Charged particles and magnetic fields

What is the most important discovery or invention in history? 

There are many possible answers to this question, but the discovery of the interaction between electricity and magnetism, and the resultant ability to produce movement, must rank as one of the most significant developments in physics in terms of impact on everyday life. 

This work was carried out by Michael Faraday (1791–1867), whose work on electromagnetic rotation in 1821 gave us the electric motor. He was also instrumental in the work which brought electricity into everyday life, with the discovery of the principle of the transformer and generator in 1831. 

However, not everyone could see its potential. William Gladstone (1809–1898), the then Chancellor of the Exchequer and subsequently four-time Prime Minister of Great Britain, challenged Faraday on the practical worth of this new discovery – electricity. Faraday’s response was ‘Why, sir, there is every probability that you will soon be able to tax it!’ In fact it was more than 150 years later that this prediction of Faraday became true.

In the last section we explored the electric field that surrounds a stationary electric charge. 

Questions to consider and discuss:

· What happens when a charged particle is on the move?

· How does a motor work? 

When a charged particle moves a magnetic field is generated. A current-carrying wire will have a magnetic field around it. This can be demonstrated with simple experiments. It is also possible to investigate the shape of this magnetic field, as well as how to increase, decrease and change the direction of the field. 

It is possible to remember[image: image1.png]


 the 

direction of the magnetic field 

round a current-carrying wire 

for electron flow using the 

left-hand grip rule.

The electric field surrounding a stationary charged particle and the magnetic field surrounding a moving charged particle are not two entirely separate fields. The work of James Clark Maxwell (1831–1879), an Edinburgh-based scientist, identified the theory of electromagnetism and the equations describing the interaction between electric and magnetic fields.

What happens when two magnetic fields interact? Consider a simple case, e.g. bringing two bar magnets together. The magnets will each attract or repel due to an interaction between the magnetic fields surrounding each of the magnets. 

So, what will happen when a moving electric charge is brought into a static magnetic field? The moving electric charge is surrounded by a magnetic (electromagnetic) field, which will interact with the static magnetic field or with any other magnetic or electromagnetic field. The moving electric charge will therefore experience a force. This can be compared to an object with mass experiencing a force when in a gravitational field. 

Simple rules can be used to determine the direction of force on a charged particle in a magnetic field.

For electron flow, the right-hand motor rule applies:
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The following images show how the right-hand motor rule (for electron flow) works for a motor (images courtesy of www.flashlearning.co.uk):
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In the image above, from the current flow marked in green and the direction of unbalanced force (and therefore motion) in purple, predict the direction of the magnetic field.

Check your prediction in the image below. The field is marked in cream.
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For conventional current (i.e. a flow of positive charge) the left-hand motor rule applies:

[image: image3.png]oW
10 3sNIYL




© Douglas Morrison. 






























































































© Douglas Morrison








direction of electron flow








2
OUR DYNAMIC UNIVERSE (H, PHYSICS)

© Learning and Teaching Scotland 2011
OUR DYNAMIC UNIVERSE (H, PHYSICS)
1
© Learning and Teaching Scotland 2011

