Davenport University


Career Connections Assignment - College Mathematics

Dimensional Analysis

A.K.A. The Label Factor Method, Unit-Conversion Method, Factor-Label Method, or the Unit Factor Method
I was going 70 miles an hour and got stopped by a cop who said, "Do you know the speed limit is 55 miles per hour?" "Yes, officer, but I wasn't going to be out that long..." -- Steven Wright
Dimensional analysis (by any name) is a method that uses the units of our items to guide how we set up an equation.  Dimensional analysis is for problems where the starting and ending quantities are in different units. Additionally, it is not unusual for dimensional analysis “problems” to involve unit conversions as well. Lastly, dimensional analysis is not used for problems that require addition or subtraction.
The basic set up of each problem is: starting unit x (rate or factor) = answer
Example #1: A simple dimensional analysis “problem”
How many miles will you travel if you drive for three hours at 50 mph?
Because the starting unit is hours and the answer is in miles, this is considered a dimensional analysis “problem.” 
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In all likelihood, you have already done problems like this without ever realizing that you could use dimensional analysis to help you solve them. This is why I’ve been putting “problem” in quotes when referring to things as dimensional analysis “problems”; you don’t need to use this method to solve problems. This is a technique to use when there is more than one step that’s necessary to solve a problem – or, in simplest term, when things get ugly.
There are many examples of non-ugly (I doubt anyone would use the word “pretty”) dimensional analysis “problems.” These are the situations where the starting unit and answer use the same units as the given rate or factor. When this happens, the units “cancel” nicely and the computation is immediate.
Example #2: (Business Example)

Find the revenue from selling 20 units at $18 per unit?
Because the rate has the same units as the starting unit and answer, we can proceed right to the multiplication:
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Example #3: (Technology Example)

What is the maximum amount of data transferred in 5 seconds at 2.8 MBps?

Again, because the rate has the same units as the starting unit and answer, we can proceed right to the multiplication:
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Now, for the first twist:

Example #4: (Dosage Example)

How many tablets of Lanoxin will a patient take if the order is for 0.25 mg and the label reads 0.125 mg per tablet?

In this case, our starting unit and answer use the same units as our rate; however, if we try to set this up like our previous problems we get 
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 and that will not give us an answer with “tablets” as the unit. Fortunately, we can use the reciprocals of rates (0.125 mg per tablet can also be written as 1 tablet per 0.125 mg), and this is exactly what we need to do to end with the proper unit.
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Next, we’ll examine the “full speed” versions; these are problems that also require us to do unit conversions before and/or after we multiply our starting unit with our rate or factor. The reason that these types of problems can appear to be difficult is that the need to do the unit conversion(s) is implied and you may have to look up the needed equivalencies (i.e., they aren’t given as part of the problem).
Example #5: An “ugly” dimensional analysis “problem”

How many miles will you travel if you drive for 30 minutes at 50 mph?

Because the starting unit is minutes and the rate is in miles per hour, you will need to include a unit conversion from minutes to hours before multiplying by the rate. In this case, the equivalency of 1 hour = 60 minutes is already known to you; however, if it wasn’t then this is when you would have to look it up before continuing on with the problem.
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Example #6: (Dosage Example)
How many mL of a Thiabendazole Suspension should be given to an adult weighing 148 lb if the order is for 25 mg per kg and the label reads 500mg per 5 mL?
This is probably as messy of a problem that you will see, but this is where having a method (i.e., a methodical approach) will pay off. First, identify our starting unit and the unit of the answer.

We are starting with a 148 lb person ( 148 lb
We want to finish with the dosage in milliliters (mL) (  ? mL
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Because our order is based on the weight in kilograms and we’re starting in pounds, we will need to include a conversion from pounds to kilograms.

(This will require us to look up the equivalency: 1 kg = 2.2 lb) 
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Now that we are in kilograms, we can multiply by the order.
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This leaves us in milligrams, but we want the dosage in milliliters, so now we need to multiply by the label. However, to finish with milliliters (i.e., get our units to cancel correctly) we will need to rewrite the label as 5 mL per 500 mg.
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The metric system is fast becoming the standard in pharmaceutical labeling; however, some health professional still write prescriptions using the apothecaries systems and most individuals (i.e. patients) still measure height and weight in the household system (e.g., feet, pounds). Because of this, you will continue to see plenty of cases where unit conversions are needed as part of the calculation. 

Example #7: (Business Example)

Find the cost in US dollars of 600 pieces if the price is 20 euros per dozen pieces?
(Assume: 1 USD = 0.7840 EUR)
As always, begin by identifying:

· The starting units: 600 pieces
· The answer: US Dollars
There are two unit conversions necessary: First, we need to convert from pieces to dozen before we can multiply by the rate. Second, after multiplying by the rate we need to convert from euros to US dollars.
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Note: We rounded off to the nearest cent.
Example #8: (Chemistry Example)

How many atoms of hydrogen, H, can be found in 45 grams of ammonia, NH3?

As always, begin by identifying:

· The starting units: 45 grams (g) of ammonia, NH3
· The answer: atoms of hydrogen, H
Note that you were not given any rate/factor. This is an indication that this may be just a unit conversion problem; hence, you should start looking for equivalence or equivalencies that will take you from grams to atoms. This may sound difficult right now, but this will be (or was) a big part of your chemistry class. You will need:
· Formula mass (in grams) of a compound = 1 mole of that compound
In this case, 17 g NH3 = 1 mol NH3
· 1 mole of a compound = 6.02 x 1023 molecules of a compound

In this case, 1 mol NH3 = 6.02 x 1023 molecules of NH3 
· The rate of atoms of an element to 1 molecule of the compound
In this case, 3 atoms of H per 1 molecule of NH3
Now, set up the equation:
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Note: Because of significant digits, we should round the final answer to 4.8 x 1024 atoms H.
A major part of studying mathematics is studying form. Once we find a means to solve a problem of a particular form, we can use that approach regardless of the context. Even though these examples we presented were from many different disciplines, they were, from a mathematical viewpoint, identical. 
The power of becoming mathematically literate is that you are able to learn a particular application easier because it is just a specific use of a known concept as opposed to a brand new subject that requires you to learn new skills.
To summarize, for all of these problems we:

1. Listed our starting unit and the unit of our answer

2. Checked to see if the given rate/factor used the same units as our starting unit and answer
3. If so, we could proceed with multiplying our starting unit by the rate (making sure the rate was written in a form that would leave use with the same units as our answer) and we’re done
4. If not, we found all the relevant equivalencies for the needed unit conversion(s)  
5. We carried out all of the multiplications (again making sure everything was written in a form that would “cancel” all units except the same units needed for our answer) and we’re done
The below equivalencies may be useful in completing the attached exercise set. 
1 tsp = 5 mL

1 fluid oz = 30 mL
1 fluid oz = 6 tsp
1 min = 60 sec

1 hour = 60 min

1 MB = 1000 KB
1 g = 1000 mg

1 kg = 1000 g

1 kg = 2.2 lb

Name:







Date:



Directions: Show all work
1) Find the revenue from selling 250 units at $12.50 per unit?

2) Find the revenue from selling 144 units at $39.99 per unit?

3) Find the cost of purchasing 250 units at $2.43 per unit?

4) What is the maximum amount of data transferred in 7 seconds at 14.3 MBps?

5) How many tablets of Ascorbic Acid will a patient take if the order is for 0.1 gram (g) and the label reads 50 milligrams (mg) per tablet?

6) How many teaspoons (tsp) of Dilaudid Cough Syrup should be given if the order is for 3 milligrams (mg) and the label reads 1 mg per 5 milliliters (mL)?

7) What is the maximum amount of data in megabytes (MB) transferred in 5 minutes at 14.3 kilobytes per second (KBps)?

8) Visit http://finance.yahoo.com/currency to find out how many euros one US dollar is currently worth. List the equivalence below as well as the date and time you retrieved this information.

$1 US = 

 euros

Retrieved: Date

 Time



9) Find the cost in US dollars of 1200 pieces if the price is 38 euros per dozen pieces? (Use the equivalence from problem #8 to solve this problem)
10) How many milliliters (mL) of Isoniazid should be injected in an adult weighting 200 pounds (lb) if the order is for 5 milligrams (mg) per kilogram (kg) and the label reads 100 mg per 1 mL? 
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