Sig Figs – A Review

Significant Figures… 

Rules:           1.   Any non-zero digit is always significant.

2. Zeros between non-zero digits are always significant.

3. If a number is >1, then zeros to the left of the first non-zero digit are not significant.

4. If the number is >1, then all numbers to the right of the decimal are significant, and all zeros to the left of the decimal and to the right of the first non-zero digit are significant.

5. If a number is >1, then all zeros to the right of the decimal and to the left of the first non-zero digit are significant.

6. If an integer number is >1 and has trailing zeros, those zeros are not significant if no decimal is present.

7. If an number is l<1, then all lead zeros are not significant.  All trailing zeros are significant.

Calculation Rules:

1. In addition and subtraction, the answer may be no more precise than the least precise measurement.

2. In multiplication and division, the answer may be no more signicant than the least significant measurement.

AP ALLOWS FOR ANSWERS TO BE OFF BY ONLY +/- 1 SIGNIFICANT FIGURE

For addition and subtraction, look at the decimal portion (i.e., to the right of the decimal point) of the numbers ONLY. Here is what to do:

1) Count the number of significant figures in the decimal portion of each number in the problem. (The digits to the left of the decimal place are not used to determine the number of decimal places in the final answer.)

2) Add or subtract in the normal fashion.

3) Round the answer to the LEAST number of places in the decimal portion of any number in the problem.

WARNING: the rules for add/subtract are different from multiply/divide. A very common student error is to swap the two sets of rules. Another common error is to use just one rule for both types of operations.

Practice Problems

1) 3.461728 + 14.91 + 0.980001 + 5.2631

2) 23.1 + 4.77 + 125.39 + 3.581

3) 22.101 - 0.9307

4) 0.04216 - 0.0004134

5) 564,321 - 264,321 

The following rule applies for multiplication and division:

The LEAST number of significant figures in any number of the problem determines the number of significant figures in the answer.

This means you MUST know how to recognize significant figures in order to use this rule. 

Practice Problems

Solve these, then click the link for answers and discussion.

1) (3.4617 x 107) ÷ (5.61 x 10¯4)

2) [(9.714 x 105) (2.1482 x 10¯9)] ÷ [(4.1212) (3.7792 x 10¯5)]. Watch your order of operations on this problem.

3) (4.7620 x 10¯15) ÷ [(3.8529 x 1012) (2.813 x 10¯7) (9.50)]

4) [(561.0) (34,908) (23.0)] ÷ [(21.888) (75.2) (120.00)] 

A/S Answers:

1) 3.461728 + 14.91 + 0.980001 + 5.2631

2) 23.1 + 4.77 + 125.39 + 3.581

In each of these two problems, examine the decimal portion only. Find the number with the LEAST number of digits in the decimal portion. In problem 1 it is the 14.91 and in problem 2 it is 23.1.

That means problem 1 will have its answer rounded to the 0.01 place and problem 2 will have its answer rounded to the 0.1 place. The correct answers are 24.61 and 156.8.

3) 22.101 - 0.9307

The answer is 21.170. The first value in the problem, with three significant places to the right of the decimal point, dictates how many significant places to the right of the decimal point in the answer.

4) 0.04216 - 0.0004134

The answer is 0.04175.

5) 564,321 - 264,321 

M/D Answers:

1) (3.4617 x 107) ÷ (5.61 x 10¯4)

The calculator shows 6.1706 x 1010 which then rounds to 6.17 x 1010 - three significant figures. The value which dictates this is in boldface.

2) [(9.714 x 105) (2.1482 x 10¯9)] ÷ [(4.1212) (3.7792 x 10¯5)]

The calculator shows 1.3398 x 101 which then rounds to 13.40 - four significant figures. In this problem pay attention to order of operations, since division is not commutative. There are two ways to do this problem using the calculator: 1) multiply the last two numbers, put the result in memory, multiply the first two, then divide that by what is in memory or 2) multiply the first two numbers then do two divisions.

3) (4.7620 x 10¯15) ÷ [(3.8529 x 1012) (2.813 x 10¯7) (9.50)]

The calculator shows 4.625 x 10¯22, which then rounds to 4.62 x 10¯22 - three significant figures. Notice the use of the rounding with five rule.

4) [(561.0) (34,908) (23.0)] ÷ [(21.888) (75.2) (120.00)]

The calculator shows 2280.3972, which rounds off to 2280, three significant figures. In scientific notation, this answer would be 2.28 x 103.

Note this last use of scientific notation to indicate significant figures where otherwise you might not realize they were significant. For example, 2300 looks like it has only two significant figures, but you know (from the problem) it really has three. How do you show this. One way is to use scientific notation like this: 2.30 x 103. Now the 2.30 portion clearly has three significant figures. 

A Brief Aside

There might come an occasion in chemistry when you are not exactly sure how many significant figures are called for. Suppose the textbook mentions 100 mL. You look at this and see only one significant figure.

However, an experienced chemist would know that 100 mL can be easily measured to 3 or 4 significant figures. Why then doesn't the textbook (or the professor) write 100.0 (for 4 sig figs) or 1.00 x 102 (for 3 sig figs)? The textbook writer or the professor might be assuming that all in his or her audience understands these matters and so it is no big deal to simply write 100. Or they are lazy.

So, a brief word of advice. If you haven't a clue as to how many significant figures to use, try using three or four. These are reasonable numbers of significant figures for most chemical activities.

Also, look out for the instructor who ignores significant figures in lecture, then makes a big deal of it on a test. Forewarned is forearmed!

Calculators and Significant Figures

It seems that most high school students treat the numbers on their calculator screen as Holy Writ. NO, IT IS NOT. Most of the string of numbers on the screen does not belong in your final answer. 

