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Preface

A key objective of this text is to prepare engineers and scientists to function in the highly
computerized industrial and scientific environment of the modern world. Problem solving
using the digital computer is one of the important skills that students should acquire to at-
tain this objective.

FORTRAN is currently the most widely used high-level programming language
taught in technical educational institutions, and it is likely to hold this position for some
time. It leads the most frequently taught high-level languages by more than two to one. It
is well suited for teaching problem solving. The continued development of new versions
of FORTRAN, most recently FORTRAN 90, attests to the recognition of its continuing
value in industry. This text is organized around the use of a digital computer for solving
engineering problems.

For about two decades, students entering the engineering programs at the university
at which the authors were affiliated were introduced to the solving of engineering prob-
lems using the FORTRAN language early in their education, usually in the freshman
year. For quite a long period, this program of instruction was supported by the text
Fortran for Engineering by Schick and Merz. Although the present text is a sequel to that
successful book, it differs from it not only because FORTRAN 90 is used in this text, but
also because of new educational criteria set by the engineering accrediting agency
(Accreditation Board for Engineering and Technology, ABET) and changing educational
goals of institutions. Although problem solving continues to be important, there now is
increased emphasis on engineering design. A relatively early start on teaching engineer-
ing design is encouraged. Thus, many of the examples in this book concern topics that are
related, directly or indirectly, to the tools of engineering design.

e The authors are aware that the majority of users of this text will be freshmen or
sophomores. Therefore, examples that contain design-related or somewhat ad-

vii



viii PREFACE

vanced mathematical topics are preceded, where feasible, by explanatory discus-
sion. For example:

In Chapter 6, a discussion of electric filter design begins with an explanation of
the meaning of the terms filter, signal, attenuation, and analog.

In Chapter 7, a program that calculates permutations and combinations is pre-
ceded by definitions of these terms and examples of calculation of combinations
and of permutations.

In Chapter 9, prior to a program involving diffusion, the terms independence and
mutually exclusive which are used in probability theory are discussed, and exam-
ples of their use are given.

The abundance and variety of example programs are sufficient to permit instruc-
tors to choose those best suited for their course. Also, they are of varying diffi-
culty. Thus, the book should be accessible to students with a broad range of
mathematical preparation.

Because the users of this text are likely to represent many disciplines, problems have
been chosen from several subject areas to facilitate the instructor’s ability to select appro-
priate examples:

Chemical engineering
Chemistry

Civil engineering
Computer science
Electrical engineering
Environmental science
Industrial engineering
Mathematics
Mechanical engineering
Physics

Some of the examples involve topics that are applicable to several disciplines. One
such topic is reliability engineering. Another topic is simulation.

In Chapter 6 reliability engineering is defined and exemplified by a program.
Simulation, in the context of product testing and model testing, is discussed in
Chapter 9. Several examples are given.

Another topic that applies to several disciplines is signal analysis. This topic is
discussed in Chapter 9, and a sufficient number of examples are given to make
the topic understandable to beginners.

The programs in this book are written in FORTRAN 90, and its predecessor, FOR-
TRAN 77, is mentioned in only a few instances. The committee that wrote the FOR-
TRAN 90 standard, aware that a very large number of programs had been written in
FORTRAN 77, made provision for the fact that in some instances it was not feasible to
scrap these programs. Accordingly, the FORTRAN 90 compiler used by the authors is in
accordance with the International Standards Organization (ISO) standard, which is toler-
ant to the use of FORTRAN 77 constructs. This practice will likely continue, at least for a
few years.

Although a number of excellent texts use the FORTRAN language, they are not
solely concerned with FORTRAN 90. At this writing, this text is the first devoted to engi-
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neering computation and design which is exclusively written using FORTRAN 90. All
the programs have been tested according to the FORTRAN 90 standard and were com-
~ piled using the Numerical Algorithms Group (Nag) compiler (version 1.21).
The organization of the book is as follows:

e Chapters 1 and 2 provide the user with an introduction to organizing problems for
computer solution and guide the reader through step-by-step compilation of a
simple FORTRAN 90 program.

e Chapters 3 through 7 discuss the principles of FORTRAN 90. After principles are
stated and explained, generally two or more programs are given using these prin-
ciples.

e Chapter 8 discusses and illustrates program testing and debugging. A comprehen-
sive discussion of such topics is rarely given in texts of this type.

After discussing the principles of FORTRAN 90, Chapters 9 and 10 present engi-
neering applications of FORTRAN 90 programming. This material gives the text a refer-
ence quality; it shows the students additional use of FORTRAN 90, and it provides an op-
portunity for the instructor to present challenges to superior students. The applications
reflect significant topics that an engineer or a scientist is likely to encounter during his or
her professional activities. They are, however, presented at a level suited for undergradu-
ate study. Chapters 9 and 10 deal with:

e Simulation and Monte Carlo methods

¢ Estimation exemplified by least squares fit to data

¢ Interpolation and estimation (Lagrange and Taylor)
¢ Integration and double integration by Simpson’s rule
e Introduction to the discrete Fourier transform

¢ Introduction to computer graphics

¢ Introduction to queuing

e Introduction to databases

e Introduction to expert systems

e Introduction to solution of differential equations

To the Instructor:

This text may be used to support a one-semester course in engineering computation
using FORTRAN 90. To that end, Chapters 1 through 8 would provide the basis for a
one-semester course. If appropriate, material can be selected from Chapters 9 and 10.

Alternatively, Chapters 9 and 10 can be used as the nucleus of a second course intro-
ducing engineering design in a variety of disciplines.

A solutions manual will be provided for instructors who adopt the text.

The authors are grateful to a number of individuals: Dr. Howard Silver, professor
and chair of electrical engineering at Fairleigh Dickinson University, provided invaluable
suggestions. Dr. Terrence Akai, assistant dean for computing at the University of Notre
Dame, Jerry R. Bayless, associate dean of engineering at the University of Missouri-
Rolla, Dr. Joseph Saliba, of the University of Dayton, and Dr. David Edelson of Florida
State University all contributed important comments.
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Computer and
Programming
Fundamentals

The importance of the digital computer in our daily lives makes it one of the significant
developments in the history of humankind. Increasingly, it has become a visible tool in
science, engineering design and manufacturing, business, and leisure activities. One of its
key attributes is its ability to repeatedly carry out tedious tasks rapidly and without error.
Examples of such chores include mathematical calculations, control of other machines,
and the management of large quantities of information. In short, it has the potential to im-
prove the quality of our lives, relieve us of tiresome responsibilities, and expand our cre-
ative capacity. As with any tool, the user must learn how to employ it properly and ex-
plore some of its many applications, both of which are the aims of this text. This
introductory chapter will touch on the computer’s history, describe how the machine
works, and discuss how to go about organizing a problem for computer solution, includ-
ing the introduction of the concept of a program.

1.1 HISTORY

Two aspects of human behavior, commerce and war, have been important factors in the
development of the computer. Although events that contributed to its evolution can be
traced to ancient times, one of the first clear examples of a machine that resembles the
modern computer may be found in the middle of the nineteenth century. Charles Babbage
(1792-1871), with the help of Ada, the countess of Lovelace, produced the Difference
Engine as well as the design for the Analytic Engine. Although the analytic Engine was
never built, its design presaged the modern form of the computer. The Difference Engine,
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which was commissioned by the British government, was intended to compute (lunar)
navigation tables automatically. In those days, ships were navigated by the position of the
moon, which was presented in the form of tables; the British government needed to ship
goods over long distances, and it was important that these goods arrive at the correct des-
tination. The Difference Engine could carry out some of the calculations normally found
in the arithmetic sections of its modern descendants.

The design for the Analytic Engine incorporated an ingenious invention made by
Joseph Jacquard, namely, the automatic loom. By employing a series of “punched cards,”
Jacquard’s device could program or direct the automatic manufacture of woven cloth; its
political consequences were widespread, for it threatened the jobs of many people, an ef-
fect that has to be considered for the modern computer as well. A combination of the
punched cards envisioned by Jacquard and the Difference Engine, with its mechanical
calculator, can be regarded as the world’s first primitive computing machine.

The next significant milestone in the history of the computer can be traced to the
early 1940s and World War II. During this period, a fully electronic machine was devel-
oped that could rapidly calculate the angle at which to fire an artillery shell; to accurately
aim the weapon required solution of a complex equation incorporating such factors as the
type of propellant used, the temperature and density of the air, and the aerodynamic prop-
erties of the projectile.

As new technologies have emerged, the organization or architecture of the computer
has continued to be refined; recent developments include the optical computer, very
large-scale integrated circuits (VLSI) architecture, multiprogrammed and multiprocessor
systems, structured languages, computer networks, and artificial intelligence systems—
automata that make decisions in a way that seeks to imitate human thought processes.

The developers of computers were faced with problems related to the hardware of
the machine. Early versions required a system of wires to direct the sequence of opera-
tions; the wires had to be changed for each new application, and this required consider-
able time as well as personnel. Thus, a parallel development in the history of the com-
puter was devoted to ways of simplifying and speeding up this part of the computing
operation. Gradually, stored programs, rather than wired or switching methods, were de-
veloped. Numbers stored within the memory controlled the sequence of operations car-
ried out by the computer. Subsequent developments permitted the programmer to use
symbols in place of the numbers. For example, the word (mnemonic) ADD could be used
in place of the binary equivalent for the ADD operation (e.g., 010). The resultant se-
quence of instructions—the program—was translated into the numbers that were then
stored within the memory. (The translation program is known as an assembler.)
Ultimately, statements with characteristics much like those found in English (“English-
like”) for each operation or command were used. These also required a translation pro-
gram to convert such high-level language (HLL) statements into computer readable form.
(The conversion programs are known as compilers or interpreters, depending on the
translation method.)

One of the earliest programming languages of this type is FORTRAN whose name is
a contraction of the words formula franslation. In the near future we will celebrate the
fiftieth anniversary of its origin. Its first formal appearance occurred in 1957, although it
was under development by John Backus before that. Despite the development of numer-
ous HLLs, FORTRAN retains viability and can be found in countless applications.
Consider, for example, that its formal specification has undergone several revisions; this
text will employ its most recent formulation, FORTRAN 90, as the vehicle for explaining
how scientists and engineers use the computer as a powerful tool in their work.
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1.2 EXAMPLES OF COMPUTER USAGE

In this section we present several examples that demonstrate how the computer can be a
powerful tool for solving scientific and engineering problems.

EXAMPLE I.1 Automated Analysis of Chemical Substances

A robotic arm, coupled to a computer that controls its actions, can be used to completely
automate the analysis of chemical substances. (This idea can be extended to examples
such as process control or manufacturing environments that may be hazardous to human
health.) A sketch of the complete system is shown in Fig. 1.1. A key element of the de-
sign is a robotic, articulated arm.

->
- &> >
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FIGURE |.I A computer-controlled automated substance analysis system using a robotic arm.



