APPENDIX A

ACCURACY, PRECISION, ERRORS, UNCERTAINTY, ETC.

In common speech, the words accuracy and precison are often used interchangesbly. However,
many scientigs like to make a didtinction between the meanings of the two words. Accuracy refers to
the rdationship between a measured quantity and the red vaue of tha quantity. The accuracy of a
sgngle measurement can be defined as the difference between the measured vaue and the true vaue
of the quantity. The accuracy of a measurement is therefore limited by such things as the cdibration
and sengdtivity of the indruments used, your ability to read the meters, mistakes in recording the
numbers, and so on.

The word precision refers b the amount scatter in a series of measurements of the same quantity. It
is possible for a measurement to be very precise, but & the same time not very accurate. For
example, if you measure a voltage usng a digitd voltmeter that is incorrectly cdibrated the answer
will be precise (repeated measurements will give essentidly the same result to severd decimad
places) but inaccurate (al of the measurements will be wrong). By making a series of measurements
of some quantity, we can obtain an edimate of the precison of each individuad measurement. The
example discussed below illugtrates how this works.

The words error and uncertainty are dso often used interchangeably. Nevertheless, it is important to
be aware of the digtinction between the actud error in a given measurement (i.e in the amount by
which the measured vdue differs from the true vaue) and the uncertainty in a messurement. The
point is that in many experiments we do not know the true value of the quantity we are measuring,
and therefore cannot determine the actud error in our result. However, it is gill possible to make an
edimate of the uncertainty (or the probable error) in the measurement based on what we know about
the properties of the measuring, instruments, etc.

The following example illustrates severa of these idess. In this example the resstance of a known
1000 + 0.01 W redgor is determined by measuring V and | for severd different voltage settings. The
results are given in the table on the following page. The average value of R in this example is 10024
W, so our find result has an error of 2.4 W. The precison of any individuad measurement of R can be
determined by cdculating the sandard deviation:
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where X is the average vaue of x and where N is the number of measurements. In this example the
gandard deviation is 5.6 W. We could take this as an edtimate of the uncertainty or probable error,
gnce any individud measurement has a reasonable probability of being in eror by a least that
amount. It should be emphasized, however, that the actud eror in a measurement can be much
larger than the sandard devidtion if there are systematic errors (for example errors in the cdibration
of some meter) that affect dl the measurements the same way.



Data for a 1000 + 0.01 kW Resistor

V(@) (volts) 1(b) (mA) R(C) (W)

1.000 0.99 1010
2.000 1.99 1005
3.000 3.00 1000
4.000 4,02 995
5.000 4,99 1002
Average = 10024
Standard Deviation = 5.6
Error = 2.4
% Error = 0.24%
@ Messured with digita voltmeter.
(b) Measured with Simpson VOM.
(©) Caculated from R = V/I.

Whenever possble measured vaues of quantities should be compared with given or theoretica
vadues ad the percent eror given. In some of the experiments you will be asked to make detailed
cdculdions of the uncertainties in your measurements. Although this is usudly not required (sSnce
the cdculatiions are often long and time consuming), it is dways important for experimenters to be
aware of potentia sources of error.



