BASIC CONCEPTS AND TOOLS: USING MATH 

In this introductory chapter we will review the units of the metric system and the rules for using scientific notation in math problems, which you will need in order to analyze the is​sues in this book. We will also show you how to do slightly more complicated math, such as projecting population based on growth rates, using step-by-step methods. This chapter also deals with another basic skill you need to practice quantitative environmental analy​sis: critical thinking. At first glance many issues seem perplexing and hard to approach. Never fear; we will show you how to apply intellectual standards within a critical thinking framework. 
The Metric System

The metric system's elegance and utility arise from its simplicity. You probably already know that the metric system is based on powers of ten: 10 millimeters in 1 centimeter, 100 centimeters in 1 meter, and so forth. This key point should be kept in mind. Once you understand this system you will never be satisfied with the "English" system again; you will undergo an epiphany. 

You must be able to make certain important conversions from the English system to the metric system and back. (It is a good idea to mark this page, since you will find it use​ful to refer to again.) Some common conversions are given in Table 1 below.
One category of conversions involves area. Use the conversion factors in Table 1-2. 
Table 1
	gallons/liters 
	1 U.S. gal. = 3.8 L 
	One U.S. gallon = 3.8 liters 
	

	liters/ gallons 
	1 L = 0.264 U.S. gal. 
	One liter = 0.264 U.S. gallons 

	meters/yards 
	1 m = 1.094 yd 
	One meter = 1.094 yards 
	

	yards/meters 
	1yd=0.914m 
	One yard = 0.914 meters 
	. 

	grams/ounces 
	1 g = 0.035 oz 
	One gram = 0.035 ounce 
	

	ounces/grams 
	1 oz = 28.35 g 
	One ounce = 28.35 grams 
	

	kilograms/pounds 
	1 kg = 2.2 Ib 
	One kilogram = 2.2 pounds 
	

	pounds/grams 
	1 Ib = 454 g 
	One pound = 454 grams 
	

	miles/kilometers 
	1 mi = 1.609 km 
	One mile = 1.609 kilometers 

	kilometers/miles 
	1 km = 0.621 mi 
	One kilometer = 0.621 mile 
	


Table 2

	square miles/square kilometers 
	
	1 mi2 = 2.6 km2 
	One square mile = 2.6 square kilometers

	square kilometers/square miles 
	
	1 km2 = 0.39 mi2 
	One square kilometer = 0.39 square miles

	hectares/ acres 
	I
	1 ha = 2.47 acres 
	One hectare = 2.47 acres 

	acres/hectares 
	
	1 acre = 0.4 ha 
	One acre = 0.4 hectares 

	square yards/square meters 
	
	1 yd2 = 0.84 m2 
	One square yard = 0.84 square meters

	square meters/square yards 
	
	1 m2 = 1.2 yd2 
	One square meter = 1.2 square yards


Here's a useful shortcut. To convert areas, you can use the conversion factors for the units of length and square them. For example, to convert 6 square feet to square yards, do the following: 


6 ft2 x (1 yd / 3 ft)2 = 6ft2 x 1 yd2 / 9ft2 = 0.67 yd2
Another frequently used conversion within the metric system is that for water: There are 1000 liters per cubic meter. 

The important units of the metric system used in this book, along with some of their equivalents, are given in Table 3. There are other units of measure in the metric system, and we will introduce and explain them as the need arises. 

Now do these self-assessment questions to test your. ability to manipulate and convert these units. These skills are essential for the work in the issues that follow. Remember to use your conversion factors (so that units cancel each other out). For example, to deter​mine how many liters are in 3.6 cubic meters: 
3.6 m3 x 1000L/m3 = 3600L

Table 3
	Units of Distance: The fundamental unit is the meter 

	1000 (103) m = 1 km 
	One thousand meters = one kilometer 

	100 (102) cm = 1 m 
	One hundred centimeters = one meter 

	10 (101) mm = 1 cm 
	Ten millimeters = one centimeter 

	1000 (103) IJm = 1 mm 
	One thousand micrometers = one millimeter 

	Units of Mass: The fundamental unit is the gram 

	1 000 kg = 1 metric ton 
	One thousand kilograms = one metric tonne (spelled  tonne)

	1000 g = 1 kg 
	One thousand grams = one kilogram 

	1000 mg = 1 g 
	One thousand milligrams == one gram 

	1,000,000 (106) ng = 1 mg 
	One million nanograms = one milligram 

	Units of Volume: The fundamental unit is the liter 

	1000L=lm3 
	One thousand liters = 1 cubic meter 

	1000 ml = 1 L 
	One thousand milliliters = 1 liter 


Question 1:  How many micrometers are in a meter?
Question 2:  How many centimeters are in a kilometer?
Question 3: How many grams are in a metric tonne (Tonne is the correct spelling for the met​ric unit of 1000 kg)? 
Question 4:  Express your height in feet, meters, and centimeters.

Question 5:  Express your weight in kilograms and pounds.

Scientific Notation

Very large numbers are most conveniently manipulated (i.e., added, subtracted, multi​plied, and divided) by converting the numbers to logarithms to the base 10. Since this is not strictly a math book, we are not going to delve into the theory of logarithms; a practi​cal application is all you need. 
The basic fact you need to know is that 100 (pronounced "ten to the zero, or ten to the zero power") is defined as 1. 

The skills to do the manipulations are easy to learn. The first step is to convert large numbers to scientific notation, with which you should already be familiar. Here's an ex​ample: In scientific notation, 18,000,000 is 1.8 X 107. 

Here is another example for you to try. 
Question 6:  Express one billion in scientific notation.

Question 7:  Express 2,360,000 in scientific notation.
You can express the same number in a variety of ways using exponents, such as 23.6 X 105, and they all will mean the same thing. But it is customary to express all values in the same format, by placing only one digit to the left of the decimal place (e.g., 2.36 X 106). 
Question 8:  Express 23 trillion the customary ways using exponents.
For numbers summarized in scientific notation, the prefix in front of the unit (e.g., kilo) denotes the magnitude of the unit (e.g., kilograms = units of 1000 g). You should memorize these equivalents (Table 4).
Table 4 
	large Numbers 
	
	
	

	One thousand 
	=1000 
	=103 
	(kilo or k) 

	One million 
	=1,000,000 
	=106 
	(mega or M) 

	One billion 
	= 1 ,000,000,000 
	=109 
	

	One trillion 
	=1,000,000,000,000 
	=1012 
	

	One quadrillion 
	= 1 ,000,000,000,000,000 
	=1015 
	(commonly used in expressions 

	
	
	
	of energy use) 

	Small Numbers 
	
	
	

	One hundredth 
	=1/100 
	=10-2 
	(centi or c) 

	One thousandth 
	=1/1000 
	= 10-3 (milli or m) 

	One millionth 
	= 1 /1 ,000,000 
	= 10-6 (micro or mc or IJ) 

	One billionth 
	= 1/1,000,000,000 
	= 10-9 (nano or n) 


Question 9: Convert 1.86 mm to (a) nm, (b) μm (micrometers), (c) cm, (d) m, and (e) km. 

Express your answers as decimals and in scientific notation. 
Manipulating Numbers Expressed in Scientific Notation

To add, subtract, multiply, and divide large numbers using scientific notation, you need to remember a few basic rules and check your work carefully. That is all there is to it. Here are the rules. 

Multiplication Using Scientific Notation 

To multiply numbers expressed in scientific notation, multiply the bases and add the ex​ponents. 

For example, to multiply: (3 x 103) x (4 x 105)
multiply the bases:

3 x 4 = 12

and add the exponents:

3 + 5 = 8

The result is 12 X 108 or, using the appropriate convention, 1.2 X 109. (NOTE: This is the same as 120 X 107 and any number of other variations as well.) 

Division Using Scientific Notation
To divide numbers expressed in scientific notation, divide the number in the numerator by the number in the denominator and subtract the exponent of the denominator from the ex​ponent of the numerator. Recall that: 

NUMERATOR/ DENOMINATOR 
for example, to divide:



(5.2 x 104) / (2.6 x 102) = ?

divide the numerator by the denominator



5.2 / 2.6 = 2

and subtract the exponent of the denominator from the exponent of the numerator



4 – 2 = 2

So the answer is 2 x 102.

Question 10:  Perform the following manipulations:
	(8.7 X 10-3) X  (4.2 X 10-9)  = ? 

	(5.2 X 1018)  X  (8.7 X 1022)  = ? 

	(8.7 X 10-3)  /  (4.2 X 10-9)  = ? 

	(5.2 X 1018)  /  (8.7 X 1022)  = ? 


Addition Using Scientific Notation

To add numbers expressed in scientific notation, you simply add the numbers after con​verting both to the same exponent. 

For example, to add 3 billion to 14 million: 


3,000,000,000 + 14,000,000

or

(3 x 109) + (14 x 106)
convert both numbers to the same exponent (it doesn't matter which, but it is usually eas​ier to use the smaller). 

3 billion = 3000 million or 3000 X 106 
14 million = 14 X 106 
Therefore,


(3000 x 106) + (14 x 106) = 3014 x 106
An equally correct answer would be 3.014 X 109, which is the customary way to ex​press the answer. 

Now work out the rule for subtraction using scientific notation. 

