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Conversion Factors 

To Change Multipl)' To Change 
U.S. Customary From T o By Metric System From To 

Length or Distance Length or Distance 
12 inches (in.)= feet inches 12 I kilometer (km) = kilometers meters 

I foot (fl) inches feel 0.0833333 1,000 meters (m) meters kilometers 
3 feet (fl) = feet yards 0.333333 I he-ctometer (hm) = hectometers meters 

I yard (yd) yards feel 3 100 meters meters hectometers 
36 inches (in.) = yards inches 36 I dekameter (dkm dekameters meters 

I yard (yd) inches yards 0.027778 o r da) = 10 meters meters dekameters 
5,280 feel (ft) = miles feel 5,280 I de-cimeter (dm) = decimeters meters 

I mile(mi) feet miles 0.000189 0.1 meter meters dceimctcrs 
Weight or Mass I centimeter (em) = centimeters meters 
16 ounces (oz) = pounds ounces 16 0.01 meter meters centimeters 

I pound (lb) ounces pounds 0.0625 I millimeter (mm) = millimeters meters 
2,000 pounds (lb) = tons pounds 2,000 0.001 meter meters millimeters 

I ton (T) pounds tons 0.0005 Weight 
Liquid Capacity or Volume I kilogram (kg) = kilograms grams 
3 tc.aspoons (t) = 

I tablespoon (T) 
2 tablespoons (T) = 

I ounce (oz) 
8 ounces (oz) = 

I cup (c) 
2 cups (c)= 

I pint (pl) 
2 pints (pl) = 

I quart (qt) 
4 quarts (qt) = 

I gallon (gal) 

Units of Time 

I minute= 
60 seconds 

I hour = 
60 minutes 

I day = 24 hours 

I week = 7 days 

I for tnight = 
2 weeks 

I month = 30 days 
(ordinary time) 

I leap month = 
29 days 

I year = 12 months 

I year = 365 days 

I decade= 
10 years 

I cenlury = 
100 years 

tablespoon teaspoon 3 I ,000 grams (g) grams kilograms 
teaspoon tablespoon 0.333333 I hectogram (hg) = hectograms grams 
ounce tablespoon 2 100 g rams grams hectograms 
tablespoon ounce 0.5 I dekagram (dkg) = dekagrams grams 
cups ounces 8 10 grams grams dekagrams 
ounces cups 0.125 I decigram (dg) = decigrams grams 
pints cups 2 0.1 gram grams decigrams 
cups pints 0.5 I centigram (cg) = centigrams grams 
quarts pints 2 0.01 gram grams centigrams 
pints quar ts 0.5 I milligram (mg) = milligrams grams 
gallons quar ts 4 0.001 gram grams milligrams 
quarts gallons 0.25 Capacity 

I kiloliter (kL) = kiloliters liters 
1,000 liters (L) liters kilo liters 

To Change Multipl)' I hectoliter (hL) = hectoliters liters 

From T o By 100 liters liters hectoliters 
I dekaliter (dkL) = dekaliters liters 

minutes seconds 60 10 liters liters dekaliters 
seconds minutes 0.016667 I deciliter (dL) = deciliters liters 
hours minutes 60 O.lliter liters deciliters 
minutes hours 0.016667 I centiliter (cL) = centiliters liters 
days hours 24 0.01 liter liters cenLilitcrs 
hours days 0.041667 I milliliter (mL) = millililcrs liters 
weeks days 7 0.001 liter liters milliliters 
days weeks 0.142857 
fo rtnights weeks 2 
weeks fortnights 0.5 To Change 
months days 30 
days monlhs 0.033333 

Units of Area From 

leap months days 29 I square fool = square feet 
days leap months 0.034483 144 square square inches 
years monlhs 12 inches 
months years 0.083333 I square yard = square yards 
years days 365 9 square feet square feet 
days years 0.002740 l sq uarc mile = square miles 
decades years 10 2.5887 square 
years decades 0.1 kilometers square 
ccnlurics years 100 kilometers 
years centuries 0.01 

Changing Temperature between Fahrenheit and Celsius 

Fahrenheit to Celsius: Subtract 32 then multiply by% 

Celsius to Fahrenheit: Multiply by~ then add 32 
) 

5 • •F- 32 
C = 9< F- 32) or C = -

1
-_
8
-

• F = 2_ C + 32 or • F = l.8C + 32 
5 

To 

square inches 
square feet 

square feet 
square yards 
square 

kilomclers 
square miles 

Multiply 
By 

1,000 
0.001 
100 
0.01 
10 
0. 1 
0. 1 
10 
0.01 
100 
0.001 
1,000 

1,000 
0.001 
100 
0.01 
10 
0. 1 
0. 1 
10 
0.01 
100 
0.001 
1,000 

1,000 
0.001 
100 
0.01 
10 
0. 1 
0. 1 
10 
0.01 
100 
0.001 
1,000 

Multiply 
By 

144 
0.006944 

9 
0. 111111 
2.5887 

0.386294 



U.S. Customal") Symbols 
and MetTic To Change M ultiply 
Comparisoas From To By Add 

l..eogtb 
I meter • meters inches 

Subtract 

39.37 X ••• •. ( )( ) Multiply 

39.37 inches inches meters 0.0254 ... , , ,/. - Divide 
I meter • meters feet 3.2808 

3.2808 feet feel meters 0.3048 Equal to 

I meter • meters yards 1.0936 Approximately equal to 
1.0936 ya rds yards meters 0.9144 .. Not c<1ual to 

I ccntinlctcr • centimeters inchc..-s 0.3937 
0 .3937 inch inches centimeters 2.54 % Percent 

I millimeter • millimeters inches 0.03937 > Grc:otcr than 
0.03937 inch inches millimeters 25.4 

I kilometer • kilometers miles 0.6214 < Less than 

0 .6214 mile miles kilometers 1.6093 ;, Greater than or equal to 
\\ tight or \ II"' s Less than or equal to 
I gram • grams ounces 0 .0353 

0.0353 ounce ounces grams 28.3286 v Radical sign or squan: root 

lllllogram • kilograms pounds 2.2046 ( ) .[ ).\}. - Grouping symbols 
2.2046 pounds pounds kilograms 0.4536 

Liquid Capacity I I Absolute value 

I liter • liters quarts 1.0567 f(x) Function notation, read "f of x ·· 
1.0567 quarts quarts liters 0.9463 .......... 

Line All 
CUJUt.Cil)' or Volume 

AB 

I cubic inch • cubic inches cubic 16.387 AB Line segment AB 
16.387 cubic t'Cntimctcrs tr Ray AB 
centimeters cubic cubic inches 0.0610 

centimeters ~ ... Congruent to 

I cubic inch • cubic inches liters 0.0 1639 Similar to (geometric figure'S) 
0 .01639 liters litc:rs cubic inches 61.0128 

Angle 
I cubic foot • cubic fc:ct cubic meters 0.0283 

L 

0.0283 cubic cubic meters cuboc feet 35.3357 II Parallel 

meter Pcrpcnd•cular 
I teaspoon • teaspoons miUoliters 4 .93 

4.93 milliliters milliliters teaspoons 0 .2028 {),. Triangle 

I La blespoon • ta hlcspoons milliliters 14.97 0 Circle 
14.97 milliliters milliliters tablespoons 0.0668 6... Right angle 

I Ouid ounce • Ouid ounces milliliters 29.57 
29.57 milliliters milliliters lluid o unces 0.0338 6 Delta. change, used with slope 

I cup • 0.24 liters cups liters 0.24 { . . I . .} Such that, used with set notation 
liters cups 4. 1667 

I pint • 0.47 liters pints liters 0.47 2 Summation 

liters pints 2. 1277 X) Subscript (I) 
I gallon • gallons cubic meters 0.00379 {}. 4> Empty or null set 

0.00379 cubic cubic meters gallons 263.85 
meters E I s an clement of 

u Union (of sets) 

n Intersection (of sets) 

Special Algebra Patterns 1f Constant- Pi (ratio of diameter 
to circumference of 

for Factoring circle. approximately 3.141592654) 

a2 + 2ab + b2 = (a+ b) 2 Const.tlnt nat uraJ exponential; 

a 2 - b2 = (a+ b)(a- b) fro m (I + ~)"where n-+ ""· 

a 3 + b3 = (a+ b)(a 2 - ab + b2) 
approximately 2. 718281828 

a 3 - b 3 = (a - b)(a 2 + ab + b2) The square root of -I; v=T 
0: Infinity 

Therefore 

3 There c:xtsts 

v For c\cry 
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What's New 

In College Mathematics for Trades and Technologies, Tenth Edition, we have pre­
served all the feat ures in previous editions that have made this one of the most 
appropriate texts on the market for a comprehensive study of mathematics in gen­
eral education and in career programs. We continue to use real-life situations as a 
context for applied problems. 

The tenth edition retains the writing style and pedagogy that has made the first nine 
editions successful, while incorporating new feat ures and new material to keep 
abreast of the curriculum and technology changes that are occurring globally. 

New Features: 

.,. Stop and Check exercises reinforce new concepts and appear in the margins 
opposite the examples. The answers a re located directly beneath to allow stu­
dents to check their understanding, and worked-out solutions can be found 
online in My Lab Math . 

.,. Examples are coded to specific exercises in the Section Exercises to facilitate the 
mastery of the concepts . 

.,. Definitions are featured in the margin as they are introduced. These definitions 
are also included in the Glossary/Index . 

.,. Learning Catalytics is an interactive student response tool that uses students' 
own devices to engage them in the learning process. Learning Catalytics is acces­
sible through MyLab Math, where instructors can generate class discussion, 
promote peer-to-peer learning, and use real-time data to adjust instructional 
st rategy. As an introduction to this exciting new tool we have provided premade 
Learning Catalytics questions that cover pre-requisi te skills at the start of each 
section to check students ' preparedness for the new section. Each question is 
tagged for searching CleavesCol#, where# is the chapter number. For example, 
search CleavesCol8 for all questions from Chapter 8. Learn more about Learn­
ing Catalytics in the Instructor Resources tab in My Lab Math. 

New Material: 

.,. Trigonometric functions of cosecant, secant, and cotangent are introduced. 

Four online appendices are available in My Lab Math, now with accompanying 
assignable exercises: 

.,. Appendix A: Measuring Instruments (calipers, micrometers, uniform and non­
unifonn scales, and gauges) 

.,. Appendix B: Number Systems (decimal, binary, octal, and hexadecimal) 

.,. Appendix C: Matrices and Determinants (including solving systems of equa­
tions using Cramer's rule) 

.,. Appendix D Conic Sections (parabolas, ellipses, circles, and hyperbolas) 

vii 



viii Preface 

Career Coding: 

~ Examples, section exercises, and chapter review exercises have been coded using 
IS different career categories. This will strengthen students' ability to make con­
nections between mathematical concepts and career applications. An index of 
applications by career code can be found at the end of the book. 

rl!mJ Agriculture/Horticulture/ 
Landscaping 

rJ!IIiJ Auto/Diesel Technolo&,ry 

rlm Aviation Technology 

I!I!l1 Business/Accounting/ 
Real Estate 

llf-!ot/.1;111 CAD/D rafting/ 
Architecture/Surveying 

l:3:lJJm Computer Technologies 

ElJll Construction Trades 

~ Electronics Technology 

Cllm Helping Professionals/ 
Education/Criminal Justice/ 
F ire F ighting 

1:151@1 Allied Health/ 
N ursing/EMS 

mJm Hospitality/Culinary/ 
Food Technology 

~ Industrial Technology/ 
Manufacturing/Machine 
Technology/Engineering 
Technology 

IImiiiJ Industrial Trades/Welding/ 
Machine TooUlndustrial 
Maintenance 

Personal Finance 

Telecommunications 

Agriculture, Horticulture, 
Landscaping 

Automobile and Diesel Mechanics 

Aviation, Geographical Information 
Systems 

Business Administration, 
Accounting, Real Estate 

CAD, Drafting, Architecture, 
Graphic Communication, Surveying 

Computer Tech, Information 
Systems, Information Technology, 
Network Technology 

Construction, Carpentry, Electrical, 
Plmnbing, HVAC, Pipe Fitting 

Electronics Technolo&,ry, Computer 
Electronics 

Criminal Justice, Fire Science, 
Counseling, Education 

Healthcare, Nursing, 
N utrition, EMS 

Hotel and Restaurant Management, 
Culinary Arts, Food Technology 

Manufacturing, Industrial, Machine, 
Engineering Technologies 

Welding, Machine Tools, Industrial 
Maintenance 

Home Loans, Credit Cards, Making 
Purchases, Best Buys 

Telecommunication Technology 

O ur goal is to present a systematic framework for successful learning in mathe­
matics that will strengthen students' mathematical sense and give students a greater 
appreciation for the power of mathematics in everyday life and in the workplace. 
The new material in this edition has been added to broaden the usefulness of the 
text. Many of the explanations have been enhanced with carefully constructed visu­
alizations. Exercises have been updated and new ones added. 



Preface ix 

Commitment to Improving Mathematics Education 

Calculator Usage 

To the Student 

In Great 
Company 

The author continues to be active in the standards and other initiatives of the Amer­
ican Mathematical Association of Two-Year Colleges (AMATYC). We enthusiasti­
cally promote the standards and guidelines encouraged by AMATYC, NCTM, 
MAA, and the SCANS document. 

Calculator tips appropriate for both scientific and graphing calculators are periodi­
cally included. These generic tips guide students to use critical thinking to determine 
how their calculator operates without referring to a user's manual. In addition, spe­
cific instructions for the TI-84 calculator are given. 

We continue to emphasize the calculator as a tool that facilitates learning and 
understanding. Assessment st rategies are included throughout the text and supple­
mentary materials to enable students to test their understanding of a concept inde­
pendently of their calculator. 

The mathematics you learn from this book will help you advance on your career path. 
We have given much thought to the best way to teach mathematics and have done 
extensive research on how students learn. We have provided a wide variety of features 
and resources so that you can customize your study to yom needs and circumstances. 
The following features are key to helping you learn the mathematics in this text. 

Table of Contents. The table of contents is your " roadmap" to this text. Study it 
carefully to determine how the topics are arranged. This will aid you in relating top­
ics to each other. 

Glossary/ Index. An extensive glossary/index is an important part of every mathe­
matics book. Use the index to cross-reference topics and to locate other topics that 
relate to the topic you are studying. 

In Great Company. Each chapter opens with an interesting article that gives a situ­
ation that resulted from errors made in mathematics. These articles are intended to 
motivate you to learn from your own errors. 

!!::----·-----­--
~~-~·--
$..-....... - .. .,.---.. ----~-·-..... a:- ... _ ___ ._, ___ .......,. • 

....--- .. -·--·-·-·-...... -­....... _, __ ·-·--...---~----" _ ...... ,,-; .. ______ ..... -.... ....... ,..._ 

............ _ .. ...... - .. -..... -._,.. ___ _ _ ,_, ... ......,. __ ·-.... - .................... _ 
-~·-.... - .. _ .. _., _ __, _ .. 

....... --...... -·-·--..... -- ... ___ ,.,__ -~-... --.... -....--



X Preface 

Learning 

Outcomes 

Learning 

Catalytics 

Stop and 

Check 

Key 

Vocabulary 

Terms 

[ 

[ 

a Identify the pordQt\ bast, 
and~ inpt«ent .......... 

D Solve ~rtMC problems 
usint tN! pertMtaee 
forrntAa. 

D Sol~ ptrttflt problems 
usint th! perttft(aee 
proportion. 

D Solve busiMss at'ld 
tMS\J~r problems 
invotvif12 perett~es. 

Lt1 UMNifii,CAtAltnCS 
llt!iot~ltlcoptr;at~GII~ 

L 0 .11'!100, .. ·­,, 
1 .!!. 
"" 

STOP AND CHECK 
Jdentify th~ P. B. and R for 
each exan1ple 
1. 'What twmber is 30'>1 .. of i O? 
2. 45 is what percent of 90'! 
3. 2SY,.of wb:u l'lumbet is 35? 

Allswers: 
L P D miu:in.g. B • 80. R • lO"k.. 
2. P • 45. B • 90. RD miuing.. 
J. P • 3S. Bil mi:Jsiro.g. R • 25%. 

Formu.la: a s.ym boli.c: s-tatement Of 
wolds Or lttttrs that ~~sesa 
~ions.flipamong quafrtiijr,s 

f'torcentate fOrMtAia: PortiOn -
Rate X 8a~,<1rP - RB 

Base: the numb!r (8) that reprtSet~ts 
IM<u'igh'lll<lri!OialaiiiOu-ill 

PortiOn: the number (P) th.M 
f!1)re:sentsapar1<1rpottj0n~lhe 

base. Also u tltd ~IU1'll.age 

R•t~ the rate (R') is a Pfl(ff'll that 
!fils us !'low the ba~ a11d porlion are ....... 
f'torc:entate: in a problem irrwoMtlg 
peretnt. lhe numbtr (PH hat 
~resents a porlion Of the base. 
Also u tled portiOn;alleiMte 
dditlition iS alr.adiO-tiOr rlliOW!Ih 
100 utldt'!1~1ood as the denomi.tiii!Or 

D ldentir,the Portion, Base, and Rate in Percent Problems. A fonnuta expresses a 
rclattonship among quantities.. When you usc the six-step probkm-sohringapproach. 
the-third step. the Solution Plan. is oflen a formula written in words a nd lcHe-rs. 

·rhe pE>rcmtaa:e formula, Po rtion = Ra te x Base. can be written as P = RB . 
T he letters or words represent numbers. 

In the fomtula P = RB. the ba.w (B) represents the-original numbe-r or one entire 
quantity. The portion (P) represe-nts a part of the-base. Tile-rate (R) is a percc.nt that 
tells us how the base-and portion are related. In the-stateme-nt -50 is 2&Y., of 25o.·· 250 
is the-base-(the entire-quantity). 50 is the-portion (pan). and 2&!4 is the rate (perttnt). 

To ldenufyth~ rattt, b.se. a nd poruon 

I. Identify the rate. Rate is usually written as a pctee-nt. but it may be a decima l 
or fraction. 

2. lde.ntjfy the base. Ba.ve is the- total amount. original amount. or entire 
amounL The base-ofte-n follows the preposition of 

3. Identify the ponjon. Portion can re-fer to the pa rt. partial amount .. amount 
of increase or decrease. or a mount of change. It is a portion ohhe base. The 
portion often follows a fonn of the verb i.f. 

'"'*''' Identify the gi\•en and missing elements for each example. 

(a) 20% of75 is wha t number'! 

(b) What pe.rcent of 50 is 3(1? 

(e) Eight is l&Y. ofwhat number'! 

rRJ IRl [liJ 
(a) 20% of75 is wha t number'! 
~~ Part 

tlil p 
(b) What percent of 50 is 3(1? 

fi'i:r«nLtotaJ Part 

p_ rRJ B 
(e) Eight is I&Y. ofwhat number'! 

Pa rt l\ircenll C!Q!i!l 

use the Identifying key word~ for rate 
(percent or !f.}, ba~e (total, original, 
a~soclated wrth the word of), and por· 
tlon {part, associated with the word Is). 

Old You I<Mw? Portioo can be called perce:otaa:e. In a standard dictionary you wil l 
sec percm.taJte defined as ··a fraction or ratio with 100 unde-rstood as the denomi­
nator ... as .. the result obtained by multiptying a quanti ty by a pe.rcent."' and as 
..a portton or sha re in re-lation to a whole: a pan:· 1'ha t is.. the-word perce111age 
can re-fe-r to both the-rate-and the-portion. This causes many to confuse the­
words percent and percentage. Because-in writte-n reports the word percentage is 
often used to ide-ntify the percent or rate jnstead of the-portion. we will only u.se 
the-word portitm when referring to a /)(Itt of the base. 

Procedures 

box 

Tip Box 

Learning Outcomes. A learning outcome is what you should be able to do when you 
master a concept. These outcome statements can guide you through yom study plan. Each 
section begins with a statement ofleaming outcomes that shows you what you should look 
for and le-arn in that section. If you read and think about these outcomes before you begin 
the section, you will know what to look for as you work through the section. Section Exer­
cises are organized by learning outcomes, and the Chapter Review of Key Concepts give 
procedures to review and a worked example for e-ach learning outcome. 

Learning Catalytics. These questions in the text are featured in Learning Catalytics 
available through MyLab Math. This interactive student response tool uses stu­
dents' ow11 devices to engage them in the learning process. Instructors can generate 
class discussion, promote peer-to-peer learning, and use real-time data to adjust 
instructional strategy. The questions we have provided test pre-requisite skills at the 
start of each section to check students' preparedness for the new section. Learn 
more about Learning Catalytics in the Instructor Resources tab in My Lab Math. 

Procedures Boxes. Each learning o utcome has one or more procedures boxes. 
These boxes provide rules or procedures presented as numbered steps. A procedures 
box may also present a mathematical property, formula, or fact. 
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Tip Boxes. These boxes give helpful hints for doing mathematics, and they draw 
your attention to important observations and connections that you may have missed 
in an example. 

Stop and Check Exercises. These extra exercises located in the margin give students 
immediate practice with answers as new concepts are introduced, so they can master 
every o utcome. 

Key Terms. These important vocabulary words a re highlighted in bold in the text 
and called o ut in the margin with their definitions. 

Mort thai* OM rdali'lnlillip moay bt' M'tdcd 10 fi.Qd tbc: unt.no--. Cacu. \llbm 
th~ ~ lllt CUI:, )XlU U$Uillll)' flttd 1.;'1 tQd JN ptObiC'llll $t'ietalt"- 1<1 {IQd aJi th<: 

no~li'lnsbiPfo aQd pba )Xlut 501ulic:ln arall:!)'. 

lmlmll 
mJ CariC'Je AnQf: MM!WlylfiC'Cd' ~<~~ip n CJ)'Mill v.u.::1. Wllh aand.ud pacting 
to pmt:nt d~ S Villlli:$ fi1 U.udl ;av;aiblb~ bca. How many b~an ~uittd to 
p.xlt: thtvud! 

JCIM)•ll r*'"' 
total\~ ,.., be dlippcd = 1& 
swm.bcrciVii-pcrbclx = 5 
JtdAcl&nl;hlpo 
total boliC10 ~~~:cdtd = Ulul-..mNr M ''~~~ - numbo:t per~ 
total bou$ n«ded = n - 5 
f,ct.utlo. 
' () + 5 : 14 Rourld~~a$.1idW. 

8() + 5 : I' flo..M~o~> th•dMd•nd. 

Sino: 1& is btt- n ' ()and SO. tbo: numbt:tof bcw:$ ntcdro ~ bct:•-1-' al¥l 16. 

C•II"JJIIbdoNI 
18 + 5 = IH ll 

lllt«))r~adnll 

' ' bfl)l;rol aff ll('fdt« 15 bclll:l:$ ,.;11 contain 5 \'UI:$ ~~II. and I IKa wiU MQIIIia } 
va-.l'bt~•ith 3,~wiUQf:cdatrapllcl:ing~ s"&..-.n. 

~~~~ Utili& GMHI'II _, Clledlnt• Sellle P.ol* .. An dTte~i~~ $tl'>~.lt$)' &:lr ,_.,,.,.. 

ingprobknu, in'fflh~ gutliO,inl!- ~bk a peu lha1 you thild: 1¥11-Y ~--bit.. 
and chtd:: to~ if~ II'*"W is COff'C'd. If your .,xu.~~~ COI'tt'Cl, d«iok if i1 II 
1.:.0 high ot 100 low. Mili anoaht r gweu bawd o. .. 11aa )'lllf ltunN from )'0111' 
f.m s-· Com~wntil ylllf f!Qd ~MrrC'l:l a.n, .. ~r. 

I.C"I's u y g~ing in tilt prcvillo.ts ~plie. Wt (ouQd tl1111 .. ~ Mlo1ld p;u:k 10 
v- in 14 OOu.a.nd SO''UC:S U. l ti OOU:I. SiQo.lt • 't n«d 10 ~k 18 '~· IIM:l,.• 
lllllll)'''UI:$Qfl ~ pact• i all I.S boo:C!C IS(fl = 1S. SliD noa enough. TherefoR. 
.. ~ .. i!l ntaft6 OOUJ.. but ~ "'" bo.l • iD flllt bt {uD. 

Y oo.t can prob.:lbly abink o{ oahtr ,..,..)'$ to ~~ !.his ptObiC'llll. Somt pi;~QIS wiU tw: 
~J~URdfli:iml lhllaollltn, b ut )'OifdC'o.'cl:lp)-our ptOblem41>h-q U ilk by punuing 
II 'lllrill'l)' of $lBI.eg~ 

i§i!iJj;i!§JH My l ab Math r.oo~c~'*'>~"'oc~t•to .. !P'••~"Jfla.., ,.~•Motto 
D U"~ lllcO«krofOfM!Iiuo"toC'Oalo;otC'e>:~dl p~.w M~ 1. 

1. s: ..- c - J 
4. 5·!.9 - c . : 
7. # + 8 · 1 

l. c: ..- &- c 
S. :S • S· C.I 
IL I S - ! · J 

l. _1, _, .,. .\ 
.. 6-l ~ .t(l) 

•· c! - (~)13) • & 

Career-Coded Examples and Exercises. Applied problems focus on a wide variety 
of careers available as a course of study at your community college, technology cen­
ter, or university. These careers are grouped into 14 categories, and the examples 
and exercises are coded to these categories as appropriate. There is also a category 
for personal finance which is appropriate for all career choices. An index of applica­
tions is provided in the back of the book for your convenience. 

Six-Step Approach to Problem Solving. Successful problem solvers use a systematic, 
logical approach. We use a six-step approach to problem solving. This approach gives 
you a system for solving a variety of math problems. You will learn how to organize the 
infonnation given and how to develop a logical plan for solving the problem. You are 
asked to analyze and compare and to estimate as you solve problems. Estimation helps 
you decide whether your answer is reasonable. You will learn to interpret the results of 
yom calculations within the problem's context, a skill you will use on the job. 

Use of Color in the Text. As you read the text and work through the examples, 
notice the items shaded with color. These will help you follow the logic of working 
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through the example. Color also highlights important items and boxed features such 
as the Tips, Learning Outcomes, rules, procedures, and formulas. 

Using Your Calculator. Calculators are useful in all levels of mathematics. Some tips 
introduce easy-to-follow calculator strategies. The tips show you how to analyze the 
procedure and set up a problem for a calculator solution; a sample series of key­
strokes is often included. In addition, the tips help you determine how your type of 
calculator operates for various mathematical processes. 

Sn-£.vampk8. 

1.4. Five d~feeth~ pens wert :w:ci&nt.aUy pbctd in a box ot 
139 good pent, makicl.£ a box or 144 poms. Wb:u it the 
probability o(findi c~.& a defeetl,·t p;-n on tl~~r ~nd tty 
if the first try r.:suhOO in findmg a dtfeeth't p.>a? 

Sn- E.vampk 9. 

16. A i.'Otup:lcly b3s kVtn anployrtS. Their ap:s art 2.S. 27. 
32.47. S6. 63. and 67, r.:specti...ely. 

Wb:u 6 the probability ofsdttlins an employrt for an 
wign.ment tb:ll is :u las:~ 21 yt:lN old'! 

0 Sn- £.wtmplt< /0. 

18. Wb:u a~ the odds agains' s.t:le<:ting a fi..mak at~ployrt 
rrom a sroup or 18 rem.ale and 6malt anplo)'M! 

15. A dni'A'ing will be- held to award door pri:tJts. If the 
naniOS ot 24 pet"Jpk (no rtpeattd namcs) art in dw pool 
for the dra'A'icl.£., \\bat is the prob:~bili ty dlo3t Oa\·id's 
namt >AlU be pulled at r.u\dom foe th~ f'irtt Jlf"ilt? If hit 
name is pu.Utd :ltld not J'q)laced, what is tbt probsbility 
that Gayndl's nan~ ,.,g bt pu.Utd ne~t? 

17. Playinge:mb ha'~ n.>d oe blade fam. What it llw prob­
abilily ot dra~:ins a card v.lth • green race from a d.:rl: 
ol'playingea .. ds'! 

19. An employer bas HUi.-male and 6 malurnpiO)'i'IS'A'bOdo 
the samt 'A'Ork. Wb:ua~ tbt oddi (or ~"ill.£ • fl.-mak 
enlploytt (ron) tbit group foe • spt(ial•tiiS~urtent'! 

6 CHAPTER REVIEW OF KEY CONCEPTS 

LW NING OUTCOMES 

WM!MjM 

D Rt~ ti~ £r*phS 
[p.265). 

KEY CONCEPTS AM.O EXAMPUS 

Rf'<llll • rirde. bar. « lbk' a:raph:: I. £.,.amicw tht tide of tht ~,r;tapb to fi nd out \lobst infoenU!I· 
tic>11 is illov.n. 2. Examine tht Jlllrl!l to set hew.• they ~late to one anothrt and to tht "''hok. 
3. Examine lhe labt:ls for eaeb Jlllrt ol'tht graph and :t~1y explanatory rtmarkt that may be 
gi\~l. 4. Useth~ gh-en parts to C'.llculatt additio!WII :t~nounu oe perctntt. 

A circlt graph cotuparts parts to a -A'bol~. 

l f tbt 101.81 monthly rt\~n..e at • used ea.. deal~rs:h.ipis S7S.OOO. -A'bat is tht tt\tn..e from 
Lrudcg!(Set F'ig. 6-22.) 

3¥Atof7S.OOO -
(US X 7S.OOO - $26.2SO 

I IGURt ... U 

Section Exercises. T hese practice sets are keyed to the learning outcomes and 
appear at the end of each section. Use these exercises to check your under­
standing of the section . The answers to every exercise a re at the end of the text, 
so you can get immediate feedback on whether you understand the concepts. 
Each example in the section has at least one exercise that is referenced to that 
example. 

Chapter Review of Key Concepts. Each chapter includes a summary in the form of 
a two-column chart. The first column lists the learning outcomes of the chapter. The 
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second column gives procedures and examples for each outcome. Page references 
are included to facilitate your preview or review of the chapter. 

WtiLe 1"-"'0 uttit r.uios that rda1e the given pGir of nleasutes. 

1. Ft-e1and inches 

3. Pounds and IOns 

2. Hours and d3)'S 

.a. Yards and miles 

Using unit ratios or ootwctsion factoti. ootwcn t l~ giYi.'tl nw.-a.sul"l.>s 10 the tltW units. 

S. How 1nany ou. • .ccs a!'\' in 5 lb1 6. CJl:§i A fitl1' suil ""'eigbing S7i lb \\'t ighs bow nu:1ny 
ounces? 

7. Find thenutnbctof poundsin68002. 8. CimJ Ac.anoffruit 'll.'tighs22.4oz. How many pounds 
istbii? 

9. r:s:mJ How many feet of wire are needed 10 fo.>n« a 10. mtl The tail hi'ittn ofa 8 737-200airctaft is 36 f1 6 in. 
ptOp.-'rty line I} mi lont'? How many il.ch..ts is the tail he~tll? 

Exptm Lhe •neasurts in standard not:uion. 

11. lftl9in. 12. l mi5.31Sf1 

13. J2 1b l7~oz 14. 2gal 7qt 

Add ot subLr$C,. Write aruwets in sta•K'Iard tiOL:uion. 

IS Sgal3qt I'-. 7ft9 il'l. 4 1b 9o2. 
. + 2p139t ~ 17. ~ 

Ill fl7!l T\lro p3ckages to be setH aitexpreSS\\"\.>igh 5lb4 02. 19. r:l'!'Jl!J A ""'t:lter hose purchased fot an RV was 2ft long. 
each. Wh:u is Lbe shipPtlg \\'t~lu of Lbe two packagoes? Wb:u was iLs lcng.tb after 7 in. \\'ttl1' cut off? 

Multiply a1K1 write answers for mixed tneasures in stand.atd notation. 

_.. 8lb3oz 
21 

9in. 
~. ---2i.! . ~ 

Di\'i<k. 
ll 20yd2ft6in. -eo 2 

lS. ~ If 18 lb of Oa.oo retatdatlt art divided equally 
into (out boxes. expti1'SS the weight of the contetus of each 
box it1 pounds and out1ces. 

l7. 14 ft -eo 4ft 

l9. 5n~ - ~ 
mm --b 

31. Cim Ho""' many quans of 1l'l ilk art tleedcd for a tec­
ipe that calls for 3 ~of 1l'l ilk? 

wy;q.l t.'§'M 

l2. IO!;lllqt 
__ x_7 

1-'. 5 ga.l 3qt2 pt . 6 

26. r:m::l If 32 equal kt1gths of pipe are needed fot a job 
a.1K1 each length is to be 2 ft 8 in .. how matly feet of pipe 
are n~ded for the job? 

28. 2mil20ft • 15 ft 

30. 2.52()~ -__ ; 

31. m:EJ H<Wo' 1nany ~02 servings of jelly c.an be •nade 
ftotn a I }-lb oont.aitler of jd ly? 

Gi\'t Lbe prefix tbat rel.ateseaeb tlwnbcr to thest.atldard unit in Lbe meuic S)'Qe!l'l. 

33. I.OOOtitl)es 34. ioor 
3S. l .~of 34.. IOtinles 

Chapter Review Exercises. An extensive set of exercises appears at the end of each 
chapter so you can review all the learning o utcomes presented in the chapter. These 
exercises, organized by section, may be assigned as homework, or you may want to 
work them on your own for additional practice. Answers to the odd-numbered exer­
cises are given at the end of the text, and worked-out solutions appear in a separate 
Student Solutions Manual available for purchase. Your instructor has the solutions 
to the even-numbered exercises in the Instructor's Resource Manual. 

Team Problem-Solving Exercises. Employers value an employee's ability to interact 
with others in a team environment. These exercises will allow you to develop and 
refine your team-interaction skills. 

Concepts Ana lysis. Too often we focus on the how to and overlook the why of 
mathematical concepts. The Concepts Analysis questions further your understand­
ing of a concept and help you see the connections between concepts. Some concepts 
questions present incorrect solutions to exercises to give you practice in analyzing 
and correcting errors. Error analysis also reinforces your understanding of concepts. 
As an added bonus, these exercises strengthen your wri ting skills. Suggested 
responses (answers) are fo und in the Instructor's Resource Manual. 
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Write as a fraction in I<W.·est t.Crnts. P\'rfom) tbe cs.kul:u..ions uS;itlg a calculator. 

21:9. 0.12~ 
7 I ' S I 
i +2 s~ i6 - i 

l31. 232. 
3 

l33. 7 -l-1 II I 
6- i -·-- 4 32 4 

I 2 TEAM PROBLEM-SOLVING EXERCISES 

Your IC3m is preparing a report th.:u is: to be printed on botb s:idcs of the p3pcr. II is: customary to put odd-numbered pages 
oo t be front and C\'CD-numbercd pages on the back:. A ncwcbaptcr is stancd on the front o f a sheet o f pap«. C'\~n if this ere· 
atcs a preceding blank: page. Assign page numbers to t be document based on these guidelines. 

Chap. I. IS pages Chap. 2. 17 pages 

Chap. 3. 24 pages Chap. 4. 15 pages 

I 2 CONCEPTS ANALYSIS 

1. Wh:u two o~r:uions r.:-quire a com moo denominatol"! 
3. What steps must~ follo~~~o-ed 10 fi1K1 t he 1"1.->cipt~ l o f a 

mix.ednmnbu'! 

S. What O!)"ration requitt>s the use of 1he redptocal of a 
ftact ion1 

7. What opctatiot'l ltiUSl ~used to sol\'(.' an applied prob­
lem if 1he Iota.! and 01W!' of dW!' two pam are given'? 

9. Wha1 docs 1be numer.uorof a fraction i•Kiicate? 

Find. explain. and cotroct lht mi!.talres in th.-se probkms. 

11. 12 

-s~ 
4 

,~ 
4 

IS. 12~ • 12i • II¥ 

-~i - -~i - -4 i 
- - -

2 PRACTICE TEST 

Repro.>senl as fractions. 

I. 3 out of~ poopk in a r.utwy :z. 1 . 9 

1. Wh:u pag_e numb\'r will SLan Chapter 21 

Z. How 1t1.any pag.es au it1 the docun~~ent? 

3. HO'ilo' 1t1.any blank pag.es au it1 the docun~~ent? 

2. Explain how to find th~ t!1'ciprocal of a fract ion. 

4. Wh:u number can be ""'rinen as any fraction that has 1he 
s::une n1.11n~rator and de • .ominator1 Expla in ""'hy. 

6. Name th~ operation I hat has each of I he follow i•l! fot an 
ans .... \"r: sum. diffcl'\'n«. pt'od~.tet. quotienL 

8. Wh:u d()ti the d~nominalot of a ftaC1kH' indica1e"? 

10. Whal k ind of ftaC1ion has a \'a.lut less than 11 

\Vritt as\\ bolt ot mixOO. nu1ubcrs. 

" .!! . 9 

Practice Test. The practice test at the end of each chapter lets you check your 
understanding of the chapter leaming outcomes. You should be able to work each 
problem without referring to any examples in your text or your notes. Take this test 
before you take the class test to check and verify your understanding of the chapter 
material. Answers to the odd-numbered exercises appear at the end of the text, and 
their solutions appear in a separate Student Solutions Manual. Your instructor has 
the solutions to the even-numbered exercises in the Instructor's Resource Manual. 

Cumulative Practice Tests. Practice tests for a group of chapters are included after 
Chapters 3, 6, I 0, 15, 18, and 20. These tests will help you prepare for mid-course or 
end-of-course exams. Periodically reviewing previously leamed material will help 
you retain the concepts for a longer period of time. Answers to the odd-numbered 
exercises appear at the end of the text, and their solutions appear in a separate Stu­
dent Solutions Manual. Your instructor has the solutions to the even-numbered 
exercises in the Instructor's Reso urce Manual. 

Cheryl Cleaves 
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Get the Most Out of Mylab Math for College 
Mathematics for Trades and Technologies, Tenth Edition 
by Cheryl Cleaves and Margie Hobbs 
College Mathematics for Trades and Technologies 1Oth edit ion offers market-leading content written by 
author-educators, tightly integrated with the #1 choice in digital learning- MyLab Math. MyLab Math 
courses can be tailored to the needs of instructors and students, while weaving the author team's 
voice and unique approach into all elements of the course. With College Mathematics, learning math­
ematical concepts through real-world t rade applications comes through from the text to the MyLab 
course seamlessly. 

Take advantage of the following resources to get the most out of your MyLab Math course. 

Motivate and Support Students with Updated Resources 
Updated video program provides example-based 

videos for each section of the text. These videos 
are short enough that students will actually watch 

them, and walk students through the solut ion pro­
cess of types of problems. The mobile-ready player 

-3 

C\·'S I X ID 
allows videos to be played on any device-support 

students no matter where they are. 

- r. • , • 
I a:=~ ::c.-~,. .. llOI'J.) mm 

c:c::::e:wmm .. ' 

:t ... b., .. _ 

NEW! Learning Catalytics is an interactive student response tool that 
uses students' smartphones, tablets, or laptops to engage them in more 
sophisticated tasks and thinking. Available through the MyLab Math 
course, pre-made questions specific to College Mathematics are available 
to use with students. Margin references in the text indicate where an 
existing Learning Catalytics question would be applicable to use. To find 
these questions in Learning Catalytics, search for "CieavesCol#" where 
# is the chapter number. 

pearson.com/mylab/math 
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Pearson 
My l ab 

Motivate and Support Students with Updated Resources 
NEW! A trade applicat ion question library 

provides a wide range of exercises available to 
assign to work for any instructor's class dynam­

ics. Available in the Myl ab Math Assignment 
Manager, this library of exercises now allows 

instructors to pull in additional application 
quest ions from part icular t rades or industries. 

Expanded Myl ab exercise coverage now in­
cludes coverage of all online appendices, giving 

students the chance to practice and reinforce 
skills from all content areas. 

Resources for Instructors 
The following resources can be downloaded from 
the Instructors Resource Center on www.pearson. 
com, or in the MyLab Math course. 

Instructor's Resource Manual 
This resource includes teaching t ips and activity 
ideas for each chapter, which can be used for 
individual or group work, as well as solutions to 
even-numbered exercises for Chapter Reviews, 
Practice Tests, Cumulative Pract ice Tests, and 
solutions to all Concept Analysis exercises. 

UPDATED! TestGen 
TestGen® (www.pearsoned.com/testgen) 
enables instructors to build, edit, print, and 
administer tests using a computerized bank 
of questions developed to cover all the objec­
t ives of the text. Updated for the 1Oth edit ion, 
TestGen is now algorithmically based, allowing 
instructors to create multiple but equivalent 
versions of the same question or test with the 
cl ick of a button. Instructors can also modify test 
bank quest ions or add new questions. 

koR: Od1pt 

4.2.8-27 

fll]l'N ...... ...._.IAAit' •ff1Pfii..,._..«I4M;...._. 

.. )lN KMflc•fi ........ ~(T,..I ... _..,.,,.....,..htliiWI) 

HW &core:~ 0 ol10 * 
. OIIetltln .... 0 

Resources for Students 
Student Solutions Manual 
This manual contains completely worked-out 
solutions for all the odd-numbered exercises in 
the Chapter Reviews, Practice Tests, and Cumu­
lative Practice Test in the text. 

pearson.com/mylab/math 
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A project such as this does not come together without help from many people. My first ave­
nue for input is through students and faculty who use the text. Their comments and sugges­
tions have been invaluable. 

I wish to express thanks to all the people who helped make this edition a reality, espe­
cially team leaders Matt Summers and Tamela Ambush, and project manager Amy Kopper­
ude at iEnergizer Aptara®, Ltd. 

The teaching of mathematics over time produces a wealth of knowledge about instruc­
tional strategies and specific content. I am grateful for the many valuable suggestions received 
in these a reas. I wish to thank the fo llowing individuals: 

Stan Adamski, Owens Community College, Ohio (OH) 
Milton Clark, Florence Darlington Technical College (SC) 
Virginia Dewey, York Technical College, South Carolina (SC) 
Terry B. Gaalswyk, Western Iowa Technical Community College (IA) 
John Gillis, Po rtsmouth Naval Shipyard Apprentice Program, under the auspices of 

New Hampshire Community Technical College (Portsmouth, NJ), and York County 
Community College (Wells, ME) 

Brent Hamilton, North Iowa Area Community College (IA) 
Ryan Harper, Spartanburg Community College (SC) 
Crystal Heshmat, Hudson Valley Community College (NY) 
Mara Jorgensen, Western Iowa Technical Community College (IA) 
Stephanie Krehl, Arkansas State University Mid-South (AR) 
Edwin G. Landauer, Clackamas Community College (OR) 
Michelle McClain, Delgado Community College (LA) 
Lisa J. Music, Big Sandy Community and Technical College (KY) 
N icole Muth, Lakeshore Technical College (WI) 
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Justin Ostrander, Manhattan Area Technical College, Kansas (KS) 
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J immie A. Van Alphen, Ozarks Technical Community College (MO) 

I'd like to thank Deana R ichmond for accuracy checking the manuscript and 
always providing cons tructive suggestions, and Shirley R iddle for preparing the 
glossary, index, and list of career applications. 

Finally, I want to dedicate this book to Margie Hobbs. Margie and I began working 
together at State Technical Institute at Memphis in 1975 and published our first textbook in 
I 979. Through the years we were more than just best friends, we were family. Margie had a 
unique set of qualities that truly set her apart: her attention to detail, her passion and persis­
tence, and her willingness to see the job through made the people around her better- made 
me better. Her commitment to her family, to the profession of teaching, to her students, to 
her colleagues, and to this project was unquestioned. She was a dedicated professional to the 
end, but somehow she managed to always put the needs of others first- which is a truly 
remarkable thing. Her legacy will live on not only in this textbook, but in our hearts. Thank 
you for everything you did for us, Margie, and for making me part of your family. 

Cheryl Cleaves 
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ID Basic Operations with 
Whole Numbers and Decimals 

IEIEJI Exponents, Roots, and 

Powers of 10 

Ill Order of Operations and 

Problem Solving 

In Great Company 
Math: No body's Perfect 
Some people hate to do math because they get frustrated when they make a mis­
take. Even the most expert mathematician can spend hours working through a 
problem only to have a teensy-tiny mistake turn the whole thing into useless 
trash. If you think math demands absolute perfection or if you think your work is 
wrong if it isn' t perfect in every way, then you will be defeated before you even 
begin to do math. 

So, in mathematics, the first step to success is simple: recognize that no one 
can always get it perfect every time. 

The second step to success is also simple: try to do it anyway. 
That is all there is to math. If you like succeeding when challenged, you will 

Jove math. 
A huge part of doing well in math involves learning to separate your ego 

from your results. When- not if, but when- you get a math problem wrong, 

1 
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Decimal-number system: the 
system of numbers that uses 10 
ind ividual symbols called digits 
(0, 1, 2, 3, 4, 5, 6, 7, 8, 9) and place 
values of powers of 10 

Digit: one of the symbols 0, 1, 2, 3, 
4, 5, 6, 7, 8, 9 

Place value: the value of a digit 
based on its position in a number 

LEARN ING OUTCOMES 

D Compare whole numbers. 

D Write fractions with 
power-of-10 denominators 
as decimal numbers. 

D Compare decimal numbers. 

I 

that wrong answer does not mean you are stupid. All it means, is you got that one 
wrong. Everyone gets math wrong, some of the time. Look at all the great com­
pany you have! 

Scientists Can't Add (November 9, 1993) 

Steve Kellmeyer, Math Instructor 
Art Institute of Dallas 

In 1987, U.S. physicists convinced Congress that the United States was falling 
behind in high-energy particle physics. We must leap ahead of the competition! We 
must build a machine capable of carrying o ut such high-energy work by the next 
century! T he physicists, the mathematicians, the Nobel laureates had it all worked 
out. They wanted to build what was called a Superconducting SuperCollider (SSC). 
And they could build it, they said, for the low, low price of just $4.4 billion. Chicken 
feed, really. 

The U.S. government bought into the idea, and Congress approved the funds. 
In 1991, construction began in a little town just south of Dallas, Texas, the town of 
Waxahachie. The workers drilled 200 feet down and then began boring a circular 
tunnel through the bedrock. But even before construction began, prices had begun 
to rise. Worse, international collaboration, which was supposed to bring in an addi­
tional $2 billion in funding, never actually happened. 

By 1993, cost estimates for the project rose from the original $4.4 billion to over 
$12 billion. Prices had already tripled, but only 14 miles of the 54 miles (25%) of 
underground tunnels had been d ug. Equipment still hadn' t been bought . Worse, the 
International Space Station was competing for the same funds the SSC was sup­
posed to get. It was too much. Congress threw in the towel on October 21 , 1993, and 
officially canceled the sse. 

So, what did the United States get for its $2 billion investment? A big hole in the 
ground in Texas, topped by a lot of empty buildings, the whole thing surrounded by 
rusting cyclone fences. 

The mathematicians and the Department of Energy officials who oversaw the 
project apparently couldn't add very well . They kept miscalculating costs and failed 
to foresee basic difficulties. How can the American public have faith in mathemati­
cal models put forwa rd by mathematicians who cannot add up a few dollars to 
arrive at realistic costs? 

Remember this the next time you make a basic addition or subtraction mistake. 
You aren't the fi rst to do it. You won' t be the last. And it isn ' t nearly as humiliating 
for you to make such a mistake as it was for all the engineers, mathematicians, phys­
icists, and government employees involved with the SSC. After all, they made essen­
tially the same error, and their mistakes were splashed across the front pages of 
newspapers across the nation. 

Basic Operations with Whole Numbers and Decimals 
I 

Our system of numbers, the decimal-number system, uses 10 symbols called digits: 
0, I, 2, 3, 4, 5, 6, 7, 8, 9. A number can be represented with one or more digits. When 
a number contains two or more digits, each digit must be in the correct place for the 
number to have the value we intend it to have. Each place in the system has a specific 
place Yalue. 

The numbering system is made up of many different types of numbers. The first 
two types of numbers that we review are natural numbers and whole numbers. The 



D Round a whole number or a 
decimal number to a 
specified place value. 

B Add and subtract whole 
numbers and decimals. 

1!1 Multiply and divide whole 
numbers and decimals. 

~ LEARNING CATALYTICS 
Perform the indicated operations. 
1. I - 0.03 
2. 0.2(0.03) 
3. 1.5 + 0.3 

Natural numbers: the set of 
counting numbers beginning with 
1, 2, 3, and continuing indefinitely; 
also called counting numbers 

Ellipsis ( ... ): a notation to show 
that the pattern established before 
the ell ipsis continues 

Counting numbers: same as 
natural numbers 

Whole numbers: the set of natural 
numbers and the number 0; numbers 
made up of one or more digits 

Periods: groups of three place 
values- ones, tens, hundreds- for 
periods such as units, thousands, 
millions, billions, and trill ions 

Units: period formed by up to th ree 
digits on the right end of a whole 
number 

Thousands: period formed by up to 
three digits to the left of the units period 

Millions: period formed by up to 
th ree digits to the left of the 
thousands period 

Bil lions: period formed by up to three 
digits to the left of the millions period 

Trillions: period formed by up to three 
digits to the left of the billions period 

Number line: visual representation 
of the relationship of numbers by size 

Infinity ( oo ): a concept that 
numbers continue without end 

Inequality: a mathematica l statement 
showing two numbers that are not 
equal. Inequality symbols are < and > 

Less than(<): a symbol placed 
between two numbers showing the 
left number is smaller than the right 
number 

Greater than (>): a symbol placed 
between two numbers showing the 
left number is larger than the right 
number 
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natural numbers begin with the number I and continue indefinitely (1, 2, 3, 4, 5, ... , 
101, 102, 103, . .. ). Three periods that follow a list of munbers are called an ellipsis 
and mean that the pattern established before the ellipsis continues. The natural 
numbers are also called counting numbers. The set of whole numbers includes all the 
natural numbers and the number 0. Other types of numbers will be introduced as 
appropriate. 

The whole-number place values are arranged in periods, or groups of three 
(Fig. 1- 1) reading from right to left. The first period of three is called units, the sec­
ond period of three is called thousands, the third period is called millions, the fo urth 
period is called billions, and the fifth period is called trillions. Commas are used to 
separate these periods. The commas make larger numbers easier to read because we 
can locate specific place values and interpret numbers more easily. Each group of 
three digits has a hundreds place, a tens place, and a ones place. 

Trillions Billions Millions Thousands Units 
Period Period Period Period Period ., ., 

8 0 
., .. 

q 8 8 ., '0 ., Ill c: 
~8 0 o. ~8 0 'iii' c: ill .. 
.S! ct 8 § .2<:!. 8 § ,go;- :> '0 

E§ ~8 ~§ ~8 'E§ Cll Ill ., 0 c: .. .. § 0 c:8 .. § =· Ill_ '0 Ill 

!§ ~q !§ .2ct .. 8 !§ .S!o e§ ~8 
c:_ '0 

1:8 ~§ =8 so =8 g§ ill~ !!!-
~0 - o ~Q .tlo ~0 Eo ~0 -o 5 8 '0 Cll 

~~ 
Cll 

c:o C:cj §~ C:cj C:cj c:O .,_ 
:>0 

~~ 
:>0 :>0 = .. :>0 .1: - :>0 c: Cll 

:~::::. t!!:. :~::::. ~'!::, Ill::. :~::::. {!'!;.. :::;;::. :~::::. ~::. .... :::. :~::::. {!'!;.. o::. 

FIGURE 1-1 Whole-number place values and periods. 

Did You Know? In four-digit numbers, the comma separating the units period from 
the thousands period is optional. Thus, 4,575 and 4575 are both acceptable. 

II Compare Whole Numbers. Whole numbers can be arranged on a number line to 
show a visual representation of the relationship of numbers by size. The most com­
mon arrangement is to begin with zero and place numbers on the line from left to 
right as they get larger. 

0 2 3 4 5 6 7 8 9 10 11 12 

All numbers have a place on the number line and the numbers continue indefi­
nitely without end. A term that is often used to describe this concept is infinity and 
the symbol is oo. 

Whole numbers can be compared by size by determining which of the two num­
bers is larger or smaller. If two numbers are positioned on a number line, the smaller 
number is positioned to the left of the larger number. The order relationship can be 
written in a mathematical statement called an inequality. An inequality shows that 
two numbers are not equal; that is, one is larger than the other. Symbols for showing 
inequalities are the less than symbol < and the greater than symbol > . 

5 < 7 F ive is less than seven. 

7 > 5 Seven is greater than five. 
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Cardi nal number: a number that 
shows how many 

Ordinal number: a number that 
shows order or position 

Fraction: a number that is a part of a 
whole number 

Fraction notation: writing the 
numerator and denominator of a 
fraction separated by a horizonta l 
bar or slash 

Denominator: the denominator of a 
fraction is the number of pa rts one 
unit has been divided into. It is the 
bottom number of a fraction or the 
divisor of the indicated division 

STOP AND CHECK 
1. Write two inequalit ies com­

paring the numbers 203 and 
230. 

Answee 
I. 203 < 230 and 230 > 203 

Numerator: the numerator of a 
fraction is the number of the parts 
being considered. It is the top 
number of a fraction or the dividend 
of the indicated division 

Decimal fraction: a fraction whose 
denominator is always 10 or some 
power of 10; a fractional notation 
that uses the decimal point and the 
place va lues to its right to represent 
a fraction whose denominator is 10 
or some power of 10, such as 100, 
1,000, and so on. A decimal fraction 
is a I so referred to as a decimal, a 
decima l number, or a number using 
decimal notation 

Power of ten: a number whose only 
nonzero digit is 1: 10, 100, and 1,000 
are examples of powers of10 

Decimal number: an alternate 
name for decimal 

Decimal: a fractional notation based 
on place va lues for fractions with a 
denominator of 10 or a power of 10 

Decimal notation: a notation for 
writing a fraction as an equivalent 
decimal 

Decimal point: the symbol (period) 
placed between the ones place and 
the tenths place to identify the place 
value of each digit 

Did You Know? The inequali ty symbols < and > always point to the smaller number. 

To compare whole numbers: 

1. Mentally position the numbers on a number line. 

2. Select the munber tha t is farther to the left to be the smaller number. 

3. Write an inequality using the less than symbol. smaller number < larger 
number 

or 

Write an inequality using the greater than symbol. larger number > smaller 
number 

ij:t.J:IQ!II 
Write two inequalities comparing the numbers 12 and 19: 

10 11 12 13 14 15 16 17 18 19 20 

12 is the smaller number. 

12 < 19 or 19 > 12 

Mentally position the numbers on the line. 

12 is to the left of 19. 

Use appropriate inequa lity symbol. See Exercises 1-10. 

N umbers are used to show how many and to show order. Cardinal numbers show 
how many and ordinal numbers show order or position (such as fi rst, second, third, 
fourth, etc.). F or example, in the statement " three students are doing a presen ta­
tion," th ree is a cardinal number (showing how many). In the sta tement " Margaret 
is the third tallest student in the class," third is an ordinal number (showing order). 

D Write Fractions with Power-of-10 Denominators as Decimal Numbers. A fraction 
is a number tha t is a part of a whole number. A notation for writing numbers that 
are parts of a whole number is called fraction notation. In fraction notation, we write 
one number over another number. 

I I I I I I I 
1 of 10 parts 

1 numerator 
10 denominator 

The bottom number, the denominator, represents the number of parts that a whole 
unit contains. The top number, the numerator, represen ts the number of parts being 
considered. 

A special type of fraction is called a decimal fraction. Other types of fractions are 
covered in Chapter 2. 

A decimal fraction is a fraction whose denominator is 10 or some power of 10. A 
power of 10 is a whole number whose only nonzero digit is I ( I 0, 100, I ,000, I 0,000, 
and so on). Often the terms decimal fraction, decimal number, and decimal a re used 
in terchangeably. In fraction notation, 3 o ut of I 0 parts is written as fa. In decimal 
notation, the denominator 10 is not written but is implied by position on the place­
value chart (Fig. 1- 2). A decimal point (.) separates whole-number amounts on the 



Mixed number: a number that has 
both a whole-number part and a 
fraction or decimal part 
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left and fractional parts on the right. The fraction fo can be written in decimal nota­
tion as 0.3. 

I I I I I 
3 out of 10 

FIGURE 1-2 Place·value chart for whole numbers and decimals. 

To extend the place-value chart to include parts of whole amounts, we place a 
decimal point (.) after the ones place. The place on the right of the ones place is 
called the tenths place. A decimal point is placed between the ones place and the 
tenths place to distinguish between whole amounts and fractional amounts. 

A mm1ber that has both a whole-number part and a fraction or decimal part is 
called a mixed number. 3.6 is a mixed number. 

IJII Informal Use of the Word Point Informally, the decimal point is sometimes 
read as "point." 3.6 is read " three and six tenths" o r " three point six." 

0.0 162 is read as "one hundred sixty-two ten-thousandths," or "point zero 
one six two," or "zero point zero one six two." This informal process is often used 
in verbal communication to ensure that numbers a re not miscommunicated. 

Unwritten Decimal Points 

When we write whole mm1bers, we usually omit the decimal point; the decimal point 
is understood to be at the right end of the whole number. Therefore, any whole 
munber, such as 32, can be written without a decimal (32) or with a decimal (32.). 

Fractions like To and 17~ have denominators that are powers of 10. Any fraction 
whose denominator is 10, 100, 1,000, 10,000, and so on, can be written as a decimal 
number without performing any calculations. 

To write a fraction that has a denominator of 10, 100, 1,000, 10,000, and so on, as 
a decimal: 

1. Use the denominator to find the number 
of decimal places. 

I 0 --'> I place 
100 --'> 2 places 

I ,000--'> 3 places 
10,000--'> 4 places 

2. Place the numerator so that the last digit 
is in the farthest place on the right. 

3. Fill in any blank spaces with zeros. 

Write 1 .~ as a decimal. 

0. ___ Three decimal places 
are needed. 

O._ll 

0.017 
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STOP ANO CHECK 
Write as decimal numbers. 

9 
1. 10 

27 
2" 100 

307 
J. 1,000 

43 
4

" 1,000 

Answers: 
I. 0.9 2. 0.27 3. 0.307 4. 0.043 

STOP ANO CHECK 
1. Which is larger, 3. 5 1 or 

3.508? 
2. Arrange in order from 

smallest to largest: 
24.6, 24, and 24.55 

Answers: 
I. 3.51 2. 24, 24.55, 24.6 

IJ:f.!tiQifj 
W . 3 25 425 d 3 d . I b nte fO, 100, 100, an 1,000 as ecuna num ers. 
3 . . 0 3 iO IS wntten . . One decimal place 

~ is written 0.25. Two decimal places 
425 ·. 425 
100 IS wntten . . Two decimal places 

1.ioo is written 0.003. Three decimal places See Exercises 11-16. 

liJI Do Ending Zeros Change the Value of a Decimal Number? When we attach zeros 
on the right end of a decimal number, we do not change the value of the number. 

0.5 = 0.50 = 0.500 
5 500 50 
10 100 1,000 

See equivalent fractions on page 69. 

D Compare Decimal Numbers. As with whole numbers, we often need to compare 
decimals by size. To make valid comparisons, we must compare like amounts. Whole 
numbers compare with whole numbers, tenths compare with tenths, thousandths 
compare with thousandths, and so on. 

To compare decimal numbers: 

1. Compare whole-number parts. 

2. If the whole-number parts are equal, compare digits place by place, starting 
at the tenths place and moving to the right. 

3. Stop when two digits in the same place are different. 

4. The digit tha t is larger determines the larger decimal number. 

IJ:f.!~lijl¥1 

(a) Which is larger, 32.47 or 32.48? 

32 Look at the whole-number parts. They are the same. 
32 8 Look at the tenths place for each number. Both numbers have a 4 in the 

tenths place. 
Look at the hundredths place. They are different and 8 is larger than 7. 

32.48 is the larger number. 

(b) A rrange the numbers in order from the smalles t to the largest. Use appropriate 
inequality symbols. 4.1, 4.05, and 4 

All three mm1bers have a whole-number part of 4. 

4 has no decimal part so it is the smalles t. 

4. 1 has a one in the tenths place and 4.05 has a zero in the tenths place. 4.05 is 
smaller. 

The numbers in order are 4, 4.05, and 4.1. 

4 < 4.05 <4.1 See Exercises 17-29. 



Approximate number: another 
name for a rounded amount 

Round or rounding: to express a 
number as an approximation 

Exact number: a number that is not 
rounded 

STOP AND CHECK 
1. In making a presentation 

about the population of 
Wisconsin, what is a reason­
able approximate number for 
a population of 5,686,986? 

Answe~ 

I. 6,000,000 and 5,700,000 are 
both reasonable approximations. 
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IJII Common Denominators in Decimals The denominator of a decimal fraction is 
determined by the number of decimal places in the number. Decimal fractions 
have a common denominator if they have the same munber of digits to the right 
of the decimal point. See common denominators of fractions on page 78. 

D Round a Whole Number or a Decimal Number to a Specified Place Value. In many 
situations, an approximate mm1ber is used in place of an exact munber. An approximate 
number is a rounded amount. 

Rounding a number means finding the closest approximate number to a given 
number. For example, if 37 is rounded to the nearest ten, is 37 closer to 30 or 40'! 
Locate 37 on the number line. 

30 35 37: 40 

37 is closer to 40 than 30. Thus, 40 is the approximation to the nearest ten for 37. 
Another way to say this is that 37 rounded to the nearest ten is 40. In this si tuation, 
37 is the exact number and 40 is the approximate number. An exact number is a 
number that is not rounded. 

When rounding a number to a certain place value, we must make sure that we 
are as accurate as the specific situation requires. Generally, the size of the number 
and its use dictate the decimal place to which it should be rounded. 

To round a whole or decimal number to a given place value: 

1. Locate the digit that occupies the rounding place. Then examine the digit to 
the immediate right. 

2. If the digit to the right of the rounding place is 0, I, 2, 3, or 4, do not change 
the digit in the rounding place. If the digit to the right of the rounding place 
is 5, 6, 7, 8, or 9, add I to the digit in the rounding place. 

3. Replace all digits to the right of the digit in the rounding place with zeros if 
they are to the left of the decimal point. Drop digits that are to the right of 
the digit in the rounding place and also to the right of the decimal poin t. 

•tt·'t'R'I' 
r!m] Oregon has a land area of 96, 187 square miles. What would be a reasonable 
approximate number for this land area? 

96, 187 rounds to the following approximate numbers: 

96, 190 to the nearest ten 

96,200 to the nearest hundred 

96,000 to the nearest thousand 

I 00,000 to the nearest ten thousand 

Deciding to which place to round a number is a judgment depending on what use 
you will make of the rounded or approximate number. 

Both 96,000 and 100,000 are reasonable approximations. See Exercises 30- 31. 




