Preface

Objectives

A primary objective in a first course in mechanics is to help develop a stu-
dent’s ability first to analyze problems in a simple and logical manner, and
then to apply basic principles to its solution. A strong conceptual understand-
ing of these basic mechanics principles is essential for successfully solving
mechanics problems. We hope that this text, as well as the proceeding vol-
ume, Vector Mechanics for Engineers: Dynamics, will help instructors achieve
these goals.”

General Approach

Vector analysis is introduced early in the text and is used in the presentation
and discussion of the fundamental principles of mechanics. Vector methods
are also used to solve many problems, particularly three-dimensional problems
where these techniques result in a simpler and more concise solution. The
emphasis in this text, however, remains on the correct understanding of the
principles of mechanics and on their application to the solution of engineering
problems, and vector analysis is presented chiefly as a convenient tool.”

Practical Applications Are Introduced Early. One of the characteris-
tics of the approach used in this book is that mechanics of particles is clearly
separated from the mechanics of rigid bodies. This approach makes it possible
to consider simple practical applications at an early stage and to postpone the
introduction of the more difficult concepts. For example:

o In Statics, statics of particles is treated first (Chap. 2): after the rules of
addition and subtraction of vectors are introduced, the principle of equi-
librium of a particle is immediately applied to practical situations involv-

ing only concurrent forces. The statics of rigid bodies is considered in 22 ADDING FORCES BY
Chaps. 3 and 4. In Chap. 3, the vector and scalar products of two vectors e I :
are introduced and used to define the moment of a force about a point and :

about an axis. The presentation of these new concepts is followed by a
thorough and rigorous discussion of equivalent systems of forces leading,
in Chap. 4, to many practical applications involving the equilibrium of
rigid bodies under general force systems.

+ In Dynamics, the same division is observed. The basic concepts of force,
mass, and acceleration, of work and energy, and of impulse and momen-
tum are introduced and first applied to problems involving only particles.
Thus, students can familiarize themselves with the three basic methods
used in dynamics and learn their respective advantages before facing the -
difficulties associated with the motion of rigid bodies.
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oth texts also are available in a single volume, Vector Mechanics for Engineers: Statics
d Dynamics, 2024 release.

n a parallel text, Mechanics for Engineers: Statics, fifth edition, the use of vector algebra
limited to the addition and subtraction of vectors.



»
Xiv Prefdce

17.1 ENERGY METHODS FOR
A RIGID BODY

We now tise the principle of work and energy to analyze the plane maotion of
rigid bodics. As we pointed out in Chap. 13, the method of work and energy is
particatarly well -scapted 10 solving problems involving velocities and displace
ments. 1ty mam advantage is that the work of forces and the kinetic energy ol
objects are scalar quantitics

17.1A

To apply the principle of work and energy 1o the moton of a rigid body, we

Principle of Work and Energy

sume that the rigid body i made up of a large number n of particles of

m . From Eq. (14.30) of Sec. 1428, we have

Principle of work
and energy, rigid body
L+t =71 ann
where T,. T, = the inttial and final values of wtal hinetic energy of particles
Torming the ngud body
L = work of all forces acting o vanous paricies of the body

New Concepts Are Introduced in Simple Terms. Since this text is
designed for the first course in statics. new concepts are presented in simple
terms and every step is explained in detail. On the other hand. by discussing the
broader aspects of the problems considered. and by stressing methods of gen-
eral applicability, a definite maturity of approach is achieved. For example. the
concepts of partial constraints and statical indeterminacy are introduced early
and are used throughout.

Fundamental Principles Are Placed in the Context of Simple
Applications. The fact that mechanics is essentially a deductive science
based on a few fundamental principles is stressed. Derivations have been pre-
sented in their logical sequence and with all the rigor warranted at this level.
However, the learning process being largely inductive, simple applications are
considered first. For example:

« The statics of particles precedes the statics of rigid bodies. and problems
involving internal forces are postponed until Chap. 6.

« In Chap. 4. equilibrium problems involving only coplanar forces are con-
sidered first and solved by ordinary algebra. while problems involving
three-dimensional forces and requiring the full use of vector algebra are
discussed in the second part of the chapter.

Systematic Problem-Solving Approach. All the sample problems are
solved using the steps of Strategy. Modeling, Analysis, and Reflect & Think. or
the “SMART" approach. This methodology is intended to give students confi-
dence when approaching new problems, and students are encouraged to apply
this approach in the solution of all assigned problems.

Free-Body Diagrams Are Used Both to Solve Equilibrium Problems
and to Express the Equivalence of Force Systems. Free-body dia-
grams are introduced early. and their importance is emphasized throughout the
text. They are used not only to solve equilibrium problems but also to express
the equivalence of two systems of forces or, more generally, of two systems of
vectors. 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 fundamental 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. It is, therefore, used in
preference to the method of dynamic equilibrium in the solution of all sample
problems in this book.

AFour-Color Presentation Uses Colorto Distinguish Vectors. Color
has been used. not only to enhance the quality of the illustrations, but also to
help students distinguish among the various types of vectors they will encoun-
ter. While there was no intention to “color code™ this text, the same color is
used in any given chapter to represent vectors of the same type. Throughout
Statics, for example. red is used exclusively to represent forces and couples,
while position vectors are shown in blue and dimensions in black. This makes
it easier for the students to identify the forces acting on a given particle or rigid
body and to follow the discussion of sample problems and other examples given
in the text.




A Careful Balance Between SI and U.S. Customary Units Is
Consistently Maintained. Because of the current trend in the American
government and industry to adopt the international system of units (SI metric
units). the SI units most frequently used in mechanics are introduced in Chap.
I and are used throughout the text. Approximately half of the sample problems
and 60 percent of the homework problems are stated in these units, while the
remainder are in U.S. customary units. The authors believe that this approach
will best serve the need of students, who. as engineers, will have to be conver-
sant with both systems of units.

It also should be recognized that using both SI and U.S. customary units
entails more than the use of conversion factors. Since the SI system of units
is an absolute system based on the units of time, length, and mass. whereas
the U.S. customary system is a gravitational system based on the units of time.
length, and force, different approaches are required for the solution of many
problems. For example. when SI units are used, a body is generally specified
by its mass expressed in kilograms; in most problems of statics it will be
necessary to determine the weight of the body in newtons, and an additional
caleulation will be required for this purpose. On the other hand. when u.s.
customary units are used. a body is specified by its weight in pounds and. in
dynamics problems, an additional calculation will be required to determine its
mass in slugs (or Ib-s”/ft). The authors, therefore, believe that problem assign-
ments should include both systems of units.

The Instructor’s and Solutions Manual provides six different lists of
assignments so that an equal number of problems stated in SI units and in
USS. customary units can be selected. If so desired, two complete lists of
assignments can also be selected with up to 75 percent of the problems stated
in SI units.

Optional Sections Offer Advanced or Specialty Topics. A large
number of optional sections have been included. These sections are indicated
by asterisks and thus are easily distinguished from those which form the core
of the basic statics course. They can be omitted without prejudice to the under-
standing of the rest of the text.

Among the topics covered in these additional sections are the reduction
of a system of forces to a wrench. applications to hydrostatics, equilibrium of
cables, products of inertia and Mohr's circle, the determination of the principal
axes and the mass moments of inertia of a body of arbitrary shape, and the
method of virtual work. The sections on the inertia properties of three-
dimensional bodies are primarily intended for students who will later study
in dynamics the three-dimensional motion of rigid bodies.

The material presented in the text and most of the problems require no
previous mathematical knowledge beyond algebra, trigonometry, and elemen-
tary calculus; all the elements of vector algebra necessary to the understanding
of the text are carefully presented in Chaps. 2 and 3. In general, a greater
emphasis is placed on the correct understanding of the basic mathematical
concepts involved than on the nimble manipulation of mathematical formulas.
In this connection, it should be mentioned that the determination of the cen-
troids of composite areas precedes the calculation of centroids by integration,
thus making it possible to establish the concept of the moment of an area
firmly before introducing the use of integration.
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