Guidelines for using significant figures 

Unless we are counting discrete, known quantities such as the number of students enrolled at the school, when we measure quantities on instruments, the last figure in the measurement is usually uncertain. This is because of the inbuilt uncertainty in the instrument itself, even if we have avoided errors such as parallax error. Thus if our electronic balance gives a reading of, say, 10.514 g, we need to be aware that the last figure (4) will be uncertain. It is likely that the true mass is somewhere between 10.512 g and 10.516 g.



Significant figures always show how many digits in the reading are meaningful. As was the case in the above example, the last figure is always deemed to be uncertain. By keeping track of the number of significant figures in all the instrumental measurements used to calculate a quantity, we can determine the extent to which our answer correctly represents the accuracy of our instruments. To reflect this accuracy, we always give our answer to the same number of significant figures as the least accurate data used. (If we use an even lower number of significant figures than this, we might as well use less accurate instruments!)

The rules

1 Every non-zero digit is significant. For example, 3.78 and 294 both have 3 significant figures.

2 Every zero in the middle of a reading is significant. For example, the above mass reading of 10.514 g has 5 significant figures.

3 Every zero to the right of a reading is significant. For example, 31.20 has 4 significant figures. The exception to this is a number with no decimal point

and a trail of zeros, such as 500 mL. This volume may have 1, 2 or 3

significant figures. To avoid this ambiguity, we must be given more

information, stated in standard form. For example, if the volume is provided

as 5.00 x 102 mL, we know that it has 3 significant figures. If this is not

clarified, we assume that it has the maximum number of significant figures.

4 Every zero before a number is not significant, and only shows the place value. For example, 0.005 has only 1 significant figure and 0.0090 has 2 significant figures. Again, rewriting these numbers in standard form clarifies this. (These numbers would be written 5 X 10–3 and 9.0 x 10–3 respectively.)

Calculations

1 In addition and subtraction, the answer cannot have more significant figures after the decimal point (that is, decimal places) than the least accurate data.


Example 1.


73.251(     3 decimal places


+1.4    (     1 decimal place, therefore this is the least accurate data


74.651
(     this answer cannot have more than 1 decimal place, so



            must be rounded off to 76.7

2
For rounding off an answer to a given number of significant figures, we examine the next figure on the right only. If it is 5 or more, we round up.

Example 2

If we need to round off 10.9847:

· to 5 significant figures we write 10.985

· to 4 significant figures we write 10.98

· to 3 significant figures we write 11.0

· to 2 significant figures we write 11

· to 1 significant figure we write 10, or 1 X 101.

3
For multiplying and dividing, our answer again has no more significant figures than our least accurate data.

Example 3


7.53 x 6.0958 = 45.9   (  the least accurate figure has 3 significant figures, so

                                                       we round off the answer to 3 significant figures.

4
Data such as relative atomic masses, densities and so on should be quoted to at least the same number of significant figures as the experimental data. However, relative atomic masses and physical constants are not taken into account when determining the number of significant figures in the answer -only experimental data such as masses and volumes.

For example, if we are asked to determine the number of moles of a

substance and its mass is quoted as 9.354 g, the molar mass should also be

quoted to at least 4 significant figures.

5
Data provided in a question . on or in a test or examination should not be rounded off prior to its use in a calculation.



For example, if atomic mass of H is given as 1.0 amu, then in a calculation, we write 1.0, not 1. Similarly, if a volume is given as 20.00 mL, we write 20.00 in the calculation, not 20 (even though on our calculator we would only enter the number as 20). This makes the accuracy of the reading clear for the purposes of determining the number of significant figures we provide in the answer.

6
Factors such as 2 or 1 which arise out of the problem due to a stoichiometric . ratio, for example, are counted as having an infinite number of significant figures. That is, they are not taken into account when determining how many significant figures an answer can have.


