TAP 103- 1: Identifying charge carriers

Demonstration 1: A filament lamp

Apparatus: e.g. 12 V lamp and variable (12 V max.) power supply. Or mains lamp and a variac. This is simply an example of a metallic conductor. As the voltage is increased more current flows and more energy is transferred to light and heat.

You could discuss the mechanism of energy transfer in terms of increasing rates of electron/ion collisions, but this is not necessary at this stage (unless it helps to reinforce the idea of electrons as physically real charge carriers.)

Demonstration 2: A spark in air

If you have one, use a Van de Graaff generator to create sparks - an alternative is a piezo-electric igniter for a gas hob (although this is more difficult to see (especially if the class is large).
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Apparatus: Van de Graaff generator and earthed sphere.

Procedure: Turn on the Van de Graaff generator keeping the earthed sphere well away from it. Let it charge for about 1 minute and then bring the earthed sphere close (within 10 cm) to the surface of the charged dome. A sharp spark discharge will be seen and heard. This repeats as the generator recharges. 

Advice: Set this up and check it immediately before the lesson. It will work best on cold dry days. Performance can be improved if a hairdryer is used to dry the surface of the belt and dome prior to use. There is often a hole for a 4mm lead in the base of the Van de Graaff for an earthing lead, which will help too. Make sure you discharge the dome after turning off the motor so that no one will be surprised by a shock from the residual charge! (To discharge the dome make sure the motor supply is switched off, then hold a wooden ruler on the dome for a few seconds whilst touching a wooden bench. Finally touch the earthed sphere and dome.)

Be safe

You need to be aware of any medical reasons why it would be inadvisable to allow these very small currents to pass through the students in your care, if you wish to let them take part in the demonstration. Reasons might include heart irregularities and a tendency to epilepsy. Consult the appropriate advisory manual. (In Scotland this would SSERC,www.sserc.org.uk in the rest of the UK, the employer’s guidance, usually the CLEAPSS CD-ROM.)

Demonstration 3: Fluorescent tube

Many laboratories will have fluorescent lights. These can be pointed out as an example of conduction through a plasma.

You can also get a small fluorescent tube to light up in a darkened room if you hold it near to the charged Van de Graaff generator. Any earthed object must be well out of the way. The tube must be held close enough the get a spark, and if held half way down its length will light up only in the section between your hand and the Van de Graaff.

Demonstration 4: Electrolysing copper sulphate solution
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1Wear safety spectacles

Ensure you wear safety spectacles throughout this experiment.

Although eye protection is strictly not necessary with this strength solution, it is policy in most schools and colleges to wear it.

2Take care with hazardous chemicals

The chemicals in use here should not be brought into contact with the skin or ingested.

Apparatus 

A rectangular tank containing copper sulphate solution (0.5 molar is suitable, do not use stronger than 1 molar) to a depth of about 2.0 cm; copper plate electrodes (e.g. 5 cm by 10 cm); battery pack or low voltage dc supply; demonstration ammeter (visible to class).

Procedure 

Connect up the circuit and observe the current. Adjust the depth of immersion and separation of the plates, both affect the current and can lead to a discussion of the number and rate of motion of the charge carriers (ions). This could also be linked to resistance (dependence on length and area) and to the equation I = n A q v (although A is not really so well defined since ions are not confined to a rectangular tube between the electrodes).
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