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Chance governs all
John Milton, Paradise Lost

There are things in this world, far more important
than the most splendid discoveries—it is the

methods by which they were made
Gottfried Leibnitz
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Preface

“Education is man’s going forward from
cocksure ignorance to thoughtful uncertainty.”
DON CLARK ‘' SCRAPBOOK”

“The only real voyage to discovery consists
not in seeking new landscapes, but in having
new eyes.” MARCEL PROUST

“All the general theories stem from
examination of specific problems.”
RICHARD COURANT

This book provides an introduction to probabilistic methods used in
engineering and some other areas of applied science. Its main objec-
tive is to be suitable for young engineers and engineering students of
different majors who, with some background in calculus, ordi-
nary and partial differential equations, and general engineering disci-
plines, would like to gain an initial insight into the substance and
use of probabilistic methods. The book describes the major concepts,
methods, and approaches of the applied theory of probability and pro-
vides numerous examples from various areas of engineering: mecha-
nical, structural, civil, earthquake, industrial, reliability, materials,
ocean, aerospace, electronic, telecommunications, etc. Many applied
physics problems and everyday life situations are also addressed. It is
these examples (God is in details!) which is the book’s forte.

Although the overall structure of the book is shaped with a particu-
lar audience in mind, it is the author’s belief that it will prove of
interest to a rather broad audience of engineers and applied scientists
who, in one way or another, are encountered with, or are interested
in, uncertainties in engineering analyses: practicing and research
engineers, technical managers, college professors and students, in-
structors of various continuing education programs, etc. The book is
also well-suited as a guide for self-study. I have tried to provide a
combination of a clear, reasonably detailed, palatable, and, to an
extent possible, entertaining introductory manual, and a useful refer-
ence source on the basics of the Applied Probability. I hope that some
chapters will be useful also for experimental physicists, biologists,
chemists, and even economists and market analysts. The bibliography
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at the end of the book, though not meant to be exhaustive, is rather
extensive and will be useful for further study.

Ephraim Suhir

IEEE Fellow, ASME Fellow

Lucent Technologies, Bell Laboratories

Physical Science and Engineering Research Division
Murray Hill, New Jersey.
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Introduction

“We see that the theory of probability is at
heart only common sense reduced to
calculation; it makes us appreciate with
exactitude what reasonable minds feel by a
sort of instincts, often without being able to
account for it.... The most important
questions of life are, for the most part, really
only problems of probability.”

PIERRE SIMON, MARQUIS DE LAPLACE

““Coincidences, in general, are great
stumbling blocks in the way of that class of
thinkers who have been educated to know
nothing of the theory of probabilities; that
theory to which the most glorious objects of
human research are indebted for the most
glorious of illustration.”
EDGAR ALLAN POE,
The Murders in the Rue Morgue

“If you bet on a horse, that’s gambling. If you
bet you can make three spades, that’s
entertainment. If you bet the structure will
survive for a hundred years, that’s
engineering. See the difference?”

UNKNOWN ENGINEER

Engineering products must have a worthwhile lifetime and operate
during this time and under stated conditions successfully to match
the user’s expectations. To achieve this, the engineer must under-
stand the ways in which the useful life-in-service of the product can
be evaluated and to incorporate this understanding in the design. His
tasks are to analyze, design, test, manufacture, operate, and maintain
the product, system, or structure at all the stages of its creation and
use, from the moment of the conception and substantiation of the
initial idea to the moment of writing off and wrapping the product, so

xIx



xx Introduction

that it does not fail during the service period. When solving these
problems, the engineer inevitably encounters variability in the
employed materials, loads, manufacturing processes, testing tech-
niques, and applications.

The traditional engineering approaches, when dealing with these
problems, are referred to as deterministic, i.e., do not pay sufficient
attention to the variability of the parameters and criteria used. Such
approaches are acceptable and can be justified in many cases, when
the deviations (“fluctuations”) from the mean values are small, when
the design parameters are known or can be predicted with reasonable
accuracy, and when the processes and procedures that the engineer
deals with are ‘“stochastically stable,” i.e., when “small causes”
result in “small effects.”

There are, however, numerous situations in which the “fluctu-
ations” from the anticipated (mean) values are significant and in
which the variability, change, and uncertainty play a vital role. In
such situations the product will most likely fail if these uncertainties
are ignored. Therefore understanding the role and significance of the
“laws of chance,” and the causes and effects of variability in
materials properties, dimensions, tolerances, bearing clearances,
loading conditions, stresses and strength, applications and environ-
ments, and a multitude of other design parameters, is critical for the
creation and successful operation of a viable and reliable product or
structure. In numerous practically important cases, the random
nature and various uncertainties in the design characteristics and
parameters can be described on the basis of the methods of the theory
of probability.

Probabilistic methods proceed from the fact that various uncer-
tainties is an inevitable and essential feature of the nature of an
engineering system or design and provide ways of dealing with quan-
tities whose values cannot be predicted with absolute certainty.
Unlike deterministic methods, probabilistic approaches address more
general and more complicated situations, in which the behavior of
the given characteristic or parameter cannot be determined with cer-
tainty in each particular experiment or a situation, but, for products
manufactured in large quantities and for experiments, which are
repeated many times in 1identical conditions, follow certain,
“statistical,” relationships. These manifest themselves as trends in a
large number of random events.

Probabilistic models reflect the actual physics of phenomena and
the inevitable variability of the characteristics of an engineering
system much better than the deterministic theories. Probabilistic
models enable one to establish the scope and the limits of the applica-
tion of deterministic theories, and provide a solid basis for a substan-
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tiated and goal-oriented accumulation, and effective use of empirical
data. It would not be an exaggeration to say that all the fundamental
theories and approaches of modern physics and engineering are prob-
abilistic, and contain the corresponding deterministic models as first
approximations. Realizing the fact that the probability of failure of
an engineering product is never zero, the probabilistic methods
enable one to quantitatively assess the degree of uncertainty in
various factors, which determine the performance of the product, and
to design on this basis a product with a low probability of failure.
These methods, underlying modern methods of forecasting and deci-
sion making, allow one to extend the accumulated experience on new
products and designs which differ from the existing ones by type,
dimensions, materials, operating conditions, etc.

Probabilistic models are able to account for a substantially larger
number of different practically important factors than the determin-
istic methods. It should be emphasized that the use of the probabil-
istic methods and approaches is due not so much to the fact that the
available information is insufficient for a deterministic analysis, but,
first of all, to the fact that the variability and uncertainty are inher-
ent in the very nature of many physical phenomena, materials proper-
ties, engineering designs, and application conditions.

At the same time, it should be pointed out that probabilistic
methods should not be viewed as a sort of panacea that cures all
engineering troubles, and definitely should not be expected to
perform miracles. Such methods have their limitations. For instance,
they cannot be applied in situations where the conditions of an
experiment or a trial are not reproducable or when the events are
very rare. Was it possible to predict the outcome of the O. J. Simpson
trials? Or was it possible to forecast the explosions in the World
Trade Center or in the government building in Oklahoma City ? Quite
often a serious obstacle for applying probabilistic methods is also the
difficulty of obtaining the necessary input information. In such cases
the design has to be based on the worst case, i.e., in effect, on a
“deterministic” situation, rather than on the application of probabil-
istic methods, or could be based on a combination of probabilistic and
deterministic approaches. However, when the application of probabil-
istic methods is possible, justified, and is supported by reliable input
information, these methods provide a powerful, effective, and well-
substantiated means for engineering analyses and designs.

As it is clear from the book’s title, it provides an introduction to
probabilistic methods used in engineering and applied science. The
book is written by an engineer and for engineers, and is not intended
to be mathematically rigorous. The book is, first of all, a collection of
examples (problems) and solutions. It is a “problem book,” and
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although it provides numerous sets of mathematical tools for attack-
ing problems, presenting well-structural theoretical developments of
various mathematical techniques is not among the book’s objectives.
Such tools are presented, in many cases, in the process of solving a
particular problem. Although such a style might strike some pedantic
readers as being unreasonable and lacking organization, it has been
taken deliberately to keep the discussions descriptive, lively, friendly
and interesting. The author realizes also that his judgements on what
the reader does and does not know, as far as various mathematical
techniques are concerned, are to a great extent subjective, although
are based on the author’s engineering and teaching experience. I
assumed, for instance, that the reader is comfortable with multi-
variable calculus, partial differential equations and even with some
special functions (such as Dirac delta-function or elliptic functions
and integrals), but is not familiar with the theory of spectra or the
theory of Markovian processes. Finally, the author realizes that some
important topics (e.g. martingales) are not addressed in the book at
all and that the presentation of others (e.g. queueing) can be made
more interesting and consistant.

The author acknowledges, with thanks, the support of Dr. J. W.
Mitchell and useful comments made by Dr. A. Weiss and Dr. L. Shep-
herd. He would also like to thank Mrs. C. Martin for her skill,
patience, and care in typing the manuscript.
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