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 THE METIC SYSTEM 
 
 Learning the Concept 
 

The metric system is the official system of measurement in nearly every country of the world 
today, including Canada.  The U.S. is one of only three countries (Myanmar and Liberia are the others) 
that have not converted to the modern International System of Units, “Systeme International”, that was 
established by international agreement in 1960.  Because of its widespread use in international trade, 
many American companies now use the metric system. 
 

In order to use the metric system, you need to keep two basic ideas in mind. 
 
1. The names of all units have a logical meaning.  You can always know the size of the unit just by 

reading its name. 
 
2. The mathematical relationship among units is consistent throughout the system.  The metric 

system is a decimal system, that is, a system based on the number 10.  Every unit is 10 times, or 
102 (100) times, or 103 (1,000) times, or one tenth (0.1), or one hundredth (0.01), or some 
other multiple of 10 larger or smaller than other units in the system. 

 
You should begin your study of the metric system by memorizing the names of the four basic 

units and of the prefixes used in the system.  The basic units of measure are as follows: 
 

         length: meter (m) 
       volume: liter (L) 
        weight: gram (g) 
temperature: degrees Celsium (°C) 

 
The prefixes used in the system, with their meanings, are as follows: 

 
mega-  (M) 1,000,000 times 
*kilo-  (k) 1,000 times 
hecto-  (h) 100 times 
deka-  (da) 10 times 
*deci-  (d) 0.1 times 
*centi- (c) 0.01 times 
*milli-  (m) 0.001 times 
micro-  (u) 0.000 001 times 
nano-  (n) 0.000 000 001 times 
pico  (p) 0.000 000 000 001 times 
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The great majority of metric measurements you will encounter make use of only four of these 
prefixes, the ones marked with an asterisk above.  You should learn these by heart, and then 
know where to look up the value of the other prefixes. 

 
Knowing the four basic units and the prefixes listed above, you can now create units of any size 

for any kind of measurement.  Here are some examples: 
 

A decimeter (dm) = one tenth of a meter, or 0.1 m 
 

A centigram (cg) = a hundredth of a gram, or 0.01 g 
 

A kiloliter (kL) = a thousand liters, or 1,000 L 
 

That’s really all there is to the system.  The examples that follow demonstrate how much easier 
the metric system is to use (once you have become familiar with it) than the British system. 
 

One problem you may have at first in working with the metric system is visualizing the size of the 
more common units.  We grow up knowing what an inch, a pound, and a quart are.  But we may not 
have any idea what a meter, a gram, or a liter looks like.  The best way to develop this familiarity is to 
look at a meter stick, a 1-L flask, or a set of gram weights in your own classroom.  Also, you can keep 
the following approximate relationships in mind. 
 

A meter is about a yard. A liter is about a quart. 
A gram is about 1/28 oz. A kilogram (1,000 g) is about 2.2 lb. 
An inch is about 2.5 cm. A mile is about 1.6 km. 

 
One final point about the metric system.  You may encounter a unit of volume called the cubic 

centimeter, abbreviated either as cc or as cm3.  One cubic centimeter is almost exactly the same as (1) 
one milliliter: 1 cc = 1 mL. 
 

Example A: Change 2.3 mm to its equivalent in centimeters (cm). 
 

Solution: The problem is to find x in the expression below. 
 

2.3 mm = x cm 
Answer = .23 cm 
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CONVERSION TABLES 
Quantity From US Units To SI Units Multiply by: 
Length  ft m (meter) 0.304 8 

yd m 0.914 4 
in. mm (millimeter) 25.4 
mi km (kilometer) 1.609 344 
fathom m 1.828 8 

Area  ft2 m2 (square meter) 0.092 903 04 
yd2 m2 0.836 127 36 
in2 mm2 (square millimeter) 645.16 
acre m2 4 046.856 
acre ha (hectare) 0.404 685 6 
mi2 km2 (square kilometer) 2.589 988 

Volume  ft3 m3 (cubic meter) 0.028 316 8 
yd3 M3 0.764 555 
in.3 mm3 (cubic millimeter) 16 387.064 
in.3 mL (milliliter) 16.387 
gal L (liter) 3.785 41 
qt L 0.946 353 

Mass/Weight  lb kg (kilogram) 0.453 592 
kip ton 0.453 592 
ton (US short ton) ton (metric ton) 0.907 184 
oz g (gram) 28.349 5 

Force  lb N (newton) 4.448 22 
kip kN (kilonewton) 4.448 22 

Pressure  psi kPa (kilopascal) 6.894 76 
Stress  ksi Mpa (megapascal) 6.894 76 
Modulus of  psf Pa 47.880 3 
Elasticity  ksf Kpa 47.880 3 
Energy  ft-lb J (joule) 1.355 8 

Btu kJ (kilojoule) 1.054 4 
Power  HP kW (kilowatt) 0.745 7 
Moment  lb.ft N. m (newton meter) 1.355 8 
Temperature  °F °C (celsius) °C=(°F-32)x0.555 
Velocity  ft/s m/s (meter/second) 0.304 8 

m/h km/h (kilometer/hr) 1.609 3 
Flow Rate  ft3/s M3/s (cubic meter/second) 0.028 317 

ft3/m M3/s 0.000 472 
             ft3/m L/s (liter/second) 0.471 947 
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Acceleration  ft2 m/s2 0.304 8 
Fuel Efficiency m/g km/L (kilometer/liter) 0.425 144 
 
 
PRACTICE QUIZ 
 
Answer the following questions: 
 
1.     The base SI unit of length is the meter. 
2. The commonly used SI unit of volume is the m3. 
3. The base SI unit of time is the second. 
4. The unit of mass/weight to which prefixes are added is the gram.  The base unit is the kilogram. 
5. A kilometer is 1000  times as large as a meter. 
6. A millimeter is 1000  times smaller than a meter. 
7. Which is the NYSDOT preferred unit for temperature. 

_____ kelvin 
     X   Celsius 
_____ Fahrenheit 
_____ Egans 

8. Converting a speed from 60 miles per hour to 100 kilometers per hour is known as what? 
    X    hard conversion 
_____ soft conversion 
_____ either hard or soft is acceptable 

9. One gram is the approximate weight of: 
_____ a full glass 
   X     a large paperclip 
_____ a can 
_____ two pencils 

10. What is the boiling point of water in Celsius? 
_____ 212° 
_____ 98.6° 
   X     100° 
_____ 273° 

Correct the following: 
1) 13 1/5 g 13.2g 
2) 12 newton/meters 12N•m 
3) 56.4m 56.4 m 
4) 99 gm. 99 g 
5) ten g’s 10 g or 10 grams 
6) 6 K race 6 Km race 
7) 35°K 35 K 
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8) 45°c 45°C 
 
 
 
 
1. How many meters is a 402-ft home run to center field? 

1) 122 
2) 122.5 
3) 123  c) 123 

 
2. What force of gravity (newtons) is generated by a 14-pound bowling ball? 

1) 62 N 
2) 6.4 N 
3) 60 N  a) 62 N 

 
3. If it is 3100 miles from Boston to San Francisco, how many kilometers is it? 

1) 4990 km 
2) 1930 km 
3) 5000 km  c) 5000 km 

 
4. Converting a speed from 65 mph to 104.6 kilometers per hour is known as what? 

1) hard conversion 
2) soft conversion 
3) either  b) soft 

 
5. Convert 9.00 yards to SI. 

1) 10 m 
2) 8 m 
3) 8.23 m  c) 8.23 m 

 
6 Convert the acceleration of gravity constant of 32.2 ft/s2 tp SI. 

1) 9.81 m/s2 
2) 10 m/s2 
3) 9.806 m/s2  a) 9.81 m/s2 

 
Fill in the following blanks: 
7. A 0.004 ft/ft slope becomes a 0.004 m/m slope. 
 
8. A hard conversion is converting from one measurement system to another using the numerical 

conversion factor to calculate quantities in a new system. 
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9. The general rule to maintain precision while converting to metric is to round off to the same number 
of significant figures. 

 
10. The fuel economy of an automobile (km/L or L/100 that uses 2.0 g of gasoline per second and is 

traveling at 100 km/hr is what?  Assume that the density of gasoline is 0.8 g/cm3.  11.1 km/L or 9.0 
L/100 km. 

 
 Glossary 
AASHTO - American Association of State Highway Transportation Officials 
 
acceleration - The rate of change of velocity with respect to time. 
 
ampere  - Base unit to measure electricity.  The unit of current in two straight parallel 

wires of a long length separated by one meter in free space, which 
products a magnetic force between the two wires of 2 x 10-7 

newtons per meter length. 
 
ASTM   - American Society of Testing Materials 
 
base units - Seven SI units: meter, kilogram, second, ampere, kelvin, mole and 

candela. 
 
candela - Unit of luminous intensity in a given direction. 
 
Celsius   - A temperature scale that registers the freezing point as 0 and the boiling 

point as 100 degrees. 
 
conversion hard - Conversion from one measurement system to another using the numerical 

conversion factor to calculate quantities in a new system and then 
rounding to a convenient dimension. 

 
conversion soft - Conversion from on measurement system to another using the numerical 

conversion factor to calculate quantities in a new system. 
 
derived units - Units that can be formed by combining base units. 
 
force  - A vector quantity that tends to produce an acceleration of a body in the 

direction of application. 
 
hectare - The derived unit of area equal to 10 000 m2. 
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joule  - The derived unit of energy equal to one newton meter. 
 
kelvin  - Unit of temperature that is the fraction 1/273.16 of the thermodynamic 

triple point of water.  
 
kilogram - The mass of a cylinder of platinum-iridium alloy kept by the International 

Bureau of Weights and Measures near Paris. 
 
liter  - The unit of volume occupied by a mass of one kilogram of pure water at its 

maximum density and at standard atmospheric pressure.  Also 1 dm3. 
 
mass  - The measure of inertia that an object has, or the measure of the ability of 

an object to resist acceleration. 
 
meter  - The length of path traveled by light in a vacuum during a time interval of 

1/299 292 458 of a second. 
 
Metric Conversion - Established for voluntary conversion to metrics by U.S. industries. 
Act of 1975 
 
mole  - Base unit to measure the amount of any substance involved in a chemical 

or other reaction. 
 
newton  - The derived unit of force that is equal to one kilogram meter per squared 

second. 
 
pascal  - The derived unit of pressure equal to one newton per square meter. 
 
plane angle - An angle formed by two straight lines. 
 
radian  - The supplementary unit of plane angle with its vertex at the center of a 

circle that is subtended by arc equal in length to the radius. 
 
second  - Duration of 9 192 631 770 periods of the radiation corresponding to the 

transition between two hyperfine levels of the ground state of the 
cesiium-133 atom. 

 
SI   - International System (Systeme Internationale - French) of Units. 
 
solid angle - An angle subtended at a point by a surface measured in steradians. 
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specification - A criterion or measurement found on a design drawing. 
 
standard - A criterion or level of performance required to be met. 
 
steradian - The solid angle with its vertex at the center of a sphere such that the 

surface area is equal to radius of the sphere squared. 
 
supplementary units - 2 SI units that are dimensionless.  They are the radian and steradian. 
weight  - The force of an object due to gravity derived as mass multiplied by 

gravitational acceleration. 




