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Unit 1
Text

Preface to Modern Engineering Mathematics

1.1 Modern Developments and the Teaching of Maths to Engineers

Developments in computer technology and related software have provided the engineer with
tools of increasing power and sophistication which have significant implications for the use and role
of mathematics in engineering practice”. In particular, it has led to greater use of mathematical
modelling and simulation as the basis for the analysis and design of engineering systems, thus
providing a more flexible and economic approach to the traditional methods which relied heavily on
costly experimentation and the building of scaled models. Clearly such developments, particularly
those in computer algebra or symbolic manipulation packages, also have important implications for
the teaching of mathematics on engineering degree courses. To the inexperienced it is tempting to
believe that the use of packaged software solves all the problems of analysis that an engineer
is likely to meet and thus eliminates the need for engineering students to study mathematics. On the
contrary, to the experienced engineer, the dangers of using packaged software as ‘black box’ solution
generators are well understood yet cannot be overstressed. If engineers are to take full advantage of
sophisticated computational tools then it is essential that they become effective at mathematical
modelling and discriminating, intelligent and wary users of packaged software and other aids to
computational modelling'”. The need for mathematical skills is, therefore, greater than ever but it is
widely recognized that, as a consequence of these computer related developments, there is a need for
a shift in emphasis in the teaching of mathematics to students studying engineering. This shift is
away from the simple mastery of solution techniques and towards development of a greater
understanding of mathematical ideas and processes together with efficiency in applying this
understanding to the formulation and analysis of mathematical models of physical phenomena and
engineering systems. However, it is recognized that the development of understanding and the
mastery of solution techniques are not mutually exclusive objectives. There is little doubt that a high
degree of fluency in the manipulation of mathematical expressions will always be required,
for without this there can be no real understanding”. The challenge to the teacher is that of

achieving the correct balance in the mathematics curriculum.
1.2 Skills Development and Learning by Doing

The objective of the authoring team in writing this book is to achieve a balance between the
development of understanding and the mastery of solution techniques with the empbhasis being on the
development of students’ ability to use mathematics with understanding to solve engineering
problems.

02o



Worked examples

Consequently, this book is not a collection of recipes and techniques designed to teach students

. . . . . 4 .
to solve routine exercises, nor is mathematical rigour introduced for its own sake'. It contains over
350 worked examples, many of which incorporate mathematical models and are designed both to

provide relevance and to reinforce the role of mathematics in various branches of engineering.

Applications

To provide further exposure to the use of mathematical practice, each chapter contains sections
on engineering applications. These sections form an ideal framework for individual, or group, case
study assignments leading to a written report and/or oral presentation; thereby helping to develop the
skills of mathematical modelling necessary to prepare for the more open-ended modelling exercises

at a later stage of the course.
Exercises

There are numerous exercise sections throughout the text and at the end of each chapter there is
a comprehensive set of review exercises. While many of the exercise problems are designed to
develop skills in mathematical techniques, others are designed to develop understanding and to
encourage learning by doing, and some are of an open-ended nature. This book contains over 1000
exercises and answers to all the questions are given. It is hoped that this provision, together with
the large number of worked examples and style of presentation, also makes the book suitable for
private or directed study.

Numerical methods

Recognizing the increasing use of numerical methods in engineering practice, which often
complement the use of analytical methods in analysis and design and are of ultimate relevance when
solving complex engineering problems, there is wide agreement that they should be integrated within
the mathematics curriculum. Consequently the treatment of numerical methods is integrated with the
analytical work throughout the book. Algorithms are written in pseudocode and are,
therefore, readily transferable to any specific programming language by the user.

1.3 Content

The range of material covered in the book is regarded as appropriate for a first level core studies
course in mathematics for undergraduate courses in all engineering disciplines. The choice of
material also reflects the proposals contained in the report A Core Curriculum in Mathematics for the
European Engineer published by The European Society for Engineering Education (SEFI) in 1992.
Whilst designed primarily for use by engineering students it is believed that the book is also
highly suitable for students of the physical sciences and applied mathematics. Material appropriate
for second level undergraduate core studies, or possibly elective studies for some engineering
disciplines, is contained in the companion text Advanced Modern Engineering Mathematics. As a

.3.



result of the widening of access opportunities, particularly in the United Kingdom, there is
increasing heterogeneity in background knowledge in mathematics of students entering degree
courses in engineeringls].

Chapter 1 deals with numbers, algebra and functions and includes sections on topics, such as
trigonometric, exponential and logarithmic functions, a knowledge of which has traditionally been
assumed on entry to an engineering degree course. To most students such sections will provide a
review of material with which they already have some familiarity. The remainder of the chapter
develops the material further and includes sections on computer arithmetic and numerical evaluation
of functions. °

Chapter 2 extends the number system to include complex numbers which have important
applications in engineering. Vector and matrix techniques provide the framework for much of the
developments in modern engineering and so the engineer needs to have a good understanding of the
foundations of vector and linear algebra. Consequently Chapters 3 and 4 are devoted to these topics
with the material being further developed in the companion text. With the increasing importance
of software engineering and use of expert systems, discrete mathematics is receiving prominence,
with importance in many branches of engineering. While it may not be necessary for all engineers to
have a deep understanding of discrete mathematics it is believed essential that they should all have a
familiarity and ease with the relevant notations and formalism; this therefore is the main objective of
Chapter S. '

Chapter 6 provides a basic introduction to the ideas of sequences, series and limits, as essential
prerequisites for the study of the calculus, which remains a powerful mathematical tool for use in
solving engineering problems.

Chapters 7 and 8 are devoted to the calculus of functions of one variable and, recognizing
again the mixed background knowledge in mathematics of the students, the basic ideas and
techniques of differentiation and integration are reviewed in Chapter 7.

Chapter 9 extends the calculus to the case of functions of more than one variable.

Chapters 10 and 11 relate to ordinary differential equations which are representative
mathematical models of practical problems in various branches of engineering. Fourier series
analysis is central to many applications in engineering, such as the analysis and design of oscillatory
and nonlinear systems.

Chapter 12 provides a brief introduction to this topic appropriate for first level study, with a
more detailed treatment being given in the companion text. Engineering is a discipline founded upon
experiment, and engineers need to know how to process their experimental data and how to assess
the results of others’ experiments. The aim of statistics is to extract useful information from the data.
The book concludes with Chapter 13 which illustrates how data may be plotted to good effect, and
then goes on to cover the essential probability theory necessary to take account of uncertainty
in engineering.

1.4 Acknowledgements

It is a pleasure to acknowledge individuals who have contributed to the development of the
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book, in particular Nigel Steele of Coventry University, who is a member of the authoring team of
the companion text, John Berry of the Polytechnic of the South West, for his contribution at the
outset, and to the many reviewers for giving up their valuable time to contribute comments
and suggestions during the preparation of the manuscript. The authoring team have been fortunate in
having a superb production team at Addison-Wesley that has given every form of assistance
throughout the preparation period. The team wish to thank all those concerned and in particular the
development director, Sarah Mallen, for her continued enthusiasm and support and to Susan Keany

for her diligence and patience as production editor.
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Notes

[1] Developments in computer technology and related software have provided the engineer with
tools of increasing power and sophistication which have significant implications for the use and role
of mathematics in engineering practice. A~f]9 which 51 FHIEEMNTEMEA F4], have
implication for--- &R~ “BER ",

WENBAR LI RRAR R RN TREEARAN RIRM T e K A DR TR, %
FNMTIRLBRIEREEEEEM. .
[2] If engineers are to take full advantage of sophisticated computational tools then it is essential
that they become effective at mathematical modelling and discriminating, intelligent and wary users
of packaged software and other aids to computational modelling.  H that 3| S FEM A (it &
FBEAEE) + become MIBIE, FEMANIHFUIMAT effective at--- F---users of -+, Hh
discriminating, intelligent & wary 31841 users.
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[3] There is little doubt that a high degree of fluency in the manipulation of mathematical
expressions will always be required, for without this there can be no real understanding. Z<8] ¥ for
FRER, manipulation R “HR. =H”, XBREFR “EH7.

BEEER, FEURRFEHBELANK, FEUMATREAEER L ENHEE.
[4] Consequently, this book is not a collection of recipes and techniques designed to teach students
to solve routine exercises, nor is mathematical rigour introduced for its own sake. A4 not
(neither)...nor..., RN “BEAR-oe et eeeees ”, for one’s own sake 1 “4 T & H ORI M.

Rltt, & BEREARBRFEREITESHITMICE, BRUE¥ERSFTERI™ET %5
5. ~
[5]1 As aresult of the widening of access opportunities, particularly in the United Kingdom, there is
increasing heterogeneity in background knowledge in mathematics of students entering degree
courses in engineering. Af)H access JRE “EE, Vi, Al7”, heterogeneity B&E “FF#,
P, AR, BENRERK, FEERS B EEE.
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(k2% SFREWIAIC, T series, work 24 F VAN, ZAERRMFRMTIE & XH AR,
fltnseries AIYE “%L” (%) R, WAlfE “BE” (B #.
(2) KEMARZMER, flw, IMESESHREBRM R GESURRE B AR
H) L tele-# BRI ELAIA 30 4.
(3) B AE R4 1A, & WA PCM(pulse-coded modulation, Bk 4wH5 1 ), CDMA(code
division multiple access, fi%4;% 1), DSP(digital signal processing, $F15 5 Ab#)%,
(4) AR HRL, Bl sound —FME AR, #iFH “HE. BT, HehiEe, HiEN
“UrEtsk”, BUEREIR, DL “EHHEE, @R BAE .

2. Wi
(D HH—RIERE, FREERENMENSE,

[#11] Vector and matrix techniques provide the framework for much of the developments in
modern engineering. o

RENMEMINERNIRTIZRN K BIRM THELR.

() TEERESES, RAFTCRNENEY.
[#1 2] Chapters 7 and 8 are devoted to the calculus of functions of one variable and, recognizing
again the mixed background knowledge in mathematics of the students, the basic ideas and
techniques of differentiation and integration are reviewed in Chapter 7.

H7EME S ER R T REBOME S, ZRILEREEMBERR, 87 555
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(3) HEMEALINAARGANGEN, BARNEENELHIEL—Th, REEHE
NEEBRS R 417 .
[#1 3] Television is the transmission and reception of images of moving objecis by radio waves.

PRI ot Tk LB R ST RN RO S i i SR

(4 EHAERESiA, FaTFRiH.
[#1 4] The calculus, aided by analytic geometry, proved to be astonishingly powerful and capable
of artacking hosts of problems that had been baffling and quite unassailable in earlier days.
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[#1 5] Chapter 6 provides a basic introduction to the ideas of sequences, series and limits.

6 ENEFH. RBENREREABS,

2) HH it ER FiBER B A EE.
[#1 6] It has been proved that induced voltage causes a current to flow in opposition to the force
producing it.

CLEUES, TR BIEAE s IR 7 1 5 7 A s R B ) A AR R
[#1 71 The invention of radio has made it possible for mankind to communicate with each other
over a long distance.
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(3) REFAEFERENGTAHTEA.
[ 81 While designed primarily for use by engineering students, it is believed that the book is also
highly suitable for students of the physical sciences and applied mathematics.

REFBIERTIREERA, RITEE, EHEEREETEEYESNARENEL.

(4) FIRBMLRER (BEAEINIETR.
(%1 9] It is hoped that this provision, together with the large number of worked examples and style
of presentation, also makes the book suitable for private or directed study. (F1§4> %)

HEXEEY], URPBPRANKEEFAIRABHEEREHFEERSETBXNREH
E

(5) REFERTEES.
[#1 10] Let the forward-pass transfer function be given by the linear difference equation.

BRI B R B R E 2 TR .

(6) AJHFIHIIED (BFHFIEE. BN BE.
[#1 111 Radar has certain inherent advantages over detection systems employing light waves: (1) it
has greater range, (2) it is usable in any weather and in day or night, and (3) the electronic circuitry
and components for transmitting, receiving, amplifying, detecting and measuring are highly
developed.

5XERAAGAMEL, BERFMTHA: (D BUERET: (2) T&RBEEH; (3) i
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() RFARKAZ, BERREEBEYZ AESEFNXR, EMEERERNIERX
ARBEERROBYLE. KATREANREABTTENE. HRERNSEEERE.
[#112] Recognizing the increasing use of numerical methods in engineering practice, which often
complement the use of analytical methods in analysis and design and are of ultimate relevance when
solving complex engineering problems, there is wide agreement that they should be integrated within
the mathematics curriculum. AAJR—NENEE4A], E/N thereis..., H that 5| SFRFEM
F% agreement AT AN AR ULH; TALE S FAKIE recognizing.. M ALEAEARE M FRBE, which
51 2 HIAEFR 2 14 5 M AME 15 numerical methods, BB NFEANHFIMRS, AP EHRET
—~1 when 5|5 H) R4 B AR EM A

AT B AR E A BE T E T R RAMEATIE AN R, IR SR AR 210 T2 1
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Exercises

1. Choose the best answer for each of the following questions.

(1) Mathematical modelling and simulation forms the basis for the analysis and design of
engineering systems as a result of
a. developments in computer technology and related software
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b. developments in mathematics
c. engineering mathematics
d. the large number of students to study engineering courses
For an engineering student,
a. there is no need to study mathematics
b. he should spend more time on the study of mathematical skills
¢. it is enough to learn to use the packaged computer software
d. the main objective is to learn to use mathematics with understanding to solve
engineering problem
Which one of the following statements is incorrect according to the text?
a. The exercises are intended to develop skills in mathematical techniques
b. Some of the exercises are open-ended modelling ones which cannot be tackled at the
beginning of the course
c. The exercises are only available at the end of each chapter
d. The exercises are designed to develop understanding and encourage learning by doing
Which is not the content of the book?
a, differentiation and integration
b. geometry
c. discrete mathematics
d. probability and statistics
is vital to the analysis and design of oscillatory and nonlinear systems.
a. Fourier series analysis
b. Numerical analysis
¢. Simulation and modelling
d. Random process

2. Match the term in Column A with the appropriate explanation in Column B.

Column A ~ Column B

1. mathematical analysis a. symbolized arithmetic

2. algebra b. interconnection between variables

3. calculus C. a rectangular array of numeric or algebraic quantities
subject to mathematical operations

4. function d. a statement of equality between two equal numbers or
number systems

3. probability theory e. the study of variables and their relationships

6. matrix f. the branch of mathematics concerning points, lines,
angles, surfaces and solids

7. equation g. mathematical treatment concerned with random events

8. geometry h. differentiation and integration



3. Translate the following sentences into Chinese.

(1) The calculus, aided by analytic geometry, proved to be astonishingly powerful and capable
of attacking hosts of problems that had been baffling and quite unassailable in earlier days.

(2) Of the many remarkable mathematical discoveries made in the 17th century, unquestionably
the most outstanding was the invention of calculus.

(3) A great forward stride was made in 1821, when the French mathematician Augustin Louis
Cauchy developed an acceptable theory of limits, and then defined continuity, differentiability, and
the definite integral in terms of the limit concept.

(4) Mathematical analysis is one of the most important divisions of higher mathematics; its
main object is studying variables and their relationships.

(5) The main purpose of a natural or technical science is to establish the relationships between
the variables involved in the process under consideration and to describe it mathematically.

(6) Mathematical methods lie in the foundation of physics, mechanics, engineering and other
natural sciences. For all of them mathematics is a powerful theoretical and practical tool without
which no scientific calculation and no engineering and technology are possible.

Reading Material
Fourier Analysis and Synthesis

Jean Baptiste Joseph Fourier (1768—1830) studied the mathematical theory of heat conduction
in his major work, The Analytic Theory of Heat. He established the partial differential equation
governing heat diffusion and solved it using an infinite series of trigonometric functions. The
description of a signal in terms of elementary trigonometric functions had a profound effect on the
way signals are analyzed. The Fourier method is the most extensively applied signal-processing tool.
This is because the transform output leads itself to easy interpretation and manipulation, and leads to
the concept of frequency analysis. Furthermore even biological systems such as the human auditory
system perform some form of frequency analysis of the input signals. The applications of the Fourier
transform include filtering, telecommunication, music processing, pitch modification, signal coding
and signal synthesis, feature extraction for pattern identification as in speech recognition, image
processing, spectral analysis in astrophysics and radar signal processing.

1. Introduction

The objective of signal transformation is to express a signal as a combination of a set of basic
“building block” signals, known as the basis functions. The transform output should lead itself to
convenient analysis, interpretation and manipulation. A useful consequence of transforms, such as
the Fourier and the Laplace, is that differential analysis on the time domain signal become simple
algebraic operations on the transformed signal. In the Fourier transform the basic building block
signals are sinusoidal signals with different periods giving rise to the concept of frequency. In
Fourier analysis a signal is decomposed into its constituent sinusoids, i.e., frequencies, the
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