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But tnere is a potential problem to be considered. A literature search reveals that 
there are many ethical concerns about the collection and use of such personal data. 
For example, these high-tech forms of surveillance could easily become a form of 
spying, carried out without the knowledge of employees and violating their privacy. 
Or the data collected for security reasons could easily be sold or otherwise used 
outside legitimate workplace contexts by unscrupulous customers of your surveil

lance systems. 
Your boss wants you to include as much of this advanced technology as possi

ble in future systems, because customers like these new features and are willing to 
pay well for them. 

However, you are concerned about the ethical issues involved in making these 
new technologies available. As an engineer, do you have any ethical responsibility 
to not include any such ethically questionable technologies in products which you 
design and sell, or to tnclude them only in forms which are dtfficult to misuse? Or 
is the misuse of such technologies an ethical problem only for the customers who 
are buying your equipment, rather than it being your ethical responsibility as an 
engineer? 

15 8 Can you think of any tssue which should be of ethical concern to engineers but is 
not adequately addressed by current codes of engineering ethics? 

If so, should it be added to the current rules, or is it something which cannot ade
quately be summed up in an ethical rule? 

15.9 Can you think of any rule included in current codes of engineering ethics which is 
unnecessary, too restrictive, or even ethically wrong? If so, should it simply be 
removed from the current rules, or is it something which serves a useful function 
even though it is not ethtcally required? 

If you don't think there are any superfluous rules, instead pick one which 
you think is one of the least ethically important, and explain why you think it is not 
important. 

15.10 As an engineering expert on a state planning board, you have to decide which traf
fic safety projects (involvmg installation of traffic lights, road-widening, etc.} should 
be funded by the state. Previously these matters were decided politically: each 
region received roughly equal funding, which tended to maximize voter satisfaction 
and ensure re-election for the polittcians. But now non-elected engineering experts 
such as yourself will dectde these matters. 

On what grounds should decisions such as these be made? What would be the 
soundest and most ethically justifiable way for you to allocate the funds? 

In particular, would a utilitarian approach (the greatest good for the greatest num
ber} be the best way to allocate funds? But there is a potential problem with this 
approach. Since the greatest number of people live in cities and suburbs and very 
few in rural areas, it is likely that scarce funds would always tend to be allocated to 
cities with this approach, with almost none going to sparsely-populated areas. This 
policy may tend to save the greatest number of lives or minimize accidents overall, 
but is it not very unfair to those living in or traveling through rural areas? 

But on the other hand. how could you justify spending scarce resources in rural 
areas when you know that this would benefit far fewer people than if you spent the 
money in cities instead? 

Chapter 16 

Units and Conversions 

"Weights and measures may be ranked among the necessaries of life to every 
individual of human society. They enter into the economical arrangements and 
daily concerns of every family. They are necessary to every occupation of 
human industry; to the distribution and security of evef}' species of property; 
to every transaction of trade and commerce; to the labors of the husbandman; 
to the ingenuity of the artificer; to the studies of the philosopher; to the re
searches of the antiquarian, to the navigation of the mariner, and the marches 
of the soldier; to all the exchanges of peace, and all the operations of war. The 
knowledge of them, as in established use, is among the first elements of edu
cation, and is often learned by those who learn nothing else, not even to read 
and write. This knowledge is riveted in the memory by the haMual application 
of it to the employments of men throughout life. n 

-Secretary of State, John Quincy Adams 
Report to Congress, 1821 

Primitive societies used crude measures for many of their tasks. Length was measured with 
the forearm, the hand or the finger. Time was measured with reference to the periods of the 
sun and moon. The volumes of containers such as gourds or clay vessels were measured 
with the use of plant seeds. A container would be filled with seeds and the number of seeds 
would determine the volume of the container. Seeds and stones also served as a measure 
of weight. The "carat," used to measure the weight of a gem, was derived from the use of 
the carob seed. 

With the evolution of society, it became more and more necessary to accurately measure 
various things. Commerce, land division, taxation, and scientific research made it mandatory 
that measurements could be reproduced with accuracy time after time and in various places. 
However, with limited international trade, different systems were developed for the same pur
poses in various parts of the world. 

To ensure uniform standards for weights and measures in the United States, the Consti
tution gave power to Congress to establish the National Bureau of Standards, which assures 
uniformity throughout the country. The British system was instituted because of the domi
nance of Great Britain throughout the world and the position that she had in the affairs of the 
United States. 
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But the need for a single, worldwide measurement system soon became obvious. 
Because the British system uses 12 (12 inches in a toot) and 16 (16 ounces in a pound) as 
bases. it was not selected as the preferred system. The system selected, because of its 
simplicity was the metric system, first developed by the French Academy of Sciences in 
1790. The unit of length was to be a fraction of the Earth's circumference-one ten-millionth 
of the distance from the North Pole to the Equator-the meter. The unit of measurement for 
volume was to be the cubic decimeter-the liter. The unit of mass was to be the mass of one 
cubic centimeter of water-the gram-at the temperature of maximum density. Larger and 
smaller values for each unit were to be found by multiplying or dividing by multiples of 1 o, 
thereby greatly simplifying calculations. In 1866, by an Act of Congress, the United States 
made it lawful to employ the weights and measures of the metric system in all contracts, 
dealings, or court proceedings. 

In the late 19th century the Metric Convention was established, due to the need for better 
metric standards as required by the scientific community. This treaty was signed by 17 nations 
including the United States. It set up well-defined standards for length and mass. and estab
lished a method to further refine the metric system when such refinements were required. 
Since 1893, the metric standards have served as the fundamental weights and measures 
standards of the United States. The metric system is now either obligatory or permissible 
throughout the world. In 1971 the Secretary of Commerce recommended that the U.S. move 
toward predominant use of the metric system through a coordinated program. This change 
is occurring and has been instituted in many sectors of the U.S., but several sectors continue 
using the U.S. customary system, most notably those sectors associated with the construc
tion Industry. 

The International Bureau of Weights and Measures (BIPM), located in Sevres, France, 
continues to serve as a permanent secretariat for the Metric Convention, coordinating the 
exchange of information about the use and refinement of the metric system. As scientific 
advances occur and the need for refinements arise, the General Conference of Weights and 
Measures-the diplomatic organization made up of members of the Convention- meets 
periodically to ratify changes in the system and standards. 

In 1960 the General Conference ratified an extensive revision and simplification of the 
metric system. The French name Le Systeme International d'Unites -the International Sys
tem of Units, abbreviated Sl after the French name-was adopted as the modernized met
ric system. The Sl system is a special metric system. It does not allow many of the metric 
units commonly used. The CGS system is a metric system. but many of the units, such as 
grams/cubic centimeter, are not permitted in the Sl system. 

Further additions and improvements have been made by the General Conference in 

more recent years. As an example, the second was originally defined as 1/86,400 of the 
mean solar day. But irregularities in the rotation of the Earth did not provide the desired accu
racy. In 1967 the second was defined to be based on the transition between two energy lev
els of an atom. Such improvements in the definitions of the base units continue to be made 
by the General Conference as science dictates. 

The International System of Units-the Sl system-is a modernized metric system adopted 
by the General Conference, a multi-national organization which includes the U.S. The Sl 
system is built upon a foundation of seven base units, which are presented in Table 16.1 . All 
other Sl units are derived from these seven units. Multiples and sub-multiples are expressed 
using a decimal system. The base units for time, electric current. amount of a substance, 
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and luminous intensity are the same in both the English and Sl systems. English units, such 
as the yard and the pound, are officially defined in the U.S. in terms of the Sl units, meter 

and kilogram. 
The symbols used for the base and supplementary units are included in Table 16.1. In 

general, the first letter of a symbol is capitalized if the name of a symbol is derived from a 
person's name, otherwise it is lowercase. One exception is the symbol for the liter. which is 
recommended to be "L," so the lowercase "I" is not confused with the numeral "1." Examples 

are included in the following table. 

Unit Name Unit Symbol 

meter m 

liter Lor I 

kilogram kg 

ampere A 

pascal Pa 

Names of units and prefixes are not capitalized except at the beginning of sentences and 
in titles and headings in which all main words are capitalized. We would say, ''Temperature is 
measured in kelvins,· or, "Meters are longer than feet.· Note that the temperature unit "kelvin" 
Is not capitalized , but we do capitalize "Celsius." So we would write, "four degrees Celsius." 

Unit symbols are printed in roman (upright) letters, and symbols for quantities or variables 
are printed in italic (slanted) letters. We would print L = 1om to mean that a length L is 10 
meters in length. Or V = 15 l to mean that the volume V contains 15 liters. A period is never 

used after a symbol except at the end of a sentence. 
A note regarding temperature is worth mention. In addition to the temperature T 

expressed in kelvins, we also can express the temperature in Celsius, often denoted t. The 

two temperatures are related by the equation 

t=T-T0 

where T0 = 273.15 K (usually 273 K) by definition. The Celsius temperature is expressed in 
degrees Celsius (i.e., 20°C) but we do not use the small degree symbol with K (i.e., 100 K). 

Names of units are often plural for numerical values equal to zero. greater than 1, or less 

than -1 . The singular form Is used for other values. We would say 1.1 meters. 0.1 meter, or 
0 meters. We could, however. say 1.1 meter or -1 degree Celsius. In symbolic form, 100 m 

would be read "100 meters." 
When writing units after a numerical value, there are three recommendations for express

ing those units. 

• The product of two or more units is indicated by a dot, although it Is possible to omit 
the dot if no contusion results. We would write N·m but never Nm. 

m 
• The division of units can be written as m/s, or m·s-1, or - , for example. 

s 
• In more complicated groupings of units we could write 8m I s2 or m·s-2, but not m/s/s. 

A more complicated example would be m · kg I (s2 · A) or m · kg · s-2 · A- 1• but we 

would not write m · kg I s2 / A. 
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Derived units are expressed algebraically in terms of base and supplementary units using 
the three recommendations listed at the end of Section 16.2. Several derived units have 
been given special names and symbols, such as the newton with symbol N. These special 
names and symbols may be used to express the units of a quantity in a simpler way than by 
using the base units. The following three tables list many such derived units. Table 16.2 lists 
quantities whose derived units are expressed in terms of the base and supplementary units. 
Table 16.3 lists the quantities whose derived units have special names. And Table 16.4 lists 
those quantities whose units are expressed in terms of the derived units that have special 
names. 

There are a number of observations concerning the following three tables. 

• Any measurable property is called a quantity. Symbols that represent quantities, such 
as Ffor force, are always printed in italic letters. The viscosity Jl is italic but the Sl unit 
prefix J.1 is roman. 

• Although a derived unit can be expressed in several ways by using base units or spe
cial names, it is acceptable to use certain combinations to distinguish more easily 
between quantities with the same units. For example, we may use the newton-meter 
for the moment of a force and not the equivalent joule, even though 1 N·m = 1 J. 

• Plane angles in degrees are usually expressed with decimal subdivisions rather than 
minutes and seconds. 

• We never refer to mass as weight. Weight is a force measured in newtons. 
• Viscosity was often measured in poises or centipoises; those terms are obsolete. 
• Kinematic viscosity was often measured in stokes or centistokes; those terms are 

obsolete. 
• The kilowatt-hour is a measure of energy (like the joule). Eventually it will be obso

lete. 

There are a number of units outside the Sl system of units that are often used. These are 
listed in Table 16.5. Such units are usually avoided, however, when writing quantities of 
interest. Purchased electric energy is currently measured in kilowatt-hours, an example of a 
mixture of units that is commonly used. 

Finally, there are a number of units that are being tolerated for a limited time. Eventually, 
the use of such units will be discouraged. These units are listed in Table 16.6. It also should 
be noted that the CGS system of metric units is not used in the Sl system. Such units as erg, 
dyne, poise, gauss, and maxwell are of the CGS system and are not to be used. Other units 
to avoid are fermi, torr, calorie, micron, stere, and gamma, to name a few. 
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TABLE 16.1 The SI base and supplementary units 

Unit (Symbol) 
Quantity 

meter (m) 

length 

kilogram (kg) 

mass 

second (s) 

time 

ampere (A) 

electric current 

--
kelvin (K) 

temperature 

mole (mol) 

amount of substance 

candela (cd) 

luminous intensity 

radian (rad) 

plane angle 

steradian (sr) 

solid angle 

Definition 

1650 763.73 wavelengths in a vacuum 
of the orange-red line of the spectrum 
of krypton-86. 

---
A cylinder of platinum-iridium alloy 
kept by the International Bureau of 
Weights and Measures at Paris. 

The duration of 9192631770 periods 
of the radiation associated with a 
specified transition of the cesium-133 
atom. 

That current which, If maintained in 
each of two parallel wires separated 
by one meter in free space, would 
produce a force of 2 X 10 7 N/m. 

1/273.16 of the temperature of the 
triple point of water. 

The amount of substance of a system 
that contains as many elementary 
entities as there are atoms in 0.012 kg 
of carbon-12. 

The luminous intensity of 1 I 600000 
of a square meter of a blackbody at 
the temperature of freezing platinum. 

The plane angle with its vertex at the 
center of a cirde rhat is subtended by 
an arc equal in length to the radius. 

The solid angle with its vertex at the 
center of a sphere that is subtended 
by an area of the spherical surface 
equal to that of a square with sides 
equal in length to the radius. 

I Comments 

I 
An interferometer is used to measure 
wavelength by means of light waves. 

1 
This is the only base unit defined by 
an artifact, and the only base unit 
whose name contains a prefix. 

The number of periods or cycles per 
second is called frequency. The 51 unit 
for frequency is the hertz (Hz). 

-----
The force is due to the magnetic field. 

------
On the Celsius scale, water freezes at 
o•c and boils at 1 oo·c. 

f-

Wh'" "" mole ;, ""'''the eOmento<y ~ 
entities must be specified: atoms, 
molecules, ions, electrons, etc. 

A black body absorbs all radiation 
incident upon it and reflects none. 

------ -----1 

This is a supplementary unit. 

This is a supplementary unit. 

~------------------L---- ------------~L-----------------------~ 
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TABLE 16.2 Quantities whose units are expressed in terms of base and 
supplementary units 

Quantity Sl Unit I Sl Symbol 

area square meter m2 

volume cubic meter ml 

speed, velocity meter per second m/s 

acceleration meter per second squared m/ s2 

density kilogram per cubic meter kg/m3 

specific volume cubic meter per kilogram m3 /kg 

magnetic field strength ampere per meter Aim 

concentration mole per cubic meter mol/m3 

luminance candela per square meter cd/m2 

kinematic viscosity square meter per second m2 Is 

angular velocity radian per second rad/s 

angular acceleration radian per second squared rad I s2 

TABLE 16.3 Quantities whose units have special names 

Quantity Sl Name Sl Symbol Other Sl Units 

frequency hertz Hz cycle/s 
force newton N kg· m/ s2 

pressure, stress pascal Pa N/m2 

energy, work joule J N·m 

power watt w J/s 

electric charge coulomb c A·s 

electric potential volt v WIA 

capacitance farad F CN 

electric resistance ohm n VIA 

conductance siemens s AN 

magnetic flux weber Wb V·s 

magnetic flux density tesla T Wb/m2 

inductance henry H Wb/A 

luminous flux lumen lm 

illuminance lux lx 
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TABLE 16.4 Quantities whose units are expressed in terms of derived units 
with special names 

Quantity Sl Unit Sl Symbol 

! viscosity pascal second Pa-s 

moment of force, torque newton meter N-m 

surface tension newton per meter N/m 

heat flux density watt per square meter W /m2 

entropy joule per kelvin J/K 

specific heat joule per kilogram kelvin J/(kg -K) 

specific entropy joule per kilogram kelvin J/(kg .K) 

specific energy joule per kilogram J/kg 

thermal conductivity watt per meter kelvin W/K·m 

electric field strength volt per meter V/m 

electric charge density coulomb per cubic meter C/m3 

electric flux density coulomb per square meter C/m2 

permittivity farad per meter F/m 

permeability henry per meter H/m 

TABLE 16.5 Units used with the SI system 

Name Symbol I Value in Sl units 

minute (time) min 1 min = 60s 

hour h 1 h = 3600 s 

day d 1 d = 86400s 

degree 0 1°= n / 180 rad 

minute (angle) ' 1' = 1C /10800 rad 

second " 1" = n I 648000 rad 

tonne t 1 t = 1000 kg 



428 Chapter 16: Units and Conversions 

TABLE 16.6 Units that are being used temporarily 

Name Symbol I Value in Sl Units 

nautical mile 1 nautical mile= 1852 m 

knot 1 knot= 0.5144 m/s 

Sngstrom A 1 A= 10-10 m 

are a 1 a= 100m2 

hectare ha 1 ha = 10 000 m2 

barn b 1 b = 10- 28 m2 

bar bar 1 bar = 105 Pa 

standard atmosphere arm 1 atm = 101 325 Pa 

gal Gal 1 Gal= 0.01 m I s2 

curie Ci 1 Ci = 3.7 X 1010 s-1 

rontgen R 1 R = 2.58 X 10"" C/ kg 

rad rad 1 rad = 0.01 J/kg 

Rather than write extremely large numbers or very small numbers, we use prefixes that have 
been defined for the Sl system. Their symbols and pronunciations are listed in Table 16.7. 
Some are capitalized, while others are lowercase to avoid confusion. Note that G stands for 
giga while g stands for gram, K for kelvin and k for kilo, M for mega and m for milli, and N 
for newton and n for nano. The need for the capital letters is obvious. We do not leave a 
space between the prefix and the letters making up a symbol or a name. We write "milliliter" 
and "ml." 

Hecto, deka, deci, and centi are metric prefixes that are to be avoided, except for unit 

multiples of area and volume and for the non-technical use of centimeter, as for body and 
clothing measurements. 

In general, prefixes that result in numerical values between 0.1 and 1 000 should be 
selected, except that the same prefix should be used for all items in a given context or for 
the entries of the same quantity in a table. 

Notation in powers of 10 is often used rather than a prefix. Rather than writing 20 MJ, we 
often write 2 x 1 07 J. Either way is equally acceptable. 

Avoid mixing prefixes. We would dimension an area as 40-mm wide and 1500-mm long, 
not 40-mm wide and 1.5-m long. However, a wire would be described as 1500 meters of 
2-mm-diameter wire since the difference in size is extreme. 

Never use two units for one quantity. We would say a board is 3.5-m long, not 3-m 50-cm 
long, or 3-m 500-mm long. A volume contains 13.58 L, not 13 L 580 ml. 
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TABLE 16.7 Prefixes for metric units 

Multiplkation Factor Prefix Symbol Pronunciation Term (USA) 

1000 000 000 000 000 000: JOI8 ex a E Tgns one quintillion 

1000000000000000= JOI5 peta p ~I one quadrillion 

l 000 000 000 000 ::; 1012 tera T terrace one trillion 

1000 000 000::; 109 gig a G giggle one billion 

1000 000 = 106 mega M megaphone one million 

1000 = 1()3 kilo k JillQwatt one thousand 

100= 102 hecto h heck one hundred 

10 deka da W:d ten 

0.1 = IO- I deci d decimal one tenth 

0.01 = IQ-2 ceoti c ~ment one hundredth 

0.001 = H)-3 milli m military one thousandth 

0.000 001 = to-<> micro mike one millionth 

0.000 000 001 = I0-9 nano n Nancy one billionth 

0.000 000 000 00 I = IQ- 12 pi co p peek one tril liooth 

0.000 000 000 000 001 = [Q-15 fernto f feminine one q uadril liooth 

0.000 000 000 000 000 001 = J0-18 a no a anl!lQ.my one quintillionth 

In general, when forming the multiple of a compound unit only one prefix is used, usually 
in the numerator. For example, we would write MN/m2, not N/mm2, or km/s, not m/ms. 

Also, do not use double prefixes. Use 10 nm, not 10 mllm; and use 23.2 mg. not 23.2 !lkg. 
Finally, when using Sl prefixes we do not use M to indicate thousands (as in MCF for 

thousands of cubic feet). Nor do we use MM to indicate millions or C to indicate hundreds. 

16.5 NUMERALS 

A space is always left between the numeral and the unit name or symbol, except when we 
write the degree symbol, as in 30°, or the symbol for temperature, as in 30°C. It would be 
incorrect to write 30°C, with a space before the degree symbol. Likewise, it is incorrect to 
write 30m without a space before the meter symbol. 

When a quantity is used in an adjectival sense, a hyphen is used between the number 
and the symbol or unit name (except for angle degree). An example would be: The length of 
the 20-mm-diameter pole is 30 m. When names are used rather than the symbols, the 
hyphens are still used. 

The decimal point is used in the U.S. and Canada; however, in many countries a comma 
is used rather than a decimal point. Because of this, the comma is replaced in the Sl system 
with a space (sometimes a small space as in Table 16.7). Decimal notation is preferred to 
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fractions (3.75 rather than 3! ). Simple fractions, such as 1/3, are acceptable. 

A zero is used before the decimal point for numbers between -1 and 1 . This prevents a 

faint decimal point from being missed. 
When grouping digits in long numbers, it is customary to separate the digits in groups of 

three. This is optional when there are four digits as in 3876 or a.3219. We could write 3 876 

or a.321 9. It is not optional for numbers such as 34 627 or a.236 98. 
In calculations a number must often be rounded off. If the number 8.3745 is rounded to 

three digits, it would be 8.37. If it is rounded to four digits, it would become 8.374 since the 
digit before the "5" is an even number (other authors, or your calculator, may round this to 
8.375). If it were an odd number, it would be rounded up. The number 8.3755 would be 
rounded to 8.376. If the original number were 8.37451 , it would be rounded to 8.375 if four 
digits were desired, since 51 is greater than a half. 

Finally, a word is in order regarding significant digits. With the advent of the calculator and 
the computer, each calculation may be carried out to eight or more digits. In most problems 
a material property (e.g., density, viscosity, conductivity) is used in the calculations. Mater
ial properties are either given in the problem statement or are found in an appropriate table. 
A material property, which has been measured in some laboratory, is seldom known to more 
than four significant digits. Most are known to only three significant digits. It is impossible to 
calculate an answer to more significant d igits than are present in the data used to arrive at 
that answer. We usually assume that information given in a problem statement, such as the 
number 6 in a 6-mm diameter pipe, is known to four significant digits. To present an answer 
with six significant digits, when at most four significant digits are known in the data provided, 
is an error made by many students. Note: the number 4.53 has three significant digits, as 
does the number 1.463; the leading numeral 1 is not counted as a significant digit. Also, the 
numbers a.a0324, 324 aaa, 3.24 x 1 a~. and 3.24 x 1 a6 each have three significant digits. 
The number 3.24aa has five significant digits. 

We often encounter quantities that have units that are not appropriate for the problem at 

hand. The need exists to convert the units to those desired, usually to Sl units. Table 16.8 
presents such units. For example, to convert 4a acres to square meters we simply multiply 

TABLE 16.8 Conversion Factors 

To convert from To Multiply by 

Acres Square meters 4046.86 

Acres Square feet 43 560 

Acre.~ Square metcn. 100 

Atmospheres Bars 1.0132 

Atmospheres Feet of water 33.90 

Atmosphere> Inches of mercury 29.92 

Atmospheres psi 14.700 

Atmo~phcrel> Torrs 760 

Bars p~i 14.504 

TABLE 16.8 

To convert from 

Btu 

Btu 

Btu 

Btu/min 

Btu/lb 

Btu/sec 

Btu/~ec 

Calories 

Coulombs 

Cubic feet 

Cubic feet 

Cubic feet 

Cubic inches 

Degrees 

Dynes 

Electron volts 

Ergs 

llcctares 

Hectares 

Horsepower 

Horsepower 

llorsepowcr 

Inches 

Inches of mcrcur) 

Kilowatts 

Ktlowart-lm 

Knots 

Knots 

Maxwells 

Meters 

Miles 
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Conversion Factors (continued) 

To Multiply by 

Foot-pound~ 777.6 

Joules 1054.4 

I..Wh 0.000 292 9 

Ton of refrigerations 0.004 997 

kJ/kg 2.324 

Horsepower 1.4139 

kW 1.0544 

Btu 0.003 968 

Ampere-seconds 

Cubic meter.. 0.028 3 17 

Liters 28.317 

Gallons 7.4805 

Milliliters 16.387 

Radians 0.017453 

Newtons 0.0000 1 

Ergs 1.60219X 10 ll 

Joules 10 7 

Acre' 2.4711 

Square meters 10000 

Btu/hr 2545 

Ft-lb/sec 550 

kW 0.7-15 70 

Centimeters 2.54 

p~f 70.7 

Horsepower 1.34 1 02 

Btu 3409.5 

Feet/sec 1.6878 

Meter> per second 0.514 44 

Wcbers J08 

Feet 3.2808 

Feet 5280 
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TABLE 16.8 Conversion Factors (continued) 

To convert rrom To 

Miles Meters 

Mileslhr ki lometers/hour 

Newtons Pounds 

Pounds Kilograms 

Pounds Slugs 

Pounds per cubic foot kg/m3 

Pounds per square foot Nlm2 (Pa) 

Pounds per square inch Nlm2 (Pa) 

Radians Revolutions 

Radians Degrees 

Revolutions Radians 

Siemens Mhos 

S lugs per cubic foot kgtml 

Spans Feet 

Square feet Square meters 

Square kilometers Acres 

Square meters Square feel 

Steres Cubic meters 

Tons (metric) Kilograms 

Tons (short) Pounds 

Tons of refrigeration Bru/hr 

Tons of refrigeration Horsepower 

Tons of refrigeration Lb of ice melted/day 

Torrs mm of mercury 

Warts Horsepower 

Webers Maxwells 

MuJtjpJy by 

1609.34 

1.609 34 

0.224 81 

0.453 59 

0.03 1 08 

16.018 

47.88 

6895 

0.159 15 

57.296 

6.2832 

515.38 

0.75 

0.092 90 

247.10 

10.764 

1000 

2000 

12000 

4.716 

2000 

0.001 341 

108 
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40 by 4046.86 and obtain 161 874 square meters if we desire six significant digits, or 

161 900 if we desire three significant digits. 
Also, the units for a particular quantity may not appear to be consistent with other units 

m a given equation. For example, the energy equation contains a work term, force times dis
tance, as well as a kinetic-energy term, mass times velocity squared divided by two. The 
units on the work term are N · m and the units on the kinetic-energy term are kg · m2 1 s2

. 

How are these two units equal, which they must be if they are on terms in the same equa
tion? We show that the units are equal by referring to New1on's second law, which states 
that force equals mass times acceleration: 

F = ma 

The units on each term in this equation must be equal. This leads to the very important 

relationship 

N =kg · 111 I s2 

This relationship between units can be used to show that the units on the work term and 

the kinetic-energy term are indeed the same: 

N · m =(kg· m I s2) . m = kg. m2 / , 1 

REFERENCES 
"Metric Editorial Guide," 5th edition, 1993, published by the American National Metric Council, 

(301) 718-6508. 
"The International System of Units (SI)," 1974, published by the U.S. Department of Com

merce/National Bureau of Standards. 
"Brief History of Measurement Systems," 1974, Special Publication 304A, published by the U.S. 

Department of Commerce/National Bureau of Standards. 

EXERCISES AND ACTIVITIES 

16.1 State both the primitive and the modern definitions of time. Which do you find the 

more reasonable? 

16.2 List at least five metric units that are not acceptable in the Sl system. 

16.3 How many base and supplementary units in the Sl system can one actually touch? 

Name such units. 

16.4 Which of the fol lowing units or variables are printed incorrectly? 

a) for time 
b) T for temperature 
c) L for liter 
d) V for volt 
e) Vfor electric voltage 
f) N for force 
g) N for new1on 
h) Jl for friction coefficient 
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i} 1-1 for micro 
j} T for magnetic flux density 
k) Tfor tesla 

16.5 Select the angle that is approximately equal to a radian. 

16.6 Select the correct statement. 
a) The temperature is 1 0°K. 
b) The temperature is 283°C. 
c) The temperature is 10 kelvins. 
d) The temperature is 283 Celsius. 

16.7 Write each of the following in a correct form without using any exponents: 
a} 12300 Nmkg-1 K-1 
b) 109.433 Cs m-1 K-1 
c) 0.000433 W s m-3 K-1 

16.8 Write each of the following in a correct form without using any negative exponents: 
a) 0.004562 kNm m-3 K-1 
b) 1 o-s MNs-1 m-3 K-1 
c) 0.000473001 mJs-1 m-3 kg- 1 

16.9 Write each of the following in an acceptable form: 
a) 324 kJ/kg/Kim/s/m 
b) 43.098 Pa kg/Kim/s/s 
c) 1 00 Clkg/Kim/s 

16.10 Write each of the following in an acceptable form without using a decimal point: 
a) 0.0000546 kW/K/m/s/m 
b) 65.3207 kH!kg/m/s/s 
c) 54.6367 x 10-6 MF/kg/m/s 

16.11 Write the viscosity p = 0.001 Pa · s using newtons and not pascals. Also write the 
viscosity without using either newtons on pascals. ' 

16.12 Write the heat flux density 300 W/m2 with the units in the following forms: 
a) one that includes joules 
b) one that includes newtons 
c) one that includes kilograms 
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16.13 Write the permeability 0.231 H/m using base units only. 

16.14 Write the permittivity 1 o-s F/m using base units only, and without the use of a neg
ative exponent or a decimal point. 

16.15 Write the electric charge density 3 x 1 0-4 C/m3 using base units only, and without 
the use of a negative exponent or a decimal point. 

16.16 Write each of the following using base units only, and without the use of a prefix: 
a) 5643 kNit · d 
b) 453000 1-1 H/(kg ·h) 
c) 654.0004 nS · m/(h ·kg) 

16.17 Write each of the following using base units without the use of a prefix: 
a} 4 X 10-6 GF/m 
b) 65.2 fF/m 
c) 0.00347 pPa/kg 

16.18 Write each of the following using base units without the use of an exponent: 
a) 4 X 10-6 GF/m 
b) 43.64 x 106 mPa/mm2 
c) 0.000453 x 1Q-4 TT/mm3 

16.19 Write each of the following in an acceptable form: 
a} 12.3 npkg 
b) 0.0035 GfMcm 
c) 6548 nTmMK 

16.20 Write each of the following in an acceptable form: 
a} 23.2 N/nmJ 
b) 0.0054 kH/d · nm3 
c) 6571 MF/ks · nm3 

16.21 The viscosity is measured as follows. Write each in acceptable form using base 
units only: 
a} 17/9800 Pa · s b) 32/8741 N · s/m2 c) 61 /34 982 kN · h/mm2 

16.22 Round off 6743.865 to: 
a) six significant digits 
b) five significant digits 
c) four significant digits 
d) three significant digits 
e) two significant digits 

16.23 Express each of the following to four significant digits: 
a} 1/3 

b) 89~ 
3 

c) 2300.71 
d) 3/1000 
e) 1/3000 
f) 9/882 
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