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ELECTRICITY: ELECTROMAGNETISM QUESTIONS
MOTORS AND GENERATORS (2021;3)
The diagram shows a simple electric motor. The direction of the
conventional current through the wire is shown by the arrows.
Length AB = 5.0 cm
Length BC = 2.0 cm
Length CD = 5.0 cm
Magnetic field strength between magnets = 4.7 x 10–3 T
Current in wire = 2.3 A
(a)

Calculate the value of the force on side AB.

(b)

For each part of the wire, state the direction of the force as either:

left (←), right (→), up (↑), down (↓), out of the page, into the page, no force.
Direction of force on AB:
Direction of force on BC:
Direction of force on CD:
(c)

The diagram shows a simple generator. The coil contains 60 turns
of wire and is rotated clockwise.

Length AB = 5.0 cm
Length BC = 2.0 cm
Length CD = 5.0 cm
Magnetic field strength = 4.7 x 10–3 T
Calculate the value of the induced voltage in the coil when the wire AB is cutting the field at 6.2 m s–1.
(d)

The diagrams show the coil in the generator
being rotated clockwise.

In which position(s) of the four positions labelled
A to D above would:
(i)

the largest voltage be generated? AND no voltage be generated?

(ii)

Use physics principles to explain your answer to the previous part of the question.

(iii)

Clearly indicate on each appropriate diagram(s) the direction of any electron movement caused
by charge separation when the coil rotates.
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THE PLANE (2020;3)
A plane with metal wings has one wing tip painted blue and the other wing tip red. The wingspan is 68.4 m.
The plane is flying horizontally at 850 km h-1 (236 m s-1) in a region where the Earth’s magnetic field is
vertical and has a strength of 40.0 μT (40.0 x 10-6 T).

(a)

Show the voltage induced between the ends of the wings is 0.646 V.

(b)

Complete the following table. Assume each change is made to the original plane separately.

(c)

Inside the plane, an electrical feeder wire runs under the floor of the cabin.

The wire is connected to a 28 V supply, and the circuit has 5.0 Ω resistance.
If the current is flowing in the direction shown in the wire, calculate the magnitude, and state the
direction, of the force on the wire due to the Earth’s magnetic field. Direction is (circle one):

(d)

An engineer designs a speed-warning device that consists of a wire connecting
the wing tips and a 0.5 V lamp. The engineer states that the faster the plane
goes, the brighter the lamp will glow. Use physics principles to explain and
justify if and how this arrangement would work as a speed-warning device.
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MAGNETIC FIELDS (2019;2)
The Magnetic North Pole (also known as the North Dip Pole) is a point on Ellesmere Island in northern
Canada. Here the Earth’s magnetic field lines enter the ground vertically.
The strength of the magnetic field there was measured at 47.3 × 10–6 T.
A bicycle has metal handlebars that are 42.0 cm wide. A student riding the bicycle on the island rides on
flat ground at 13.5 m s–1.

(a) Show that the voltage induced across the handlebars is 2.68 × 10–4 V.
(b) Give an in-depth explanation of how a voltage is induced across the ends of the handlebars.
The student then rides up a steep hill at 13.5 m s–1.
(i)
What is the effect of riding up this hill on the value
of the induced voltage?
Circle one: Voltage
(ii)
(c)

is less, is unchanged, is greater.

Explain fully your answer to part (i) above.

The student has an after-school job at a junkyard.
While there they move a 1.5 m steel pipe through a
0.8 T magnetic field of width 1.2 m, at right angles
to the field. The ends of the pipe are connected to a
circuit that is outside the magnetic field. The circuit
has resistance of 5 Ω.
Calculate the force that the student needs to exert in
order to keep the pipe moving at 3.1 m s–1 at right
angles to the field.
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THE AMMETER (2018;2)
The diagram below shows a simplified version of the
inside of an analogue ammeter. Current passes through
the coil (ABCDE) within a magnetic field, causing a
magnetic force that moves the needle, indicating the
amount of current passing through the meter.
(a)

A current of 2.5 A passes anticlockwise through
the ammeter (ABCDE). State the direction of the force (if any) on each section of wire. No
calculations are necessary.
(i)
AB
(ii)
BC
(iii)
DE

(b)

A total force of 0.60 N is produced on the wire within the ammeter when 2.5 A is passed through its
coil. Calculate the effective length of the coiled wire between points A and B. The magnetic field
strength within the ammeter is 0.20 T.

(c)

At a later time, a metal rod is moved downwards between the
poles of a horse-shoe magnet at a constant speed of 7.5 m s-1
across a strong 3.5 T magnetic field. The rod AB is 0.32 m and
the sides of the horseshoe magnet are 0.16 m wide. Calculate
the voltage induced in the rod AB, and state which end is
positive.

(d)

Sam completed the experiment three more times, maintaining the same speed and magnet. In the
experiments below, he attached a conducting wire with non-zero resistance through a sensitive
ammeter, wanting to determine which experiment would induce a current.
Experiment 1: Rod AB moves downwards inside the magnetic field; wires AD and BC complete the
circuit outside the magnetic field
Experiment 2: Rod AB and wire AE both move downwards inside the magnetic field. Wires BC and ED
complete the circuit outside the magnetic field
Experiment 3: Rod AB moves downwards inside the magnetic field. Wire EF remains stationary inside
the magnetic field. Wires BC, AF, and ED complete the circuit outside the magnetic field.

(i)
(ii)

For experiments 2 and 3, state whether a voltage is induced in the wire AB.
For each of the three experiments, justify whether current flows through the closed loop,
explaining the underlying physics principles involved.
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The flying fox (2017;3)
Sam has a flying fox (zip line) that he wants to use in
the dark. Sam connects a 12.0 V battery to a
spotlight, using two 1.60-metre-long wires. The light
and wires have a combined resistance of 2.40 Ω.
Sam sits stationary at the top of the flying fox inside
the earth’s magnetic field, which is horizontal and
has a magnetic field strength of 30.0 × 10–6 T.

(a)

Calculate the force (including direction), due to the earth’s magnetic field, on the 1.60-metre-long
wire connected to the positive terminal of the battery. The lower end of the left-hand wire is
connected to the positive end of the battery.

(b)

Describe the effect the magnetic force from both wires has on the time it takes Sam to complete the
run down the flying fox.

Later in the evening Sam removes the battery. He then connects the wires where the battery was. At one
point he is travelling purely horizontally at 12.0 m s–1 across the earth’s magnetic field.

(c) Calculate the voltage induced in the left-hand wire.
(d) (i) Explain in detail why there is a voltage induced in the left-hand wire as Sam moves.
(ii) Explain why no current flows in the closed circuit of wires and a bulb.
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Electromagnetism (2016;3)
A metal rod AB of length 0.160 m is free
to slide, without friction, on two parallel
metal tracks. The two tracks are
connected to a 12.0 V battery so that the
rod and the tracks form a closed circuit
when the switch is closed. The rod AB
has a resistance of 20.0 Ω, and the tracks
have negligible resistance. A uniform
magnetic field, of strength 1.50 x 10-3 T,
is applied perpendicular to the plane of
this circuit.
When the switch is closed, the rod AB moves.
(a)
(b)

In what direction does the rod AB move when the switch is closed?
Calculate the size of the force experienced by the rod AB.

The battery is removed and replaced by
a conducting wire, as shown. The rod AB
is pushed to the left at a constant speed
of 3.0 m s-1.

(c)
(d)

Explain why a voltage is induced.
Calculate the size and direction of the induced current (conventional current) flowing through the
metal rod when it is moved to the left with a constant speed of 3.0 m s-1.
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The Electromagnetic Swing (2015;2)
Monique builds a swing to show
electromagnetic induction. It
comprises a light rod, pivoted at the
top so it can swing, and a loop of
copper wire at the bottom. She
places two strong magnets at the
lowest point of the motion with
opposite poles facing each other.
The diagrams show the loop
entering the magnetic field.
(a)

Determine the direction of the force acting on electrons in the wire BC, due to
their motion in the magnetic field.

(b)

At the instant shown in the diagram, the voltage across the wire BC is 0.15 mV.
Calculate the speed of the wire loop. The magnetic field strength is 3.0 x 10-3 T.

(c)

Monique repeats the experiment but starts the swing from a greater height. The speed of the
loop at the point shown in the diagram is doubled. Explain what happens to the size of the
current in the loop.

(d)

A short time later the whole loop is inside the magnetic field. Write a comprehensive explanation
about the current in the loop when the whole loop is in the magnetic field.

Electromagnetism (2014;4)
A proton of charge +1.6 × 10–19 C moves at right angles across a
magnetic field of strength 0.65 T. The constant speed of the
proton (in the magnetic field) is 4.8 × 103 m s–1.
(a)

Calculate the size of the magnetic force on the proton
while it is in the field.

A piece of conducting rod whose ends are connected by a wire as shown, is moved through a magnetic
field that is directed into the page. The direction in which the rod is moved is indicated by an arrow.
(b)

On the diagram draw an arrow to show the direction of
the induced current (conventional current) around the
loop formed by the rod and wire.

(c)

Explain why there will be an induced current in the rod and wire due to movement of the rod across
the magnetic field.
In the previous situation, the length of the rod is 0.40 m and the magnetic field strength is 0.85 T.
The rod is moved with a speed of 4.6 m s–1 through the field. The combined resistance of the rod
and wire is 0.68 Ω. By calculating the voltage induced, calculate the size of the force that must be
applied to the rod to keep it moving at a steady speed through the magnetic field.

(d)
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Electromagnetism (2013;3)
Mary, Martha and Luke are doing some experiments with wires and
batteries. They connect a long wire to a car battery and a switch, and
hold the wire as shown in the diagram. When Luke closes the switch,
they notice that the wires move.
Charge on an electron = 1.6 × 10–19 C

The diagram below shows the experiment looking down from above.

(a)

Referring to the second diagram, determine the direction of the magnetic field at the point “X” due
to the wire AB. Hence determine the direction of the magnetic force on the wire CD. Choose from:
Out of the page
Towards the bottom of the page

Into the page
Left

Towards the top of the page
Right

Direction of magnetic field at X:
Direction of magnetic force on CD:
(b)

The length of the wire between Mary and Martha is 5.0 m. The size of the force between the wires is
0.013 N. The current in the wire is 35 A. Calculate the size of the magnetic field at the point “X”. Give
the correct unit with your answer.

Mary and Martha next try to produce an electric current by spinning
the wire in a circle like a skipping rope so that it cuts across the Earth’s
magnetic field as shown in the diagram below.
The ends of the wire are connected to a sensitive centre-zero
ammeter. The earth’s magnetic field is parallel to the ground and has a
strength of 3.1 × 10–5 T.

(c)

The average speed of any part of the wire is 3.0 m s–1. The wire’s
resistance is 1.5 Ω. The length of the wire remains at 5.0 m. Calculate
the size of the maximum current in the wire.

(d)

Mary and Martha have been told that more wire will produce a larger
current. They try the arrangement shown in the diagram below,
swinging both sides of the wire loop together. Explain what happens
to the size of the maximum current
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ELECTROMAGNETISM (2012;4)
The diagram shows a metal rod that is free to roll
along, across two parallel metal rails. The rails and the
rod are in a magnetic field that is directed into the
page. The ends of the rails are connected to a 12.0 V
power supply.
(a)
(b)

State and explain what happens to the metal rod
when the power supply is switched on.
Calculate the electromagnetic force experienced
by the metal rod when the power supply is switched on. You are given the following
information:

Strength of magnetic field
Length of metal rod
Distance between parallel metal rails
Resistance of wires, rails and rod
Voltage of power supply
(c)

= 0.85 × 10–3 T
= 25.0 × 10–2 m
= 18.5 × 10–2 m
= 35.4 Ω
= 12.0 V

The power supply is removed, and a wire is
connected to the metal rails. The metal rod is given
a gentle push so that it rolls freely to the right, as
shown in the diagram. The magnetic field is still
directed into the page.
Calculate the voltage induced across the metal rod
as it moves through the magnetic field. You are
given the following information:
Strength of magnetic field
Length of metal rod
Distance between parallel metal rails
Speed of metal rod

(d)

= 0.85 × 10–3 T
= 25.0 × 10–2 m
= 18.5 × 10–2 m
= 2.5 m s–1

Describe what happens to the movement of the metal rod as it continues to move through the
magnetic field. Explain your answer.
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ELECTROMAGNETIC SWING (2011;2)
Sean sets up another demonstration called the electromagnetic swing. It comprises a wire loop hanging
between two magnetic poles, as shown in the picture below. The magnetic field strength is 2.0 T. The left
side of the loop (X) is connected to the negative terminal of a battery.

(a)
(b)

Describe and explain what happens when Sean closes the switch.
The circuit including the wire loop has a resistance of 1.8 Ω. The battery voltage is 6.0 V. The force on
the wire is 0.25 N. Show that the length of the horizontal wire is 3.8 cm.

(c)

Sean replaces the battery with a sensitive voltmeter. He pulls the loop back and releases it so that it
swings through the magnetic field as shown in the diagram below.

Name the type of particle that moves inside the wire and state the direction that it moves as a result
of the loop’s motion.
(d)

At one time the induced voltage is 11 mV. Calculate the speed of the wire at this time.
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ELECTRIC MOTORS AND GENERATORS (2010;3)
Submarines operate underwater where there is no air. Most submarines have diesel-electric engines. The
diesel engine operates normally when the submarine is near the surface, but it doesn’t drive the
submarine’s propellers directly. Instead, it powers an electricity generator that charges up huge batteries.
These spin an electric motor that turns the propellers. Once the diesel engine has fully charged the
batteries, the submarine can switch off its engine and go underwater, where it relies entirely on battery
power. There is a motor as well as a generator in a submarine.
(a)

(i) Give one different example of where a generator is used other than in a submarine.
(ii) Give one different example of where a motor is used other than in a submarine.
(iii) Discuss the difference between a DC motor and a generator, in terms of the principle underlying
its working and the energy conversion

The diagram is a simplified electric motor.
Length AB of the coil = 12 cm
Strength of magnetic field = 0.75 T
Voltage across the terminals of the battery = 12 V
Total resistance of all the wires including the coil = 4.5 Ω
(b)
(c)

Calculate the size of the magnetic force on AB,
which has 100 turns of wire.
Explain why the part of the wire labelled AD, which
is 5.0 cm long, will not experience a magnetic force
while at the position shown in the diagram.

MAGNETIC FIELDS (2009;3)
Sean's yacht has an 8.0 m high mast with a light on top. Two wires
connect the 12 V battery to the lamp (nothing else is connected to the
battery). The total resistance of the wires and lamp is 18.0 Ω. The
horizontal component of the Earth's magnetic field is 4.0 x 10-4 T. The
charge on an electron is 1.6 x 10-19 C.
The yacht is stationary.
(a)
(b)
(c)

State the direction of the magnetic force acting on the wire that
is connected to the negative terminal of the battery.
Calculate the size of the magnetic force acting on ONE wire.
Will the magnetic force on the two connecting wires produce a net force on the yacht? Explain your
answer.

The yacht now moves forward.
(d) Sean switches the light off. Is there a voltage induced in the wire as the yacht moves forward?
Explain your answer.
(e) Calculate the size of the magnetic force acting on a single electron if the yacht moves at
3.0 m s-1 perpendicular to the magnetic field.
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ELECTROMAGNETISM (2008;3)
The diagram shows a wind-powered generator in a yacht. It
comprises a rectangular coil of wire that is rotated in a magnetic
field.
The width (AB) of the coil
The length (AD) of the coil
The strength of the magnetic field
Speed of the long side of the coil
Number of turns of coil
(b)
(c)

(d)

= 6.4 cm
= 14.6 cm
= 0.75 T
= 20.0 cm s-1
= 100 turns

Describe three ways in which the size of the induced voltage across the length of the coil can be
increased.
State the position of the coil that produces the
maximum voltage and explain why the size of the
voltage changes as the coil rotates.
The generator can be modified to act as a DC motor by
changing the slip rings to a split ring, as shown in the
diagram.
The motor is connected to a 12 V battery.
The coil has a resistance of 4.5 Ω.
The coil has 100 turns.
Calculate the maximum force acting on one side of the coil.

THE MODEL RAILWAY (2007;3)
Tana is playing with a model railway. He wants to make one of the plastic wagons move without an electric
motor. He places a row of magnets under (but not touching) the horizontal tracks, with the north poles
pointing up. He then connects the tracks to a battery and puts a wagon on the tracks. The wheels, axles
and track conduct electricity.

(a)
(b)
(c)

Explain what causes the wagon to move when the switch is closed.
Draw an arrow on the diagram above to show the direction of the electromagnetic force on the
wagon.
When the switch is closed, the size of the electromagnetic force on the wagon due to the two axles is
0.052 N. Calculate the battery voltage.
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Tana disconnects the battery, and then gives the carriage a
horizontal push.
(d)
(e)
(f)

Calculate the induced voltage across each axle when the
carriage is travelling at 0.29 m s-1. Write your answer in
mV.
Explain clearly why one end of the axle becomes negatively
charged.
Tana wants to use the induced voltage to light a lamp. With the battery
still disconnected, he puts a low-power lamp on the carriage and
connects it to the axles as shown below. Explain what will happen in the
circuit of the lamp and axle, as the wagon cuts across the magnetic field.

ELECTROMAGNETISM (2006;3)
A metal rod AB is pushed from left to right so that it cuts
across the magnetic field, as shown in the diagram.
(a)

Explain clearly in terms of movement of electric
charge, what would happen as the rod starts
moving in the direction shown.

The rod is then connected by two wires to a
resistor to a make a complete circuit.

(b)
(c)

Explain what would now happen as the rod is moved through the magnetic field while the resistor
remains stationary. In your explanation, include the direction of any charge flow.
Calculate the current that would flow through the resistor, using the following information:
Resistance of resistor
= 2.0 Ω
Strength of magnetic field
= 0.80 T
Length of rod in the magnetic field
= 10.0 cm
Speed with which the rod is being moved
= 4.0 m s–1
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The metal rod, AB, is now connected to a battery, and placed between the poles of two magnets, as shown
in the diagram.
(d)
(e)

(f)
(g)

(h)

Draw an arrow on the diagram to show
the direction of the magnetic field
produced by the magnets.
Using one of the terms: “left, right, up,
down, into the page, out of the page”,
identify the direction of the magnetic
force on the rod.
Explain clearly why the rod experiences
a magnetic force in the direction you have stated.
Calculate the size of the magnetic force experienced by the rod, using the information given below
(Write your answer to the correct number of significant figures):
Strength of the magnetic field
= 0.90 T
Current
= 3.20 A
Length of rod in the field
= 10.0 cm
When generator handle is turned, the coil spins. Explain clearly why the lamp glows when the handle
is turned rapidly.

MIKE'S MOTORBIKE GENERATOR (2005;3)
Mike's motorbike has a battery that provides electric
current for various components. It also has a generator to
provide electric current to charge the battery. The
generator is turned by the motorbike's engine.
The generator is essentially a coil of wire that spins
between a pair of magnets as shown in the diagram.
The coil is 8.5 cm long and 5.5 cm wide. The magnetic field
strength is 0.070 T. The speed of the coil is 12 m s-1. The
coil has 45 turns of wire.
(a)
(b)

Calculate the output voltage of the coil when it is in the position shown.
Determine the size of the voltage a quarter of a cycle later. Explain your answer.
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INDUCTION (2004;3)
David's teacher Mr Manu asked him
to set up an experiment to show the
force acting on a conductor in a
magnetic field. David put two
horizontal, parallel metal rails on a
wooden table and connected them
to a battery as shown.
(a)

State why the battery did not produce a current.

David then put an aluminium rod across the rails
and placed the rod and rails between the poles of a
magnet as shown.
(b)

(c)
(d)

On the diagram:
(i) Draw an arrow to show the direction of
the magnetic field between the rails. Label
this arrow ‘field'.
(ii) Draw an arrow to show the direction of
the electromagnetic force on the aluminium
rod. Label this arrow 'force'.
Explain what caused the aluminium rod to
experience an electromagnetic force.
Use the data below to calculate the size of the electromagnetic force on the aluminium rod.
Battery voltage
Total resistance of circuit
Distance between rails
Length of aluminium rod
Magnetic Field strength

= 12 V
= 2.5 Ω
= 6.0 cm
= 8.0 cm
= 0.15 T

David then removed the battery and replaced it with a
sensitive voltmeter. He pushed the aluminium rod so it rolled
along the rails while maintaining electrical contact. At one
time the voltmeter reads 5.0 x 10-4 V.
(e)
(f)

Calculate the speed of the aluminium rod as it rolled
along the rails.
David observed that as the aluminium rod
approached the magnet, it slowed down when the
current was produced. Explain clearly why it slowed
down.

