24: A Magnetic, Particle Linear Accelerator.
I came across this idea at the ASE annual meeting at Leeds in January 2005 on the Science Enhancement Project (SEP) stall. It took me a while to find suppliers of the ‘neodymium’ magnets and particularly of steel ball-bearings of a suitable diameter (9mm). The magnets are cylindrical and about 10mm long and 10mm in diameter – they fit snugly in 10mm wide plastic channelling. (This I bought from B&Q in about a 2m length.)
The basic principle of the demonstration is similar to that of ‘Newton’s Cradle’ in which a steel ball is made to strike the end of a straight row of similar balls. The first ball stops at the end of the line and the ball at the other end moves off at almost the same speed. (Normally the balls are suspended, each from two strings in a suitable frame or ‘cradle’, in a straight line so they rest with their surfaces just in contact. One of the end balls is raised slightly and allowed to fall. This causes the ball at the other end to move away – and when this returns the process is repeated a number of times.)
In this case the magnet in the plastic track with a number of steel ball bearings attached on one side act like the balls in the ‘cradle’. Another ball is pushed gently towards the ‘empty’ side of the magnet. Because of the very strong attraction from the magnet the ball accelerates as it approaches the magnet and collides with it at a speed greater than it as initially pushed. The ball at the other side moves off at a similar, although slightly reduced speed (since the ball at the end of the line is not so strongly attached to the magnet) – a similar arrangement a little further down the track will produce an even faster moving ball – and so on – to the end of the line. The arrangement of one stage of the accelerator is shown in Figure 1 and a multiple stage set-up shown, on a smaller scale in Figure 2. (TAKE GREAT CARE – THE MAGNETS ARE VERY STRONG AND THE BALLS CAN REACH SURPRISINGLY HIGH SPEEDS. See risk assessment below.)
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Fig 1 One stage in the ‘accelerator’; showing three stationary steel balls attached to the magnet (but free to move in the plastic track) with the fourth approaching from the left.

[image: image2]Figure 2: The multi-stage accelerator.
In the case of the set-up shown in Figure 2 it should also be possible to send in a second ball from the left-hand side – although you may find it necessary to roll it harder to displace another ball from the right-hand side. What about a third ball?
Risk Assessment (You MUST make your own):

· The small magnets are very strong. They can be quite difficult to separate and take care that you do not trap your finger or folds of skin between two magnets – doing this can be painful and may raise blood blisters.

· Both the magnets and ball-bearings are small enough to swallow. Avoid this(!) and carefully keep away from young children who might put them in their mouths. 

· The magnets are also sufficiently strong to destroy data stored on magnetic media – keep them well away from credit cards, SIM cards; computer disks etc.
· When the accelerator is used some of the ball-bearings may reach very high speeds. Keep everyone at a safe distance and do not assume that the balls will always travel in the expected direction. (Ensure that ‘lost balls’ are found and not left on the floor where they could cause a fall.)

· Safety spectacles should be worn.   

Educational Context:

(a) It is an interesting system for students to:

· Try to explain

· Investigate: 

· vary the number of stages in the track

· vary the number of attached balls

· does it matter which way round the magnets are placed?

(b) The demonstration acts as a magnetic model (analogue) of a linear accelerator such as is used for producing streams of electrons, protons or ions with very high speeds. An example is the electron ‘gun’ that provides the electron stream in a TV tube (Cathode ray tube). In a multistage system charged particles can be accelerated to almost the speed of light and used as ‘atom smashers’. (It is usually more convenient to have the particles travelling in a circle – as in a cyclotron. I doubt that this could be modelled with magnets!)
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