The Link between Significant Figures and Percentage Uncertainty

Example: measuring current with an ammeter.

Writing:  ‘current = 5 A’  implies that the precision of the ammeter is ( 1A.  
This is 1 sig fig.
So:  current = (5 ( 1) A


This gives percentage uncertainty = (1 ÷ 5) ( 100 = 20 %

This would be a rather inaccurate experiment!

Writing:  ‘current = 5.0 A’  implies that the precision of the ammeter is ( 0.1A.
This is 2 sig figs.
So:  current = (5.0 ( 0.1) A


This gives percentage uncertainty = (0.1 ÷ 5) ( 100 = 2 %

This would be an OK but not that accurate experiment.

Writing:  ‘current = 5.00 A’  implies that the precision of the ammeter is ( 0.01A. This is 3 sig figs.

So:  current = (5.00  ( 0.01) A

This gives percentage uncertainty = (0.01 ÷ 5) ( 100 = 0.2 %

This corresponds to about the best you are likely to get in a normal school lab experiment.

So using more significant figures implies a better percentage uncertainty.

When ‘processing data’ – that is carrying out calculations – it is the percentage uncertainty that carries through the process (or calculation) and therefore it is the number of significant figures that is important.

You have no right to use more significant figures in your final answer than you had in your original data because that implies a better percentage uncertainty, a more accurate experiment, than you actually had!

In raw measurements it is the number of decimal places that needs to be consistent throughout one set of measurements of a particular variable (so throughout one column of a table) – this should always reflect the precision of the measuring instrument used.

The percentage uncertainty (and the number of significant figures in your measurements) then depends on both the precision of the measurement and the size of its value.

Examples.

Using a metre rule to measure lengths gives you a precision of ( 0.1 cm.

(Remember – the actual uncertainty in some measurements may be bigger than this – THINK!)

If you are measuring the length of a table, say 150cm, this would give you: 

   Length of table = (150.0 ( 0.1) cm    This is 4 sig figs and percentage uncertainty = 0.07%

If you are measuring the length of a piece of paper, say 30cm, this would give you:

   Length of paper = (30.0 ( 0.1) cm
This is 3 sig figs and percentage uncertainty = 0.3%

If you used the same rule to measure the thickness of a coin, say 0.3cm, this would give you:

   Thickness of coin = (0.3 ( 0.1) cm
This is 1 sig fig and percentage uncertainty = 30%
All of these are written to 1 decimal place (and have the same actual uncertainty of ( 0.1cm) – in this case  the precision of the metre rule – but they involve different numbers of sig figs and different percentage uncertainties because of the different sizes of values being measured.

This last percentage uncertainty is far too large for a decent measurement – so you would move to using a more precise measuring instrument for the job – a micrometer which has a precision (actual uncertainty) of ( 0.001 cm.  You would then have:

   Thickness of coin = 0.300 ( 0.001 cm
This is 3 sig figs and percentage uncertainty = 0.3%

Note: Remember that we are only estimating uncertainties at this level – not doing a full statistical analysis!  So you only state uncertainties (actual or percentage) to 1 sig fig (or occasionally 2 sig figs).
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