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PREFACE

A PRACTICAL APPROACH

[t is difficult to believe that this is the fourth edition of For Al Practical Pur-
poses. For All Practical Purposes still seems like a new idea—an upstarc textbook
trying to change what we teach and how we teach it. But FAPP is an estab-
lished textbook and is the leading mathematics for liberal arts text, having been
used at over 500 colleges.

The Consortium for Mathematics and Its Applications continues to see its
role as that of bringing a wide range of new contemporary applications of
mathematics into the classroom. A new edition of FAPP is an opportunity to
demonstrate to students and faculty alike the dynamic and ever-changing face
of our subject and the new problems we can model and solve.

A new cdition is also our opportunity to evolve with students’ and teach-
ers needs. To that end, our mission for this revision was to make FAPP a text-
book that is easier to use—both for instructors and students. Each sentence
and paragraph has been scrutinized for clarity and overall consistency of style.
Each new term and concept is carefully defined the first time it appears in the
text. New format features, such as additional subheads, help readers follow the
progress of the material. We have made these and other pedagogic improve-
ments without sacrificing the integrity of the FAPP philosophy. A basic state-
ment of this philosophy appeared in the preface to the first edition:

Fvery mathematician at some time has been called upon to answer the innocent
question, “Just what is mathemarics used for?” With understandable frequency,
usually at social gatherings, the question is raised in similar ways: “What do
mathematicians do, practice, or believe in?” At a time when success in our soci-
ety depends heavily on satisfying the need for developing quantitative skills and
reasoning ability, the mystique surrounding mathematics persists. For All Practi-
cal Purposes: Introduction to Contemporary Mathematics is our response to these
questions and our attempt to fill this need.

For All Practical Purposes represents our effort to bring the excitement of con-
temporary mathematical thinking to the nonspecialist, as well as help him or
her develop the capacity to engage in logical thinking and to read critically the
technical information with which our contemporary socicty abounds. For the
study of mathematics we attempt to implement Thomas Jeffersons notion of
an ‘“enlightened citizenry,” in which individuals having acquired a broad
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knowledge of topics exercise sound judgment in making personal and political
decisions. Environmental and economic issues dominate modern life, and be-
hind these issues are complex matters of science, technology, and mathematics
that call for an awareness of fundamental principles.

To achieve these goals, For All Practical Purposes stresses the connections
between contemporary mathematics and modern society. Since the technologi-
cal explosion that followed World War II, a cluster of mathemarical sciences
has emerged. This encompasses statistics, computer science, operations re-
search, and decision science. At the same time, the more traditional areas of
mathemarics have enjoyed spectacular growth both in theoretical power and in
their applications. In science and industry, mathematical models are the tools
par excellence for solving complex problems. In this book our goal is to convey
the power of marhematics, as illustrated by the great variety of problems that
can be modeled and solved by analytic and quantitative means.

NEW CONTENT FEATURES
OF THE FOURTH EDITION

Every chapter in this new edition has been carefully revised, with attention
to greater clarity of exposition and to contemporary issues and examples.
Major changes and additions to this edition have come in Part 1V, Social
Choice and Decision Making. We gratefully acknowledge the efforts of Steven
Brams, Bruce Conrad, and Alan Taylor for the inclusion of exciting new mare-
rial that has never appeared before in any undergraduate text. For example, this
section offers a new procedure for divorce settlements called the adjusted win-
ner procedure, a whole chapter on the theory of moves in game theory, and the
first publication of the Banzhaf power index for the electoral college for the
1990s.

Content changes make a point. Mathematics is dynamic; new mathemat-
ics is being invented and applied in new ways everyday. Our goal and our text
must be flexible enough to vividly demonstrate the contemporary nature of our
subject and its applications to our daily lives. Some of the more important con-
tent changes are as follows:

» Part I, Management Science, features a greatly simplified discussion of
linear programming (Chapter 4). We responded to the advice of students and
instructors and now begin the chapter with a manufacturing problem involv-
ing only one resource. Minimum quantities are introduced for the first time in
this edition, making the problems more realistic while retaining algebraic sim-
plicity. All the algebraic steps are now shown and described. After the student
has confidence in solving one-resource problems, two-resource problems are
introduced.
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» Part II, Statistics: The Science of Data, is better integrated. In Chap-
ter 5, Producing Data, a new section on statistical estimation carefully intro-
duces the concepts of sampling variability and margin of error, which are forti-
fied with examples of Gallup poll surveys on crime. This section prepares the
reader for the more formal treatment of probability in Chapter 7, Probability:
The Mathematics of Chance, and infcrence in Chapter 8. Chapter 6, Describ-
ing Data, more fully outlines the strategy of data analysis. The discussion of
variance and standard deviation is clearer and supported by examples compar-
ing metabolic rates for men and women.

» Part III, Coding Information, is also more focused and accessible. For
instance, we now discuss only the important bar codes: ZIP codes and UPC
codes.

» Part IV, Social Choice and Decision Making, has evolved consider-
ably to reflect changes in contemporary society and to make the marerial more
accessible to students. Chapter 11, Social Choice: The Impossible Dream, is re-
organized so that the chapter begins with elections involving only two alterna-
tives and then moves to elections involving three or more alternatives. This lat-
ter treatment is more focused than in previous editions, with specific voting
systems, such as the Hare system currently used in Ireland and Australia, tied
to specific defects, such as a failure of the Condorcet winner criterion. The
chapter’s concluding section, Insurmountable Difficulties: From Paradox to
Impossibility, now includes a comprehensive discussion of Arrow’s impossibil-
ity theorem.

Chapter 12, Weighted Voting Systems, breaks ground with the inclusion
of the Banzhaf power index for the electoral college.

Chapter 13, Fair Division, opens with a new section on a recently devel-
oped scheme for handling divorces (called the adjusted winner procedure),
which uses the Donald and Ivana Trump divorce to illustrate the procedure.
This is followed by a discussion of the Knaster inheritance procedure for divid-
ing an inheritance if there are more than two heirs. An engaging new section,
Divide-and-Choose, sets the stage for the remainder of the chapter, which is
devoted to cake cutting.

A refocused Chapter 14, Apportionment, more clearly compares and con-
trasts the U.S. House of Representatives apportionment methods proposed by
Hamilton, Jefferson, and Webster by showing specifically the apportionment
that each method gives and the paradoxes they create. The chapter ends with a
new section on the method currently used to apportion the House (called the
Hill-Huntington method) and a summary section discussing which appor-
tionment method is best. In response to questions about the relevance of the
Alabama paradox, which occurs only if the House size is allowed to change, a
discussion of the population paradox has been included.
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The ideas presented in Chapter 15, Game Theory: The Mathematics of
Competition, are brought up to date in a new Chapter 16, called Theory of
Moves. Theory of moves shows how competitors from Samson and Delilah to
Leno and Letterman can resolve conflicts using a farsighted strategy and, per-
haps, deception.

» For Part 'V, On Size and Shape, we have honed our coverage to include
only those topics that are most popular and appropriate to the book. For in-
stance, to illustrate hyperbolic geometry (Chapter 19), Belerami’s pseudosphere
has been replaced with an example on the geometry of political alliances.
Chapter 18, Geometric Growth, features many new financial growth models,
including certificates of deposit, money market accounts, savings plans, sinking
tunds, inflation, and depreciation. Part V concludes with an invitation to read-
ers to attempt their own Escher-like tilings (Chapter 21).

IMPROVED PEDAGOGY

All chapters have been carefully reviewed and revised to make learning the ma-
terial easier for students. Some new pedagogic features are as follows:

» Key concepts and algorithms are now highlighted in color to reinforce
their importance. This new feature will reassure students abour the chaprers’
“take home messages.”

» Chapter-ending exercises are now categorized by subject matter, which
reflects the subject-matter divisions in the chapter. This new feature will
help instructors with their assignments and help students succeed at solving
problems.

» More than 150 new exercises and writing projects have been included in
this edition. For instance, new statistics exercises present attractive data on
such issues as whether drinking wine helps prevent heart attacks (6-48) and
whether recent years have improved the plight of the endangered Florida man-
atee (6-21 and 6-25). New Exercise 14-3 highlights one of the weirdest para-
doxes of apportionment: the population paradox. Also particularly interesting
are those exercises that ask students to use free software programs to create
models for hyperbolic geometry (see Chapter 19).

SUPPLEMENTS

The supplements package for FAPP has been extensively revamped for the
fourth edition. Existing supplements have been updated and improved and
new supplements have been added for both instructors and students. The
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components of this package are described below. For more information about
any of the supplements, please contact your local W. H. Freeman sales
representative.

» An exciting new CD-ROM/study guide learning package, called FAPP
Interactive, for students combines printed and electronic materials that provide
innovative approaches to the topics treated in the textbook. Each chapter of
FAPP Interactive is divided into three parts. One part focuses on summaries of
the topics within each chapter. These summaries are paired with questions and
answers designed to determine whether or not the student sufficiently under-
stands the material being presented. The second part uses an impressive array
of tools—easy-to-use software, video clips, animations, and original exam-
ples—that are applied to more questions. Exploring these tools and questions
will give students a deeper understanding of the topics in the textbook. Each
chapter also contains an electronic multiple-choice quiz thar is designed to
help students learn the material and at the same time become more comfort-
able taking multiple-choice tests. Each option of every question provides
instant feedback for the student: choosing an incorrect option reveals a
hint; choosing a correct option reveals positive reinforcement. Students at
all levels will benefit a great deal from this exciting and functional student
supplement.

» The Instrucrors Guide has long been a useful tool for instructors switch-
ing from a more traditional teaching approach to the FAPP approach. It has
been thoroughly revised to reflect the changes in the new edition of the text.
Popular features retained from earlier editions include extensive classroom-
tested teaching hints, solutions to even-numbered text exercises, detailed sum-
maries, and suggested skill objectives. New to this edition will be strategies for
using the collaborative learning approach in teaching most chapters.

» For the first time, a full 7ésr Bank has been developed to accompany
FAPP Each chapter will contain approximately 50 multiple-choice and 25
short-answer questions, for a total of approximately 1500 questions. The Test
Bank will be available in printed, Macintosh, and IBM versions.

» A set of Transparency Masters that contain approximately 110 key figures
from the textbook is also being offered.

There is also an Annenberg video series of 26 half-hour programs called
For All Practical Purposes Télecourse. For more information on telecourse pre-
view, purchase, or rental, please call 1-800-LEARNER, or write The Annen-
berg CPB Project, PO. Box 2345, South Burlington, VI 05407-2345.

We thank the individuals who have contributed to the supplements package,
including the authors of supplements to previous editions. Following is a list of
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all the inscructors who have been involved, some of whom have worked on
more than one title in this package:

John Emert, Ball State University

Chris Leary, St. Bonaventure College
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TO THE STUDENT

Have fun. Enjoy. That is what this book is all about. You may at one time or
another have wondered why people go into mathematics. Do they have differ-
ent genes, that they like this stuff? This text is one attempt to show some of the
payoffs for working with mathematics. The areas we discuss and the problems
we tackle are real. Most of the people you will meet in these pages are alive and
much of their work has been done in the last twenty or thirty years. We have
tried to show you mathematics as we see it— solving problems we care about
and have fun doing.

We don' expect you to become a mathematician. We understand that you
won't remember much about the techniques presented here in a year or two.
Thats not the point. What we hope is that you will do some mathematics,
solve some problems, and gain an appreciation for what we do and why. To a
large extent mathemartics is not about formulas and equations; it is about CDs
and CAT scans, and parking meters, and presidential polls, and computer
graphics. Mathematics is about looking at our world and creating representa-
tions we can work with to solve problems that matter—and we hope it is in
this spirit that you use this book. Welcome to the world of contemporary
mathematics.
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personal, encoding of, 365370
production of, 179-203
regression lines, 237 - 241
sampling, 180188, 200-201
security, 107 -108, 393-395
spread of distributions, 229-235
statistical estimation, 188—192
statistical evidence, 198200
storage, 379, 392-393

Davidson Consonant Code, 369

Deadheading, 8-9

Dean apportionment method,

546-547

Decay constant, 720, 742

Deception strategies, 592—594, 598

Decision making, 10, 124, 406-409,

563. See also Social choice.

Decoding, 360, 371, 384385, 391,

394-395, 399
Decreasing-time heuristics, 104—105
Decreasing-time-list algorithms,
100-102, 108

Decreasing-time lists, 97, 100—102

Defense Department, U. S., 356

Deflated dollars, 720

Deflation, in Penrose tiles, 870, 872

Delivery-point bar codes, 362

Deming, W. Edwards, 225~226

Democracy, 411

DeMoivre, Abraham, 284

Density, 663, 683
Depreciation, 720721
Descriptive statistics, 246
Deviation, in data, 232—235. See also
Standard deviation.
Dice, 268, 270-271, 273-276
Dictators, 447 —448, 474
Dictatorships, 413
Diffraction patterns, 874—875
Digits
check, 349-356, 361-363
random, 184186
Digraphs, 21-23, 57-60, 62, 85-96
Dihedral rosettes, 812
Dinosaurs, 671, 676-677, 683
Directed graphs, 21-23, 57-60, 62,
85-96
Direction, and variables, 237
Distance, 659-661
in relativity, 775-776
between two messages, 384385,
399
Distributions
center of, 223-224, 226-229,
282-283
defined, 219, 248
displaying, 219-226
normal, 235, 283285, 297, 312
sampling, 280283, 298, 311-314
shape of, 223224, 282-283
spread of, 223-224, 226, 229235,
282-283
symmetric/skewed, 224, 235, 249,
282-283, 286
variables in, 219, 235-237,
241-247
Districts, congressional, 529,
535536, 547, 551
Dives, 672673
Divide-and-choose, 496—498, 513
Divine proportion, 802-806, 826
Divisor methods, 535-551

Divisors, 536-537, 551

Divorce, 487, 490—493

Dominant strategies, 582, 598, 614
Dominated strategies, 590, 598
Dotplots, 219220, 226, 248
Double-blind experiments, 197, 202
Draft lottery, 241244, 309-310
Driver’s licenses, 365-370

Dubins, Lester E., 489

Duel games, 570-571, 578-579
Dummies, 445, 447, 474
Dunham, Douglas, 772, 864
Duran, Catherine, 489

Earthquakes, 245, 247

Easter Island, 740

Economy of scale, 735, 742

Edge-to-edge tilings, 841 843,
846847, 876

Edges, 6-8, 10-12, 14-20, 23, 36

Effective moving power, 631, 642

Effective rate, 705, 742

Efficiency, 3, 47, 55, 93, 96

Egypt, 633-634

Einstein, Albert, 775-776, 778

Elections. See Voting.

Elecroral College, 446, 457 -458, 472

Elliptic geometry, 759-763, 770, 785

Employment/unemployment, 181,
319

Encoding, 357, 371

with parity-check sums, 382-393
of personal data, 365-370

Encryption, 393-395, 399

Enumeration districts, 188

Environmental carrying capacity,
725-727

Envy, 503-508

Envy-free allocations, 408, 488-489,
494, 498-499, 503-508, 514

Equally likely outcomes, 275-278

Equiangular spirals, 677, 806
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Equilateral triangles, 840, 842, 876
Equilibrium
game theory, 562, 582585, 587,
591, 614
moves theory, 623-624
and population size, 732, 742
Equitable allocation, 494
Equivalent voting systems, 459465,
474
Equivalent yield, 705, 742
Error, margin of, 191-192, 202, 319
Error-correcting codes, 379-382,
385-389
Error-detecting codes, 350, 371
Escher, M. C., 771-773, 851,
853-862, 864—865
Estimates, 188—-192, 311314,
319-323
Ethical issues, 201 -202
Euclid, 757, 802
Euclidean geometry, 757-759, 770, 785
Euler, Leonhard, 8-9, 844
Euler circuits, 5-14, 23, 3637, 106
Eulerization, 15-20, 23
Eulerized graphs, 15-17
Euler’s theorem, 10-11, 13—14
Even parity, 381, 399
Events, 274, 297
Evidence, statistical, 198200, 309, 331
Existence theorems, 562
Expected value, 562, 572, 598
Experiments
controlled, 193-195
defined, 192, 202
double-blind, 197, 202
randomized comparative, 193-198,
203
realistic, 201202
and statistical evidence, 198 —-200,
331
two-factor, 197 ~198
uncontrolled, 192-193

Explanatory variables, 236237, 248

Exploratory data analysis, 218—-219,
248

Exponential decay, 719-723, 742

Exponential functions, 47

Exponential growth. See Geometric
growth.

Exponential reserve, 729, 742

Exterior angles, 840-841, 876

Exxon Corporation, 125

Factorials, 277-278, 466, 474
Fair division, 487 -490
adjusted winner procedure, 490—493
divide-and-choose, 496498
Knaster inheritance procedure,
494496
proportionality, 498—500
Selfridge-Conway envy-free
procedure, 504 —-506
trimming procedures, 506-513
Fair-division problems, 487 —488, 514
Fair-division procedures, 488, 514
Fair-division schemes, 488
Fairness, 273, 408, 488, 574, 599
Falls, 672
Fast algorithms, 4748, 161-163
Feasibility, in moves theory, 634, 642
Feasible points, 130, 152154, 164
Feasible regions, 127128, 133-145,
152-154, 164
Feasible sets, 127128, 164
Fibonacci numbers, 800801, 806, 826
Fiene, Dennis, 355
Final state, 616, 642
Financial models, and geometric
growth, 704-706
Fink, A. M., 489, 523
First fit algorithms, 104—105, 108
First-fit decreasing algorithms,
104-105, 108
Fisher, Ronald A., 194-195

Five-numbecr summary, 229-232, 248

Fivefold symmetry, 868, 870, 873

Flights, 673-674

Form. See Growth and form.

Formal inference, 309-311

Fractional parts, 530-532

Freitag, Robert E, 2

Frequencies, 221, 248

Frequency tables, 390-391

Friedman, William E, 394

Fuller, R. Buckminster, 844, 852

Fullerenes, 844

Fundamental principle of counting,
41-43, 61, 276

Fundamental regions, 864865, 876

Galileo Galilei, 665-666, 671
Gallup polls, 179—180, 188-189,
191-192, 270, 280, 282,

310-311, 319
Gambling, 267-268, 270, 272, 280,
292-297

Game theory, 409, 561 -563. See also
Moves theory.
larger games, 588~594
and moves theory, 612-615,
635-637
partial conflict games, 579587
total conflict games with mixed
strategies, 569-579
total conflict games with pure
strategies, 563 —569
uses, 594598
Game trees, 612-613, 639-640,
642
Games, 616, 642
Gaps in dara distribution, 225-226
Gardner, Martin, 852
Gauss, Carl Friedrich, 763, 767,
784-785
Generating functions, 457458
Geodesic, 761, 786



