


A Guide to Unit Conversion

This guide describes a procedure that will let you convert a quantity from one set of units to another.  Learning the procedure may require a little practice, but once you have mastered it you will find that unit conversion is as simple as multiplication or division.


Converting a quantity from one set of units to another doesn’t change the size of the quantity.  For example, a length measurement of 2 miles will remain 2 miles long even if it is expressed in meters or feet or any other unit you desire.  The procedure described here uses the fact that multiplying a quantity by ‘1’ doesn’t change the size of the quantity.  This idea is so simple that it may seem absolutely useless, but it isn’t!  We can write



2 miles = 2 miles * 1. 
(1)

The trick is to write ‘1’ in a form that let’s us cancel out the ‘miles’ unit and replace it with our desired unit.  The examples shown below should help make this clear.

Step 1  Find the relationship connecting the initial and final units

Any method to convert a quantity from one set of units (the ‘initial’ units) to another (the ‘final’ units) requires that the relationship between the two units be known.  For example, suppose you need to convert a length measurement in miles to meters.  The needed relationship is:



1 mile = 1609 meters.
(2)

Tables containing these relationships are commonly found in textbook appendices.  So the first step is to obtain the relationships connecting the initial units to the final units.

Step 2  Express ‘1’ in terms of the unit relationship

Each relationship between units can be expressed as ‘1’ in two different ways:  simply divide the relationship between units by either the left side or the right side.  For example, consider the relationship between miles and meters given by Eq. 2.  Dividing both sides by ‘1 mile’ gives:



1 mile/1 mile = 1 = 1609 meters/1 mile. 
(3)

Similarly, dividing both sides by ‘1609 meters’ gives:



1 mile/1609 meters = 1609 meters/1609 meters = 1.
(4)

So each of the expressions (1609 meters/1 mile) and (1 mile/1609 meters) are different ways of writing ‘1’.  Whether or not you need to use one expression or the other depends on whether you are converting a unit in the numerator or denominator.  The examples below will help make this clear.

[Note:  often both the singular and plural form of a unit are used (e.g. 1 mile and 2 miles).  When doing unit conversions no distinction is made between the singular and plural forms.]

Step 3:  Substitute for ‘1’ then multiply numbers and units

After you have determined the appropriate expression for ‘1’ that will yield the desired unit conversion, substitute that expression into Equation 1 and separately multiply out the numerical factors and the units.  If you have done things correctly, multiplying out the units will give you the desired final units.  Multiplying the numerical factors will give the correct numerical value in terms of the final units. 

That’s all there is to it!  If you wish to convert more than one unit (say miles/hour to meters/second) just apply the procedure once for every unit you wish to convert (i.e., once to convert miles to meters and once to convert hours to seconds).  



EXAMPLES  

Below are a few examples of increasing complexity.

Example 1:  Convert ‘2 miles’ to units of meters.
Let’s look again at Equation 1:



2 miles = 2 miles * 1. 
(1)

To convert the ‘miles’ to ‘meters’ we need to write ‘1’ in the form that has ‘meters’ in the numerator and ‘miles’ in the denominator so that the ‘miles’ will cancel and we will be left with meters:


2 miles * 1. = 2 miles * (1609 meters/1 miles). 
(5)

Next we perform the arithmetic on the numbers



 (2*1609/1) = 3218


and multiply the units



miles * meters / mile = meters 

to obtain:



2 miles * (1609 meters/1 mile). = 3218 meters.
(6)

Example 2:  Convert ‘60 cycles/second’ to ‘cycles/minute’
This example is similar to example 1 except that the unit we wish to convert is in the denominator.  First we need the relationship between minutes and seconds:



1 minute = 60 seconds.
(7)

By diving this relationship by the either the left side or the right side we can obtain two different ways of writing ‘1’ in terms of minutes and seconds:



1 = 60 seconds/1 minute
(8)

or



1 = 1 minute/60 seconds.
(9)

Next we take the quantity we wish to convert and multiply it by ‘1’:



60 cycles/second = 60 cycles/second * 1. 
(10)

Then write ‘1’ in such a way that the ‘second’ in the denominator is cancelled by a ‘second’ in the numerator of the expression for ‘1’, and the desired final unit with ‘minute’ in the denominator is obtained by a ‘minute’ in the denominator of the expression for ‘1’.  Inspection of the two possibilities (Eqs. 8 and 9) tells us that Equation 8 is the one we need.  Substituting this expression for the ‘1’ in Equation 10 gives:



60 cycles/second * 1 = 60 cycles/second * (60 seconds/1 minute). 

Next we multiply out the numbers and units separately:



 60 * 60/1 = 3600

and



cycles/second * (seconds/minute) = cycles/minute

so



60 cycles/second = 3600 cycles/minute. 
(11)

Example 3:  Convert ‘45 miles/hour’ to ‘meters/second’
In this example we need to do two conversions:  ‘miles’ to ‘meters’ in the numerator and ‘hour’ to ‘second’ in the denominator.  We just need to use the procedure twice:



45 miles/hour * 1 * 1 = 


45 miles/hour * (1609 meters/1 mile)*(1 hour/3600 seconds).
(12)

Multiplying out the numerical factors gives



45*1609/1*(1/3600) = 20.1 

and multiplying out the units gives


miles/hour * (meters/mile) * (hour/seconds) = meters/seconds.

By putting the numerical and unit pieces together we obtain:



45 miles/hour = 20.1 meters/second.
(13)

Example 4.  Convert ‘50 cm3’ to ‘inch3’
This example becomes easy as soon as you realize that cm3 is just cm*cm*cm (and inch3 = inch*inch*inch).  Thus, you simply have to convert cm to inch three times in a row.  Writing ‘1’ for each of the three conversions gives us:



50 cm3 = 50 cm3 * 1 * 1 * 1.
(14)

Next we need the relationship between cm and inch:



1 inch = 2.54 cm.
(15)

Converting from cm to inch in the numerator requires us to write ‘1’ in the form (1 inch/2.54 cm), and substituting this into Eq. 14 gives:



50 cm3 * 1 * 1 * 1 = 50 cm3 * (1 inch/2.54 cm) * (1 inch/2.54 cm) 



* (1 inch/2.54 cm).
(16)

From this we see that we simply could have cubed the (1 inch/2.54 cm) expression for ‘1’ instead of writing it three times in a row:



50 cm3 * 1 * 1 * 1 = 50 cm3 * (1 inch/2.54 cm)3.
(17)

Next we multiply out the numerical terms



50 * (1/2.54)3 = 3.05

and the units



cm3 * (inch/cm)3 = inch3 

to obtain



50 cm3 = 3.05 inch3.
(18)


That’s all there is to it!  You can now convert any combination of initial units to any combination of final units simply by multiplying by factors of ‘1’ expressed in the appropriate way.  

1

