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Magnetic Field Patterns

Magnetic Fields & Electromagnetism

• Magnetic fields are produced by 
permanent magnets or moving charges.

A magnetic field is a force field which exerts an 
electromagnetic force on magnetic materials 
(like iron) or moving charges (like electrons).

 

The magnetic flux density is defined as the force per unit length per unit 
current on a current-carrying conductor at right angles to the magnetic field.



Magnetic Field Patterns

Magnetic Fields & Electromagnetism

Magnetic fields are represented by magnetic field lines (also called magnetic 
flux lines).
 

• The field lines point in the direction of the magnetic force on a north pole of 
a magnet.

• Magnetic field lines must always be 
closed and never cross.

Equally spaced magnetic field lines 
indicate a uniform field.



Exemplar Plot/Sketch Exam Question

•  

Magnetic Fields & Electromagnetism

3 key components that need to 
be shown on our drawing

Identify key components of field 
lines and draw diagram

Context: Interacting magnetic 
fields Key information. How does this 

translate to field lines?
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Exemplar Plot/Sketch Exam Question
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Exemplar Plot/Sketch Question Answer

Determine key aspects of sketch

Force lines move from a north pole to a south pole and are closed
[1 Mark]

All magnets have same flux density, so should have equal number of 
force lines.

X and Y attract, so there will be a uniform field between them

Y and Z repel, so force lines will diverge away from each other

[1 Mark]

[1 Mark]
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Exemplar Plot/Sketch Question Answer

   



Magnetic Force on a Wire

Magnetic Fields & Electromagnetism

The magnetic field pattern of a current-carrying wire is produced by the moving 
electrons in the wire.

• The magnetic field lines form a circle 
in a plane perpendicular to the length 
of the wire.

• The direction of the field 
lines is dictated by the 
right-hand grip rule.
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A current-carrying wire in a magnetic field causes a magnetic force to act on 
the moving electrons in the wire.

 

• This is shown by Fleming’s left hand rule.



Magnetic Fields & Electromagnetism

 

 

 

 

 

 



Exemplar Calculation Exam Question

•  
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Calculation question, determine 
what formula to use. Do we need 
to determine any other 
variables?

State direction of 
current - separate 
method to 
calculation.

Context: Wire with 
current in a magnetic 
field.

Acceleration, how 
does this apply to 
our formula?
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Exemplar Calculation Exam Question
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Exemplar Calculation Question Answer

Determine force acting on wire

 

 

[1 Mark]
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Exemplar Calculation Question Answer

Determine current in wire

 

Magnetic flux density acting on wire in magnetic field given by 

[1 Mark]

 

Rearrange to find strength of current

 

 

[1 Mark]
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Exemplar Calculation Question Answer

Determine direction of current

Given that acceleration and hence force goes into the page

[1 Mark]

Magnetic field goes from North to South pole of magnets

So magnetic field is going to the left on the page

Hence by Fleming’s Left Hand Rule, current must be going down on 
the page 

[1 Mark]
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Exemplar Calculation Exam Question

FORCE

FIELD

CURRENT



Moving Charges in Magnetic Fields
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No work is done on the charged particle as its 
speed and kinetic energy do not change.



Exemplar Explanation Exam Question

1) Explain, with reference to circular motion, how the mass of a 
particle with known charge can be calculated by firing it into a 
controlled magnetic field at a certain speed and tracking its 
path of motion.

[6 marks]

Magnetic Fields & Electromagnetism

6 marks so 6 key points to make

Explanation of a 
method, work through 
steps in detail

Context: Charged 
particles and circular 
motion

What is known, what needs 
to be measured, what 
needs to be calculated?
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[1 Mark]

 

 

[1 Mark]
• Force will cause particle’s motion to change, but direction of 

force will change as well. Force will always be perpendicular to 
motion, resulting in circular motion. [1 Mark]
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[1 Mark]

 

 

[1 Mark]
 

[1 Mark]
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Magnetic Flux Linkage
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• The induced e.m.f causes a current to 
flow through the conductor.

• This current can produce an induced 
magnetic field, causing the coil and 
iron core to act like a magnet with 
magnetic poles.

• This phenomenon is known as 
electromagnetic induction.



Exemplar Explanation Exam Question

•  

Magnetic Fields & Electromagnetism

5 marks so 5 key points to make.

Context: emf induced in a coil 
rotating in a magnetic field.

Explanation, work through 
theory and explain outcome of 
rotations.

Consider orientations 
and angles.
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Magnetic Field

Coil Iron core
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[1 Mark]

• Emf is induced when there is a change to the magnetic flux 
linkage.

 

[1 Mark]
 

[1 Mark]
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[1 Mark]

 

 

[1 Mark]



Faraday’s Law and Lenz’s Law
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Lenz’s Law states that the direction of the induced field is such as to oppose 
the change producing it.

Faraday’s Law states that the magnitude of the induced e.m.f is directly 
proportional to the rate of change of magnetic flux linkage.

• Lenz’s Law is a consequence of energy conservation.
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Moving the north pole of a magnet towards a coil produces a current which 
induces a north polarity at the closest end of the coil.

• This induced field repels the 
movement of the permanent 
magnet.

• This acts to oppose the 
change producing the field 
according to Lenz’s Law.
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Moving the north pole of a magnet away from a coil induces a south polarity at 
the closest end of the coil.

• This induced field attracts the 
permanent magnet.

• The current always flows 
anticlockwise around the north 
pole.



Exemplar Statement Exam Question

•  

Magnetic Fields & Electromagnetism

4 marks total, 2 
statements for each part.

Context: Inducing 
emf using magnets

Need to give reasoning 
for answers

How does this fit into 
known equations?
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Exemplar Statement Question Answer

 

 

[1 Mark]

 

State reason for relation

[1 Mark]
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Exemplar Statement Question Answer

(ii) State direction of current

Current will move clockwise as viewed from furthest (north) pole.

[1 Mark]

This is because the magnetic field induced by the current will oppose 
the change causing it, as stated by Lenz’s Law.

State reason for direction

[1 Mark]

In this case, the induced field will attract the magnet to oppose the 
motion of the magnet moving away from it.
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Exemplar Statement Question Answer
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A.C Generator

Magnetic Fields & Electromagnetism

Electromagnetic induction is used to generate electricity as an alternating current.

• A generator consists of a rectangular coil turning in a uniform magnetic field.

• As the coil spins, it cuts the field lines 
at a rate proportional to its turning 
frequency.

• This induces an e.m.f across the 
coil and causes a current to flow.

• The direction of this current can be 
found by applying Lenz’s Law.
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The magnitude and direction of the induced e.m.f at any instant in time depends 
on the orientation of the coil.
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The variation of flux linkage over time as the coil turns is given by a cosine graph.

   

• The variation of induced e.m.f 
is given by the gradient of this 
graph.   
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The variation of e.m.f over time as the coil turns is given by a sine graph.

 

• The direction (and sign) of the 
e.m.f flips every half turn of the 
coil, producing an alternating 
current.

 

 

 

• The induced e.m.f is maximum 
when the most field lines are being 
cut per second (max flux change).

      



Exemplar Calculation Exam Question

•  

Magnetic Fields & Electromagnetism

Context: Power 
generation. Graph 
shows an AC current.

4 marks total, 2 short 
calculations

Calculation questions, remember 
formulae and identify important 
values.

Remember to convert 
units.



Example Calculation Exam Question
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Exemplar Calculation Question Answer

(i) Determine period of oscillation

i.e. the time it takes for a full rotation is a period on the given sine graph

 

[1 Mark]



Example Calculation Exam Question
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Exemplar Calculation Question Answer

Determine number of rotations in an hour

 

 

[1 Mark]

Hence number of rotations is
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Exemplar Calculation Question Answer

(ii) Determine peak flux linkage

 

Peak value of flux linkage can be read from max value of the graph.

[1 Mark]

 

 



Example Calculation Exam Question
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Exemplar Calculation Question Answer

Calculate variables
 

[1 Mark]
 

Substitute values

[1 Mark]

 

 



Transformers
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A transformer is a device used to change the peak voltage of an alternating 
current.
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• A laminated iron core preventing eddy currents.

• Low resistance windings.

• Easily magnetisable soft iron core.

Transformers are used in electrical power 
transmission throughout the National Grid.

• Step-up transformers are used to transmit 
electricity at high voltage to avoid resistive 
losses in power lines.



1) Devise an experiment to test if the transformer rule 
still applies for a three-coiled transformer (similar to a 
basic example shown in the diagram). You should 
state and explain your initial hypothesis. 

[5 marks]

Magnetic Fields & Electromagnetism

5 marks total, 5 key points from 
theory/hypothesis and method.

Exemplar Experimental Analysis Exam Question

State initial hypothesis and 
give a reason, what is the 
expected result?

Context: Transformers and 
transformer rule.

Basic diagram given, how 
could this be adapted to 
improve our results?

Devising experiment, what kind 
of measurements are we 
taking?
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• Set up coils as shown in diagram, only Coil 1 is 
connected to an alternating power source.

 

• Alternating current will induce second magnetic field in 
Coil 2, which will induce another current in Coil 3 .

 

THEORY
[1 Mark]

[1 Mark]

[1 Mark]

[1 Mark]
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• Set up coils with voltmeter connected to each and 
alternating emf on Coil 1.

METHOD

• Separate Coils 1 and 3 so magnetic field induced 
by Coil 1 doesn’t interact with Coil 3.

• Measure with voltmeter connected across coil for 
varying combinations of number of coils.

[1 Mark]

[1 Mark]

[1 Mark]

[1 Mark]
[Maximum 5 Marks]
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Mini Mock Paper



Mini Mock Paper

 



Mini Mock Paper

      

 



Mini Mock Paper

Exam Question Answer
Determine details for graph

 

 

[1 Mark]
 

[1 Mark]
 

[1 Mark]



Mini Mock Paper

      

 

 

 

 

 

 

 

[1 Mark]



Mini Mock Paper

•  



Mini Mock Paper

Exam Question Answer
Rearrange transformer equations in terms of known quantities
 

[1 Mark]
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Exam Question Answer
Substitute in given variables to determine output power

[1 Mark]

 

Calculate money lost

[1 Mark]

 



1.  
3. Akane sets up an experiment to calculate the 

magnetic field density between two magnets. She sets 
up a circuit with a DC power supply, variable resistor 
and ammeter. She then loosely holds a section of the 
wire between the two magnets and hooks it to a 
spring with known spring constant. Her setup is shown 
in the diagram.
Describe a potential method she could use with this 
setup to calculate the magnetic flux density of the 
field. Specify how she could make her results as 
accurate as possible 

[6 marks]

Mini Mock Paper



Mini Mock Paper

DC Power 
Supply

A

N

S

Spring
Ammeter

Variable Resistor

Magnets
Clamps



Mini Mock Paper

• Direct current anticlockwise around circuit
• Clamped wire will experience a downward 

magnetic force.
• Force causes string to be extended, extension can be 

measured.
 

Method
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Method

[Max 4 points]



Mini Mock Paper

• Use a protractor to accurately measure the angle 
between the wire and the field. Alternatively, use a 
set square to ensure wire and field are 
perpendicular

• Use a micrometre to measure the spring extensions 
and the length of wire in the field.

Accuracy

• Record readings for at least 8 different currents to 
find most accurate line of best fit



Mini Mock Paper

• Hooking spring to the wire at two points restricts 
turning effect of magnetic force.

• Avoid using large currents/forces to stop spring 
reaching elastic limit

Accuracy

[Max 4 points]


