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Preface

Although essentially all engineering curricula require some course
work in mechanics, the needs of the various engineering disciplines
vary widely. This book is intended as a text for a first course in me-
chanics for those students who require only a one- or two-semester
course. It is the belief of the authors that the needs of these students
can best be met by a broad, unified treatment of mechanics rather
than an in-depth study of one or two specialized areas. The material
contained in this book is an expanded version of Young’s Introduc-
tion to Applied Mechanics. Young’s book was written primarily for
nonengineering students, whereas the present text is designed primar-
ily for engineering students.

In the selection of specific subject matter, emphasis has been
placed on topics which engineers with limited training in mechanics
are most likely to find of value. Although the coverage is broad, an
in-depth, rigorous treatment of the selected topics has been at-
tempted and the material contained in the book is not intended as
simply a “survey of mechanics.”

The text is organized into five major parts, each containing one
or more chapters, as follows:

Part I—Review

Part II—Equilibrium

Part ITI—Motion and Deformation

Part IV—Rigid-Body Dynamics and Vibrations
Part V—Engineering Materials and Applications

Part I contains material normally found in calculus and physics
courses which are presumed as prerequisites for .a first course in me-
chanics. However, it has been the authors’ experience that ideas
associated with forces and moments and topics such as elementary
‘particle dynamics, centroids, moments of inertia, units, etc. need to
be reviewed to reinforce the students’ understanding of these elemen-
tary but important facets of mechanics.

Part IT emphasizes the fundamental nature of equilibrium by con-
sidering not only rigid bodies but equilibrium contepts applied to a
continuum through the introduction of the concept of stress. Equi-
librium of fluids is also treated in this section.

Kinematics of particles, rigid bodies in plane motion, and de-
formable bodies are included in Part III. The concept of strain is
introduced, and the pertinent equations relating to strain transforma-
tions and the measurement of strain are included. This section is

followed in Part IV with a discussion of rigid body dynamics, with
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emphasis on plane motion, and an introduction to the vibratory mo-
tion of single degree of freedom systems.

In the first four parts of the book material properties play a mini-
mal role. Only the ideas of a rigid body and a fluid at rest are intro-
duced. Thus the student is able to develop general concepts and
equations which are applicable to broad classes of problems. In Part
.V important characteristics of materials are discussed and related to
applications in solid and fluid mechanics. The final chapter provides
an introduction to dimensional analysis and model theory.

- Although the English gravitational system of units (pound-slug-
second-foot) is used in the majority of examples the International
System of Units (newton-kilogram-second-metre), commonly called
81, is also used in a number of examples. With the increasing usage of
SI in engineering disciplines the need for engineers to become famil-
iar with this metric system of units is apparent.

Students are encouraged to carefully study all examples, since
the solutions frequently contain important points associated with
practical aspects of problem-solving techniques. All data given in
examples and problems are assumed to be accurate to at least three
significant figures, consistent with the use of the slide rule for obtain-
ing numerical answers. Over 350 problems are included with answers
supplied to odd-numbered problems.

This text is organized so that it may be used in a number of ways.
It is particularly well suited for a three-quarter (9-hour) or two-
semester (6-hour) sequence, and essentially the entire text can be
covered in this period of time. In two quarters (6 hours) an inte-
grated course can be developed from the first ten chapters to include
the topics of rigid body equilibrium, stress, fluid statics, kinematics,
rigid body dynamics, vibrations, strain, materials, and applications in
solid mechanics. The material in these chapters has been arranged so
that only portions of a given chapter need be covered without loss of
continuity with succeeding topics..

The authors gratefully acknowledge the help of many colleagues
and students in the development of this book. We especially appre-
ciate the support and encouragement of Dr. H. J. Weiss, Head, De-
partment of Engineering Science and Mechanics at Iowa State Uni-
versity. :

Donald F. Young
William F. Riley
Kenneth G. McConnell
Thomas R. Rogge
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chapter 1

Introduction to Mechanics

1.1 Scope of Mechanics

When a collection of matter is acted on by a system of forces,
this action will in general induce resisting forces, internal stresses, de-
formation, and motion. The science of mechanics consists of the
study and analysis of these factors and their interrelationships.

The scope and range of topics normally considered within the
province of mechanics is indeed broad. The following list of topics
and descriptive phrases is suggestive, but not all-inclusive, of the
numerous classical subdivisions of mechanics: ;

1. Statics—rigid bodies in equilibrium.

2. Dynamics—rigid bodies in motion.

3. Mechanics of materials—stresses and deformations in solids.

4. Fluid mechanics—behavior of liquids and gases at rest and in
motion.

5. Vibrations—periodic and transient motion of machines, structures,
and systems.

6. Elasticity—mathematical analysis of stress and deformation in
elastic systems. s

7. Rheology—flow and deformation of materials.

Applications for each of these topics can be found not only in the
fields of engineering and physics but also in agriculture, biology,
geology, medicine, oceanography, etc.

Although each of the topics noted above represents a highly
developed specialized area in mechanics, principles and concepts
common to all provide the necessary framework for the development
of the specialty. In this book we will focus on these common in-
gredients and consider a broad range of topics, each topic logically
building on the preceding one. This approach will provide an in-
tegrated, overall view of the science of mechanics, with a detailed
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4 Chapter 1

working knowledge of the aspects that commonly anse in many en-
gineering and .interdisciplinary applications.

1.2 Continuum Model

In the analysis of a given problem, regardless of the particular
application, certain idealizations are made so that a tractable model
can be established. It is hoped that the model used will be a satis-
factory representation of the physical system of interest. The type
and number of idealizations required depend to a certain extent on
what information is desired. An important concept, which may be
considered as an idealization of a real system, is the continuum
model. Although we recognize that matter consists of a collection of
discrete particles at the molecular level, in most instances we are con-
cerned with a system whose dimensions are very large in comparison
with molecular dimensions. Thus for all practical purposes we may
assume that matter is continuously distributed over the region of
interest. When such an assumption is made, we are utilizing a con-
tinuum model, a basic assumption made throughout this text. How-
ever, it should be recognized that as the size of the system of interest
approaches molecular dimensions, as may be the case in certain
biological problems, the continuum model must be discarded. Al-
ternatively, as the distance between molecules becomes large in com-
parison with the dimensions of the system, the continuum model is
no longer applicable. This situation may be encountered in the high-
altitude flight of missiles and spacecraft.

A special type of continuum model is the rigid body. As the
name implies, a rigid body is one that does not deform under the
action of external forces. Since'all material will deform under load-
ing to some extent, the rigid body concept is an approximation.
However, this idealization is frequently adequate for the analysis of
certain types of problems. A particle is defined as a small quantity
of matter whose dimensions are large compared with molecular
dimensions, but negligibly small when compared with the dimensions
of the overall system of interest.

1.3 Forces

If an object such as a block (Fig. 1.1a) is placed on a plane sur-
face and we push on it, the block may remain at rest or start to slide
along the surface. We say that we are applying a ‘“force” to the
block. In addition, the block is exerting a ‘“force’’ on the supporting
surface. Since forces always occur in equal and opposite pairs, the
surface also exerts a resultant force on the block (Fig. 1.1b). Thusa
force can be defined as the action of one body on another. In this
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Applied force

Weight ) a
% » P
Block
P I G T . Force due to surface
reaction
(a) (b)

Fig. 1.1

particular example the complete system of interest consists of four
‘“bodies’’—the pencil, the block, the object (such as a table) on which
the block rests, and the earth that develops the pull of gravity
(weight).

The important characteristics of a force are (1) magnitude,
(2) direction, and (3) location of line of action. It can also be dem-
onstrated experimentally that the applied force of Fig. 1.1b can be
broken down into components in accordance with the parallelogram
law (Fig. 1.2). If these components pass through the application
point P or any point along the line of action of the force, they would
have the same external effect on the body as the original force. The
external effect of a force either accelerates the body or develops
reactions on the body opposing the motion.

Applied force =F, F, sin a
¢~ ia F, cos a
P £
Original force Equivalent force system
Fig. 1.2

By definition a vector is a quantity that has both direction and
magnitude and conforms to the parallelogram law of addition. Since
these are precisely the characteristics of a force, we arrive at the im-
portant conclusion that a force is a vector quantity and must be
treated accordingly.

A common requirement in the analysis of elementary mechanics
problems is the resolution of a force into its components. The force
A in Fig. 1.3 can first be resolved in accordance with the parallelo-
gram law into a component along the x axis and a component in the
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Fig. 1.3

yz plane.! This latter component can then be resolved into com-
ponents along the y axis and the z axis. By this process the original
force A has been resolved into three orthogonal components com-
monly called rectangular components. The magnitudes of the three
rectangular components are:

A,=Acosa, A, =Acosfl, A,=Acosvy (1.1)

The use of vector algebra provides a very efficient method for
determining the components of a force. Consider vectors of unit
magnitude that are directed along the positive x, y, and z axes (Fig.
1.4) and defined as the unit vectors, i, j, and k. Consider a force F in
the xy plane making an angle o with the x axis (Fig. 1.5). We can
immediately obtain the two rectangular components F, and F, of
the force F from thé parallelogram law; i.e.,

F, =F cos«i, F, =Fsinaj (1.2)

where F is the magnitude of the force F. "The dot product of two
vectors A and B is given by the expression ‘
A-B=ABcosf3 (1.3)

where (3 is the angle between the two vectors (Fig. 1.6). Note that
the dot product is a scalar. From Fig. 1.6 it is observed that A - B
can be interpreted as the magnitude of the component of B in the

1. Vectors will be indicated by boldface symbols.
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Fig. 1.4 } Fig. 1.5

g cos B

Fig. 1.6

direction of A times the magnitude of A, or the magnitude of the
component of A in the direction of B times the magnitude of B. We
see from this that the dot product of a given vector and a unit vector
gives the magnitude of the rectangular component of the vector in
the direction of the unit vector. Thus for the example in Fig. 1.5 we
can write

F,=F-<i=Fcosa, F,=F-j=Fcos(90-a)=Fsina (1.4)

which checks with the results previously obtained.

In certain cases we may be given the components and wish to ob-
tain the resultant. This can be done by the application of the paral-
lelogram law and is known as the process of composition.

On a diagram or figure a vector quantity can be designated in
various ways; e.g., in Fig. 1.5 the vector component F, could be in-
dicated as shown in this figure or as > F, or = F, i, where F, is un-
derstood to represent the magnitude of the vector and the arrow
indicates that the quantity is a vector. These ways of designating a
vector quantity are used interchangeably in this text. However, it is
not convenient to use arrows to distinguish between scalars and
vectors in equations, and it should be clearly understood that in any



