Sorting out your Uncertainty.

· First look at your measuring instrument.

· What is its precision? (Usually this is the smallest scale division on the instrument – but sometimes you can do better than this – e.g. reading temperature to ± 0.5 ºC between the divisions of a thermometer – use your common sense!)
· This is your best case scenario – you cannot be any better that your measuring instrument allows you to be! 
· Then ask yourself: “Are my readings really that good?”  In other words are there other factors (other random errors) restricting the precision further?

· Again use your common sense!

· Generally (hopefully!) you will have instinctively realised if your measurements are less reliable and you will have done repeat readings.
· In this case the range of your readings will usually be bigger than the precision of the instrument would indicate and this gives you a better idea of the uncertainty in your measurements.
· Example: timing a trolley rolling a fixed distance from rest down a slope.

· Initial reading: 1.43 sec.

Precision of stopclock: ± 0.01 sec

· Clearly it is very unlikely that your measurement is this precise – you are making judgements about when the trolley is released and when it reaches the final mark – your reaction time is involved.  So you will do repeat measurements and find a mean value.

· Readings: 1.43 s; 1.38 s; 1.46 s.
Mean value = 1.42 s.

· In fact the ‘true result’ is likely to lie somewhere between 1.38 and 1.46 s.
· So we write: mean value = 1.42 ± 0.4 s.

· The uncertainty is ± 0.4 s.  This is half the range (1.46 ( 1.38 = 0.08) of the readings.

· Notes:

· If your repeat measurements agree with each other then your uncertainty is back to being the precision of the instrument.

· You may decide that a particular ‘one-off’ measurement is not as precise as the scale of the instrument would suggest.

· Example: Measuring the length of a pendulum using a metre rule.  The precision of the rule is ± 1mm but you are having to make a judgement about where the centre of the ‘bob’ is – so you may decide that your length measurement is only as good as ± 2mm or even ±3mm.  Again – use your common sense!

Percentage uncertainties.

· Clearly a ± 1mm uncertainty in a length of 12mm has more effect than a ± 1mm uncertainty in a length of 123mm!  This is why we work out the percentage uncertainty of a measurement.
· Percentage uncertainty =     actual uncertainty     (  100%
         value of measurement

Combining uncertainties.

· When measurements are multiplied together or divided you add their percentage uncertainties.

· If a measurement is raised to a power then you multiply the percentage uncertainty by the power.

· Using these rules enables you to work out the overall percentage uncertainty in a quantity that you have calculated from your measurements.

· This can then be converted into an actual ± value of uncertainty in your final value.
Uncertainties in gradients.

· If there is very little scatter in your points, so that you can be pretty certain of the position of your best fit line, then the uncertainty in your gradient is due to your precision in measuring the lengths of the sides of your triangle. (Which is why you need a big triangle!)

· If there is a lot of scatter then you should probably draw another likely best fit line at a steeper/shallower angle and compare its gradient with your original line to give you the likely uncertainty.
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