Davenport University

MATH020P - Textbox #18

Unit Conversions 
Applications: There are many situations that require us to change units of measure: recipes, making comparisons (e.g., between feet and meters), converting currencies (e.g., dollars to yen), drug dose calculations, and more.
Multiplication by One: One, in addition to being the loneliest number, is the multiplicative identity for real numbers. All that means to us is that we can multiply any number by one and we get the same number.
Examples: 
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(Silly, but true!)
Why This Is Important: We are going to learn that we can write “1” in all sorts of creative ways. In doing so, we will see what is at the very heart of unit conversion. However, there is one final seemly obvious point to review: Anything divided by itself is equal to one (except zero). 
Examples: 
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(Still silly, but still true!)

Equivalence & Creative Ways of writing “1”: An equivalence is an equation relating two quantities, such as: 12 inches = 1 foot. Because those two quantities are the same, if we divide either by the other we will get 1.
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( Now, we have a creative way to write “1.”
Absolute, Variable, and Approximate Equivalences:
An absolute equivalence represents an exact and unchanging relationship between two quantities (e.g., 1 ft will always be exactly the same as 12 in.)

A variable equivalence represents an exact relationship between two quantities within a particular context. (e.g., exchange rates between currencies vary over time, drug concentration per dose, etc.)
An approximate equivalence represents an accepted, unchanging estimate of the relationship between two quantities (e.g., 1 kg is and will always be about 2.2 lb, but for convenience we consider them equal.)

Unit Conversions:

If someone where to ask you to convert 2 hours into minutes, you would immediately reply, “120 minutes,” and you would probably do so without giving it much thought. What follows will formalize what you do intuitively; and by understanding the process, you will be able to do any conversion, intuitive or not.

Example 1:

Question: Convert 2 hours into minutes.

Solution: In order to do this, you need the equivalence between hours and minutes, namely: 1 hour = 60 minutes. (This is an absolute equivalence.)
Next, we need to write “1” in a way that is convenient – since we want to get rid of hours, we should put it on the bottom of the fraction so it will “cancel”.
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( Multiply by “1” in a way that is convenient

[image: image14.wmf]h

h

1

min

60

2

´



( Carry out the multiplication and “cancel” hours
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( Done!
Definition: Our convenient way of writing “1” is known as a conversion factor. A conversion factor is an equivalence used to change the unit of measure on a quantity without altering its value. 
[Note: It is given the name conversion factor because (a) it is used to convert units – that’s the “conversion” part of the name - and (b) it is a “factor” because we use it as part of a multiplication.]
Example 2:

Question: Convert 198 pounds into kilograms.

Solution: In order to do this, you need the equivalence between pounds and kilograms: 2.2 pounds = 1 kilogram. (This is an approximate equivalence.)
Next, we need to write “1” in a way that is convenient – in order to get rid of pounds, we should put it on the bottom of the fraction so it will “cancel”.
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( Multiply by “1” in a way that is convenient
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( Carry out the multiplication and “cancel” pounds
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( Divide
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( Done!
Possible Complications: Sometimes we don’t have a readily available equivalence between two units. Because we can multiply by 1 repeatedly without changing the value of the original quantity, we are able to remedy this situation.
Example 3:

Question: Convert 2 years into hours.

Solution: Because we don’t have an equivalence for years and hours, we need to think of a “path” from years to hours made up of equivalences. 
We know: 1 year = 365 days and 1 day = 24 hours. So we can set up our first “1” to get rid of years and the second “1” to get rid of days.
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( Multiply by “1” in a way that is convenient
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( Multiply, “canceling” years and days
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( Finish multiplying
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( Done!
Example 4:

Question: Convert 55 miles per hour into feet per minute.

Solution: Again, we are going to need two separate equivalences in order to complete the conversion: 1 mile = 5280 feet and 1 hour = 60 minutes. So we can set up our first “1” to get rid of miles and the second “1” to get rid of hours (not that the order from left to right matters).
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( Multiply by “1” in a way that is convenient
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( Multiply, “canceling” miles and hours
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( Finish multiplying
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( Divide
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( Done!
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Exercises:

(#1 - #17) Perform the following conversions.

1) 4.25 hours into minutes



2) 30 minutes into hours
3) 180 feet into yards



4) 28,000 meters into kilometers
5) 3600 millimeters into centimeters

6) 3600 millimeters into meters 
7) 450 milligrams into grams


8) 1.3 liters into milliliters

9) 4 tablespoons into teaspoons


10) 6 teaspoons into tablespoons

11) 3 tablespoons into fluid ounces


12) 2.5 fluid ounces into tablespoons

13) 5 cups into quarts



14) 100 meters into yards

15) 1 mile into inches



16) 60 mL per kg to fl oz per lb


17) 1.5 fl oz per lb to mL per kg
 18) Which is longer: two weeks or one million seconds? Explain.

 19) Are you more than a million minutes old? Explain 
      (You need not give your “exact” age as part of your explanation.)
 20) Do you think you will be alive for a million hours? Explain

Equivalences needed to complete exercises
	Question(s)
	Equivalence(s)

	1, 2
	1 hour = 60 minutes

	3
	1 yard = 3 feet

	4
	1 kilometer = 1000 meters

	5
	1 centimeter = 10 millimeters

	6
	1 meter = 1000 millimeters

	7
	1 gram = 1000 milligrams

	8
	1 liter = 1000 milliliters

	9, 10
	1 tablespoon = 3 teaspoons

	11, 12
	1 fluid ounce = 2 tablespoons

	13
	1 pint = 2 cups

1 quart = 2 pints

	14
	1 yard = 3 feet

1 foot = 12 inches, 

1 meter = 39.4 inches

	15
	1 foot = 12 inches

1 mile = 5280 feet

	16, 17
	30 mL = 1 fl oz

1 kg = 2.2 lb

	18, 19, 20
	1 year = 365 days

1 day = 24 hours 

1 hour = 60 minutes

1 minute = 60 seconds
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