field at right angles
to it.
10. A current-carrying wire is placed in a magnetic field at right angles to the field
and experiences a force of 104N. Find the magnetic field strength if the length
of the wire is 0.7m and the current is 2.1A.
11. A wire of length 0.68m is placed in a magnetic field of strength 1.2T, at right
angles to the field. If the wire experiences a force of 150N, find the current
through it.
12. What is the current through a wire if 0.39m of wire in a magnetic field of 12T
(at right angles to the field) experiences a force of 78N?
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13. When a current-carrying wire of length 3.75m is placed in a magnetic field of
strength 6.2T, at right angles to the field, a force of 76N acts on the wire. Find
the current through the wire.
14. A length of wire carries 6.4A of current. When placed in a magnetic field of
strength 13T, it experiences a force of 850N. Find the length of the wire.
15. Find the length of a wire which experiences 68N of force when placed in a
magnetic field of strength 6.4T, at right angles to the field, if the wire is
carrying 0.06A of current.
16. How long is a wire carrying 0.25A which experiences a force of 226N when
placed in a magnetic field of 6.5T, at right angles to the field.
17. Austen and Sophie look at the apparatus shown in the diagram.

Austen says “I think the wire will experience a force of 8.78N”
Sophie says, “ I think the wire will experience a force of 26.33N”
Who is right? Explain your answer.
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18. Amelia, Harrison and Daniel look at the apparatus shown in the diagram.

Amelia says, “ I predict the force on the wire will be 17.33N”.
Harrison says, “I predict the force on the wire will be about 17N.”
Daniel says, “I predict the force on the wire will be 4.33N.”
Who is right? Why?

19. Jasper, Yusuf and Sally look at the apparatus shown:
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Jasper says, “ I think the force on the wire will be 1702.31N.”
Yusuf says, “I think the force on the wire will be less than 1702.31N.”
Sally says, “I think the force on the wire will be more than 1702.31N.”
Who is right? Why?
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Intervention Answers
1. F = BIl force = magnetic flux density x current x length
2. Copy and complete the table:
Symbol
Quantity
F
Force
B
I

Magnetic flux
density
Current

l

length

Definition
The push and
pull on the wire
Strength of the
magnetic field
The rate of flow
of charge
The length of
current-carrying
wire at right
angles to the field

Unit
N
T
A
m

3. A
4. R

5. 9N
6. 1814.4N
7. 56.67N
8. 89.41T
9. 91.50T
10. 70.75T
11. 183.83A
12. 16.67A
13. 3.27A
14. 10.22m
15. 177.08m
16. 139.08m
17. Austen is right because only about 1.1m of wire is in the field.
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18. Daniel is right because only 0.2m of wire is in the field.

19. Yusuf is right because the wire is not perpendicular to the field.
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Electric motors (HT)
The motor effect on a coil of wire
Consider a current-carrying wire shaped into a
loop (or coil), placed in a magnetic field:

We can use Fleming’s Left Hand Rule to find the
force on the left side of the coil is up, and the
force on the right side of the coil is down. This is
due to the motor effect and results in a
clockwise motion of the coil.

If the coil is connected directly to the battery,
after one half turn, the direction of current on
each side of the coil will be effectively
reversed as the wires get twisted:
Thus the forces on each side will reverse, and
the coil will either make a half-turn back
anticlockwise, or, more likely in practice, just
get stuck.

Achieving continuous rotation
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What would be really useful is if the coil continued round in the same direction. We
can achieve this using a split-ring commutator and brushes:

Each end of the wire from the coil is attached to one half of a split metal ring called
the commutator. Each end of the wire from the battery is connected to a brush. The
commutator is free to rotate whilst maintaining contact with the brushes. Current can
flow from a brush into the commutator and vice versa.
During the first half turn, commutator A is connected to the negative terminal and
commutator B is connected to the positive terminal. Thus conventional current
travels anti-clockwise as we look down on the coil. After one half turn, commutator B
is connected to – and commutator A is connected to +. This means that current still
travels anti-clockwise as we look down on the coil, even though the ends of the coil
wire have swapped places.
There is a short time when no current flows through the coil as the commutators
rotate and the gaps between the two halves encounter the brushes. The coil is
carried round by its inertia until electrical contact is made again.
The brushes are usually made from graphite as this is both electrically conductive
and has low friction, allowing the commutators to move smoothly while remaining in
contact with them.
This is how electric motors are made, as used in hairdryers, washing machines and
electric cars.
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Questions
1. Copy the diagram of an electric motor:

Label:
a. The direction of the magnetic field
b. The direction of conventional current
c. The coil
d. The split-ring commutator
e. The brushes
f. The D.C. supply
2. The wires in the coil experience a force. What causes this force?
3. What direction is the force on the left-hand side of the coil?
4. What direction is the force on the right-hand side of the coil?
5. Will the coil spin clockwise or anticlockwise?
6. What do the split-ring commutator and brushes do to the current?
7. What material are the brushes made from?
8. State two reasons the brushes are made from this material.
9. Does current flow continuously through the coil? Why/Why not?
10. Is the supply to the motor AC or DC?
11. Is the current in the coil AC or DC?
12. State three uses of electric motors
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13. In what direction will this coil spin?

14. In what direction will this coil spin?

15. In what direction will this coil spin?
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16. In what direction will this coil spin?
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17. Copy and complete the table:
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18. Explain how the coil in the table begins to move.
19. Explain why the current in the coil needs to change directions to allow
continuous rotation.
20. Explain how the split-ring commutator and brushes work to change the
direction of current in the coil.

Extension:
Which graph shows the force on section A of the coil as it rotates? Explain your
answer.
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Answers
1. Copy the diagram of an electric motor:

2. The motor effect
3. Down
4. Up
5. Anticlockwise
6. Switches the current direction every half turn.
7. Graphite
8. Slippery and electrically conductive.
9. No because the commutator has two gaps
10. DC
11. AC
12. Hairdryers, washing machines, electric cars
13. Anticlockwise

14. Clockwise
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15. Clockwise

16. Anticlockwise

17.
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18. Explain how the coil in the table begins to move

The current in side A of the coil is moving
into the page, so the force on this side is down. The current on side B of the
coil is coming out of the page, so the force on this side is up. Because the two
forces are in opposite directions on opposite sides, the coil rotates.
19. If the current continues to flow in the same direction around the coil, after one
half-turn the effective direction on each side of the coil will have been
reversed. This would cause the directions of the forces to reverse, and the coil
would either spin back the other way or just get stuck. The current needs to
reverse so that the effective direction of current on each side of the motor
remains the same.
20. Each half of the split- ring commutator is fixed to an end of the wire in the coil.
The commutator rotates along with the coil. The DC supply has a graphite
brush connected to each terminal; these have a fixed position. The
commutator moves smoothly past the brushes, allowing current to flow when
in contact, and swapping which end of the coil wire is touching the positive
and negative terminal every half turn.

Extension:
Graph A because the force changes direction every half turn and so must be
shown as positive and negative, since it is a vector quantity.

Intervention Questions
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1. Copy the diagram of an electric motor:

Label:
a. The direction of the magnetic field
b. The direction of conventional current
c. The coil
d. The split-ring commutator
e. The brushes
f. The D.C. supply
2. The motor effect is involved in an electric motor. What effect does it have on
the two sides of the coil?
3. What direction will the left hand side of the coil move in?
4. What direction will the right hand side of the coil move in?
5. Carmel says the coil will spin clockwise. Is she right?
6. What part of the motor causes the current to change direction?
7. What part is made from graphite?
8. State two reasons that graphite is a good material for these parts.
9. Does current flow continuously through the coil? Why/Why not?
10. Is the supply to the motor AC or DC?
11. Is the current in the coil AC or DC?
12. State three uses of electric motors.
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13. In what direction will this coil spin?

14. In what direction will this coil spin?

15. In what direction will this coil spin?
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16. In what direction will this coil spin?
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17. Copy and complete the table:

18. Explain why the coil begins to move when the current is switched on.
19. Explain why the coil does not rotate if a commutator and brushes are not
used.
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20. Explain how the split-ring commutator and brushes work to change the
direction of current in the coil.

Intervention Answers

1.
2. One side is pushed up while the other side is pushed down.
3. Down
4. Up
5. Carmel is wrong; it will move anticlockwise
6. The commutator and brushes
7. The brushes
8. It is electrically conductive and has low friction
9. No; it alternates with breaks because of the commutator and brushes
10. DC
11. AC
12. Hairdryers, vacuum cleaners, electric toothbrushes.
13. Anticlockwise
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14. Clockwise

15. Clockwise

16. Anticlockwise
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17. Copy and complete the table:
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18. Because the current is at right angles to the magnetic field, the wire
experiences a force. Because the wire on opposite sides of the coil is carrying
current in opposite directions, one side of the coil experiences a force and the
other side experiences a force down.
19. Without a commutator and brushes, the current continues to flow in the same
direction through the wire. This has the effect of reversing the current in each
side of the coil every half turn, meaning that the force on each side also
reverses. This has the effect of flipping the coil anticlockwise then clockwise
indefinitely, or in practice the motor often just stops.
20. The split-ring commutator is free to move past the brushes. Whichever section
of the coil is on the left side of the motor is therefore always connected to the
same terminal of the battery.
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