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About the Authors

“How did you happen to write your books together, with one of you at
Lehigh and the other at UConn, and how do you manage to keep col-
laborating on their successive revisions?” These are the two questions
most often asked of our two authors. '

The answer to the first question is simple. Russ Johnston’s first
teaching appointment was in the Department of Civil Engineering and
Mechanics at Lehigh University. There he met Ferd Beer, who had
joined that department two years earlier and was in charge of the courses
in mechanics. Born in France and educated in France and Switzerland
(he holds an M.S. degree from the Sorbonne and an Sc.D. degree in the
field of theoretical mechanics from the University of Geneva), Ferd had
come to the United States after serving in the French army during the
early part of World War II and had taught for four years at Williams
College in The Williams-MIT joint arts and engineering program. Born
in Philadelphia, Russ had obtained a B.S. degree in civil engineering
from the University of Delaware and an Sc.D. degree in the field of
structural engineering from MIT.

Ferd was delighted to discover that the young man who had been
hired chiefly to teach graduate structural engineering courses was not
only willing but eager to help him reorganize the mechanics courses.
Both believed that these courses should be taught from a few basic prin-
ciples and that the various concepts involved would be best understood
and remembered by the students if they were presented to them in a
graphic way. Together they wrote lecture notes in statics and dynamics,
to which they later added problems they felt would appeal to future
engineers, and soon they produced the manuscript of the first edition of
Mechanics for Engineers.

The second edition of Mechanics for Engineers and the first edition
of Vector Mechanics for Engineers found Russ Johnston at Worcester
Polytechnic Institute and the next editions at the University of Connecti-
cut. In the meantime, both Ferd and Russ had assumed administrative
responsibilities in their departments, and both were involved in research,
consulting, and supervising graduate students—Ferd in the area of sto-
chastic processes and random vibrations, and Russ in the area of elastic
stability and structural analysis and design. However, their interest in im-
proving the teaching of the basic mechanics courses had not subsided,
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and they both taught sections of these courses as they kept revising their
texts and began writing the manuscript of the first edition of Mechanics
of Materials.

This brings us to the second question: How did the authors manage
to work together so effectively after Russ Johnston had left Lehigh? Part
of the answer is provided by their phone bills and the money they have
spent on postage. As the publication date of a new edition approaches,
they call each other daily and rush to the post office with express-mail
packages. There are also visits between the two families. At one time
there were even joint camping trips, with both families pitching their
tents next to each other. Now, with the advent of the fax machine, they
do not need to meet so frequently.

Their collaboration has spanned the years of the tevolution in com-
puting. The first editions of Mechanics for Engineers and of Vector Me-
chanics for Engineers included notes on the proper use of the slide rule.
To guarantee the accuracy of the answers given in the back of the book,
the authors themselves used oversize 20-inch slide rules, then mechani-
cal desk calculators complemented by tables of trigonometric functions,
and later four-function electronic calculators. With the advent of the
pocket multifunction calculators, all these were relegated to their re-
spective attics, and the notes in the text on the use of the slide rule were
replaced by notes on the use of calculators. Now problems requiring the
use of a computer are included in each chapter of their texts, and Ferd
and Russ program on their own computers the solutions of most of the
problems they create.

Ferd and Russ’s contributions to engineering education have earned
them a number of honors and awards. They were presented with the
Western Electric Fund Award for excellence in the instruction of engi-
neering students by their respective regional sections of the American
Society for Engineering Education, and they both received the Distin-
guished Educator Award from the Mechanics Division of the same soci-
ety. In 1991 Russ received the Outstanding Civil Engineer Award from
the Connecticut Section of the American Society of Civil Engineers, and
in 1995 Ferd was awarded an honorary Doctor of Engineering degree by
Lehigh University.

Two new collaborators, Elliot Eisenberg, Professor of Engineering
at the Pennsylvania State University, and Robert Sarubbi, Professor of
Mechanical Engineering and Mechanics at Lehigh. University, have
joined the Beer and Johnston team for this new edition. Elliot holds a
B.S. degree in engineering and an M.E. degree, both from Cornell Uni-
versity. He has focused his scholarly activities on professional service and

teaching, and he was recognized for this work in 1992 when the Ameri-

can Society of Mechanical Engineers awarded him the Ben C. Sparks
Medal for his contributions to mechanical engineering and mechanical
engineering technology education and for service to that society and to
the American Society for Engineering Education. Bob holds a B.S. de-
gree in Civil Engineering from the Cooper Union, and an M.S. in Civil
Engineering and Ph.D. in Applied Mechanics, both from Lehigh Uni-
versity. After working for five years at Bell Telephone Laboratories on mis-
sile systems and design, Bob joined in 1968 the faculty of Lehigh Univer-
sity, where he has specialized in the teaching of system dynamics and
design. His research involvement has been in structural mechanics,
thermo-fluid systems, and Stochastic processes and random vibrations.



Preface

The main objective of a first course in mechanics should be to develop
in the engineering student the ability to analyze any problem in a simple
and logical manner and to apply to its solution a few well-understood,
basic principles. It is hoped that this text, as well as the preceding vol-
ume, Vector Mechanics for Engineers: Statics, will help the instructor
achieve this goal. 1

Vector algebra was introduced at the beginning of the first volume
and used in the presentation of the basic principles of statics, as well as
in the solution of many problems, particularly three-dimensional prob-
lems. Similarly, the concept of vector differentiation will be introduced
early in this volume, and vector analysis will be used throughout the pre-
sentation of dynamics. This approach results in a more concise dériva-
tion of the fundamental principles. It also makes it possible to analyze
many problems in kinematics and kinetics which could not be solved by
scalar methods. The emphasis in this text, however, remains on the cor-
rect understanding of the principles of mechanics and on their applica-
tion to the solution of engineering problems, and vector analysis is pre-
sented chiefly as a convenient tool.

One of the characteristics of the approach used in these volumes is
that the mechanics of particles has been clearly separated from the me-
chanics of rigid bodies. This approach makes it possible to consider sim-
ple practical applications at an early stage and to postpone the introduc-
tion of more difficult concepts. In the volume on statics, the statics of
particles was treated first, and the principle of equilibrium was immedi-
ately applied to practical situations involving only concurrent forces. The
statics of rigid bodies was considered later, at which time the vector and
scalar products of two vectors were introduced and used to define the
moment of a force about a point and about an axis. In this volume, the

1Both texts are also available in a single volume, Vector Mechanics for Engineers: Sta-
tics and Dynamics, sixth edition.

tIn a parallel text, Mechanics for Engineers: Dynamics, fourth edition, the use of vec-
tor algebra is limited to the addition and subtraction of vectors, and vector differentiation
is omitted. ‘

XV



same division is observed. The basic concepts of force, mass, and accel-
eration, of work and energy, and of impulse and momentum are intro-
duced and first applied to problems involving only particles. Thus stu-
dents may familiarize themselves with the three basic methods used in
dynamics and learn their respective advantages before facing the diffi-
culties associated with the motion of rigid bodies.

Since this text is designed for a first course in dynamics, new con-
cepts have been presented in simple terms and every step explained in
detail. On the other hand, by discussing the broader aspects of the prob-
lems considered and by stressing methods of general applicability, a def-
inite maturity of approach has been achieved. For example, the concept
of potential energy is discussed in the general case of a conservative force.
Also, the study of the plane motion of rigid bodies has been designed to
lead naturally to the study of their general motion in space. This is true
in kinematics as well as in kinetics, where the principle of equivalence of
external and effective forces is applied directly to the analysis of plane
motion, thus facilitating the transition to the study of three-dimensional
motion.

The fact that mechanics is essentially a deductive science based on
a few fundamental principles has been stressed. Derivations have been
presented in their logical sequence and with all the rigor warranted at
this level. However, the learning process being largely inductive, simple
applications have been considered first. Thus the dynamics of particles
precedes the dynamics of rigid bodies; and, in the latter, the fundamental
principles of kinetics are first applied to the solution of two-dimensional
problems, which can be more easily visualized by the student (Chaps. 16
and 17), while three-dimensional problems are postponed until Chap. 18.

This entirely metric version of the sixth edition of Vector Mechanics
for Engineers retains the unified presentation of the principles of kinet-
ics which characterized the previous four editions. The concepts of lin-
ear and angular momentum are introduced in Chap. 12 so that Newton’s
second law of motion may be presented not only in its conventional form
F = ma, but also as a law relating, respectively, the sum of the forces act-
ing on a particle and the sum of their moments to the rates of change of
the linear and angular momentum of the particle. This makes possible
an earlier introduction of the principle of conservation of angular mo-
mentum and a more meaningful discussion of the motion of a particle un-
der a central force (Sec. 12.9). More importantly, this approach may be
readily extended to the study of the motion of a system of particles (Chap.
14) and leads to a more concise and unified treatment of the kinetics of
rigid bodies in two and three dimensions (Chaps. 16 through 18).

Free-body diagrams were introduced early in statics. They were used
not only to solve equilibrium problems but also to express the equiva-
lence of two systems of forces or, more generally, of two systems of vec-
tors. The advantage of this approach becomes apparent in the study of
the dynamics of rigid bodies, where it is used to solve three-dimensional
as well as two-dimensional problems. By placing the emphasis on “free-
body-diagram equations” rather than on the standard algebraic equations
of motion, a more intuitive and more complete understanding of the fun-
damental principles of dynamics can be achieved. This approach, which
was first introduced in 1962 in the first edition of Vector Mechanics for
Engineers, has now gained wide acceptance among mechanics teachers



in this country. Itiis, therefore, used in preference to the method of dy-
namic equilibrium and to the equations of motion in the solution of all
sample problems in this edition.

Color has been used, not-only to enhance the quality of the illustra-
tions, but also to help students distinguish among the various types of
vectors used in dynamics. In any given chapter, the same color has been
used to represent vectors of the same type. For example, in Chap. 11,
which introduces the students to kinematics, blue, green, and red are
associated, respectively, with position, velocity, and acceleration. In
Chap. 12, where students begin the study of kinetics, green is still used
for velocities, but red is now used exclusively to represent forces—
applied forces as well as effective forces.

The text material and problems are all expressed in terms of the In-
ternational System of Units (SI). This is in response to the almost uni-
versal use of the SI throughout the world. However, the interactive soft-
ware program, which accompanies the textbook and is provided in the
form of three disks, offers problems expressed in both the SI and the
U.S. customary system of units. The reason is that many American engi-
neers and American publications still use the U.S. customary system. Ap-
pendix C gives an overview of the relationship between the two systems
of units, together with the conversion factors between the relevant units.
The authors believe that this approach will best serve the needs of the
students, who, as engineers, may have to be conversant with both sys-
tems of units.

A number of optional sections have been included. These sections
are indicated by asterisks and may thus easily be distinguished from those
which form the core of the basic dynamiics course. They may be omitted
without prejudice to the understanding of the rest of the text. The top-
ics covered in these additional sections include graphical methods for the
solution of rectilinear-motion problems, the trajectory of a particle un-
der a central force, the deflection of fluid streams, problems involving jet
and rocket propulsion, the kinematics and kineties of rigid bodies in three
dimensions, damped mechanical vibrations, and electrical analogues.
These topics will be found of particular interest when dynamics is taught
in the junior year.

The material presented in this volume and most of the problems re-
quire no previous mathematical knowledge beyond algebra, trigonom-
etry, elementary calculus, and the elements of vector algebra presented
in Chaps. 2 and 3 of the volume on statics.t However, special problems
have been included, which make use of a more advanced knowledge of
calculus, and certain sections, such as Secs. 19.8 and 19.9 on damped vi-
brations, should be assigned only if the students possess the proper math-
ematical background.

Each chapter begins with an introductory section setting the purpose
and goals of the chapter and describing in simple terms the material to

tSome useful definitions and properties of vector algebra have been summarized in
Appendix A at the end of this volume for the convenience of the reader. Also, Secs. 9.11
through 9.18 of the volume on statics, which deal with the moments of inertia of masses,
have been reproduced in Appendix B.



xviii Preface

be covered and its application to the solution of engineering problems.
The body of the text has been divided into units, each consisting of one
or several theory sections, one or several sample problems, and a large
number of homework problems. Each unit corresponds to a well-defined

topic and generally may be covered in one lesson. In a number of cases,

however, the instructor will find it desirable to devote more than one les-
son to a given topic. Each chapter ends with a review and summary of
the material covered in that chapter. Marginal notes are used to help the
students organize their review work, and cross-references have been in-
cluded to help them find the portions of material requiring their special
attention. " -

The sample problems have been set up in much the same form that
students will use in solving the assigned problems. They thus serve the
double purpose of amplifying the text and demonstrating the type of neat
and orderly work that students should cultivate in their own solutions.

A section entitled Solving Problems on Your Own has been added to
each lesson, between the sample problems and the problems to be as-
signed. The purpose of these new sections is to help students organize
in their own minds the preceding theory of the text and the solution meth-
ods of the sample problems so that they may more successfully solve the
homework problems. ‘Also included in these sections are specific sug-
gestions and strategies which will enable the students to more efficiently
attack any assigned problems.

Most of the problems are of a practical nature and should appeal to
engineering students. They are primarily designed, however, to illustrate
the material presented in the text and to help students understand the
basic principles of mechanics. The problems have been grouped accord-
ing to the portions of material they illustrate and have been arranged in
order of increasing difficulty. Problems requiring special attention have
been indicated by asterisks. Answers to 70 percent of the problems are
given at the end of the book. Problems for which no answer is given are
indicated by a number set in italic.

The inclusion in the engineering curriculum of instruction in com-
puter programming and the increasing availability of personal computers
or mainframe terminals on most campuses make it now possible for en-
gineering students to solve a number of challenging dynamics problems.
At one time these problems would have been considered inappropriate
for an undergraduate course because of the large number of computa-
tions their solutions require. In this new edition of Vector Mechanics for
Engineers: Dynamics, a group of problems designed to be solved with a
computer has been added to the review problems at the end of each
chapter. These problems may involve the determination of the motion of
a particle under various initial conditions, the kinematic or kinetic analy-
sis of mechanisms in successive positions, or the numerical integration of
various equations of motion. Developing the algorithm required to solve
a given dynamics problem will benefit the students in two different ways:
(1) it will help them gain a better understanding of the mechanics prin-
ciples involved; (2) it will provide them with an opportunity to apply the
skills acquired in their computer programming course to the solution of
a meaningful engineering problem.

The authors wish to acknowledge the collaboration of Professors
Elliot Eisenberg and Robert Sarubbi to this sixth edition of Vector



Mechanics for Engineers and thank them especially for contributing many

new and challenging problems. The authors also wish to acknowledge
gratefully the many helpful comments and suggestions offered by the
users of the previous editions of Mechanics for Engineers and of Vector
Mechanics for Engineers.

Ferdinand P. Beer
E. Russell Johnston, Jr.
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