4.12.3.2 Resistivity 3
A fundamental material property

You have now learnt how the shape of a material (length and cross-section area) controls its resistance. You also know the definition of resistivity. In this experiment you will measure the resistivity of a sample of metal wire. Once you know the resistivity of a conductor and its dimensions you will always be able to predict its resistance.

Requirements

· constantan wire of diameter 0.27 mm and 0.56 mm 

· power supply, 0–12 V dc and ac, 6 A

· 2 digital multimeters

· micrometer screw gauge

· 4 mm leads

· a clip component holder

· for optional extension: nichrome; iron wire; copper wire each in the same gauge as the constantan

What you need to do

1.
Set up a circuit to measure the resistance of one of your wires. 

2.
Estimate roughly what current is likely (you may wish to know that one metre of the thicker constantan has a resistance of the order of 2 Ω, the thinner wire about 8 Ω) and choose values of pd accordingly in order to protect your meters. You should also choose a small current so that the wire does not get hot.  Such a temperature change will alter the resistivity value. Check the values with your teacher if you are unsure. 

3.
Measure the length of your wire and check the diameters using the micrometer screw gauge (the quoted diameters in the requirements are only nominal figures).  Repeat each of these measurements several times; take the diameter at several points along the wire.  Average the results.

4.
Calculate the resistivity using the formula,

             R = l / A 

5.
Repeat steps 1–4 for the other constantan wire.

6.
How similar are the values you have obtained?

7.
Optional extension: Now try measuring the resistivity of nichrome. This is the material used for the element of an electric fire.  As a guide to currents, 0.27 mm nichrome has a resistance per unit length of about 10 ohm per metre.  The figure for 0.56 mm nichrome is 2.5 ohm per metre.

8.
Optional extension: measure the resistivity of copper and iron and try to estimate the resistance of a single strand of these materials about the size of a human hair. This experiment is not easy as these wires have much lower resistances than the constantan and nichrome. 

Understanding resistivity

1.
You can calculate and use resistivity values.

2.
You can use units for resistance per unit length and resistivity correctly.

Practical advice

Typical values for resistance per unit length

· Iron: 0.56 mm, 0.5  m–1; 0.27 mm, 2  m–1
· Copper: 0.56 mm, 0.07  m–1; 0.27 mm, 0.3  m–1
To measure these resistivities with the meters available, most students will choose to use long lengths so (to avoid waste) it might be best to have one or two pre-prepared long lengths already wound onto card or a bobbin. 

Measuring the diameter is something of a challenge and a variety of techniques might be suggested, of which the micrometer screw gauge is only one. Students may well suggest using a microscope, mass of a long length, volume of a long length. The point here is that the micrometer (which they have probably already met) is not the only possible device.

External references

This activity is taken from Advancing Physics Chapter 4, 350E
