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3  Intro to Units and Math
Conversion of Units
Measurements are fundamental to all engineering and science.  Many different units are available.   This requires that we learn how to compare or convert between these competing units.   For example: a length measurement may be done using meters or feet (among many others).  There are 3.281 feet in one meter.  We can use this information in the following problem.  

The highest waterfall in the world is Angel Falls in Venezuela, with a total drop of 979.0 m.  Express this drop in feet.
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Important Notes:

· All measurements must have units explicitly stated

· Treat all units as algebraic quantities.  In particular, when identical units are divided, they are eliminated algebraically.

· 3.281 feet = 1 meter implies that 3.281ft/1m = 1m/3.281ft = 1

· Multiplying or dividing an equation by 1 does not alter the equation.
· Check to see that your calculations are correct by verifying that the units combine algebraically to give the desired unit for the answer.  

· Only quantities with the same units can be added or subtracted.

Dimensional Analysis

Dimensional Analysis is used to check mathematical relations for the consistency of their dimensions.  In this sense, dimension is used to refer to the physical nature of a quantity and the type of unit used to specify it.  Dimensional analysis may be done using explicit units (as in the example above) or it may use generic dimensions such as length [L], Time [T], or Mass [M].  This is a powerful technique for verifying physical relations or conversions.

Significant Figures

No measurement is ever exact.  There is always some limit to certainty.  It is very important to know how precise a measurement was considered when it was made.  A simple rule applies to keep track of this.

For example, a person’s height is measured to be 1.80 m.  If we assume that the measurement was made in such a way as to be precise to the nearest centimeter, then we report all of those digits that are certain.  No more and no fewer.  All three digits are known with certainty even the zero.  We say “this measurement has three significant figures.”  Please note that this is much more fundamental than talking about the decimal place since a unit conversion (to centimeters for example) would move the decimal place but would not change our uncertainty.
A problem exists with zero because we use it for two different purposes.  It is both a placeholder and a value.  As a placeholder it merely identifies the placement of the decimal and implies nothing about certainty.  However, it could also be a measured value which is significant.  If the zero is located between other digits (1702m, 4 sig. fig.) or it appears to the right of the decimal (17.0m, 3 sig. fig.) then it must be considered significant.  However, if it appears to the right of other digits and no decimal is explicitly stated (1700m, 2 sig. fig.),  then it is usually assumed to only be a placeholder and not significant.
Using scientific notation (1700m = 1.7x103m), where the decimal place is explicitly noted by the exponent, clearly separates the two functions of zero in our number system.

	CONVERSION FACTORS
	

	LENGTH
	WORK AND ENERGY

	1 in. = 2.54 cm
	1 J = 0.7376 ft ( lb = 107 ergs

	1 ft = 0.3048 m
	1 kca1 = 4186 J

	1 mi = 5280 ft = 1.609 km
	1 Btu = 1055 J

	1 m = 3.281ft
	1 kWh = 3.600 X 106 J

	1 km = 0.6214 mi
	1 eV = 1.602 X 10-19 J

	1 angstrom (Å) = 10-10 m
1 Astronomical Unit (AU) = 93 million miles
	

	
	POWER

	MASS
	1 hp = 550 ft ( lb/s = 745.7 W

	1 slug = 14.59 kg
	1 W = 0.7376 ft ( lb/s

	1 kg = 1000 grams = 6.852 X 10-2 slug
	

	1 atomic mass unit (u) = 1.6605 X 10-27 kg
	PRESSURE

	(1 kg has a weight of 2.205 lb where the
	1 Pa = 1 N/m2 = 1.450 X 10-4 lb/in.2

	acceleration due to gravity is 32.174 ft/s2)
	I lb/in.2 = 6.895 X 103 Pa

	
	I atm = 1.013 X 105 Pa = 1.013 bar = 

     14.70 Ib/in.2 = 760 torr

	TIME
	

	1 day = 24 h = 1.44 X 103min = 8.64 X 104S
	VOLUME

	1 yr = 365.24 days = 3.156 X 107 s
	1 liter = 10-3 m3 = 1000 cm3 = 0.03531 ft3

	
	1 ft3 = 0.02832 m3 = 7.481 U.S. gallons

	SPEED
	1 U.S. gallon = 3.785 X 10-3 m3 = 0.1337 ft3

	1 mi/h = 1.609 km/h = 1.467 ft/s = 0.4470 m/s
	

	1 km/h = 0.6214 mi/h = 0.2778 m/s = 0.9113 ft/s
	ANGLE

	
	1 radian = 57.30(

	FORCE
	1° = 0.01745 radian

	l Ib = 4.448 N
	

	l N = 105 dynes = 0.2248 lb
	

	
	


	BASIC MATHEMATICAL FORMULAE

	Area of a circle = ( r 2

	Circumference of a circle = 2( r

	Surface area of a sphere = 4( r 2

	Volume of a sphere =4/3 ( r 3

	Pythagorean theorem: h2 = h02  + ha2 

	Sine of an angle: sin θ = hol h

	Cosine of an angle: cos  θ  = halh

	Tangent of an angle: tan  θ = holha

	Law of cosines: C2 = a2 + b2 - 2ab cos  (

	Law of sines: a / sin ( = b / sin ( = c / sin (

	Quadratic formula:

	If ax2 + bx + c = 0, then, x = (-b ± √(b2 - 4ac)) / (2a)

	STANDARD PREFIXES USED TO

	DENOTE MULTIPLES OF TEN

	Prefix
	Symbol
	Factor

	Tera
	T
	1012

	Giga
	G
	109

	Mega
	M
	106

	Kilo
	k
	103

	Hecto
	h
	102

	Deka
	da
	101

	Deci
	d
	10-1

	Centi
	c
	10-2

	Milli
	m
	10-3

	Micro
	fL
	10-6

	Nano
	n
	10-9

	Pico
	p
	10-12

	Femto
	f
	10-15

	---~~-~-


EH3a Units & Math

Read "Introduction to Units and Math".  

Always show units.  Always use Dimensional Analysis.  Always show your work.  Always use appropriate significant figures.

1. Express the following in scientific notation:

a. 85,200 s
  

b. 0.000 005 5 F 

c. 24,900,000 m 

2. Express in decimal form

a. 2.3 x 107 km 

b. 7.01 x 10-9 s

c. 1.23 x 1010 m 


3. Identify how many significant figures in each of the following measurements:

a. 123.5 m 

b. 103.5 m 

c. 0.05060 km
 

4. Use dimensional analysis and significant figures to convert 10.0 miles into inches.

5. In your own words: What are significant figures and why are they so important in measurements.  

EH3b Units & Math

Read "Introduction to Units and Math".  

Always show units.  Always use Dimensional Analysis.  Always show your work.  Always use appropriate significant figures.

6. Distance to the Sun:  The mean distance from the earth to the sun is 1.5 x 108 km.  

a. Show how to convert it to feet.  

b. Show how to convert it to millions-of-miles.

7. Light Years:  A Light Year is the distance light travels in one year, the speed of light is 3.0 x 106 km/s   

a. Show how to convert 1 year into seconds.

b. Show how to convert 1.0 LY into kilometers.

c. The diameter of the Milky Way galaxy is estimated as 100 000 light years.  Express this in miles.

8. In your own words: What is dimensional analysis and why is it so important.

EH3a Units & Math

Read "Introduction to Units and Math".  

Always show units.  Always use Dimensional Analysis.  Always show your work.  Always use appropriate significant figures.

9. Express the following in scientific notation:

a. 85,200 s
8.52 x 104 s  

b. 0.000 005 5 F
5.5   x 10-6 F  

c. 24,900,000 m
2.49 x 107 m  

10. Express in decimal form

a. 2.3 x 107 km
23 000 000 km  

b. 7.01 x 10-9 s
0.000 000 007 01 s
c. 1.23 x 1010 m
12 300 000 000 m


11. Identify how many significant figures in each of the following measurements:

a. 123.5 m
4  

b. 103.5 m
4  

c. 0.05060 km
4  

12. Use dimensional analysis and significant figures to convert 10.0 miles into inches.

10 mi (5280 ft/ 1 mi)(12 in / 1 ft) = 633 600 in  (but 3 sig figs) = 633 000 in
13. In your own words: What are significant figures and why are they so important in measurements.  

EH3b Units & Math

Read "Introduction to Units and Math".  

Always show units.  Always use Dimensional Analysis.  Always show your work.  Always use appropriate significant figures.

14. Distance to the Sun:  The mean distance from the earth to the sun is 1.5 x 108 km.  

a. Show how to convert it to feet.  

1.5 x 108 km (103 m / 1 km) (1 ft / 0.3048 m) = 4.6 x 1011 ft   (2 sig figs)
b. Show how to convert it to millions-of-miles.

1.5 x 108 km (0.6214 mi / 1 km) (1 million miles / 106 mi) = 93 million miles  (2 sig figs)
15. Light Years:  A Light Year is the distance light travels in one year, the speed of light is 3.0 x 106 km/s   

a. Show how to convert 1 year into seconds.

1 Y (365.25 day / Y) (24 hr / 1 day) ( 60 min / 1 hr) ( 60 s / 1 min) 

= 3.1558 x 107 s   (5 sig figs)
b. Show how to convert 1.0 LY into kilometers.

d = v * t = (3.0 x 106 km/s) (1.0 Y) (3.1558 x 107 s / Y) = 9.5 x 1013 km
c. The diameter of the Milky Way galaxy is estimated as 100 000 light years.  Express this in miles.

105 LY (9.5 x 1013 km / 1 LY) (0.6214 mi / 1 km) = 5.9 x 1018 mi   (2 sig figs)
16. In your own words: What is dimensional analysis and why is it so important.
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