TAP 511- 1: Use a spark counter

The alpha particle is one type of emission that is possible from the nuclei of some atoms. This activity allows you to investigate how far these alphas can travel in air and other materials. 

You will need 

· spark counter and leads

· EHT power supply, 0–5 kV, dc

· metre rule 

· set of absorbers including very thin tissue paper

· plane mirror 

· alpha source and a suitable holder (since a spark counter does not respond to betas or gammas, the source does not have to be a pure alpha source.)

· plastic tweezers for handling the absorbers

Starting out 

If you have not used a spark counter before, then make sure you know how it works.
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	Wire carefully, EHT supply in use

Although school EHT supplies are current-limited ad safe, using the extra limiting resister (e.g. 50 MΩ) reduces the shock current to a trivial level.
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	Radioactive sources 

Follow the local rules for using radioactive sources, in particular do not handle radioactive sources without a tool or place them in close proximity to your body.


Support the alpha source in a holder about 10 cm from the active region of the spark counter, so that no sparking occurs. You need to be able to vary and measure this distance. If you are using a ruler, remember that you can use a plane mirror to align the pupil of your eye, the plate and the wires in the same plane. 

To set up the spark counter at its correct working voltage, find the setting which gives a spark with no source and then reduce the voltage slightly. Remember that it uses high voltages that could give you an electric shock. 
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Gradually move the source towards the detector. Take care here, do not touch the source, detector wires or plate. At what distance do the sparks start? 

Does the sparking begin suddenly or does it start gradually? Try to explain what you see in terms of the initial energies of the alpha particles as they leave the nuclei. 

If you can, change the alpha source to one in which the alpha particles are emitted from a different nucleus. Is the distance at which sparking starts the same? Again, try to explain this. 

Leave the source at a distance such that sparking is occurring freely. Insert thin materials between the detector and the source (use tweezers to avoid getting close to the source). Draw up a table of how effective the absorber materials are at stopping the alpha particles. You might like to see if you can think of some property of the absorber which determines its effectiveness, to check for patterns.

You have seen that 

1.
The alpha particles emitted from one isotope all leave with the same energy. They tend to lose this energy by collision (ionisation) with the air molecules at about the same rate and so the sparking stops suddenly as the source is moved away from the counter. 

2.
Alpha particles are good ionisers. So, conversely, they are poor at penetrating 
substances. Even the thinnest of materials will absorb them

Practical advice

This short experiment needs care by the students or teachers carrying it out. You may prefer to demonstrate the result, at the same time emphasising the meanings of ionisation and the cascade process that is going on in the electric field produced by the spark counter. There are useful estimation possibilities here for brighter students: the strength of the electric field, the relative acceleration of the electron and the oxygen / nitrogen ion, and so on.

Be safe

The student text contains safety warnings, but it would be as well to remind the students that there are both high potentials and radioactive materials here. Some models of spark counter have a lead designed for connection to a pulse counter and the terminal plug could float at a high voltage, although it is designed not to. It is as well to tape the plug up when not in use. Since the use with a counter enables quantitative studies, it would be unwise to remove it.   Ensure the most accessible electrode of the spark counter is earthed.
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	Wire carefully, EHT supply in use

Although school EHT supplies are current-limited ad safe, using the extra limiting resister (e.g. 50 MΩ) reduces the shock current to a trivial level.
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	Radioactive sources 

Follow the local rules for using radioactive sources, in particular do not handle radioactive sources without a tool or place them in close proximity to your body.


External reference

This activity is taken from Advancing Physics chapter 18, 70E
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