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This book was written as part of the McGraw-Hill BEST series
(Basic Engineering Series and Tools). The intended audience for
all of the books in this series is the introductory engineering class.
However, as I was writing the book, it became apparent that, due
to the nature of Mathcad itself, even a text covering only its main
features would end up covering some material to which a begin-
ning engineering student might not yet have been introduced.
Hence, although the primary market for this text is still the intro-
ductory engineering class, in truth engineering students from
freshmen through seniors, and even graduate students, will find
it helpful in learning Mathcad. Practicing engineers who want a
compact guide to using Mathcad for solving their engineering
problems will probably find it useful as well.

Many colleges in the United States are now using a one- or
two-semester course designed to introduce students to the basics
of what it means to be an engineer. These courses invariably in-
clude exposing the students to use of the personal computer as a
communication and analysis tool. For example, they may be
taught how to use a spreadsheet, a technical calculation package
such as Mathcad, and how to use a programming language such
as C for doing engineering work. This book is suitable for use in
such a course.

Each chapter introduces features of Mathcad by immediately
doing engineering examples, so that the student can see that the
features being described do have a real-world, practical engineer-
ing application. The chapters should be read while at the comput-
er, so that the student can replicate each of the examples. In doing
so, they will not only learn how to use Mathcad, but also get expo-
sure to some typical engineering problem-solving methodologies.

Some of the chapters have exercises at the end of each chapter
section. These are intended as practice exercises on the specific
material covered in that section. It’s probably a good idea that
the student do all of these. Exercises at the end of each chapter
are intended for further practice, and would make good home-
work questions.
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Sophomores, Juniors, and Seniors will also find the book use-
ful in learning Mathcad. Depending on their previous experience
with Mathcad, they should be able to move fairly quickly through
practically all of the material, except for perhaps one or two sec-
tions (for example, Laplace transforms, covered in Chapter 9).
These students will include people who have never used Mathcad
and those who have some knowledge of it. The former will be able
to self-teach by reading the book from the beginning. The latter
will be able to pick and choose those topics they wish to learn
more about. In fact, the Mathcad 7 Student Edition has a number
of important changes from the previous version, not least of
which are the equation-editing techniques and the additional
built-in symbolic features such as Laplace transforms.

Graduate students and engineers in industry should have no
difficulty in reading this book from cover to cover (while using
the computer) in a relatively brief period of time. After doing so,
they will have a good grounding in the basic features of Mathcad
and a sense of its power in solving the engineering problems they
encounter.

What is Mathcad, anyway? We'll discuss this in detail in
Chapter 1, but here let’s just say it’s one of several technical cal-
culation applications that are available today. Although it is al-
ways difficult to make such predictions, it seems likely that in
the next few years it may become the dominant application of
this kind. In my opinion, if it does so, it will be well deserved. It
has done especially well in its migration from the DOS world to
the graphic world of Windows (in its various incarnations of Win-
dows 3.x, Windows 95, etc.). You have probably experienced soft-
ware that is very “clunky,” that requires you to work with several
windows within the application, that is just plain ugly, or that
has a very odd menu structure or icon system. That software will
probably be one that existed before Windows and has never com-
pletely migrated to the fully graphic interface. This description
certainly does not apply to Mathcad because it has, again in my
opinion, more successfully taken to the Windows environment
than any other mathematics application. It has a completely
graphic interface and is truly WYSIWYG (what-you-see-is-what-
you-get).

This is one of the reasons it is my most-used and best-liked
computer application (with the runner-up spot going to the
spreadsheet). There are lots of other reasons. For example, it is
especially good at handling units. My experience with engineer-
ing students (including graduate students) over the years has
taught me that even the best of them have a somewhat casual at-
titude to units. (Question: “What’s the acceleration of gravity?”
Answer: “32.2”). Mathcad will automatically work with the units
for you and give you the answer in any units you wish. It might
appear that this is a bad thing, similar to giving a calculator to



someone who is innumerate, but actually it’s not. In my experi-
ence with teaching Mathcad, students get a better understanding
for units. This is because, if a student tries to do something using
units that is improper, Mathcad will “flag” that error, forcing the
student to check their own use of units. For example, if a student
inadvertently defines a mass in, say /bf rather than /b, sooner or
later Mathcad will compute something that will have units that
the student will recognize to be incorrect. In this way Mathcad
will reinforce correct units usage, while at the same time elimi-
nating all of the drudgery of unit conversions (from, for example,
a density expressed in [b/ft? to one in kg/m?3).

To their credit, the people at Mathsoft have continued to de-
velop Mathcad at a healthy pace. They seem to release a new ver-
sion about once every twelve to eighteen months, and each new
version genuinely has major improvements. For example, the
much-improved equation editing of version seven is a major
change. There also seems to be a pattern: as each new version
comes along, it seems that what was only in the more expensive
professional edition in a previous version pretty much gets in-
serted into the new inexpensive student edition, and a lot of new
features are put in both editions. This is true with the Mathcad 7
Student Edition: it has most of the capability of Mathcad 6 Pro-
fessional Edition (for instance it now has symbolic transforms
such as Laplace, Fourier and Z), and Mathcad 7 Professional Edi-
tion has new extensive programming capabilities. Mathcad is
also kept very current. For example, in the last few years the ex-
plosion in attention given to the World Wide Web is reflected in
the fact that version seven has built-in web connectivity (and in
fact, so did version six). Hence, users of Mathcad have one more
avenue for remaining up to date on developments in the world of
computing.

I'd like to thank a number of people for their help as I pre-
pared this book. Professors Dan Haines, Bahman Litkouhi, Mo-
hammad Naraghi, and Graham Walker, my students Steve
Rutgerson and Suzanne Wright, all of Manhattan College, and
Professor Byron Gottfried of the University of Pittsburgh offered
many suggestions for improvements. Edward Adams of Adams
Technologies gave me many good ideas for exercise questions.
The people at Mathsoft, especially Paul Lorczak and Clay Stone,
have been very helpful, and are to be thanked for producing a
marvelous piece of software. Finally, David Shapiro (who initial-
ly contacted me about writing such a book) and especially Eric
Munson and Holly Stark (both of whom have a remarkable abili-
ty to be simultaneously informal and professional), and all of
McGraw-Hill, have earned my respect and thanks for their sup-
port. Of course, any praise this book earns should be directed at
them, and any errors are mine and mine alone.
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What Is Mathcad
and Why Use It?

What tools do engineers and scientists need to do their job? To
answer this question, we need to consider what it is that engi-
neers and scientists do.

Engineers and scientists typically apply the concepts and laws
of engineering science and physics to physical phenomena and,
based on these, develop mathematical models to simulate (or rep-
resent) the phenomena. These models can take many mathemat-
ical forms: at their simplest, the model results in an algebraic
equation, but sometimes the analysis results in a differential
equation or an integral equation. Very often an analysis can lead
to not one equation but a set of equations.

As an illustration of this, let’s consider an example from elec-
trical engineering. Suppose you have the DC circuit shown in
Figure 1.1. If you’re not familiar with DC circuits, don’t worry, be-
cause the focus of this text is not engineering theory but how to use
Mathcad to solve the engineering mathematics problems that re-
sult from doing engineering analyses.
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What Is Mathcad
and Why Use It?

Suppose the resistors R; through Rg and applied voltages V3,
Vs, V3, and V4 are all known. This fairly complicated circuit must
be analyzed to find the currents I, I3, I3, and I4 in each loop. In
Figure 1.1 we have assumed that all four currents are clockwise,
so if we find after solving the problem that one of them is nega-
tive, it will mean that that particular current runs counterclock-
wise. Note also that the current in a particular part of the circuit
can be deduced from these currents. For example, the current
through R3 will be I; — Is.

How do we solve such a problem? To solve it, the engineer uses
the appropriate concepts or ideas from electrical engineering to
mathematically model the circuit. In this case, we can use the
idea that the total voltage change around a closed loop is zero.
Here we have four unknowns, so we will need four equations. It
can be shown that these equations are:

Vy-I;(Ry+ Ry+ Rg) + I,R,+ IRy = 0
Vy-Iy(Ry+Rg)+ ,Ry-Vy = 0
Vy-I4(Ry+ Rg)+ I Ry+ I,Rs = 0
~V,—I,(Ry+Rg)+I;Rs = 0

(1.1

How would you go about solving these equations? Well, you
could manipulate the equations to try and eliminate all the un-
knowns except, say, I;, and then continue on to find the other
three unknowns. However, this would be extremely tedious to do,
and also it would be easy to make an arithmetical error at some
point. Imagine if you had a more complex circuit, with, for exam-
ple, 100 current loops. You'd end up with 100 equations for these
100 unknowns. We obviously need a better method than manipu-
lating these equations by hand. The approach used is called linear
algebra (and we’ll see how to use Mathcad to do this in Chapter 6).
To implement this approach, we will need mathematical tools.

This example demonstrates, and is typical of, the situation engi-
neers and scientists almost always face: after using engineering or
physics concepts to develop a mathematical model of a phenome-
non, mathematical tools are needed to get a solution to the prob-
lem. Today these tools invariably involve using a computer.

On the other hand, engineers sometimes need to deal not with
an equation or set of equations but with experimental data, which
they need to mathematically manipulate in some way to extract
useful information. An example of this might be calibration data
for a pressure gage:

Reading 1 2 3 4 5 6 7 8 9| 10

Pact (Pa) 0 5 10 15 20 30 40 | 50 | 60 | 70

Pind (Pa) 0 6 1 13 24 32 38 56 61 73




