Significant figures, scientific notation, and dimensional analysis rules and hints:

Significant figure rules:

1.  All digits 1-9 are significant.

2.  Zeroes are significant when:

1. They are in between any digits that are 1-9.  Ex:  3005 has 4 significant digits

2. They are to the right of a decimal point and to the right of a number whether that number is to the right or the left of the decimal point.  Ex: 34.00  has 4 significant digits

3. They indicate precision.  The number is a zero instead of a 1 or a 9.  It is not there to show the magnitude of the number.  Ex:   2.00 has 3 significant digits;  0.0002 has 1 sig fig

4. They are to the left of a designated decimal point.  The decimal point is placed to show that all zeroes in the number are significant.  Ex: 400. has 3 sig figs.

5. If a bar is put over a zero, then it and all other numbers to the left of it are significant.  20Ō00 has 3 sig figs (you don’t have to fatten the zero, I just don’t know how to do it otherwise.)

3.  Zeroes are not significant when:

They are only there to show magnitude.  If zeroes are there to show that a number is very big or very small, then the zeroes are not significant. If a zero is merely a place holder, then it is not significant.  If the only reason the zero is there is to indicate where the decimal point belongs, then the zero is not significant. 


Ex:   120000 has 2 sig figs,     0.0000456 has 3 sig figs.;  0.00040 has 2 sig figs

4.  Only numbers that are the result of measurement are subject to the rules of significant figures.  Many numbers used in chemistry are the result of measurements.

5.  Constants and counting numbers are considered to have an infinite amount of significant figures unless otherwise stated.  All numbers in conversion factors are considered to have an infinite amount of sig figs.

Math with Significant Figures:

General Rules:

1. Mathematics will never make an answer more significant than the least significant number used to do the math.  Your answers will never be more accurate than the data from which it came.

2. Do not round until the end.  Every time you round, you are increasing the error in your numbers.

Multiplication and Division:

The multiplier, divisor or dividend that has the fewest number of significant figures determines how many significant figures are in the final answer.

Addition and Subtraction:

Vertically line up the decimal points. Find the “gaps” to the right of the least significant digit.  This can be a value that lacks numbers (has empty spaces) to the right of the decimal point, or it can be from zeroes that are merely place holders.  Round out all of the uncertain digits.  The digit furthest to the right should be one that was not the result of adding or subtracting any gaps. Gaps to the left of a number do not influence rounding.  Just because a number is not big enough does not mean it is insignificant.  If, however, we do not measure to the correct number of significant figures, then we must round out our error.

Scientific Notation rules:

1.  If the number in standard notation is > 10, then the exponent on the 10 in scientific notation will be positive.  If the number in standard notation is between 0 and 1, then the exponent on the 10 in scientific notation will be negative.  (The 10 as in x 10n)   ex:  3.45 x 10 2 = 345 whereas 3.45 x 10-2 = 0.0345

2.  All digits expressed in scientific notation are significant.  To show that a zero is significant, one can place a bar over it or express the number in scientific notation.  For example:

1000 
if the second zero is significant and the third zero is just there to show magnitude, the number can be rewritten as:

10Ō0  (with a bar over it)  

or as
1.00 x 103 (notice that the last zero was left off because it is not significant)

2. Using a Calculator with scientific notation:

Input powers of 10 with the EE or EXP button (depending on the calculator.)

For example,  3.45 x 106 would go into the computer as 3.45 EE 6.  The calculator knows that EE or EXP takes the place of  “x 10”.

Dimensional Analysis

1.  You can solve any chemistry problem that involves units by using dimensional analysis.

2.  Write down the “given” units on the left side.  Write down the number that goes with the units.

3.  Write down the units you want to be in when you finish, at the end on the right side, after an equals sign.

4.  Write down times signs (x), and fraction bars.  It is ok if you write down too many  fraction bars because you can always condense them or get rid of them.

5.  Write down the units you want to get out of in the bottom of the first fraction bar, the first conversion factor.  Write down the units you need at the end, in the top of the last conversion factor.

6.  Set up a chain of “fractions” (conversion factors).  Make sure the units you are trying to get rid of appear in both the top and in the bottom at some point so they will cancel out.

7.  Put numbers with the units they belong to.  For example if you were working with meters and millimeters, you would put a 1 with m and a 1000 with mm regardless of whether the m or mm was on top or on bottom.

8.  Cross out units that occur in both the top and the bottom of the problem until you are left with the type of units you need.  Some ugly problems have you changing units in the numerators and the denominators.

9.  Adjust for significant figures and for scientific notation at the END of the problem.  Rounding during the problem compounds mistakes.  Conversion factors have an unlimited number of significant figures.  The “given” determines how many significant figures will be in your final answer. 

Examples:

How many cars can you get for 14 bunnies if the exchange rate is 3 cherries for 2 bunnies and 5 cars for 4 cherries?

14 bunnies
x
3 cherries
x 
5 cars      
=
? 
cars






2 bunnies

4 cherries

Cross out units that are similar in the numerator and in the denominator to get how many cars you can obtain.

OR another style:

	14 bunnies
	3 cherries
	5 cars
	=
	cars

	(don’t put anything here, unless you want to write a 1)
	2 bunnies
	4 cherries
	
	


This method gets rid of the “x”.  Some people prefer to make these charts because it is easier to see how the units will cross out.  You can just make one long chain of these grids until you cross out enough units to get your answer.

In each method, it is assumed that if a quantity is written over another quantity then those two quantities are equal to one.  We capitalize on the algebraic rule that lets us multiply anywhere by “one”.
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