INTRODUCTION

Units

Units are the grammar of science.  If I said that the distance from my office door to the lecture room door was 82, you would not know how far away from the classroom my office was.  The largest food processing plant produces 7000.  Does this mean 7000 pounds per minute?  Does it mean 7000 gallons per hour?  We need to specify the units of our physical variables.   

There are three major systems of units.  They are the standard (S.I.), cgs, and English (U.S. customary).  This does not imply that all of the units commonly used are based on the fundamental units of these three systems.  Miles per hour is a common unit for speed or velocity.  Miles or hours are not listed as basic units for any of the three systems.   A chart summarizing the fundamental units is listed below.
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The standard unit of length is the meter.  It is about 9.36% larger than a yard.  The cgs system has the centimeter as its fundamental unit.  The c in cgs stands for centimeter.  There are 100 cm in 1m.  The U.S. unit for length is the foot.  To get the SI unit for area we square the SI unit for length.  Thus, m
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 is the SI unit for area.  For volume the SI unit is the SI unit for length cubed, m
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.   The utility of the metric system is the ease of converting units.  There are 100cm per m.  There are 1000m per km.  Thus, there are 100,000 cm per km.  Converting U.S. units is harder.  There are 12 inches per foot.  There are 5280 feet per mile.  Thus, there are (12) (5280) inches per mile.
The unit for time is the second for all three systems of units.   All the kinematic or motion units are some combination of length and/or time.  Thus, the units of distance, position, displacement, speed, velocity, acceleration, and jerk are based on length and/or time.
The SI unit for mass is the kilogram.  The g in cgs is the mass unit of grams.   There are 1000 grams in 1kg.  The U.S. unit for mass is slugs.  Pounds is a unit of force.  The force of gravity on or near the surface of the earth is the weight.  Weight is equal to the product of mass times the acceleration due to gravity at or near the earth’s surface.  Since this acceleration is fairly constant, non-scientists sometimes confuse weight and mass because they are directly proportional to each other.   If you were in space, you might be weightless but you would not be massless.  If we combine the units of length, time, and mass we can derive all the units used in mechanics.  Thus, force, thrust, energy, power, momentum, torque, impulse, and frequency are some combination of length, time, and mass.
The SI unit for temperature is the Kelvin.  The cgs unit for temperature is degrees centigrade. The Kelvin (absolute) and centigrade scales of temperature are related by:

K = 
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C + 273.15
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The U.S. unit for temperature is degrees Fahrenheit or degrees Rankine(absolute).  The Rankine and Fahrenheit scales are related by:

R = 1.8(273.15) + F

The Fahrenheit and centigrade scales are related by:

F = 1.8(C) + 32

By combining the units of temperature and the units of length, time, and mass we can generate all of the thermodynamic units.  
The unit of electrical current is the Ampere.  If we combine this unit with length, time, mass, and temperature we can generate all of the electromagnetic units.
Scientific notation

Scientific notation is an efficient method of expressing very large or very small numbers.  It is also a compact way to multiply or divide numbers. 

3,000,000 m can be expressed as 3 x 10
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m.  

0.00000002 m can be expressed as 2 x 10
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-

m.

When we multiply two physical variables using scientific notation, we multiply the units and add the exponents. 

(2 x 10
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m) (3 x 10
[image: image11.wmf]4

m) = 6 x 10
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When we divide two physical variables, we divide the units and subtract the exponents.
(6x 10
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m)/ (2x 10
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s) = 3 x 10
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If we raise an exponent to some power, we multiply the exponent by the power.

(10
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 = 10
[image: image19.wmf]21


Significant Figures

The number of significant figures or digits in a physical quantity represents the precision of that quantity.   If a calculation is generated by multiplying, dividing, or exponentiating two or more quantities, then the final result can not contain more digits than the least precise quantity that was used in the calculation.
V = x/ t = 1.23m/ 4.558x 10
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-

s = 2698.551996m/s = 2.70 x 10
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m/s
The variable x has 3 significant figures and the variable t has 4 significant figures.  The result of the calculation must be rounded to 3 digits.

 A possible exception to the rule of significant figures could occur if you add or subtract physical quantities.  

7.45cm + 4.81cm = 12.26cm

The answer above contains 4 digits while the 2 inputs each contained only 3 digits.   The final result has the same precision because, as with the 2 inputs, it is accurate to the nearest 0.01cm. 

0.0015m has 2 significant figures.  We can better see this by using scientific notation.
0.0015 = 1.5x 10
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-


Zeros to the left of the first non-zero number do not count as significant figures.

Dimensional Analysis and Unit Conversion

In an equation, the units on the left side of the equation must equal the units on the right side.  If the units are not equal for both sides, then there is a mistake or a conversion of units is needed.

We can convert a speed of 65.2 miles/hour to m/s 

(65.2mi/ hr) (1609m/ mi) (1hr/3600s) = 29.14077777777m/s = 29.1m/s
For the first conversion factor, 1609m is the numerator because the result has meters in the numerator.  For the second conversion factor, 3600s is in the denominator because the result has seconds in the denominator.
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