Accuracy vs. Precision
accuracy:  how close a measurement is to the “correct” or accepted value.  For a group of measurements, how close the average is to the accepted value.
precision:  how finely a measurement was made.  (How many decimal places it was measured to.)  For a group of measurements, how close the measurements are to each other.
Examples:

A class measures Mr. Bigler’s height to be 6 feet, 3.1625 inches.  This measurement is very precise (to the nearest 
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 of an inch!) but not accurate.  (Mr. Bigler is actually about 5 feet 4 inches tall.)
Two classes estimate Mr. Bigler’s age.  The first class’s estimates are 63, 62, 67, and 64 years old.  This group is precise (the measurements are close together), but not accurate.  The second class’s estimates are 0, 1, 83 and 84.  This group of estimates is accurate (the average is 42 years old, which is Mr. Bigler’s correct age), but not precise.

When performing measurements, you should always estimate to one extra digit of precision beyond the finest markings.  For example, in the diagram below, the graduated cylinder is marked in 1 ml increments.  When using this cylinder, you would estimate the volume to the nearest 0.1 ml, as shown:
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Significant Figures

In science, almost all numbers are measured values.  This means all numbers in science have a certain amount of precision, as well as a value.
Scientists always round numbers off to indicate how precise the measurement is.  For example, if Boston’s “Big Dig” cost about $15.2 billion, we would show this as the rounded-off number $15,200,000,000.  This is, of course, not the exact cost.  This number is rounded to the nearest $100 million.  The digits we aren’t keeping exact track of are shown as zeroes.

significant figures are the digits that you’re keeping track of.  In the number $15,200,000,000 we would say that the first three digits are significant, and the rest are rounded off.  Any time you write a number, you should round it off so that the insignificant figures become zeroes.

Whenever you see a number, the number tells you which digits are significant and which ones are rounded.  The rules are simple:

The first significant figure is the first digit that is not zero.

The last significant figure is the last digit that is not rounded:

· If the number doesn’t have a decimal point, this will be the last digit that is not zero.

· If the number does have a decimal point, it will be the last digit shown.

· In scientific notation, all of the digits before the “times” sign are significant.

In the following numbers, the significant figures have been underlined:
13,000
0.0275

0.0150
6.0 × 1023

3,400. (note the decimal point at the end)
You can explicitly show the last significant figure by placing a line over it.  For example, in the number 
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 the zero with the line over it is the last sig fig.
Significant figures are useful in showing the approximate precision of measurements, but scientists often prefer to state the precision of a measurement exactly.  For example, 237.145 ± 0.003 would mean that the measurement could be off by as much as 0.003 up or down, i.e., the real value is somewhere between 237.142 and 237.148.  Often, scientists put the uncertainty in parentheses after the number, as a short way to write it.  In other words, 195.642(17) means 195.642 ± 0.017

Math with Significant Figures

Whenever you do math with significant figures, the answer can’t be more precise than the numbers it came from.  There are two simple rules to make sure this doesn’t happen:

Addition & Subtraction:

Line the numbers up in a column.  Any column that has an uncertain digit (a zero that shows that the number was rounded off) is an uncertain column.  Round off your answer to get rid of all of the uncertain columns.

For example, 
problem:


23,000

0.0075
+
1,050
   

24,050.0075


meaning:


23,???


0.0075

+
1,05?
   

24,???

Therefore, you would round off your final answer to 24,000 (without a decimal point).

A silly (correct) example of addition with sig figs is:
100 + 37 = 100

Multiplication, division, etc.:
For multiplication, division, and everything else (except for addition & subtraction), round your answer off to the same number of sig figs as the number that has the fewest.  For example,
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(Notice that we used a decimal point at the end to show that both of the digits digits in the answer “50.” are significant.)

A silly (correct) example of multiplication with sig figs is:

164 × 1 = 200

Mixed operations:

If you have a problem with mixed addition/subtraction and multiplication/division, keep all of the digits until you’re finished, but keep track of the last sig fig in each step by putting a line over it.  Once you have your final answer, round it to the correct number of sig figs.  For example:
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