1.7 Significant Figures

I.7_~ SIGNIFICANT FIGURES

When physical quantities are measured, the measured values are known only to
within the limits of the experimental uncertainty. The value of this uncertainty can
depend on various factors, such as the quality of the apparatus, the skill of the ex-
perimenter, and the number of measurements performed.

Suppose that we are asked to measure the area of a computer disk label using
a meter stick as a measuring instrument. Let us assume that the accuracy to which
we can measure with this stick is £ 0.1 cm. If the length of the label is measured to
be 5.5 cm, we can claim only that its length lies somewhere between 5.4 cm and
5.6 cm. In this case, we say that the measured value has two significant figures.
Likewise, if the label’s width is measured to be 6.4 cm, the actual value lies be-
tween 6.3 cm and 6.5 cm. Note that the significant figures include the first esti-
mated digit. Thus we could write the measured values as (5.5 = 0.1) cm and
(6.4 £ 0.1) cm.

Now suppose we want to find the area of the label by multiplying the two mea-
sured values. If we were to claim the area is (5.5 cm) (6.4 cm) = 35.2 cm?, our an-
swer would be unjustifiable because it contains three significant figures, which is
greater than the number of significant figures in either of the measured lengths. A
good rule of thumb to use in determining the number of significant figures that
can be claimed is as follows:

When multiplying several quantities, the number of significant figures in the
final answer is the same as the number of significant figures in the least accurate
of the quantities being multiplied, where “least accurate” means “having the
lowest number of significant figures.” The same rule applies to division.

Applying this rule to the multiplication example above, we see that the answer
for the area can have only two significant figures because our measured lengths
have only two significant figures. Thus, all we can claim is that the area is 35 cm?,
realizing that the value can range between (5.4 cm)(6.3 cm) = 34 cm? and
(5.6 cm) (6.5 cm) = 36 cm?.

Zeros may or may not be significant figures. Those used to position the deci-
mal point in such numbers as 0.03 and 0.007 5 are not significant. Thus, there are
one and two significant figures, respectively, in these two values. When the zeros
come after other digits, however, there is the possibility of misinterpretation. For
example, suppose the mass of an object is given as 1 500 g. This value is ambigu-
ous because we do not know whether the last two zeros are being used to locate
the decimal point or whether they represent significant figures in the measure-
ment. To remove this ambiguity, it is common to use scientific notation to indicate
the number of significant figures. In this case, we would express the mass as 1.5 X
10% g if there are two significant figures in the measured value, 1.50 X 10% g if
there are three significant figures, and 1.500 X 10% g if there are four. The same
rule holds when the number is less than 1, so that 2.3 X 10~* has two significant
figures (and so could be written 0.000 23) and 2.30 X 10~ has three significant
figures (also written 0.000 230). In general, a significant figure is a reliably
known digit (other than a zero used to locate the decimal point).

For addition and subtraction, you must consider the number of decimal places
when you are determining how many significant figures to report.

QuickLab —~

Determine the thickness of a page
from this book. (Note that numbers
that have no measurement errors—
like the count of a number of
pages—do not affect the significant
figures in a calculation.) In terms of
significant figures, why is it better to
measure the thickness of as many
pages as possible and then divide by
the number of sheets?




