COLLEGE MATHEMATICS

For Business, Economics, Life Sciences, and Social Sciences
Ninth Edition

#

/

Raymond A. Barnett / Michael R. Liegler / Karl E. Byleen



College Mathematics

FOR BUSINESS, ECONOMICS, LIFE SCIENCES,
AND SOCIAL SCIENCES

~

Ninth Edition

Raymond A. Barnett

Merritt College

Michael R. Ziegler

Marquette University

Karl E. Byleen

Marquette University

Prentice

Hall

S

PRENTICE HALL
Upper Saddle River, New Jersey 07458



Library of Congress Cataloging-in-Publication Data

Barnett, Raymond A.
College mathematics for business, economics, life sciences, and
social sciences / Raymond A. Barnett, Michael R. Ziegler, Karl E. Byleen.
—9th ed.
p- cm.
Includes index.
ISBN 0-13-092054-1
1. Mathematics. 2. Social sciences—Mathematics. 3. Biomathematics.

I. Ziegler, Michael R. 1I. Byleen, Karl. III. Title.
QA37.2.B364 2002 CIP
510—dc21 00-052843

Acquisitions Editor: Quincy McDonald
Editor in Chief: Sally Yagan
Production Editor: Lynn Savino Wendel
Vice President/Director of Production and Manufacturing: David W. Riccardi
Senior Managing Editor: Linda Mihatov Behrens
Executive Managing Editor: Kathleen Schiaparelli
Assistant Managing Editor: Bayani Mendoza de Leon
Manufacturing Buyer: Alan Fischer
Manufacturing Manager: Trudy Pisciotti
Senior Marketing Manager: Patrice Lumumba Jones
Assistant Editor of Media: Vince Jansen
Editorial Assistant: Joanne Wendelken
Art Director: Heather Scott
Interior Cover Designer: John Christiana
Creative Director: Carol Anson
Director of Creative Services: Paul Belfanti
Managing Editor, Audio/Video Assets: Grace Hazeldine
Cover Photo Credits: Corbis Digital Stock
Art Studio: Scientific Illustrators
Art Studio: Artworks:
Senior Manager: Patty Burns
Production Manager: Ronda Whitson
Manager, Production Technologies: Matt Haas
Production Coordinator: Jessica Einsig
Illustrators: Mark Landis, Steve McKinley

DO © 2002, 1999, 1996, 1993, 1990, 1987, 1984, 1981, 1979 by Prentice-Hall, Inc.
32YI@ Upper Saddle River, NJ 07458

—

All rights reserved. No part of this book may be reproduced, in any form or by any means,
without permission in writing from the publisher.

Printed in the United States of America
1098765432

ISBN 0-13-092054-1

Pearson Education Ltd., London

Pearson Education Australia PTY, Limited, Sydney
Pearson Education Singapore, Pte. Ltd.

Pearson Education North Asia, Ltd., Hong Kong
Pearson Education Canada, Ltd., Toronto

Pearson Educacion de Mexico, S. A.de C. V.
Pearson Education-Japan, Tokyo

Pearson Education Malaysia, Pte. Ltd.



A LIBRARY OF ELEMENTARY FUNCTIONS

BASIC FUNCTIONS

f(x) g(x) h(x)
4 4
5 ST S
e S H——+—— ———=%% t o I e e e
5 —=5 -+ 5 ] e 5
- 5-—— _.S—r—
[dentity function Absolute value fuaction Square function
fix) = x g(x) = | hix) = 1
mi(x) () pLx)
A I
S_..s.. S__.
—t— e
v =fep=t== S e s S o S T i ey i i v s e 0 2B
=8 - 5 =5 - 5
51 -5
Cube function Square root function Cube root function
L oo
miy) = ' n(x) = Va plx) = Vx
FIRST-DEGREE POLYNOMIAL FUNCTIONS
fix) f NARY)
T 4 A
b
/b l)\
/ > X \> v —>
m >0 m <=0 m =0
Rising Falling Horizontal

Linear function
flx)y=mx + b

Linear function
flxy=mx+b

SECOND-DEGREE POLYNOMIAL FUNCTIONS

flx)
A

f(x)
A
a<0

Opens downward

a>0
Opens upward

Constant function
fx)y=1>b

fx)y=ax* + bx + ¢ = alx — h* + k



EXPONENTIAL AND LOGARITHMIC FUNCTIONS
F(x) i )
4 4

A

> X »
b>=1 O<b<l ( b>1
Exponential function Exponential function Logarithmic function
fy=5h' flx)y=»h' flv) = logy, x

REPRESENTATIVE POLYNOMIAL FUNCTIONS (DEGREE > 2)
flo flx)

flx)

X \ x
~40
Third-degree polynomial Fourth-degree polynomial Fifth-degree polynomial
floy =2 — ¥ — e+ 11 Jo=xt =3 =0 + 230+ 8 )= =2 — xt o+ 14t + 6a — 45x — 3

REPRESENTATIVE RATIONAL FUNCTIONS

flx)

=3

p

flx)y = -
x =

GRAPH TRANSFORMATIONS

v

g Iy
Vertical translation Horizontal translation
glv) = flx) + 2 ev) = flx + 3)
I = flo) = 3 hix) = flx = 2)

Expansion. contraction, and reflection
glx) = 2f(0)
hix) = —0.5f(x)



Applications Index

Business & Economics

Absolute equality of income, 832

Absolute inequality of income, 832

Add-on interest loan, 171

Advertising, 108, 320, 355, 472, 568, 654, 692, 737,
752,779, 878, 887

Agricultural exports and imports, 631

Air freight, 227

Amortization. 163, 165, 168, 169, 170, 171, 172, 173,
174

Amortization schedule, 163, 164, 169, 173

Annual interest rate, 103, 105

Annual nominal rate, 139. 140, 146

Annual percentage yield (APY), 145

Annuity, 151, 153, 156. 158, 159, 161, 168, 169, 170,
171,172,173, 174

Automation, 897

Automobile production, 67

Average cost, 93, 639, 664, 670, 671, 692, 813

Average price, 809, 863

Average production. 928

Average profit, 591

Average rate of change. 513

Average revenue, 591

Balance sheet, 153

Bonus incentives, 432

Break-even analysis, 13, 62, 67, 68, 72. 73, 190, 260,
595, 596, 601, 939, 990, 993

Break-even point, 62, 588

Brokerage commissions, 138, 150

Budgeting for least cost. 907

Budgeting for maximum production. 907

Business closings. 388

Business leases, 213, 260

Capital expansion, 294

Car rental, 473, 686

Certificate of deposit (CD), 145, 146, 150. 173

City planning, 933

Cobb-Douglas production function, 872, 928

Communications, 375

Competitive product, 888

Complementary product, 888

Compound interest, 72, 138, 140. 149, 150, 172, 173,

174. 554. 584, 600, 696, 872. 1002, 1003, 1019

Computer control systems, 428

Constant profit line, 282

Construction. 73, 320, 692

Construction costs. 670, 686, 687, 693

Consumer debt, 541

Consumer Price Index (CPI), 653. 991

Consumer survey, 422

Consumer testing, 403

Consumers’ surplus, 844, 845, 848, 849, 856, 861,
863. 866

Continuous compound interest, 1035, 123, 698, 701,
739, 772,779, 795

Continuous income stream. 840, 842, 855, 863, 866

Cost(s), 13, 14, 46, 990

Cost analysis. 46. 226, 585. 591, 593, 600, 653. 795,
812, 813, 818. 819. 897

Cost function, 14, 51, 587, 751, 756, 768. 863, 878

Cost rate, 737

Cost-revenue—profit, 594. 595 734, 737, 870, 878

Decision analysis, 446, 450, 455

Delivery charges, 190

Demand analysis, 72

Demand equation. 740, 813, 887

Depreciation, 51. 102

Diet, 185, 249, 908

Distribution of wealth. 836

Doubling rate, 701, 702

Doubling time, 118, 120, 149, 699, 701, 702. 739, 820

Duration of telephone calls, 838

Economics, 939

Economy stimulation. 1018, 1019
Effective rate, 146
Elasticity of demand, 740
Electricity consumption, 554
Electricity rates, 34, 35, 72
Employee benefits, 367
Employee layoffs, 388
Employee rating. 440. 479
Employee screening, 440
Employee training, 89, 473, 500, 504, 600. 670, 795.
812,819
Energy consumption, 52, 914
Equilibrium point, 47, 51,72, 94, 121, 124. 186
Equilibrium price. 47, 186, 845
Equilibrium quantity. 47, 186, 845
Equipment rental, 621
Equity. 165, 166, 170, 174
Face value, 132. 150
Finance, 108, 356
Financial analysis, 554
Financial assets, 976
Fixed costs. 13, 46, 990
Future value, 103. 132, 137, 140. 149, 878
of an annuity, 151, 152, 153, 158, 172, 173
of a continuous income stream, 841, 855, 863, 866
Grain markets, 849, 868
Gross domestic product (GDP), 939
Gross receipts, 958, 959
Growth time, 144, 699. 701
Fomeowners insurance, 473
Hospital costs, 34
Housing trends, 474
Incentive plans. 249
Income. 621
Income distribution, 832, 835. 836, 856. 863. 866, 867
Income tax. 213,214
Index of income concentration, 832
Individual retirement account (IRA). 149, 156, 158,
159,172,174, 878
Inelastic demand. 741
Inflation, 653. 993
Input-output analysis. 250, 254, 257, 258, 261
Insurance, 417, 446, 450, 455, 465, 478, 483, 484
Interest, 103, 104, 132, 134, 135, 157,172, 173, 174
Internal rate of return, 176
Internet growth. 110
Inventory
average, 682, 813, 819
control. 682, 687, 692
value, 226
Investment(s). 120, 244, 261, 294. 320, 356. 357.
360. 939. 958. 993
Isoprofit line, 282
Keogh retirement plan, 158
Labor, 522, 897
Labor costs, 219, 222, 226, 261
Labor costs and learning, 757. 813
Labor force, 483
Labor relations. 432
Leontief input-output model, 250
Linear depreciation, 72
Linear regression, 74, 127, 908
Loans, 133,162, 163, 168, 169, 170. 171, 172, 173,
174, 356, 500, 1017, 1019
Lorenz curve, 831
Maintenance costs, 812
Management selection, 374
Manufacturing, 278, 279, 293, 320, 321, 337, 355.
356, 360. 417, 686
Manufacturing costs, 687, 756
Marginal analysis, 562, 584, 639, 739
Marginal average cost, 590
Marginal average profit. 591
Marginal average revenue. 591

Marginal cost, 562, 564. 567, 583, 585, 670, 671
Marginal productivity
of capital, 882
of labor, 882
of money. 903
Marginal profit, 585, 589, 805
Marginal revenue, 585, 588
Market analysis, 455
Market equilibrium, 186

Market share, 483, 484

Marketing, 500, 504. 769, 819, 863, 864, 942, 944

Markup, 72, 226

Material costs, 261, 897

Maximum profit. 677, 678, 685. 686. 692, 693, 709,
712,723, 724,739, 897, 917, 931

Maximum rate of change, 649

Maximum revenue, 60, 677, 685, 692, 713, 723, 739

Maximum volume, 686, 898, 907, 908

Maximum yield, 680

Membership selection, 403

Mineral production, 523

Minimizing cost, 897

Minimizing material, 897, 931

Minimum average cost, 94, 123, 601, 671, 692, 713,
740

Minimum wage. 375

Mining, 337

Money growth, 108, 123, 124

Mortgages. 163, 165, 166. 169, 170, 173, 174

Motor vehicle operation, 567

Motor vehicle production, 567, 917

Multiplier principle (economics), 928

Natural gas consumption. 600

Natural gas rates, 29, 620, 621, 691

Office rental costs, 149

Oil production, 769, 814, 835, 855

Operational costs, 687

Ordinary annuity, 151, 152

Package design, 872, 879, 894, 904

Packaging. 21. 22, 321, 686

Parking receipts, 248

Pensions, 501

Personnel selection, 388, 403, 432

Petroleum blending, 350, 356

Petroleum consumption, 52

Point of diminishing returns, 649, 741

Pollution cleanup costs, 670

Postal rates, 620

Present value. 103. 108, 132, 134, 137, 140. 142, 701

of an annuity, 159, 161, 168
of a continuous income stream, 848

Price analysis, 638, 691

Price-demand analysis, 20, 34, 46, 568, 576, 584,
587.737. 765, 864

Price-demand function, 14, 51, 587, 768, 779, 813,
868

Price-supply analysis, 34. 576, 583, 819

Price-supply function, 768, 779, 813. 868

Pricing, 72

Producers price index (PPI). 653

Producers” surplus, 845. 848, 849, 856, 860, 863, 866

Product defects. 424, 437, 440

Product demand. 888

Product mix, 321, 369, 897

Product switching, 504

Product testing, 417

Production scheduling, 213, 249, 280, 293, 337, 348,
356, 363

Production strategy. 587

Productivity. 872. 878, 882, 887, 902, 907, 931

Profit analysis, 21. 523. 541, 593, 594, 638, 653, 670,
805, 814, 819, 855. 894, 931, 990

Profit function, 14, 589, 864, 882, 887



Profit rate, 737

Profit-loss analysis, 13, 68, 73

Promissory note, 108

Public debt, 976, 977

Purchasing, 209, 337

Quality control, 388, 408, 417, 432, 456

Rapid transit, 484

Real estate, 814

Real estate development, 490

Refund anticipation loan (RAL), 138, 173

Renewable energy, 756

Rental income, 686, 692

Replacement time, 93, 94, 670

Resale value, 724

Resource allocation, 190, 191, 248, 249, 260, 261,
275,278, 279, 293, 320, 321, 338, 355, 357, 360

Resource depletion. 819

Retirement planning, 161

Revenue analysis, 13, 20, 67, 512, 523, 541. 594, 632,
638, 653, 670, 795, 796, 814, 990

Revenue—cost—profit, 594, 734, 737, 870, 878

Revenue function, 14, 588, 756. 769, 864. 866, 878,
887

Revenue rate, 737, 740

Life Sciences
Agriculture, 121,125, 289, 315, 515, 686, 908
AIDS epidemic, 109
Air pollution, 73, 554, 688. 819, 856. 864, 918, 929,
933,977
Alveolar pressure, 542
Animal supply, 621
Bacteria control, 687, 693
Bacteria growth, 100, 584, 654, 724, 725
Beef production, 917
Bioclimatic rule, 918
Biology, 724, 769, 780, 814, 836, 918
Biophysics, 731
Bird flights. 687
Blood flow, 68, 872, 879. 888
Blood pressure, 713. 724, 780
Blood types. 945
Botany, 688
Cancer screening, 440
Carbon-14 dating, 101, 121, 702, 775. 780. 820
Cardiogram test, 456
Color-blindness, 433
Decibel, 121
Dental insurance, 474
Diet, 185, 249, 908
Drugs
adverse reactions, 417
dosage and concentration, 288. 639, 671, 687,
713,740, 780
rate of assimilation. 856, 866
sensitivity, 576, 654
Ecology. 52, 568, 994, 1003

Social Sciences

Anthropology, 994
Approach-avoidance, 191
Archaeology, 121, 775. 780, 820
Averaging tests, 228 .
Carbon-14 dating, 101. 121, 702, 775. 780, 820
Cephalic index. 879, 889, 994

City planning, 933

Clique, 945

College enrollment, 770

Crime, 977

Cryptography. 236. 237, 239, 240, 261
Decoding matrix, 237

Divorce, 96

Dominance relation, 228, 229. 262
Education, 249, 338, 357, 542,919, 932
Educational testing, 913. 932
Encoding matrix, 236

Family planning. 375

Filibuster, 485

Gambler’s ruin, 506

Grade-point average (GPA). 919

Rule of 72, 150

Sales analysis, 51, 52, 548, 553, 554, 573, 575, 576,
600, 756, 856, 887

Sales commissions, 217

Salvage value, 72, 724, 812

Scheduling, 321, 472

Scrap value, 51

Service contracts, 473

Shipping schedule, 360

Simple interest, 50, 132, 137, 138, 172, 173, 174, 696,

871
Sinking fund, 155, 158, 173
Sports lottery, 458
Sports salaries, 109
Spreadsheet, 153, 193, 218, 223, 235, 236, 243, 246,
255,317,333
State income tax, 35
Substitute product. 888
Supply and demand. 120, 186. 189, 190, 1000, 1001.
1002
equilibrium point, 47, 121, 1000
equilibrium price, 47. 845
equilibrium quantity, 47, 845
Taxable income, 214

Epidemics, 780

Erosion, 1003

Exponential decay. 101, 773,777
Exponential growth, 100. 773, 777
False negative result, 437

False positive result. 436

Family planning, 375

Food and Drug Administration, 433
Food processing, 356, 360

Gene mutations, 484

Genelics, 433, 450, 456, 484. 504
Global warming, 918

Growth constant, 773

Growth time. 144, 699, 701
Half-ife, 702

Health care expenditures. 95. 523. 524
Health insurance. 473

Heredity. 228

Infant mortality, 524

Insecticides. 780

Laboratory management. 687

Leukemia, 124

Life expectancy. 110, 932

Light intensity. 109, 124

Marine biology. 109. 124, 879. 932

Medical research, 388, 403, 440

Medicare. 125

Medicine, 68, 124, 273, 288, 375. 388, 403. 417. 456,
501, 555. 568, 576. 601, 639. 671.769. 796, 814.
815. 856. 866. 867, 888. 918

Group structures, 945

Intelligence quotient (1Q). 872. 879, 994

Learning. 36. 95. 568, 569. 576. 584. 601. 621. 655.
688. 713, 737. 740. 757. 769, 776. 780. 796. 820,
836. 856. 864

Learning curve, 109

Limited growth law, 777

Logistic growth law, 741,777

Marriage. 96

Motivation, 33

Olympic games. 919

Opinion survey, 322

Perception. 780

Physical anthropology, 879, 889

Police science. 441

Politics, 22, 228, 375, 376. 388. 418. 441. 450, 485,
639, 688. 693, 725, 815, 856. 864, 867. 919

Population. 555. 601

Population composition. 815

Population density. 932. 977

Population growth. 110. 125, 654, 702, 773, 774. 820

Telecommunications, 124

Telephone rates, 620

Tire mileage, 66

Total income, 840, 848

Traffic flow, 214, 215, 262

Transportation, 293, 294, 375, 455, 483

Transportation problem (linear programming),
330, 337, 360

Treasury bill (T-bill), 134, 137,173,174

True interest rate, 146

Truth in Lending Act, 171

Two-industry input-output model, 250, 254, 257,
258, 261

Unpaid loan balance, 165

Useful life, 806. 812, 813, 819, 835

Variable cost. 14, 46, 990

Warranty. 865, 866

Water consumption, 847

Yield to maturity. 175

Zero coupon bond, 180

Muscle contraction. 22, 671, 731

Natural resource depletion, 836

Nuclear accident. 780

Nutrition, 52, 191, 214, 227, 279, 294, 322, 337. 338,

Physiology. 35. 95, 542. 671

Poiseuille’s law, 68, 872, 879, 888

Pollution, 73, 584, 601, 670, 688, 713, 737, 769. 819,
820, 856, 864, 929, 932,977

Pollution control, 294

Population distribution (insects). 929

Pregnancy testing. 440

Pulse rate. 918

Radioactive decay, 702. 775

Resource depletion, 819

Respiration. 815

Shelf life. 847

Smoking. 505

Sound intensity, 121

Temperature. 814

Tuberculosis screening, 436, 440

Unlimited growth law. 777

Urban growth, 757

Water pollution. 584. 601. 670. 713, 737.769. 864

Weight of fish, 84

Weight-height relationship. 757

Wildlife management, Y93

Wound healing. 740, 757. 769. 796. 814, 820

Yield analysis. 680

Population shifts. 485

Psychology, 53. 73. 191, 279, 295. 433.
740. 867, 879, 929, 994

Retention. 671

Rumor spread. 781

Safety research. 36. 420. 879, 889. 929, 1003

Sensory perception. 73

Skinner conditioning box. 279, 295

Small group analysis. 780

Sociology. 214, 295, 418, 505. 725. 932

University enrollment. 468, 494

Urban growth. 757

Voter preference, 456

Voting coalition, 944

Voting patterns. 433

Voting population. 688

Weber’s law. 73, 713. 780

Women in the work force. 933

World population growth. 110, 121,702

501,671, 713.




Dedicated to Phyllis Niklas, whose expertise, diligence,
and patience helped make this series a success.



Chapter Dependencies

PART ONE A LIBRARY OF ELEMENTARY FUNCTIONS*

EX

A Beginning Library of Additional Elementary
Elementary Functions Functions

Y

PART TWO FINITE MATHEMATICS

Mathematics of Finance

H

Y

Systems of Linear Linear Inequalities and
Equations; Matrices Linear Programming
a .

Probability Markov Chains

PART THREE CALCULUS

The Derivative Graphing and Optimization Additional Derivative Topics

Y
Y

Additional Integration Topics

Y

\

Integration
. B
Multivariable Calculus
APPENDIXES
O
Self-Test Special Topics
Basic Algebra Review

*Selected topics from Part One may be referred to as needed in Parts Two or Three or reviewed systematically before
starting Part Two.



Preface

The ninth edition of College Mathematics for Business, Economics, Life Sciences,
and Social Sciences is designed for a two-term (or condensed one term) course
in finite mathematics and calculus for students who have had 13-2 years of high
school algebra or the equivalent. The choice and independence of topics make the
text readily adaptable to a variety of courses (see the Chapter Dependency Chart
on page ix). It is one of five books in the authors’ college mathematics series.

Improvements in this edition evolved out of the generous response from a
large number of users of the last and previous editions as well as survey results
from instructors, mathematics departments, course outlines, and college cata-
logs. Fundamental to a book’s growth and effectiveness is classroom use and
feedback. Now in its ninth edition, College Mathematics for Business, Econom-
ics, Life Sciences, and Social Sciences has had the benefit of having a substantial
amount of both.

m  Emphasis and Style

The text is written for student comprehension. Great care has been taken to
write a book that is mathematically correct and accessible to students. Empha-
sis is on computational skills, ideas, and problem solving rather than mathemat-
ical theory. Most derivations and proofs are omitted except where their inclusion
adds significant insight into a particular concept. General concepts and results are
usually presented only after particular cases have been discussed.

m Examples and Matched Problems

Over 400 completely worked examples are used to introduce concepts and to
demonstrate problem-solving techniques. Many examples have multiple parts,
significantly increasing the total number of worked examples. Each example is
followed by a similar matched problem for the student to work while reading
the material. This actively involves the student in the learning process. The an-
swers to these matched problems are included at the end of each section for easy
reference.

m Exploration and Discussion

Every section contains Explore-Discuss problems interspersed at appropriate
places to encourage the student to think about a relationship or process before
a result is stated, or to investigate additional consequences of a development in
the text. Verbalization of mathematical concepts, results, and processes is en-
couraged in these Explore-Discuss problems, as well as in some matched prob-
lems, and in some problems in almost every exercise set. The Explore-Discuss

Xi
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material also can be used as in-class or out-of-class group activities. In addition,
at the end of every chapter, we have included two special chapter group activi-
ties that involve several of the concepts discussed in the chapter. Problems in the
exercise sets that require verbalization are indicated by color problem numbers.

m Exercise Sets

The book contains over 5,600 problems. Many problems have multiple parts, sig-
nificantly increasing the total number of problems. Each exercise set is designed
so that an average or below-average student will experience success and a very
capable student will be challenged. Exercise sets are mostly divided into A (rou-
tine, easy mechanics), B (more difficult mechanics), and C (difficult mechanics
and some theory) levels.

m Applications

A major objective of this book is to give the student substantial experience in
modeling and solving real-world problems. Enough applications are included to
convince even the most skeptical student that mathematics is really useful (see
the Applications Index inside the back cover). Worked examples involving ap-
plications are identified by ir"k or . Almost every exercise set contains

application problems, usually divided into business and economics, life science,
and social science groupings. An instructor with students from all three disci-
plines can let them choose applications from their own field of interest; if most
students are from one of the three areas, then special emphasis can be placed
there. Most of the applications are simplified versions of actual real-world prob-
lems taken from professional journals and books. No specialized experience is re-
quired to solve any of the applications.

m Internet Connections

The Internet provides a wealth of material that can be related to this book, from
sources for the data in application problems to interactive exercises that provide
additional insight into various mathematical processes. Every section of the book
contains Internet connections identified by (www ). Links to the related web
sites can be found at the PH Companion Website discussed later in this preface:
www.prenhall.com/barnett

B Technology

The generic term graphing utility is used to refer to any of the various graphing
calculators or computer software packages that might be available to a student
using this book. (See the description of the software accompanying this book
later in this Preface.) Although access to a graphing utility is not assumed, it is
likely that many students will want to make use of one of these devices. To as-
sist these students, optional graphing utility activities are included in appropri-
ate places in the book. These include brief discussions in the text, examples or
portions of examples solved on a graphing utility, problems for the student to
solve, and a group activity that involves the use of technology at the end of each
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chapter. In the group activity at the end of Chapter 1, and continuing through
Chapter 2, linear regression on a graphing utility is used at appropriate points to
illustrate mathematical modeling with real data. All the optional graphing utili-
ty material is clearly identified by either g=j or 5 and can be omitted without
loss of continuity, if desired. i ==

m Graphs

All graphs are computer-generated to ensure mathematical accuracy. Graphing
utility screens displayed in the text are actual output from a graphing calculator.

m Additional Pedagogical Features

Annotation of examples and developments, in small color type, is found through-
out the text to help students through critical stages (see Sections 1-1 and 4-2).
Think boxes (dashed boxes) are used to enclose steps that are usually performed
mentally (see Sections 1-1 and 4-1). Boxes are used to highlight im-
portant definitions, results, and step-by-step processes (see Sections 1-1 and
1-4). Caution statements appear throughout the text where student errors often
occur (see Sections 4-3 and 4-5). Functional use of color improves the clarity of
many illustrations, graphs, and developments, and guides students through cer-
tain critical steps (see Sections 1-1 and 4-2). Boldface type is used to introduce
new terms and highlight important comments. Chapter review sections include
a review of all important terms and symbols and a comprehensive review exer-
cise. Answers to most review exercises, keyed to appropriate sections, are in-
cluded in the back of the book. Answers to all other odd-numbered problems are
also in the back of the book. Answers to application problems in linear pro-
gramming include both the mathematical model and the numeric answer.

m Content

The text begins with the development of a library of elementary functions in
Chapters 1 and 2, including their properties and uses. We encourage students to
investigate mathematical ideas and processes graphically and numerically, as well
as algebraically. This development lays a firm foundation for studying mathe-
matics both in this book and in future endeavors. Depending on the syllabus for
the course and the background of the students, some or all of this material can
be covered at the beginning of a course, or selected portions can be referred to
as needed later in the course.

The material in Part Two (Finite Mathematics) can be thought of as four
units: mathematics of finance (Chapter 3); linear algebra, including matrices, lin-
ear systems, and linear programming (Chapters 4 and 5); probability (Chapter 6);
and applications of linear algebra and probability to Markov chains (Chapter 7).
The first three units are independent of each other, while the last chapter is de-
pendent on some of the earlier chapters (see the Chapter Dependency Chart
preceding this Preface).

Chapter 3 presents a thorough treatment of simple and compound interest
and present and future value of ordinary annuities. Appendix B contains a sec-
tion on arithmetic and geometric sequences that can be covered in conjunction
with this chapter, if desired.
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Chapter 4 covers linear systems and matrices with an emphasis on using row
operations and Gauss-Jordan elimination to solve systems and to find matrix
inverses. This chapter also contains numerous applications of mathematical mod-
eling utilizing systems and matrices. To assist students in formulating solutions,
all the answers in the back of the book to application problems in Exercises 4-3,
4-5, and the chapter Review Exercise contain both the mathematical model and
its solution. The row operations discussed in Sections 4-2 and 4-3 are required for
the simplex method in Chapter 5. Matrix multiplication, matrix inverses, and sys-
tems of equations are required for Markov chains in Chapter 7.

Chapter 5 provides broad and flexible coverage of linear programming. The
first two sections cover two-variable graphing techniques. Instructors who wish
to emphasize techniques can cover the basic simplex method in Sections 5-3 and
5-4 and then discuss any or all of the following: the dual method (Section 5-5),
the big M method (Section 5-6), or the two-phase simplex method (Group Ac-
tivity 1). Those who want to emphasize modeling can discuss the formation of the
mathematical model for any of the application examples in Sections 5-4, 5-5, and
5-6, and either omit the solution or use software to find the solution (see the de-
scription of the software that accompanies this text later in this Preface). To fa-
cilitate this approach, all the answers in the back of the book to application
problems in Exercises 5-4, 5-5, 5-6, and the chapter Review Exercise contain
both the mathematical model and its solution.

Chapter 6 covers counting techniques and basic probability, including Bayes’
formula and random variables. Appendix A contains a review of basic set theo-
ry and notation to support the use of sets in probability.

Chapter 7 ties together concepts developed in earlier chapters and applies
them to Markov chains. This provides an excellent unifying conclusion to the fi-
nite mathematics portion of the text.

The material in Part Three (Calculus) consists of differential calculus (Chap-
ters 8-10), integral calculus (Chapters 11-12), and multivariable calculus (Chap-
ter 13). In general, Chapters 8-11 must be covered in sequence; however, certain
sections can be omitted or given brief treatments, as pointed out in the discus-
sion that follows (see the Chapter Dependency Chart on page ix).

Chapter 8 introduces the derivative, covers the limit properties essential to
understanding the definition of the derivative, develops the rules of differentia-
tion (including the chain rule for power forms), and introduces applications of de-
rivatives in business and economics. The interplay between graphical, numerical,
and algebraic concepts is emphasized here and throughout the text.

Chapter 9 focuses on graphing and optimization. The first three sections
cover continuity and first-derivative and second-derivative graph properties,
while emphasizing polynomial graphing. Rational function graphing is covered
in Section 9-4. In a course that does not include graphing rational functions, this
section can be omitted or given a brief treatment. Optimization is covered in
Section 9-5, including examples and problems involving end-point solutions.

The first three sections of Chapter 10 extend the derivative concepts dis-
cussed in Chapters 8 and 9 to exponential and logarithmic functions (including
the general form of the chain rule). This material is required for all the remain-
ing chapters. Implicit differentiation is introduced in Section 10-4 and applied to
related rate problems in Section 10-5. These topics are not referred to elsewhere
in the text and can be omitted.

Chapter 11 introduces integration. The first two sections cover antidifferen-
tiation techniques essential to the remainder of the text. Section 11-3 discusses
some applications involving differential equations that can be omitted. Sections
11-4 and 11-5 discuss the definite integral in terms of Riemann sums, including
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approximations with various types of sums and some simple error estimation.
As before, the interplay between the graphical, numeric, and algebraic proper-
ties is emphasized. These two sections also are required for the remaining chap-
ters in the text.

Chapter 12 covers additional integration topics and is organized to provide
maximum flexibility for the instructor. The first section extends the area con-
cepts introduced in Chapter 11 to the area between two curves and related ap-
plications. Section 12-2 covers three more applications of integration, and Sections
12-3 and 12-4 deal with additional techniques of integration. Any or all of the
topics in Chapter 12 can be omitted.

The first five sections of Chapter 13 deal with differential multivariable
calculus and can be covered any time after Section 10-3 has been completed.
Section 13-6 requires the integration concepts discusses in Chapter 11.

Appendix A contains a self-test and a concise review of basic algebra that also
may be covered as part of the course or referred to as needed. As mentioned
above, Appendix B contains additional topics that can be covered in conjunc-
tion with certain sections in the text, if desired.

m Supplements for the Student

1. A Student Solutions Manual by Garret J. Etgen is available through your
book store. The manual includes detailed solutions to all odd-numbered
problems and all review exercises.

2. Computer software and documentation for IBM-compatible computers are
packaged with the Student Solutions Manual. Explorations in Finite Mathe-
matics and Visual Calculus by David Schneider each contain over twenty
routines that provide additional insight into the topics discussed in the text.
Although these software packages have much of the computing power of
standard mathematical software packages, they are primarily teaching tools
that focus on understanding mathematical concepts, rather than on com-
puting. All the routines in these software packages are menu-driven and very
easy to use. Included in Explorations in Finite Mathematics are routines for
Gaussian elimination, matrix inversion, solution of linear programming prob-
lems by both the geometric method and the simplex method, Markov chains,
probability and statistics, and mathematics of finance. The matrix routines use
and display rational numbers, and matrices may be saved and printed. The
Visual Calculus routines incorporate graphics whenever possible to illustrate
topics such as secant lines; tangent lines; velocity; optimization; the rela-
tionship between the graphs of f, f’, and f”; and the various approaches to ap-
proximating definite integrals. The software will run on DOS or Windows
platforms.

3. The PH Companion Website, designed to complement and expand upon the
text, offers a variety of teaching and learning tools, including links to related
websites, practice work for students, and the ability for instructors to moni-
tor and evaluate students’ work on the website. For more information, con-
tact your local Prentice Hall representative.
www.prenhall.com/barnett

4. CourseCompass/Blackboard/WebCT offers Course compatible content in-
cluding Excel Projects, Quizzes, Chapter Destinations, Lecture Notes, and
Graphing Calculator Help. CourseCompass is the perfect course manage-
ment solution that combines quality Pearson Education content with
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state-of-the-art Blackboard technology! It is a dynamic, interactive online
course management tool powered by Blackboard. This exciting product al-
lows you to learn with market-leading Pearson Education content in an easy-
to-use customizable format. Blackboard 5™ is a comprehensive and flexible
e-Learning software platform that delivers a course management system,
customizable institution-wide portals, online communities, and an advanced
architecture that allows for Web-based integration of multiple administrative
systems. WebCT is one of the most popular Web course platforms in higher
education today. It is the first destination site for the higher education mar-
ketplace to offer both teaching and learning resources and a community of
peers across course and institutional boundaries.

Supplements for the Instructor

a summary of all available supplementary materials and detailed information

regarding examination copy requests and orders, see page Xix.

1

2

. TestGen EQ Computerized Test Bank, a menu-driven random test sys-
tem for either Windows or Macintosh is available to instructors.

. A Test Item File, prepared by Laurel Technical Services, provides a hard
copy of the test items available in TestGen EQ.

An Instructor’s Solutions Manual provides detailed solutions to the prob-
lems not solved in the Student Solutions Manual. This manual is available
to instructors without charge.

. A Student Solutions Manual by Garret J. Etgen (see Supplements for the
Student) is available to instructors.

. Computer software and documentation for Explorations in Finite Mathe-
matics and Visual Calculus by David Schneider are available to instructors.
The software and documentation are packaged with the Student Solutions
Manual (see Supplements for the Student). In addition to providing stu-
dents with the opportunity to use the computer as an effective tool in the
learning process, instructors will find the software very useful for activities
such as preparing examples for class, constructing test questions, and class-
room demonstrations.

. The PH Companion Website, designed to complement and expand upon the
text, offers a variety of interactive teaching and learning tools, including
links to related websites, practice work for students, and the ability for in-
structors to monitor and evaluate students’ work on the website. For more
information, contact your local Prentice Hall representative.
www.prenhall.com/barnett

7. CourseCompass/Blackboard/WebCT offers Course compatible content

including Excel Projects, Quizzes, Chapter Destinations, Lecture Notes,
and Graphing Calculator Help. CourseCompass is the perfect course
management solution that combines quality Pearson Education content
with state-of-the-art Blackboard technology! It is a dynamic, interactive
online course management tool powered by Blackboard. This exciting
product allows you to teach with market-leading Pearson Education con-
tent in an easy-to-use customizable format. Blackboard 5™ is a compre-
hensive and flexible e-Learning software platform that delivers a course
management system, customizable institution-wide portals, online com-
munities, and an advanced architecture that allows for Web-based inte-
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gration of multiple administrative systems. WebCT is one of the most
popular Web course platforms in higher education today. It is the first
destination site for the higher education marketplace to offer both teach-
ing and learning resources and a community of peers across course and
institutional boundaries.

B Error Check

Because of the careful checking and proofing by a number of mathematics in-
structors (acting independently), the authors and publisher believe this book to
be substantially error-free. For any errors remaining, the authors would be grate-
ful if they were sent to: Karl E. Byleen, 9322 W. Garden Court, Hales Corners,
WI 53130; or, by e-mail, to: byleen@execpc.com
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