Estimating the Uncertainty in a measurement.

Actual uncertainties in a value are expressed as ‘( x units’ – in other words the measurement could be x units bigger or smaller than the ‘true value’.

Note that the actual uncertainty has a unit – just like the measurement itself.

Examples:

1. Distance travelled down ramp = 75.0 cm ( 0.2 cm.

This means that the actual distance could be as small as 74.8 cm or as large as 75.2  cm.

2. Time taken = 3.24 s ( 0.06 s.

This means that the time lies within the range 3.18 – 3.30 s.

Deciding on the value of the ‘actual uncertainty’.

Important:  Always use your common sense: stop and think – does what you have written down seem likely?

Step 1.

· Look at your measuring instrument.

· What is its precision?

· This is usually the smallest scale division on the instrument – for example width of a book measured with a metre rule = 15.6 cm ( 0.1 cm – because the rule is marked off in mm divisions.
· Occasionally you might decide that you can do a bit better than this – for example using a liquid-in-glass thermometer with fairly wide divisions every (C you might decide that you can tell if the liquid is half-way between marks → an actual uncertainty of ( 0.5 (C.

· IMPORTANT: THIS IS YOUR BEST CASE SCENARIO – you CANNOT do any better than the precision of your instrument allows!

Step 2.
· Now ask yourself: ‘Are my readings really that good?’ 

· In other words – are there other factors limiting your ability to take precise measurements?

· Example:  Measuring the diameter of a ball with a ruler – this involves making a ‘judgement call’ as to where the edges of the ball are relative to the ruler.  So your measurement is probably not as precise as 
( 1 mm.  Remember that we are only making an estimate of the uncertainty.  A sensible estimate might be ( 3 mm.

· Example: Measuring the length of a wire with a metre rule.  It is difficult to get a wire to lie completely straight – it is likely to have a kink in it.  Again a sensible estimate of the uncertainty might be ( 3 mm.

Step 3.
· Steps 1 & 2 are fine for ‘one-off’ measurements.

· Often you will instinctively realise that a single measurement of a quantity is not enough – that such a result would probably be highly inaccurate.  

· Examples: timing an object rolling down a ramp; measuring the resistance of a length of wire.

· You will then do several repeat measurements.  (You should aim for at least 3 measurements of each value in this case.)
· This also enables you to spot anomalies: if there is one – record  it, put a line through it and (ideally) do another repeat.

· Work out the mean value of your repeats (ignoring any anomalies).
· Work out the range (biggest ( smallest) of your readings.

· Actual uncertainty in your mean value = ( half the range of your measurements.

· This is ALWAYS the way to work out the uncertainty if you have done repeats.

· It overrides the uncertainty that is purely due to the precision of the measuring instrument because it is taking into account other, more important factors – such as the variation in human reaction time when using a stopclock.

· Very occasionally you might find that you get repeats that are all identical!  In this case you have to revert to step 1 (the precision of the instrument) or possibly step 2 (applying common sense!).
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