Answers and worked solutions
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5.
The time it takes for a particle to go around is independent of its speed (and energy). As it gets faster, the particle spirals out into orbits with larger and larger radii. So all particles can be accelerated across a ‘dee’ gap at the same time.

Practical advice

This is something your more able students may enjoy thinking about.

It is instructive for students to realise that even such a crude and simple device represented a major advance in particle physics, providing a source of high-energy particles that could be fired at atomic nuclei, to probe their structure. Lawrence had done a calculation of the necessary length for a linear accelerator to produce protons with energies of a million eV. He realised his laboratory was too small, and that set him thinking about bending the accelerator so that protons would travel in a spiral. Each time the protons crossed the gap between ‘dees’, they would be accelerated. To make his cyclotron work, he needed a good vacuum in the chambers and very high-frequency electrical oscillator to alternate the polarity of the ‘dee’ chambers.

A key idea, that radius is proportional to speed, is accessible to A-level analysis.

Half a century later Edwin McMillan, another great American particle physicist, said of the cyclotron: ‘I consider this to be the single most important invention in the history of accelerators; it brought forth a basic idea of great power, and one capable of later elaborations and variations … All the big proton synchrotrons are really just an extension of the cyclotron principle.

External reference

This activity is taken from Advancing Physics chapter 16, 100S
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