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Electrons and Magnets
The fundamental equation governing the movement of charges in a magnetic field is

F = qv ( B
Where F is the force experienced by a charge q, travelling at velocity v through a magnetic field B. If we ignore the direction, the magnitude of the force is

F = qvBsinθ,

where θ is the angle between the direction of charge and the magnetic field. [Q: For what angle would the force on the charges be zero?]
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For this experiment, you only need to be able to work out the direction of the force on a charge, using the right-hand rule, shown opposite. Note that your index finger here is pointing in the direction of a positive charge; for negative charges you should point in the opposite direction. Your middle finger points in the magnetic field direction N(S.

A standard CRT monitor image is generated when a beam of electrons is directed to a phosphorescent screen, the strength of the beam being directly related to the brightness of the image elements.

The beam is guided over the picture area by pairs of deflecting magnets, both in the horizontal and vertical planes.

You can cause additional deflections to the beam (and hence distort the image) by bringing a suitably powerful magnet up to the monitor.

NOTE: Never do this with a television (and especially not with a colour TV); it will permanently distort the image…

Task #1
Take the magnet provided, and work out which of its faces is the North pole, using the monitor, and the rule given above.

Another problem can be found on the next page.

Supplementary question

If a compass needle’s north points north, what does that say about the north magnetic pole at the north pole?

Task #2
What do you think will happen if you place the magnet flat onto the front of the monitor screen? Don’t do it yet; read the section below, and see if you can work out the structure of the magnetic field around the magnet, and then use the rule from the previous page to make your prediction..

The Magnetic Field around the Toroidal Magnet
The diagram below shows the standard magnetic field lines around a bar magnet, going from the North to the South poles.
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What do you think the field around the toroidal magnet would be, if the poles are on the two flat faces? Try sketching the field lines on the diagrams below. Look at the field lines through the toroid: what might their effect be on the electron beam?
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Once you have discussed what you think will happen, place the magnet flat onto the front and centre of the screen. What do you observe? Does this match what you predicted, given the shape of the field? Can you explain why the image distorts (or not) in the way it does?
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