WHAT ARE SIGNIFICANT FIGURES?

During any calculation, addition, subtraction, multiplication, or division, your answer could be expressed with too few or too many significant figures. These numeric values may imply a precision that might not exist in the experiment being evaluated. If you round off incorrectly, your answer will have an incorrect number of significant figures and will lose precision. Therefore, we will need to develop rules for determining the correct number of significant figures in a number and apply these rules to calculations.

	EXAMPLE

	1.024 x 1.2 = 1.2288
Too many numerals
Too precise
	1.024 x 1.2 = 1
Too few numerals
Not precise enough


WHICH NUMBERS ARE SIGNIFICANT?
First we need to learn how to evaluate the number of significant figures a given number contains. This is necessary for calculations of any type: addition, subtraction, multiplication and division. In this table the significant figures are underlined.

	3 significant figures
	4 significant figures
	5 significant figures

	23.4
2.34
0.234
	345.6
3.456
0.03456
	678.90



Note that the zeros in 0.234 and 0.03456 are NOT significant figures.

ZEROS

In large numbers:
Large numbers containing zeroes, such as 45,600 grams, pose a special problem. As the number is written, we cannot tell whether the two zeroes indicate the precision of the measurement or whether the zeroes merely locate the decimal point. If the zeroes indicate the precision, they are significant and the implied uncertainty is + 1. This means that the measurement lies between 45,599 and 45,601. If, however, the zeroes merely locate the decimal point and are not significant, the implied uncertainty is + 100. Then we know the measurement lies between 45,500 and 45,700. Thus a number written in this form might be ambiguous.

	EXAMPLE

	45,600 grams

	SIGNIFICANT
45,600 grams + 1 gram
 /
\
45,599
45,601
5 significant figures

	INSIGNIFICANT
45,600 grams + 100 grams
/
\
45,500
45,700
3 significant figures



In small numbers:
Numbers less than one may also contain zeros that are not significant. Nobody will disagree that the zero in 0.12 is insignificant and merely marking the decimal point. However, all subsequent zeros are also insignificant, until the leftmost digit of the actual number. In 0.00123 the number of significant digits is three.

SCIENTIFIC NOTATION

Precision as to the significance of a value may be avoided by expressing the number in standard exponential notation.
	Normal notation
	Scientific notation

	 45,600
4,5600
	4.5600 x 104
4.56 x 104

	 0.00123
	 1.23 x 10-3


If the number 45,600.0 contains 5 significant figures, the number would be expressed as 4.5600 x 104. This notation implies 5 significant figures. If only 3 numbers are significant, the number would be expressed as 4.56 x 104.

The number 0.00123 can be expressed as 1.23 x 10-3. The zeroes are merely marking the decimal point; therefore. 1.23 x 10-3 contains 3 significant figures.
CALCULATIONS

Adding and subtracting:
You have learned how to determine how many significant figures are in a number. Now you will learn how many significant figures should be expressed in the result of a calculation. When adding or subtracting quantities, the rule is to determine which number in the calculation has the least number of digits to the right of the decimal point. Your result will have that same number of digits to the right of the decimal point.

	EXAMPLE

	26.46
+ 4.123
30.583


	< least digits to the right = 2 >


	26.46
- 4.123
22.337



	30.58
	< round to 2 decimals >
	22.34


For example, when adding 26.46 to 4.123, the sum is 30.583. By inspection, the number 26.46 has the least number of digits to the right of the decimal point. Note that the last digit, 3, is less than 5 so we round the number off to 30.58. In subtracting 4.123 from 26.46, the difference is 22.337. Note that 26.46 contains the least number of digits to the right of the decimal point, two, and the next digit, 7, is greater than five. Therefore, the value 22.337 should be rounded to 22.34.

	EXAMPLE

	2.634

+ 0.02
2.654


	 

 < least digits to the right = 2 >

 


	2.634

- 0.02
2.614



	 2.65
	 < round to 2 decimals>
	 2.61


Another example of addition is 2.634 plus 0.02. The sum, 2.654 will be rounded off to 2.65. The number 0.02 has the least number of digits to the right of the decimal point, two, regardless of the fact that only one of the digits is significant. Therefore, the result will have two digits to the right of the decimal point. When subtracting 2.634 minus 0.02, the difference, 2.614 is rounded off to 2.61.

Multiplying and dividing:
The multiplication and division of numbers use a different rule for determining the number of significant figures. When multiplying or dividing, determine which number entering the calculation has the smallest total number of significant figures regardless of the decimal points position. Your result will have that same number of significant figures.
	EXAMPLE
	 

	least number of significant figures
 /

\

2.61 x 1.2 = 3.132
2.61 / 1.2 = 2.175


	Round to: 3.1
	Round to: 2.2


In the example, 2.61 multiplied by 1.2, the result is rounded off to 3.1. The number 1.2 has the least number of significant figures, two. So the answer will also have two.

When 2.61 is divided by 1.2, the result is also rounded off to two significant figures. 2.175 has been rounded off to 2.2 since the 7 is greater than 5.

MEASUREMENTS

Since you now know how to determine the number of significant figures in a quantity and to give the result of a calculation in the correct number of significant figures, we can expand our discussion to include the correct number of significant figures in measurements.
A significant figure is one that has some significance but does not necessarily denote a certainty. Whenever you estimate any kind of measurement, for example the length or weight of an object, there is always a limit to the number of digits you can read.
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The number of significant figures in a measurement is the number of digits that are known with certainty plus the last one that is not absolutely certain. 
A length measurement of 5.63 contains three significant figures. The first two, the 5 and 6, are certain. The least, the 3, is uncertain. The uncertainty in the last significant figure is usually + 1. Therefore the result is 5.63 + 0.01cm.

An Analytical Balance is precise to four decimal places with an uncertainty of +1 in the last significant figure. Therefore, the measurement is 13.7654g is written as 13.7654 + 0.0001 g and has six significant figures.

BURET
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Here we see another kind of measurement, the reading of the position of a buret meniscus, (the curved liquid surface in a buret). The liquid level is always read at the bottom of the meniscus for transparent liquids. The reading in this buret is 12.75; four significant figures are implied. The last significant figure, 5, is obtained by visual interpolation between the 0.1 milliliter divisions. All observers should agree with the first three significant figures but not necessarily with the last figure recorded here. Disagreements of +1 in the last digit are expected with visual interpolations. Therefore, the measurement is written as 12.75 + 0.01ml and has four significant figures.


METER
When reading a measurement from a meter, you should also read to one digit past the smallest division on the meter. On this meter, the reading should be 1.27. The 1 and the 2 are certain. The 7 must be estimated visually. Therefore the measurement is written as 1.27 + 0.01g.[image: image3.png]Reading: 1.27 +0.01g
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As a general rule you should attempt to read any scale to one tenth of its smallest division by visual interpolation, in this case to + 0.01cm. This estimated figure will always be your last significant figure with the implied accuracy of + 1. Therefore, the measurement is written as 4.63 + 0.01cm.
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ASSIGN UNCERTAINTIES TO EXPERIMENTALLY MEASURED QUANTITIES

In the laboratory experiments you will be performing you will have to make measurements. The results of these measurements will always be uncertain to some extent. For example, suppose you use a balance to determine that the mass (m) of some chemical constituent used in your experiment is 15.87g. But your "weighing" apparatus is such that the mass could have been almost anywhere from 15.86g to 15.88g. Your best estimate was 15.87g and there was uncertainty of 0.01g. You would then report your result as:

m = 15.87g  0.01g

Note that the units (grams) apply to both the measurement and the uncertainty.
You should assign an uncertainty to every measurement that you make.
In the example above, the uncertainty resulted from a limitation in the resolution of the instrument used; you might use a balance with a higher resolution and find m = 15.868g  0.001g.
In another experiment you might find that several repetitions of a given measurement give slightly different results. For example, you may measure the time (t) that it takes a ball to fall through a distance of 1 meter. On successive tries you find t = 1.3, 1.4, 1.2, 1.5, 1.4, 1.4, 1.3, and 1.5 seconds. It might then be reasonable to report your result as: t = 1.4  0.1 seconds, since the range form 1.3 to 1.5 seconds encompasses almost all of the experimental readings.

