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PREFACE

This book is the fifth edition of the Theory of Vibration with Applications. For a classi-
cal subject like Vibration, an explanation for another revision is in order.

Although the subject of Vibration does not greatly change, the development of
new and sophisticated digital techniques keep advancing and increasing the wide vari-
ety of problems to be solved and discussed in class.

MATLAB® is a versatile computer software program that is commercially avail-
able and adopted by many engineering schools. It is compatible with the previous com-
putational methods of the 4th edition and we have decided to augment and broaden
the computer capabilities of the 4th edition with its use in the 5th edition. To undertake
this revision, our editor and [ have engaged a competent co-author, Dr. Marie D.
Dahleh, of our Engineering Department, to work with me on this task,

The authors recognize that problem solving is a vital part of the learning process,
and the use of a versatile new computer technique will enhance the student’s capabili-
ties not only in the field of Vibration, but to other ficlds as well. To use MATLAB, or any
other new computer method, it is not necessary to completely understand the detailed
mathematics on which the software program is based. On this point, | am reminded of
a timely quotation by Oliver Heavyside, a famous British mathematician and engineer
of the early 20th century, who was being criticized for his innovative mathematics. His
response to them was; “Should I refuse my dinner because I do not understand the
process of my digestion?”

As in earlier editions, the first four chapters, which deal with single-degree-of-
freedom systems, need very few changes. However, wherever appropriate, MATLAB
has been introduced to familiarize the reader with the MATLAB commands that will be
necessary to make use of this facility. At the end of Chapter 4, where the first extensive
calculations with finite difference and Runge-Kutta were made, the MATLAB method
is demonstrated with parallel computations for comparison.

Systems with two or more degrees of freedom, introduced in Chapter 5, offers a
logical opportunity to present the matrix notation. The Mass and the Stiffness Matrices
are defined here and the digital computation in Fortran has been completely replaced
by MATLAB. The importance of normal mode vibration is emphasized in this chapter
and free vibrations are demonstrated to be composed of normal modes with specified
initial conditions. Forced vibrations are again presented in terms of frequency ratio of
forced to normal modes, and the important application of vibration absorbers and
dampers is retained unchanged,

Chapter 6, “Properties of Vibrating Systems,” remains essentially unchanged.
Stiffness of framed structures is again presented to bring out the introductory basics of
the finite element method presented later in Chapter 10. Orthogonality of eigenvec-
tors, the modal matrix and its orthonormal form enable concise presentation of basic
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equations for the diagonal eigenvalue matrix that forms the basis for the computation
of the eigenvalue-eigenvector problem. They also provide a background for the nor-
mal mode summation method. The chapter concludes with the modal damping and
examples of equal roots and degenerate systems.

Chapter 7 presents the classic method of Lagrange, which is associated with vir-
tual work and generalized coordinates. Included in this chapter is the method of
assumed modes, which enables the determination of eigenvalues and eigenvectors of
continuous systems in terms of smaller equations of discrete system equations. The
Lagrangian method offers an all-encompassing view of the entire field of dynamics, a
knowledge of which should be acquired by all readers interested in a serious study of
dynamics.

Chapter 8, “Computational Methods,” examines the basic methods of computa-
tion that are utilized by the digital computer. Most engineering and science students
today acquire knowledge of computers and programming in their freshman year and,
given the basic background for vibration calculation, they can generally follow com-
puter programs for eigenvalues and eigenvectors. Covered in this chapter are the fol-
lowing subjects; Polynomial method, Gauss elimination, Matrix iteration, the Dynamic
matrix, Standard computer form, Cholesky Decomposition, Jacobi Diogonalization,
and the QR Decomposition. As stated earlier, for those who feel intimidated by the
somewhat difficult mathematics may ignore these sections or even skip the entire
Chapter 8 and still acquire the skills of using these newer computer programs. The for-
mer computations made by Fortran are now replaced and plotied by MATLAB.

Chapter 9, “Vibration of Continuous Systems,” Rods and beams of uniformly dis-
tributed mass and stiffness represent continuous systems of infinite degrees of free-
dom. To analyse the vibration of such system requires the use of partial differential
equation, presented in the first part of this chapter. As example of how these solutions
can be adopted to more complex structures, an example of the vibration of the Tacoma
Marrows suspension bridge is presented. When the continuous structure is discretized
into repeated identical sections, simple analytic expressions are available for the nat-
ural frequencies and mode shapes by the use of difference equations. Here the method
demonstrates the technique of matching boundary conditions.

Chapter 10, “Introduction to the Finite Element Method,” remains unchanged
except that the computing is done entirely by MartLag. A few helpful hints have been
injected in some places, and the section on generalized force proportional to displace-
ment has been substantially expanded by detailed computation of rotating helicopter
blades. Brought out by this example is the advantage of forming equal element sec-
tions of length | = 1 (all I's can be arbitrarily equated to unity inside of the mass and
stiffness matrices when the elements are of equal lengths) for the compiling of the
mass and stiffness matrices and converting the final results to those of the original sys-
tem only after the computation is completed.

Chapters 11 and 12: These two chapters, “Mode Summation Procedures for
Continuous Systems,” and “Classical Methods” have been retained as in the previous
edition. Being essentially computing methods, MATLAB has been advantageously used.
Holzer and Myklestad methods have been placed into MaTLAB files for available use.

Chapter 13. “Random Vibrations™ Random vibration became of interest to the
engineer with the development of jet engines for airplanes. It is a nondeterministic
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phenomena which require a probabilistic solution. The presentation of the subject here
is mainly from the mathematical treatment to familiarize the students with the new
terminology. Progress in this field is largely through instruments developed to make
measurements useful to engineering design.

Chapter 14, “Nonlinear Vibrations™, can be described as a behavior which cannot
be solved mathematically by superposition. The understanding of its behavior is best
studied by means of the phase-plane. Presented in this chapter are some terminology
for nonlinear systems, its stability and limit cycle and the computer programs of
Runge-Kutta used for its digital solution. A number of problems suitable for the com-
puter are listed in the problem section and marked with a capital M.

Finally I wish to acknowledge my appreciation to my coauthor and to Dr. Igor
Mezic of our Mechanical Engineering Department, who corrected and assembled the
Solutions Manual for the fifth edition and added several new problems throughout the
text.

William T. Thomson
Marie Dillon Dahleh

Note: To find the M files referenced in the text log on to the
Prentice Hall's World Wide Web site at: http://www.prenhall.com
and access the ftp files either via the down load libraries on the
authors’ catalog page or under the Help topic or directly at
FTP://ftp.prenhall.com.
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