4.12.3.2 Resistivity 1
How the dimensions of a conductor affect its resistance

In this experiment you will use conducting paper to find out how the size and shape of a material affect its resistance, even though the material from which the conductor is made does not change. Such information and knowledge are vital to a designer who wishes to predict the behaviour of a component in a circuit.

You will need 

· graphite film on paper

· colloidal graphite to connect the paper to the optical pins

· hairdryer

· power supply, 0–12 V dc

· 5  4 mm leads

· two optical pins

· two bulldog clips, each with a lead soldered to the 'handle'

What to do

In this experiment you cut out the shape of the conductor you wish to use, then make electrical connections to it and measure the resistance.

1.
You need to carry out two separate experiments. In the first, try to answer the question: how does the resistance of the paper vary with length when the cross-section area remains constant?  In the second, keep the length constant, alter the area and again see how the resistance is affected.  Remember that the conducting layer has a uniform thickness.
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Make the connections to the paper by clamping an optical pin to it with bulldog clips.  Now run a layer of liquid graphite between pin and paper to ensure a good contact. You will probably need to use a hairdryer to dry the contacts before use.
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2.
Apply a pd of about 4 V across along the length of the film, then measure and record the current. Reduce the length and adjust the pd in order to keep the current the same as before.  Repeat for other lengths.  The current is fixed, and therefore the applied pd is a measure of the resistance.

3.
Is there a simple rule connecting the various quantities?  In an experiment such as this, it is a good idea to start with one variable and then double it, and then double it again – so that it is now four times the original value – and so on.  In this way you can often see patterns straight away.  If, for example, the original variable had gone up four times but the quantity you were measuring had only doubled, what would the relationship be?

4.
It is helpful to use a theoretical model to understand the physics of your result.  Imagine two identical resistors – identical in all respects, size and resistance.  What would the combined resistance be if they were connected end-to-end? What would the combined resistance be if they were connected side-by-side parallel to the long axis?  When you have spotted the pattern experimentally and in your theoretical model, you might like to go back and check any anomalous results.

5.
Try to write the relationship down as an equation.

Introducing resistivity

1.
You will come up with a clear pattern relating length to resistance.

2.
You will come up with a clear pattern relating area to resistance.

3.
You may also realise that you need to include a constant of proportionality to write these rules down as a single equation.  This constant is known as the electrical resistivity.

Practical advice

This experiment is one of a pair providing alternative introductions to resistivity. You might like to use different alternatives with different parts of the class and then get them to report back. This is a good place to show simple experimentally derived patterns building up into a concise mathematical summary of those results. You may need to emphasise the point that the film thickness is constant and so the cross-sectional area is proportional to the width. In this experiment students can show that the resistance is directly proportional to the length (double one, double the other) whereas if the area doubles the resistance halves. Connecting the paper to the circuit- there are a number of possibilities other than that quoted in the worksheet.   

Aluminium foil can also be used as an interface, but again the students need to use a dried graphite interface. Students need to ensure good contacts whichever method they use. The analysis can be made slightly more complicated by keeping the pd constant across the material and then measuring the current. In this case the students either plot a graph of resistance against reciprocal length (a straight line) or calculate the product of resistance and length (a constant).

Alternative approaches

The films can be created with conducting colloidal graphite (Aquadag) or graphite pencil on graph paper. No matter which graphite you are supplied with, the basic method is the same.  You paint (or draw) the shape of the conductor onto graph paper (the squares help to get the shape and size correct) in as even a layer as possible. Try to apply the graphite consistently when you make further test shapes. When the paint is dry (you may need to use the hairdryer), make electrical connections to it and measure the resistance.

External references

This activity is taken from Advancing Physics Chapter 4, 360E
