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1.8: Measurement and Significant Figures

Identify the number of significant figures in a reported value.
Apply the concept of significant figures to report a measurement with the proper number of digits.

Scientists have established certain conventions for communicating the degree of precision of a measurement, which is dependent
on the measuring device used (See Figure ). Imagine, for example, that you are using a meterstick to measure the width of a
table. The centimeters (cm) marked on the meterstick, tell you how many centimeters wide the table is. Many metersticks also have
markings for millimeters (mm), so we can measure the table to the nearest millimeter. The measurement made using millimeters is
more precise, it is closer to the actual length of the table. Most metersticks do not have any smaller (or more precise) markings
indicated, so you cannot report the measured width of the table any more precise than to the nearest millimeter.

Figure : Different measuring devices have different degrees of precision. The ruler on the left has centimeter markings and
the measurement of the box is 2.3 cm. Here, the first digit is certain, and the second digit is estimated, there are two digits reported
for this measurement. The ruler on the right has millimeter markings (1/10 of a centimeter) and the measurement of the box is 2.36
cm. Here, the first two digits are certain, and the third digit is estimated, there are three digits reported for this measurement. The
ruler on the right is more precise than the ruler on the left because more digits are reported. (Figure: Lisa Sharpe Elles)

The concept of significant figures takes the limitation of measuring devices into account. The significant figures of a measured
quantity are defined as all the digits known with certainty (those indicated by the markings on the measuring device) and the first
uncertain, or estimated, digit (one digit past the smallest marking on the measuring device). It makes no sense to estimate and
report any digits after the first uncertain one, so it is the last significant digit reported in a measurement. Zeros are used when
needed to place the significant figures in their correct positions. Thus, zeros are sometimes counted as significant figures but are
sometimes only used as placeholders (see the rules for significant figures below for more details).

“Sig figs” is a common abbreviation for significant figures.

Rules for Determination of Significant Figures 

Consider the earlier example of measuring the width of a table with a meterstick. If the table is measured and reported as being
1,357 mm wide, the number 1,357 has four significant figures. The 1 (thousands place), the 3 (hundreds place), and the 5 (tens
place) are certain; the 7 (ones place) is assumed to have been estimated. It would make no sense to report such a measurement as
1,357.0 (five Sig Figs) or 1,357.00 (six Sig Figs) because that would suggest the measuring device was able to determine the width
to the nearest tenth or hundredth of a millimeter, when in fact it shows only tens of millimeters and therefore the ones place was
estimated.

On the other hand, if a measurement is reported as 150 mm, the 1 (hundreds) and the 5 (tens) are known to be significant, but how
do we know whether the zero is or is not significant? The measuring device could have had marks indicating every 100 mm or
marks indicating every 10 mm. How can you determine if the zero is significant (the estimated digit), or if the 5 is significant and
the zero a value placeholder?

The rules for deciding which digits in a measurement are significant are as follows:

Rule 1: All nonzero digits in a measurement are significant.

237 has three significant figures.
1.897 has four significant figures.

Rule 2: Zeros that appear between other nonzero digits (i.e., "middle zeros") are always significant.

39,004 has five significant figures.
5.02 has three significant figures.
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Rule 3: Zeros that appear in front of all of the nonzero digits are called leading zeros. Leading zeros are never significant.

0.008 has one significant figure.
0.000416 has three significant figures.

Rule 4: Zeros that appear after all nonzero digits are called trailing zeros. A number with trailing zeros that lacks a decimal point
may or may not be significant.

1400 is ambiguous.

 has two significant figures.
 three significant figures.

 has four significant figures.

Rule 5: Trailing zeros in a number with a decimal point are significant. This is true whether the zeros occur before or after the
decimal point.

620.0 has four significant figures.
19.000 has five significant figures.

It needs to be emphasized that just because a certain digit is not significant does not mean that it is not important or that it can be
left out. Though the zero in a measurement of 140 may not be significant, the value cannot simply be reported as 14. An
insignificant zero functions as a placeholder for the decimal point. When numbers are written in scientific notation, this becomes
more apparent. The measurement 140 can be written as , with two significant figures in the coefficient or as ,
with three significant figures. A number less than one, such as 0.000416, can be written in scientific notation as ,
which has 3 significant figures. In some cases, scientific notation is the only way to correctly indicate the correct number of
significant figures. In order to report a value of 15,000,00 with four significant figures, it would need to be written as .

Exact Quantities 

When numbers are known exactly, the significant figure rules do not apply. This occurs when objects are counted rather than
measured. For example, a carton of eggs has 12 eggs. The actual value cannot be 11.8 eggs, since we count eggs in whole number
quantities. So the 12 is an exact quantity. Exact quantities are considered to have an infinite number of significant figures; the
importance of this concept will be seen later when we begin looking at how significant figures are dealt with during calculations.
Numbers in many conversion factors, especially for simple unit conversions, are also exact quantities and have infinite significant
figures. There are exactly 100 centimeters in 1 meter and exactly 60 seconds in 1 minute. Those values are definitions and are not
the result of a measurement.

Give the number of significant figures in each. Identify the rule for each.

a. 5.87
b. 0.031
c. 52.90
d. 00.2001
e. 500
f. 6 atoms

Solution
Solution to example explaining how many significant figures are in each number.

Explanation Answer

a. All three numbers are significant (rule 1). 5.87 , three significant figures

b. The leading zeros are not significant (rule 3). The 3 and the 1
are significant (rule 1)

0.031, two significant figures

c. The 5, the 2 and the 9 are significant (rule 1). The trailing
zero is also significant (rule 5).

52.90, four significant figures

1.4 ×10
3

1.40 ×10
3

1.400 ×10
3

1.4 ×10
2

1.40 ×10
3

4.16 ×10
−4

1.500 ×10
7

 Example 1.8.2

https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://chem.libretexts.org/@go/page/86583?pdf


1.8.3 https://chem.libretexts.org/@go/page/86583

Explanation Answer

d. The leading zeros are not significant (rule 3). The 2 and the 1
are significant (rule 1) and the middle zeros are also significant
(rule 2).

00.2001, four significant figures

e. The number is ambiguous. It could have one, two or three
significant figures.

500, ambiguous

f. The 6 is a counting number. A counting number is an exact
number.

6, infinite

Give the number of significant figures in each.

a. 36.7 m
b. 0.006606 s
c. 2,002 kg
d. 306,490,000 people
e. 3,800 g

Answer a:
three significant figures.

Answer b:
four significant figures.

Answer c:
four significant figures.

Answer d:
Infinite (Exact number)

Answer e:
Ambiguous, could be two, three or four significant figure.

Summary 
Uncertainty exists in all measurements. The degree of uncertainty is affected in part by the quality of the measuring tool.
Significant figures give an indication of the certainty of a measurement. Rules allow decisions to be made about how many digits to
use in any given situation.

1.8: Measurement and Significant Figures is shared under a CC BY-NC-SA 3.0 license and was authored, remixed, and/or curated by Marisa
Alviar-Agnew, Henry Agnew, Sridhar Budhi, & Sridhar Budhi.

1.5: Expressing Numbers - Significant Figures by Anonymous is licensed CC BY-NC-SA 3.0. Original source:
https://2012books.lardbucket.org/books/introduction-to-chemistry-general-organic-and-biological.
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