Dimensional Analysis
Throughout your science course work (not just biology) you will need to be able to convert one unit of measurement into another. If you pursue a career in science it is quite likely that you will need this skill well beyond your college days. Therefore, it is essential that you master the use of conversion factors and the metric system. The two things go together. You probably already have some familiarity with this work, but most people at this point in their studies cannot work with conversions of units well enough to succeed in this course, much less in future ones. 

A "conversion factor" is simply a device (more detail in a moment) for turning one unit of measurement into another, e.g. inches into feet or grams into ounces. There are many conversion factors, but memorization of all of them is not the way to master their use. Instead, you should learn some basic ones and learn the procedure for producing the rest of them. 

There are two systems of measurement you will commonly encounter: the metric system and the "foot-pound" system. Each has standard units. There are two kinds of conversions that you will have to do regularly: 

a) conversion of units in one system to other units in the same system, e.g. conversion of yards to inches (within the foot-pound system), and conversion of milligrams to grams (within the metric system), 

b) conversion of units in one system to units in the other system, e.g. conversion of feet to meters (between the two systems), and conversion of grams to pounds (between the two systems), and conversion of pints to liters (between the two systems).

In scientific work the metric system is the one preferred, but you will encounter the foot-pound system often enough that you must be able to move from one system to the other easily. 

Presumably you already know the basic units of the foot-pound system: 

	• units of length (distance)- inch, foot, yard, mile, 
• units of weight (mass)- ounce, pound, ton, 
• units of volume (capacity)- fluid ounce, cup, pint, quart, gallon.


The lab guidesheet titled "The Metric System" shows exactly which of the equivalency values you must know in the foot-pound system. Indeed, such equivalencies as 12 inches = 1 foot are conversion factors. 

In the metric system the basic units that we need to begin with are the gram (for mass), the meter (for length), and the liter (for volume). To express larger or smaller quantities, we place a prefix in front of the basic unit. Each prefix has a specific meaning as some multiple of the number 10. Thus, a prefix, such as "kilo" (meaning 1000), is combined with one of the three basic units to form a new unit of measurement, such as "kilometer" (=1000 meters) or "kilogram" (=1000 grams). 

The three basic units of the metric system and the metric prefixes that you will see most often in your biological studies are shown on the first page of the lab guidesheet titled "The Metric System." There you see that each prefix has a standardized abbreviation, as does each one of the three basic units. On that page you must know the three basic metric units, the metric prefixes, the abbreviations, and the meanings of the prefixes (including their decimal or power-of-10 meanings). There is no prefix or abbreviation for the number "one" in the metric system. The system does have some additional prefixes (not shown on that sheet) that we'll not use in this course. Those can be found in reference texts in the future when you need them. 

****BEGIN NOW to commit to memory the metric prefixes and abbreviations on the handout sheet; they must become part of your working vocabulary.**** 

	Note that in working with units of measurement you will find them expressed with powers of 10 (scientific notation) or as decimal values. You must be able to move easily from one to the other. You must be able to multiply and divide decimal quantities and powers of 10, that is, understand it rather than rely on a calculator. You will also find that a given quantity may be expressed in more than one way. For example, the quantity "one milligram" may be expressed as: 1 mg  or  0.001 g  or  10-3 g  or  1/1000 g  or  1000 microgram.


This brings us back to "conversion factors"- what they are, how to use them, and the realization that you don't have to memorize all of them. Often you'll see conversion factors written as "equations", such as 1 inch = 2.54 centimeter. Abbreviated, that's 1 in. = 2.54 cm. But in most work it is better to write this as a ratio (or fraction or quotient): 2.54 cm/in. 

This is an example of a conversion factor used to convert a unit in one system to a unit in the other system. The familiar example of converting inches to feet (from one unit to another within the same system) would be written as 12 in./ ft. to put it in conversion factor form. So, each conversion factor is a ratio of one unit to another, with the coefficients (numbers in front of the units) showing how much of one unit is equal to how much of the other unit. Rather than trying to memorize all the possible conversion factors between the two systems, focus instead on: 

1) memorizing the three below, at the left, and 
2) learning how to produce the others from those three.

	39.4 inch (for length) 
1 meter
	Note that if you invert (turn upside down) the ratio at left and divide, you produce a new conversion factor, shown at the right. In a given problem one OR the other would be used, as explained below. Learn the three at the left; then you can get the other three any time, without memorizing them.
	0.0254 meter 
1 inch

	1.06 quart (for volume) 
1 liter
	
	0.946 liter 
1 quart

	453.6 gram (for weight) 
1 pound
	
	0.0022 pound 
1 gram


Turning again to the metric prefixes on "The Metric System" guidesheet, the conversion factors within the metric system are such as: 
  

	1000 gram 
1 kilogram
	1000 milligram 
1 gram
	106 microliter 
1 liter
	1 microgram  
1000 nanogram


Obviously, the key to learning these is knowing the prefixes. Note that every one of the conversion factors within the metric system can be inverted (turned upside down). Thus, 
  

	1000 milligram 
1 gram
	=
	1 gram 
1000 milligram
	=
	0.001 gram 
milligram


[When the coefficient in the denominator is "1", the number is usually omitted, as shown at the far right, above.]
The dimensional analysis procedure (method)......... 

Just as microscopes, balances, colorimeters, centrifuges, and other tools are used to study biology, the dimensional analysis method is a tool as well, a tool for solving problems that require calculations. And like any other tool, the proper use of this one can be learned. In fact, the good news is that you have already used dimensional analysis countless times, probably without realizing that's what you were doing. 

For example, if you're planning a 1000 mile trip in your car, which gets 25 miles per gallon of gas, then how much will the fuel cost for the whole trip if gas is $1.50 per gallon? You solve that problem with dimensional analysis. 

For example, if a diet guide says that the calorie value of a type of food is 150 calories per ounce, then how much of that food, in ounces, can you have if you want to limit your intake of that item in a meal to 500 calories? You solve that problem with dimensional analysis.

The dimensional analysis procedure, in which you use conversion factors to solve problems is very simple, with few rules. In short: 

1) You multiply one numerical expression (coefficient with units) by the appropriate conversion factor (ratio, equivalency) such that you can "cancel out" one unit (the one you want to get rid of) and replace it with another. 

2) Always remember that any conversion factor (ratio) can be written two ways (inverses, or reciprocals, of each other) but that only one way will work in a given problem. And you will always know which is the correct way to write the conversion factor if you remember that canceling out a unit requires that the unit be in the numerator of one of the ratios and the denominator of the other ratio. 

If you learn this simple technique well, you will avoid many errors in solving problems in your science courses and on exams such as the GRE and MCAT. Here are two examples. 

Case 1. The label on a bottle reads 2.5 oz. of glucose per quart. However, your situation requires that you know the glucose concentration expressed as grams per liter. Proceed as follows. 

1. Start by writing what you're given, at the left margin: 2.5 oz./qt. 

2. You need to change that (convert it) to an expression that has grams instead of ounces in the numerator and liters instead of quarts in the denominator. So, write that at the right margin; that's what you need to end up with. 
  

	2.5 oz. 
qt.
	 
	=
	 
	? g 
L


3. Now you need to multiply the given expression by one or more conversion factors (however many steps it takes) that will change ounces to grams and change quarts to liters. 

4. You can break the problem into two parts: work on just the numerator, solving that part of the problem, and then work on just the denominator. 

5. Working just on the numerator, multiply by 1 lb./16 oz. (SEE BELOW) This step allows you to cancel the ounces, leaving pounds in its place. 

6. Then multiply by 453.6 g/lb. [Recall that's one of the three conversion factors that you're required to memorize and use whenever you need to move from one system to the other.] This step allows you to cancel pounds, leaving grams in its place. Grams is what you want in the numerator of the answer, so you're through with the numerator part of the problem, except for multiplying and/or dividing the coefficients.. 

7. If you calculated the coefficients now, the answer would have units of g/qt. But the stated problem requires units of g/L, so now solve the denominator part of the problem. Multiply by 1.06 qt./L. [Recall that's one of the three conversion factors that you're required to memorize and use whenever you need to move from one system to the other.] This step allows you to cancel quarts, leaving liters in its place; that's what you want in the denominator of the answer. 

8. Having converted both numerator and denominator into the desired units, now you may multiply and divide the coefficients to get the coefficient of the answer. Remember that you want the denominator coefficient to be "1." So, you wouldn't leave the answer unfinished as 1202.04 g / 16 L. That wouldn't be "wrong," as far as it goes, but it's not "finished." You would perform that last division step to get 75.1275 g/L or 75.1g/L rounded to one decimal place. 
  

	2.5 oz. 
qt.
	X
	1 lb. 
16 oz.
	X
	453.6 g  
lb.
	X
	1.06 qt. 
L
	=
	75.1 g 
L


One of the most common mistakes in working with conversion factors is writing the conversion factor upside down from the way it should be in the problem at hand. Remember that any conversion factor can be written two ways: for example, 453.6 g / lb. and 1 lb. / 453.6 g are both correct, but as you see in the problem solved above only one way of writing this conversion factor will work in this problem. If you write it "the wrong way," (see below) you can't cancel the units properly. So you get an answer with "squared pounds" in the numerator and gram-liters in the denominator. That should tell anybody that a mistake has been made. In other words, paying attention to the units will tell you when you have made such a mistake. Remember: the units must come out right. 
  

	2.5 oz. 
qt.
	X
	1 lb. 
16 oz.
	X
	1 lb. 
453.6 g
	X
	1.06 qt. 
L
	=
	2.65 lb2 
7257.6 g·L


Case 2. In the travel example given above, what's the cost of the trip? The solution uses the same simple set of rules. The question asked what the trip costs, which means that the answer requires dollar units alone. "Miles" canceled and "gallons" canceled. 
  

	1000 mile
	X
	1 gallon 
25 mile
	X
	1.50 dollar 
gallon
	=
	60.00 dollar


It's worth noting here that in both of these examples you needed to use more than one conversion factor; therefore, the dimensional analysis method here used a chain (series) of steps. That chain may be long or short, depending on what the problem demands, but in every step you apply the same simple rules: 

a. You must know the conversion factors: (a) metric, (b) foot-pound, (c) system-to-system. 
b. You must know which is the correct way to write each conversion factor (which unit in numerator?). 
c. When a problem requires that you move from one system (metric and foot-pound) to the other, in this course you must use the proper conversion factor from that list of three you were told to memorize for this purpose: one for volume, one for weight (or mass), and one for length (or distance). In future courses, after you've become expert at this work, you may use whatever system-to-system conversion factors you wish, but in this course you must follow this rule.

This use of conversion factors is an application of basic algebra, similar to what you will recall from your study (way back when) of how to multiply fractions. You may not see conversion factors as "fractions" in the usual sense (1/2, 2/5, 11/32, etc.), because in a conversion factor the numerator and denominator are equal. Recall that the ratio (fraction) form of a conversion factor can also be viewed as an "equation." For example, the conversion factor 39.4 inch / meter may also be written as 39.4 inch = 1 meter. Obviously, if you invert 1/2, the result is not the same, and the reciprocal of 2/5 is not equal to 2/5. But if you recall that fractions include, for example, 2/2 and 7/7 and 1/1 (and so on), then a conversion factor is a special sort of fraction. 

The point here is that the rules for working with fractions apply also to working with conversion factors. In the problem that you've just seen you multiplied fractions. You did so by multiplying the numerator of one by the numerator of the other and by multiplying the denominator of one by denominator of the other. (SEE BELOW) 

Further, our practice of "canceling" units is also a form of one of the rules for working with fractions: you may multiply or divide both numerator and denominator of a fraction by the same quantity (or unit) without changing the value of the fraction. (Remember that dry algebra course way back when? SEE BELOW)  So, when we say that we "cancel" units in our use of conversion factors, we are actually just applying rules for working with fractions. As long as we understand that this is what is meant, we will agree that it's OK to use this "cancel out" expression in our speech. 
  

	1000 mile
	X
	1 gallon 
25 mile
	X
	1.50 dollar 
gallon
	=
	1500 mile X gallon X dollar 
25 mile X gallon


You are seeing in this work a simple application of algebra. There are many applications of algebra in biological studies. You cannot effectively study biology (or chemistry or physics) without proficiency in basic algebra. Many difficulties that students have in studying biology are actually weaknesses in basic math. If you are shaky in this respect, you need to begin to correct that problem now. 

You can find some practice problems on the guidesheet titled, "Dimensional analysis practice." 

Mastery of the use of conversion factors is absolutely essential. If you need help, it's available, but you must work at this diligently. 

Rules for rounding numbers: If the number to be dropped is 5 or greater, then round up the preceding number. If the number to be dropped is less than 5, then leave the preceding number as is. Examples: (a) 34.6251 rounded to 2 decimal places becomes 34.63. (b) 0.1499 rounded to one decimal place becomes 0.1. (c) 0.1499 rounded to 3 decimal places becomes 0.150. (d) 19.501 rounded to the nearest integer becomes 20. 

