CONVERTING UNITS

If you want to convert 60 miles to kilometers, the conversion factor is 1.61, but do you multiply or divide?

The Big Secret  = The method for converting units comes right from one simple principle: 

TREAT UNITS THE SAME AS VARIABLES



Multiply by 1 - To convert units, there’s only one other thing you need to bear in mind: You can multiply anything by 1 and not change its value. 

· Suppose you want to convert four and a half hours to minutes. Of course you know that: 
60 minutes = 1 hour
· Now divide both sides by 1 hour. (Remember you can do this because you treat the unit “hour” just like a variable. If you had 60x = 1y, you could certainly divide both sides by 1y.) After dividing, you have


   60 minutes



  ----------  =  1


          1 hour
· Why did I do that? Because if (60 min)/(1 hr) = 1, then I can multiply any measurement by that fraction and not change its value. (I’ll explain a little later why I divided through by 1 hr and not 60 min.) So go back to the 4½ hours that we wanted to convert to minutes. To do the conversion, simply multiply by that well-chosen form of 1:  4.5 hr × 1
· Which is the same as
         


· Now, x times y/z is the same as xy/z, so our units expression is the same as
· Notice that you have hours (hr) in both top and bottom. Just as you would divide through by x when x was in both top and bottom, so you can divide through by the “variable” hr:
· Which multiplies out to 270 min
Summary: to convert units, construct a fraction that is equal to 1, multiply the original measurement by that fraction, and simplify. 


Where the fraction in the box is a unit conversion = 1?

A. The units you will use in the Physics unit are listed below – write in the abbreviation for each unit:

Time – seconds (______), minutes ( _____), hours (hrs), days (_____ ) and years (______ ).

Distance- millimeters (_____), centimeters (______), meters (m) and kilometers (_______)

B. Now fill in the following conversion factors:

a. ______cm

b. 1000mm

c. ________m


     1m

                          m


      1km




d. ______ sec
e. _____ min

f. _______hr

g. _______days
       1min

    1hr


   1 day

     1 year

C. To do conversions, the following work must be shown:

1.
35 days to hours.


35 days
x  


=
____________ hours

2.
250 cm to metres


250 cm
x


=
____________ m

3.
6 days to minutes


6 days  x
_____ hr

x     ___ min

= __________ min



   1 day


1 hr

4.
1500 mm to km


1500 mm
x      1cm__
     x
1m     

x
1km           = _______km



         _____mm   
____cm

_____m

E. Try these by yourself. – show all of the work 

1. 25 cm to km

2. 5 min to seconds

F. Bonus: The speed of light is 3 x108 m/s. Make the conversion to light years (km/year). This is how far light will travel in one year. – Must show all work!!
Chain Conversions
· Which is faster, going 80 miles an hour or going 40 meters per second? 60 seconds : 1 minute
60 minutes : 1 hour
1 mile : 5280 feet
1 foot : 12 inches
2.54 centimetres : 1 inch
100 centimetres : 1 meter99-2009 All Righeserved
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= 35.7632 therefore 40m/sec is faster than 80 mi/hr

Practice Problems

1. The Introduction asks which is faster, 60 miles an hour or 60 feet a second. Well? (1 mi = 5280 ft; 1 hr = 3600 sec.)

2. How much does a 2-liter bottle of soda pop weigh in pounds? (Assume that the pop has the density of water, namely 1 kg/liter, and that the weight of the bottle itself is negligible.) (1 kg = 2.2 lb.)

3. An Englishman returning home from Norway has 860 kroner of pocket money that he never spent. How much is that in pounds? (Assume an exchange of NOK 12.32 = £ 1.00.)

4. In book IV of The Lord of the Rings, Frodo and Sam rappel down a cliff, using a rope 30 ells long. How high was the cliff in m, if the rope nearly reached the bottom? (1 ell = 45 in; 12 in = 1 ft; 1 ft = 39.37 cm.)

5. A Canadian vacationing in the States pays $1.689 a gallon for gasoline. What would be the equivalent price at home? (Gasoline is sold by the liter in Canada, as in most countries.) (1 US gal = 3.785 liter; assume a conversion rate of C$ 1.60 to the US dollar.)

6. You buy a 750 ml bottle of rum. How many rum-and-Cokes can you make, using an ounce and a half of rum in each drink? (1 US fluid ounce = 29.57 ml.)

7. What is 65 degrees in radian measure? (pi radians = 180°.)

8. How many cubic meters are there in a cubic mile? (1 mi = 1609.344 m.) 

9. My 1967 Encyclopedia Britannica says that Lake Erie has a surface area of 9930 square miles and an average depth of 58 feet. How much water does it hold, in cubic miles? in liters? (1 mi = 5280 ft; 1 liter = 0.001 m³, and use the answer to the previous problem.)

10. Lake Erie has a surface area of 9930 square miles. If an inch of rain falls on the lake one day, how many gallons have been added to its volume? How many liters? (1 mi = 5280 ft; 1 ft = 12 in; 1 US gal = 231 in³; 1 US gal = 3.785 liters.)
Answers:

1. 60 mi/hr = 88 ft/sec, which is faster than 60 ft/sec.

2. 4.4 pounds.

3. £ 69.81.

4. About 40 meters. (Since we know only that the rope “nearly” reached the bottom, 
5. The price is equivalent to 71 Canadian cents a liter.

6. About seventeen drinks.

7. About 0.361×pi, or 1.134 radians. 
Comment: Technically an angle in radians is simply a pure number, and radians are not units. When you say “2 radians”, that is identical to the unit less number 2. And though degrees are units, they are dimensionless, like percentages. However, the technique presented on this page works just fine for converting between degrees and radian measure.

8. 1 mi³ = 4.168182×10^9 (about 4168 million) m³.

9. 109 mi³, 4.55×10^14 (455 million million) liters.

10. About 1.73×10^11 (173,000 million) gallons, 6.53×10^11 (653,000 million) liters.

          60 min


		    4.5 hr ×  ------


        1 hr 		       1 hr








4.5 hr × 60 min    ----------------


    	  1 hr





4.5 × 60 × min  ----------------


       1		1











