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Notes on Measurement Errors
W

(Some material in this-handout excerpted from Stan Micklavzina’s “Guidelines for
Reporting Data” and from William Lichten’s “Data and Error Analysis,” Allyn and Bacon)

Measurements are Central to Science. The laws of science are discovered through

measurements. They are hypothesized from a related set of real-world measurements. They
are verified and refined by means of critically designed measurements. Any law that has been
contradicted by even a single measurement must be discarded immediately and be replaced by
another. Measurements are the final authority in science. This paradigm has been an
essential ingredient for the development of science in Europe starting about 500 years ago.
The centrality of measurements remains unaltered in science today. As scientists, we must

learn all we can about measurements.

Measurements are Approximate. Let’s suppose you measured the length of your pencil with a

ruler. It is incorrect for you to claim, “My new pencil is exactly 192 millimeters long.” If you
were to use a more exact measuring device you might say, “Oops! My pencil is 192.16
millimeters long.” Your first measurement is good to the nearest millimeter; your second is
good to the nearest 0.01 mm. We say that both values are inexact or approximate; both are
subject to measurement uncertainties (or errors). The rest of this note discusses these

uncertainties and how they affect our confidence in our own measurment results.

Mistakes Versus Errors. The word “error” has a special non-colloquial meaning in science.

Error is different from mistake. Mistakes, such as measuring a 32-cm-long object to be 42 cm,
can be avoided. As we shall see, errors cannot be avoided, even by the most careful
‘measurements. Hence, errors quantify the degree of confidence we have in the associated

measurements.

Precision Versus Accuracy: Random and Systematic Errors. Let’s go back to the example of

the pencil. Suppose everyone in the class uses the same ruler, measures the pencil to the
nearest millimeter, and all agree it is 192 mm long. All say that it couldn’t be either 191 or
193 mm long. We say that the class has measured the length of the pencil to a precision of
1 mm. Precision is the reliability or repeatability of a measurement. Suppose that the
instructor now points out, “You all have made the same mistake. You lined up one end of






