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Preface

Engineering mechanics is the study of the effects that forces
produce on bodies. It has two major subdivisions: statics, in
which the bodies are at rest or are moving with constant veloc-
ity; and dynamics, in which the bodies move with varying
velocity—so that acceleration becomes a necessary part of the
description of dynamics problems. As a general concept, ac-
celeration, which is a vector quantity, is the time rate of change
of velocity. The absence of acceleration effects distinguishes
statics from dynamics. Dynamics is the first engineering
course in the fields of aeronautical, civil, and mechanical engi-
neering and technology. A thorough understanding of the
basic principles of this body of knowledge is a necessary pre-
requisite to further study in mechanical design and analysis,
vibrations, control systems, and fluid dynamics.

The subject of dynamics rests upon a very limited number of
simply stated physical laws—notably Newton’s second law and
the law of conservation of energy. Despite this apparent sim-
plicity, dynamics is an inherently complex subject. The central
objective is to identify from the physical problem the type of
force-motion relation that exists, and then to use the appropri-
ate techniques to obtain the final solution.

In preparing this work, I have attempted the following:

1. To present the basic theory in a straightforward manner.

2. To point out, and emphasize, the potential pitfalls that

exist in certain areas of the subject matter.

3. To illustrate the particular theory with one or more exam-

ple problems.
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4. To present a summary section, at the end of each chapter,
on the major concepts in the chapter.

5. To provide with each chapter a set of problem assign-
ments, of varying degrees of complexity, that illustrates
the different aspects of the theory.

An attempt has been made, wherever possible, to give a
physical, or “hardware,” flavor to the example problems and
problem assignments, with major emphasis on obtaining useful
technical solutions. In many cases, the effect on the solution of
varying one, or more, of the initial conditions of the problem is
shown and discussed. In the more difficult areas of the subject
matter, every attempt has been made to anticipate the reader’s
questions. Throughout the text, the units are equally divided
between the U. S. Customary System (USCS) and the Interna-
tional System (SI). Answers to odd-numbered problem assign-
ments are provided at the end of the text.

The general organization of the text is as follows. Chapter
15 considers the motion of particles without regard for the
forces that produce these motions, referred to as the subject of
kinematics. Chapter 16 introduces particle dynamics, where
the relation between the force that acts on a particle and the
resulting motion is obtained. Chapter 17 presents the kine-
matics of plane motion of a rigid body. Chapter 18 digresses
from the main stream of dynamics to introduce centroids and
mass moments of inertia of rigid bodies. The results from
Chapters 17 and 18 are then used in Chapter 19, the dynamics
of rigid bodies in plane motion, where the relation between the
forces and moments that act on a body and the resulting trans-
lational and angular motions are obtained. Chapter 20 con-
siders the use of work-energy methods to obtain solutions to
problems in particle and rigid-body dynamics.

Chapter 21 considers the highly significant technical problem
of impact of bodies, and impulse-momentum solutions. Chap-
ter 22 covers three-dimensional dynamic motion of rigid body
with emphasis on rotating unbalance, dynamic balancing, and
gyroscopic moments. Chapter 23 is a treatment of damped
and undamped free and forced vibration of a single degree of
freedom mechanical systems. Chapter 24, the final chapter,
considers the motion of a body subjected to viscous, or quad-
ratic resistance, drag forces. Chapters 15 through 21 contain
the material usually found in a first course in dynamics. The
remaining chapters may be studied in any order, depending on
the emphasis desired.

The mathematics used in this text includes trigonometry, al-
gebra, and elementary differential and integral calculus. The
derivative is used principally in the definitions of velocity and
acceleration; and the integral is used primarily to interpret the
area under displacement, velocity and acceleration curves. A
very limited number of problems require formal differentiation
or integration techniques for their solution.
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It is difficult to acknowledge formally all the people who
have offered comments and suggestions, and who have influ-
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special mention. Professor Kenneth Schneider, California
State Polytechnic University at Pomona, served as consulting
editor on this project from its inception. The barriers of dis-
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