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What is Mathcad?

Mathcad is a unique new way to work with formulas, numbers, text, and graphs.
Mathcad is as versatile as the most powerful spreadsheets and programming lan-
guages, yet it's easy to learn and a pleasure to use.

Mathcad lets you type equations as you're used to seeing them, expanded fully
on your screen. In a programming language, equations look something like this:

x=(- B+SQRT( B**2- 4*A*C) ) [ (2* A)
In a spreadsheet, equations go into cells looking something like this:
+( BL+SQRT( B1* B1- 4* A1* C1) ) / ( 2* Al)
And that's assuming you can see them. Usually all you see is a number.

In Mathcad, the same equation looks the way you might see it on a blackboard
or in a reference book:

—b+Jb2—4-a-c

2'a

X =

But Mathcad equations do much more than look good. You can use them to
solve just about any math problem you can think of, symbolically or numeri-
cally. You can place text anywhere around them to document your work. You
can show how they look with Mathcad’s two and three dimensional plots. You
can even illustrate your work with graphics taken from another Windows appli-
cation.

Mathcad comes with its own on-line reference system as well. Mathcad’s Elec-
tronic Books make many useful formulas, data values and diagrams available in
your worksheet at the click of a button.

By combining text, graphics and equations in a single worksheet, Mathcad
makes it easy to keep track of the most complex calculations. By printing the
worksheet exactly as it appears on the screen, Mathcad lets you make a perma-
nent and accurate record of your work.

What is Mathcad? 1



Mathcad features

Here is a short list of Mathcad's features:

Interface features

Free-form, scratchpad-type interface.

Mix text, mathematics, and graphs anywhere on screen.
On-screen graphical equation editing.

Error checking: error messages flag individual equations.
Cut and paste for equations, text, plots and graphs.

Typing aids for Greek letters, operators, units and functions.

Full Windows compatibility: Resize and move windows, open multiple win-
dows, mouse support.

Context sensitive on-line Help.

Electronic Books with hundreds of standard formulas, constants, diagrams
and more.

Computational features

Precision: 15 decimal digits of accuracy for computed results; exact answers
for symbolic results.

Built-in units of measurement and dimension checking.
Built-in solver for simultaneous equations and inequalities.
Complex numbers, variables, and functions.

Derivatives and integrals.

Summations, products, and iteration.

Octal, decimal, and hexadecimal numbers.

Trigonometric, hyperbolic, exponential and Bessel functions.

Statistical functions including linear regression, gamma function, erf, cumula-
tive normal distribution.

Cubic spline curve-fitting.
Fast Fourier transforms, both one and two dimensional.
User-definable functions.

Vectors and matrices, including operations for matrix multiplication, matrix
inverse, transpose, determinant, dot and cross product.

What is Mathcad?



Symbolic features
m Symbalic integration and differentiation.
m |nverse, trangpose and determinant of amatrix.
m Factoring and ssmplifying expressions.

m Solving equations.

Plotting features
m Onekeystroke to generate a plot, then fill in the blanks.

m A variety of plot types. rectangular (x-y) plots, polar plots, surface plots, con-
tour plots, vector field plots, three dimensiona bar charts, scatter plots.

m Graph axes can belinear or logarithmic, with or without grid lines.

= Multipleline types, colors and line weights on graphs.

m Oneor more traces per plot, identified by legends.

m Three-dimensional surface plots, with variable perspective and scaling.
m Import graphics via the clipboard.

= Animation of plots, or anything e sein your worksheet.

Text and worksheet features
m Automatic word wrap.
m Place text anywherein the worksheet.
m Spell checking with user-customizable dictionary.
m Mix font, size, and stylein each text region.
m Paragraph formatting, alignment.

m Printout reflects on-screen appearance — what you see is what you get.

Programming features
m Conditional branching
m Looping constructs

m Recursive definitions

Communication features
m Open worksheets located anywhere on the Internet.

m Establish hypertext links to other worksheets located anywhere in the world.

What is Mathcad? 3



How to use this manual

This User’'s Guides organized into the following parts:

Getting Started
This section contains information on how to install Mathcad under Windows
as well as a quick introduction to Mathcad'’s features.

Editing and Wor ksheet Features
This section describes how to edit equations and worksheets. It leads you
through the basic features of the Mathcad document-style interface. This sec-
tion covers editing and formatting equations and text, opening, saving, and
printing Mathcad worksheets, and using Mathcad with the Internet.

Computational Features
This section describes how Mathcad interprets equations and explains Math-
cad’s computational features: units of measurement, complex numbers, ma-
trices, built-in functions, equation-solving, programming and so on. This
section also describes how to do symbolic calculations.

Graphics Features
This section describes how to create and format Mathcad a variety of two
and three dimensional plots. It also describes how to import graphics into
Mathcad and how to create an animation clip of anything in your worksheet.

The User’s Guideends with some useful reference appendices and a comprehen-
sive index.

Asfar aspossible, the topicsin this manua are described independently of each
other. This means that once you are familiar with the basic workings of the pro-
gram, you can just select atopic of interest and read about it.

If you're trying to learn by reproducing screenshots fromlitsisr's Guide
keep in mind that some of them may be difficult to recreate because they con-
tain equations other than those displayed, because default plot formats and nu-
merical formats are not always used, because they involve random number
generation or because they use data files not available to you.
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I
Chapter O

Setting up Mathcad for
Macintosh

This chapter describes how to set up Mathcad to run under the
Macintosh, including hardware and software requirements. It
describes what files Mathcad needs, and how to install them.

The following sections make up this chapter:
System requirements

Hardware and software requirements for Mathcad.
Installation

Instructions for using the installation program to copy filesto the appro-
priate directories on your hard disk.

New Features
A summary of differences between Mathcad 6.0 and Mathcad 5.0.




System requirements

Installation

Mathcad requires the following hardware and software:

Hardware
m A PowerPC or a Macintosh running a 68030 or higher processor.

m A floating point unit (FPU), although not required, will significantly improve
performance when you're using a 68030 (or higher) based Macintosh.

m At least 8 megabytes of memory.
m A hard disk with at least 20 megabytes of free space for Mathcad files.

Software
m Macintosh System 7.0 or later.

All files on the Mathcad disks are compressed and should not be copied directly.
Mathcad comes with an installation script which creates a folder on your hard
disk and expands the necessary files into this folder.

Before you install Mathcad, make sure you backup your installation disks. To in-
stall Mathcad:

m Place the disk marked “Disk 1" in the floppy disk drive.

m Double-click on the icon named “Installer” and follow the on-screen instruc-
tions.

m To start Mathcad, double-click on the Mathcad icon.

m ChooseAbout Mathcad from the? menu and write down your serial number
in a safe place. There’s a space in the inside front cover Ufistirés Guide
where you can write it down. You'll need this number to get technical sup-
port.

Please send your registration card directly to MathSoft. This will allow us to
keep you informed of upgrades and new products.

If you have any problems installing Mathcad check the release notes distributed
with this version of Mathcad. You can read them by double-clicking on the “Re-
lease Notes” icon.

If after having checked the release notes you are still having trouble, contact
MathSoft Technical Support. See the Getting Started leaflet enclosed with your
product for details.
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If you've used Mathcad 5.0, you'll notice many new features as well as many
new ways of doing things.

Enhancementsto Cartesian and polar plots
Crossed axes in polar and Cartesian plots to show all four quadrants at once.
Individually select axes for labeling and formatting, plot tracing, adjusting
line weights on plots.

Moretypesof 3D plots
Scatter plots, three-dimensional bar charts, vector field plots, plotting trajec-
tories in three dimensions.

Enhancementsto 3D Plots
Improved control over axes, colored backplanes and edges, bounding boxes.

Math in text
Embed live equations in text and edit them just as if they were separate math
regions.

Improved document layout
Controlling indentation and alignment of text.

Dozens of new statistical functions
Functions for generating random numbers, cumulative and inverse cumula-
tive distributions and probability densities for a variety of commonly used
probability distributions.

Programmability
Programming constructs such as loops and conditional branching, local as-
signment, recursive function definitions.

Quick Sheets
A collection of templates for performing common procedures, all compiled
into a convenient, ready to use Electronic Baok

L ocked regions
Set aside a tamper-proof area of your worksheet for depositing anything you
don’t want anyone to accidentally change.

Advanced data smoothing functions
Smoothing with kernels and running medians, adaptive smoothing algo-
rithms.

Advanced regresson functions
Multidimensional regression, adaptive regression methods.

I nternet access
Open Mathcad worksheets located on any Internet server anywhere in the
world.

New features 9



Animation
View dynamic processes by animating plots or cal culations.

Hypertext linksto other Mathcad wor ksheets
Create “hot-spots” for jumping to other Mathcad worksheets, either on your
own file system or anywhere in the world via the Internet.

Dragging acr oss wor ksheets

Drag regions directly from one worksheet to another, bypassing the clip-
board altogether.

Operator extensibility
Define your own custom operators as easily as you'd define a function.

10
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I
Chapter 1

The Basics

This chapter describes everything you need to get started with
Mathcad. The following sections make up this chapter:
First principles
Mathcad’s design and interface.
What you can do with Mathcad
Starting Mathcad.
A smplecalculation
Calculating with Mathcad.
Definitions and variables
Creating simple Mathcad equations.
Entering text
Adding notes and labels to a worksheet.
Regions and menus

How equations, text, and plots make up a worksheet; Mathcad’'s menu
commands.

Iterative calculations
Using range variables to repeat an equation for several values.
Graphs
Building a simple two dimensional plot.
Saving, printing, and quitting
The Save andPrint commands from thEile menu.
Help
Mathcad’s on-line help system, its context sensitive help, balloon help,
and the use of QuickSheetdor live examples.
Electronic Books

Using Mathcad’s Electronic Books to paste common formulas and dia-
grams into your worksheet.
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First principles

Mathcad lookssimple, and it is. It was created according to basic design princi-
plesto make it powerful, flexible, and easy to use. In Mathcad:

Everything appear sin familiar math notation. If there’s a standard mathe-
matical way to show an equation, operation, or graph, Mathcad uses it.

What you seeiswhat you get. There is no hidden information; everything
appears on the screen. When you print, the output looks just like the screen
display.

To createsimple expressions, just type them. Mathcad uses the standard
keys for standard mathematical operations.

Typing aids make equationseasier to enter. There are palettes for many of
the less common operators. Click on formulas or pictures in Mathcad's Elec-
tronic Books to insert them into your worksheet.

Fill in the blanks. Mathcad guides you through the creation of plots, inte-
grals, and other mathematical expressions by laying down the framework and
letting you fill in the blanks.

Calculation featuresare modular. If you don’t want to use a feature — like
complex numbers, units, or matrices — you can just pretend it isn't there.

Thenumerical algorithms are robust, standard, and predictable. Math-
cad’s numerical algorithms for things like integrals, matrix inversion, and
equation solving are reliable standard methods.

On-line help. PressingCommand]/ brings up an extensive on-line help sys-
tem. Click on error messages, operators and functions and @oess

mand]/ to display the relevant help screen. There’s no need to search for the
topic you're interested in. THéser's Guidencludes more detail on all the

features, with step-by-step instructions and illustrative examples. At the back

of the User’s Guidds a complete cross-referenced index.

QuickSheets. A collection of commonly used Mathcad proceduresin alive
document interface. If you have a particular task in mind, you can look in
QuickSheets for a prefab working template and drag it right into your own
workshest.

Electronic Books. A variety of useful formulas, constants and graphic im-
ages are compiled in the Desktop Reference Book shipped with Mathcad.
Y ou can insert many of them directly into your worksheet by clicking with
the mouse.

This chapter provides a quick introduction to Mathcad and demonstrates a few

more advanced features like iterative cal culation and plotting. After you read

this chapter, you'll have enough information to begin to solve your own prob-
lems in Mathcad. The rest of thilser’'s Guidedescribes all the featuresin de-

tail, so you can learn more about any sel ected topic.

12
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Notations and conventions
This User’s Guidethe following notations and conventions:
Italics represent scalar variable names, function names, and error messages.
Bol d Couri er represents keysyou should type.
m Filled squaresindicate steps you should follow.

Bold represents amenu command. It is also used to denote vector and matrix
valued variables.

An arrow such as that irChange DefaultsC] Text” indicates a pull-right menu
command.

Function keys and other special keys are enclosed in brackets. For example,
[+],[~], and[ -] are the arrow keys on the keybodfel], [F2], etc., are func-
tion keys;[Del et e] is the Delete key for backspacing over characfbed;] is
the Delete key for deleting characters to the right;[&ad] is the Tab key.

[Ctr1],[Shift], and[Conmand] are the Control, Shift, and keys. When two
keys are shown together, for exampegrmand]V, press and hold down the
first key, and then press the second key.

The symbo[[J] and[Ret ur n] refer to the same key.

When thisUser's Guideshows spaces in an equation, you need not type the
spaces. Mathcad automatically spaces the equation correctly.

A Mathcad window takes on a variety of appearances depending on how you've
configured the various palettes. To maximize available space, nearly all screen-
shots in thidJser's Guideare taken with all paettes, toolbars and font bars hid-

den.

What you can do with Mathcad

Mathcad combines the live document interface of a spreadsheet with the wy Si-
WY G interface of aword processor. With Mathcad, you can typeset equations
on the screen exactly the way you see them in abook. But Mathcad equations
do more than look good on the screen. Y ou can use them to actually do math.

Like a spreadsheet, as soon as you make a change anywhere in your worksheet,
Mathcad goes straight to work, updating results and redrawing graphs. With
Mathcad, you can easily read data from afile and do mathematical choresrang-
ing from adding up a column of numbersto evaluating integrals and derivatives,
inverting matrices and more. In fact, just about anything you can think of doing
with math, you can do with Mathcad.

What you can do with Mathcad 13



Like aword processor, Mathcad comes with aWY SIWY G interface, multiple

fonts, and the ability to print whatever you see on the screen. This, combined

with Mathcad’s live document interface, makes it easy to produce up-to-date,
publication quality engineering reports.

Starting Mathcad

For instructions on how to install Mathcad on your computer, see the previous
chapter, “Setting up Mathcad for Macintosh.”

When you double-click on the Mathcad icon, you'll see the window shown in
Figure 1.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
EOE=———————— Untitledl EE
21 IS el B ‘
][] N[+ [w]z] ]z | [A[1]F][¢ [=] =[] [@]=] |
| | E[CfrHn )

Figure 1: A Mathcad window showing the palette buttons, the toolbar and the
font bar.

You can place equations anywhere in the Mathcad worksheet. To get to places
not visible in the window, use the scroll bars as you would in any Macintosh ap-

plication.

14
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Each button in the strip of buttons just below the menus opens a symbol palette.
Y ou can insert many operators, Greek |etters, and plot regions by clicking on the
buttons found on these palettes. From Ieft to right, these pa ettes are:

Button  Opens palette...

Common arithmetic operators.

Equal signs for evaluation and definition. Boolean expressions.
Various two and three dimensional plot types.

Matrix and vector operators.

Derivatives, integrals, limits and iterated sums and products.

Programming constructs.

(&) E R R E

Greek letters.

Below this strip of buttons is the toolbar. Many menu commands can be ac-

cessed more quickly by clicking abutton on the toolbar. To learn what a button

does, click on the button and read the message line. If you don't want to activate
the button, move the pointer away without releasing the mouse button. If you

just want to know what the button does, let the pointer rest on the button momen-
tarily. You'll see some text beside the pointer telling you what that button does.

The font bar is immediately under the toolbar. This contains scrolling lists and
buttons used to specify font characteristics in equations and text.

To conserve screen space, you can show or hide each of these features individu-
ally by choosing the appropriate command fromwHadow menu. Throughout

the figures in this¢Jser's Guidethe symbol palette, the toolbar and the font bar

have all been hidden to allow more space for examples.

Y ou can also detach each of these window elements and drag them around your
window. To do so, place the mouse pointer anywhere other than on a button or a

text box. Then press and hold down the mouse button and drag. You'll find that
the toolbar and the symbol palette will rearrange themselves appropriately de-
pending on where you drag them. The font bar, on the other hand, will retain its
shape no matter where you drag it.
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A simple calculation

Although Mathcad can perform sophisticated mathematics, you can just as eas-
ily useit asasimple caculator. To try your first calculation, follow these steps:

Click anywherein the worksheet. | _#%_File Edit Uiew Insert Format Math
You see asmal crosshair. Any_ fFr= 10a
thing you type appears at the

crosshair.

Type 15- 8/ 104. 5= .Whenyou |[_# File Edit Uiew Insert Format Math
pressthe equa|3 sign, Mathcad com- fP=———————10m
putes and shows the result.

15 L 14.923
1045

This calculation demonstrates the way Mathcad works:

Mathcad shows equations as you might see them in a book or on a black-
board, expanded fully in two dimensions. Mathcad sizes fraction bars, brack-
ets, and other symbalsto display equations the same way you would write
them on paper.

Mathcad understands which operation to perform first. In this example, Math-
cad knew to perform the division before the subtraction and displayed the
equation accordingly.

As soon as you type the equal s sign, Mathcad returns the result. Unlessyou
specify otherwise, Mathcad processes each equation as you enter it. See the
section “Controlling calculation” in Chapter 6 to learn how to change this.

As you type each operator (in this casend/ ), Mathcad shows a small rec-
tangle called alaceholder. Placeholders hold spaces open for numbers or ex-
pressions not yet typed. As soon as you type a humber, it replaces the
placeholder in the equation. The placeholder that appears at the end of the
equation is used for unit conversions. Its use is discussed in the section “Dis-
playing units of results” in Chapter 8.

Once an equation is on the screen, you can edit it by clicking in the appropriate
spot and typing new letters, digits, or operators. You can type many operators
and Greek letters by clicking in the symbol palette located just below the menu
bar. Chapter 2, “Editing Equations,” explains in detail how to edit Mathcad
equations.

16
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Definitions and variables

Mathcad’s power and versatility quickly become apparent once you begin to use
variables andfunctions. By defining variables and functions, you can link equa-
tions together and use intermediate results in further calculations.

The following examples show how to define and use several variables.

Defining variables

To clear the previous equation and define a varialiddlow these steps:

m Click in the equation you just typed__%_File Edit Uiew Insert Format Math
and pres§Space] until the entire fPSEESS———————— 108R
expression is held between the tw
editing lines. Then choogegut 5__8
from theEdit menu. 104 5|

= 14923

% File Edit Diew Insert Format Math
[—————————————— DA

m Now begin defining. Typet :
(the lettert, followed by a colon).
Mathcad shows the colon as the
definition symbol =. t =4

] TypelO in the empty p|aceh0|der| % File Edit View Insert Format Math
to complete the definition fdr Ie—————— 10

ti:ﬂ

If you make a mistake, click on the equation and digsace] until the entire
expression is between the two editing lines, just as you did earlier. Then delete it
by choosingCut from theEdit menu.

These steps show the form for typing any definition:
m Type the variable name to be defined.
m Type the colon key to insert the definition symbol.

m Type the value to be assigned to the variable. The value can be a single num-
ber, as in the example shown here, or a more complicated combination of
numbers and previously defined variables.
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Mathcad worksheets read from top to bottom and left to right. Once you have de-
fined avariableliket, you can compute with it anywhere below and to the right
of the equation that definesiit.

Now enter another definition.

m Press[0]. This movesthe crosshair below the first equation.

m Todefineacc as —9.8, typeacc:—9.8 . Then press[[J] again.
Figure 2 shows the two definitions you just entered.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== IBif=e0———7—7*—— 5
4

auta MUM | Page 1

Figure 2: Equationsto define acc and t.

Calculating results

Now that the variables acc and t are defined, you can use them in other expres-
sions.

m Click the mouse afew lines below the two definitions (see Figure 2).

m Typeacc/2 [Space]*t"2 . The caret symbol (*) representsraisingto a
power, the asterisk (*) ismultiplication, and the slash (/ ) represents division.

m Press the equals sign.”

This equation calculates the distance traveled by a falling body in tistie ac-

celerationacc. When you enter the equation, Mathcad returns the result as

shown in Figure 3. The window now contains wefinitions, which define vari-
ables, and onevaluation, which computes a result.

18
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== IBif=e0———7—7*—— 5
4

auta MUM | Page 1

Figure 3: Calculating with variables.

Mathcad updates results as soon as you make changes. For example, If you click
on the 10 on your screen and change it to some other number, Mathcad changes
the result as soon as you press[[] or click outside of the equation.

Entering text

Mathcad handlestext as easily as it does equations, so you can make notes about
the cal culations you are doing. To begin typing text, click in an empty space and
choose Text Region from the I nsert menu, press the double-quote key (") or
click on the text region button on the toolbar.

Here’s how to enter some text:

m Click in the blank space to the right of the equations you entered. You'll see a
small crosshair.

m Press' to tell Mathcad that you're about to enter some text. Mathcad changes
the crosshair into a vertical line called the insertion point. Characters you
type appear behind this line. A box surrounds the insertion point, indicating
you are now in a text region. This box is called a text box. It will grow as you
enter text.

m Type Equations of notion

Mathcad shows the text in the worksheet, next to the equations (Figure 4).

Entering text 19



| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== IBif=e0———7—7*—— 5
4

t:=10 Equations of motion]|

auta ’W Fage 1
Figure 4: Entering text. Notice the text box surrounding it.

To enter asecond line of text, just press[] and continue typing:
m Press[].
m Thentype for falling body under gravity.

m Click in adifferent spot in the worksheet or press[Shi f t ][[]] to move out of
the text region. The text box will disappear once you have done this. Don't
use thg ] key. If you pres$§[]], Mathcad will insert a line break in the text
instead of leaving the text region.

Figure 5 shows the worksheet with two lines of text and the cursor outside the
text region. Since you are outside the text region, the cursor appears as a small
cross, and the text box is no longer visible.

20
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== IBif=e0———7—7*—— 5
4

t:=10 Equations of motion
for falling body under gravity.

=-98

=1
Q
3]
1

+

auta MUM | Page 1

Figure 5: After clicking outside of a text region.

Y ou can set the width of atext region and change the font, size, and style of the
text in it. For more information on how to do these things, see Chapter 4, “Text.”

Regions and menus

Mathcad lets you enter equations and text anywhere in the worksheet. Each
equation or piece of text isregion. Mathcad creates an invisible rectangle to

hold each region. A Mathcad worksheet is a collection of such regions. To see
these regions, choo&egions from theView menu. Mathcad will display blank
space in gray and leave any regions in the default color. To turn the blank space
back into the default color, chooRegions from theView menu again.

To start a new region, you must first click in blank space. This leaves a small
crosshair wherever you clicked the mouse. Then either type an equation or
chooseT ext Region from thelnsert menu. Whichever you do, Mathcad will
place a box around the region you're working with.

In addition to equations and text, Mathcad supports a variety of plot regions.
Plots are described later in this chapter.
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lterative calculations

Mathcad can do repeated or iterative calculations as easily asindividua calcula-
tions. Mathcad uses a special variable called arange variableto perform itera
tion.

Range variables take on arange of values, such asall the integers from 0 to 10.
Whenever arange variable appearsin a Mathcad equation, Mathcad calcul ates
the equation not just once, but once for each value of the range variable.

This section describes how to use range variablesto do iterative calculations.

Creating a range variable

To compute equations for arange of values, first create arange variable. In the
problem shown in Figure 5, for example, you can compute results for arange of
values of t from 10to 20 in stepsof 1. To do so, follow these steps:

m First, changet into arange variable
by editing its definition. Click on
the10 intheequationt : = 10.
The insertion point should be next
to the 10 as shown on the right.

m Type, 11. Thistells Mathcad that .
. : t =10, 11
the next number in the range will
be11.

m Type; 20. Thistells Mathcad that
the last number in the range will be
20. Mathcad shows the semicolon
asapair of dots.

t:=10

t:=10, 11. 20

m Now click outside the equation for t. Mathcad begins to compute with t de-
fined asarange variable. Sincet now takes on eleven different values, there
must also be eleven different answers. These are displayed in the table shown
in Figure 6. You may haveto resize your window or scroll down to seethe
whole table.

22
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== MM =eF7—\———— 5
4

t=10,11.20

Equations of motion

acc = -98 for falling body under gravity

acc .2
2
-490

-5692 9

-705 6

-828 .1

-960 .4

-1.103-10°
-1.264-10°
-1.416-10°
1588 10°
-1.769-10°
-1.96-10°

t

auto ’W Page 1 .
Figure 6: Generating a table of answerswith a range variable.

Defining a function

You can gain additional flexibility by defining functions. Here’s how to add a
function definition to your worksheet:

m First delete the table. To do so,
click anywhere in the table press | |25
[Space] until you've enclosed 2
everything between the two editing || -490
lines. -592.9

m Now define the function(t) by typ-
ingd(t): dit) =4

m Complete the definition by typing
this expression: d(t) = 1600 + 2 2
1600+acc/ 2[Space]*t ~2[] 2
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The definition you just typed defines afunction. The function nameisd, and the
argument of the functionist. You can use this function to eval uate the above ex-
pression for different values of t. To do so, simply replacet with an appropriate
number. For example:

m To evauate the function at the
value 12.5, typed( 12. 5) =. Math- d(3b) = 939.975
cad returns the correct value as
shown on the right.

m To evauate the function once for each value of t you defined earlier, click be-
low the other equationsand type d(t) =.

Mathcad shows atable of values (Figure 7). The first two values, 1.11 (103
and 1.007 (110 3, are in exponential (powers of 10) notation.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
s QI mL|
t =10, 11. 20 Equations of motion it

for falling body under gravity.
acc = -98

dity = 1600+%-12

d(t)
111-10°

1.007-10°
894 4
7719
639 6
4975
3456
1839
12 4
~168.9

-360

Figure 7: Using a function to return a table of answers.

Formatting a result

Y ou can set the display format for any number Mathcad cal culates and displays.
This means changing the number of decimal places shown, changing exponen-
tial notation to ordinary decimal notation, and so on.

24
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For example, here’s how to change the table in Figure 7 so that none of the num-
bers in it are displayed in exponential notation:

m Click on the table with the mouse.

dit)
111103

1.007-10°
894 4
7719

m ChooseNumber from theFormat menu. You see the Format Number dialog
box. This box contains settings that affect how results are displayed, includ-
ing the number of decimal places, the use of exponential notation, and
whether the number is shown in decimal, octal, or hexadecimal. The option
button beside “Local” should be filled in. This indicates that whatever you do
in this dialog box affects only the result you've selected.

m The default setting for Exponential Threshold is 3. This means that only num-
bers greater than or equal t¢® Hde displayed in exponential notation. Click
to the right of the 3, pre$Bel et e] and type5.

m Click the “OK” button. The equa- dit)
tion changes to reflect the new re- 1110
sult format — 1110 is no longer 10071
shown in exponential notation. 894 .4

7719
6396
497§

When you format a result, only the display of the result is affected. Mathcad
maintains full precision internally.

Mathcad can show both two-dimensional Cartesian and polar graphs, contour
plots, surface plots as well as a variety of other three-dimensional plots. These
are all examples gflot regions.

This section describes how to create a simple two-dimensional graph showing
the points calculated in the previous section.

Creating a graph

To create a graph in Mathcad, click in blank space where you want the graph to
appear and choosaraphJ X-Y Plot from thelnsert menu. An empty graph
appears with placeholders for the expressions to be graphed. Graphs are driven
by range variables: Mathcad will graph one point for each value of the range
variable used in the graph.
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For example, here’s how to create a grapt(®fversug, with one point for
each value of;

m Click below the equation fat(t) | ®% File Edit Diew Insert Format Math S
and ChOOSGI’&phD X-Y Plot Em——— Bl
from thelnsert menu. Mathcad cre
ates an empty graph.

m The insertion point should now be |_%_File Edit_view Insert Format Math §
at the center of the bottom axis, pff=————— 10FAH
thex-axis placeholder. Type the
variable name . This tells Math-
cad to graph on this axis.

m Now click on the placeholder half-|_#_File Edit view Insert Format Math §
way up the left axis (thg-axis SNT=————————— 10FAA
placeholder). Typd(t) here, to
tell Mathcad to grapH(t) on this
axis. The remaining placeholders art]
are foraxis limits — the high and
low values for the axis. If you leavg
these blank, Mathcad automaticall
fills them when it creates the grapk

m Click anywhere outside the graph. Mathcad calculates and graphs the points
as shown in Figure 8. A sample line appears undewdte’ This helps you
identify the different curves when you plot more than one function. Unless
you specify otherwise, Mathcad draws straight lines between the points and
fills in the missing axis limits.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
S Iy 0|
]

t =10, 11. 20 Equations of motion
for falling body under gravity.

acc = -98

dity = 1600+%-12

dit)
111-10°

1.007-10° 2000
894 .4
7719 1000 -
639.6 dit)
4975 0 - X
345 6 |
1839 ~1000.45 15 20

12.4 .
-168.9
~360

auta MUM | Page 1

Figure 8: Graph of d(t) versust.
For detailed information on creating and formatting graphs, see Chapter 19,
“Graphs.”

Resizing a graph
The graph shown in Figure 8 is the default size. It's easy to make a graph in
Mathcad any size you want: just select the graph and stretch it to the desired size.
To resize a graph, follow these steps:

m Click the mouse just outside the graphics region. This anchors one corner of
the selection rectangle.

m Press and hold down the mouse button. With the button still held, drag the
mouse toward the plot region. A dashed selection rectangle emerges from the
anchor point.

= When the selection rectangle just | ---------oooooo_ .

encloses the graphics region, let gc ! 2000 ;
of the mouse button. : ;
1000 -
dit) ;
= L 1
} ! ;
100045 15 20

+
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m Movethe mouse pointer to the right or bottom edge of the selection rectangle.
It will change to adouble headed arrow.

m Press and hold down the mouse button. With the mouse button still pressed,
move the mouse. The graphics region will be stretched in the direction of mo-
tion.

m Oncethe graphicsregionistheright size, let go of the mouse button.
m Click outside the graph to desdlect it.
Figure 9 showstheresult: alarger graph.

| % File Edit Diew Insert Format Math Symbolics Books Window 17|
e 2P =0 ——iif|
£
t =10, 11. 20 Equations of motion =]
for falling body under gravity.
acc = -98

dit) = 1600 + 256 2
2

dit) 1500
111-10°

1.007 103 1000
894 4
771.9
6396 d(t] 500 _
4975 T
3456
183.9

12.4
-168.9 _500 | | | |

2360 w12 14 16 18 20

Figure 9: New graph, after resizing.

Formatting a graph

The graph in Figure 9 till hasthe default characteristics: numbered linear axes,
no grid lines, and points connected with solid lines. Y ou can change these char-
acteristics by formatting the graph, just as you earlier formatted a number.

To format the graph, follow these steps:

m Double-click on the graph to bring up the appropriate dialog box. This box
contains settings for all available plot format options. To learn more about
these settings, see Chapter 19, “Graphs.”

m Click on the Traces tab in the dialog box to see the correct page.
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Formatting Currently Selected H-¥ Plot

H-Y¥ Anes | Traces [Labels |Defaults |

Legend Label Symbol  Line Color Type Weight

1
trace 2 none dot blu lines 1
trace 3 none dash qgrn lines 1
trace 4 none dadot mag lines 1
trace 5 none solid cya lines 1
trace 6 none dot brn lines 1
|lrace 1 H none v |[ solid v][red v|[lines w]|[ «

[JHide Arguments [JHide Legend

[ Help ] [ Cancel ] [ Apply ][[ 0K ]]

Click on “trace 1" in the scrolling list under “Legend Label.” Mathcad places
the current settings for trace 1 in the boxes under the corresponding columns
of the scrolling list.

Click on the arrow under the Type column to see a drop-down list of trace
types.

Choose “bar” from this drop-down list by clicking on it.

Click on the “OK” button to show the result of changing the setting. Mathcad
shows the graph as a bar chart instead of connecting the points with lines (Fig-
ure 10). Note that the sample line underdfienow has a bar on top of it.

Click outside the graph to deselect it.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== 130N e0———— 5
4

t =10, 11. 20 Equations of motion

for falling body under gravity.
acc = -98

dity = 1600+%-12

d(t) 1500

1110

10071 L

894 4 1000 H — .
77119 —

6396 ]

4975 dit) 500 H M
3456 _
183.9 o L _
12.4

-168.9 | | |

~360 00T 12 14 1

auta MUM | Page 1

Figure 10: Graph formatted as a bar chart.

Saving, printing, and quitting

Once you've created a worksheet, you will probably want to save or print it.
This section explains how to save and print in Mathcad.

Saving a worksheet
To save the file,

m ChooseSave from theFile menu or click on the disk icon in the toolbar. If
the file has never been saved before, the Save As dialog box appears. Other-
wise, Mathcad saves the file with no further prompting.

m Type the name of the file in the text box provided. By default, Mathcad saves
the file either in the folder in which Mathcad is installed or in the folder from
which you most recently opened a worksheet during the current session. To
save to another folder, locate the folder using the Save As text box.

For more information on saving and opening files, see Chapter 3, “Documents
and Windows.”

Printing

To print, choos@rint from theFile menu or click on the printer icon in the tool-
bar.
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For more information on printing, see Chapter 3, “Documents and Windows.”

Quitting Mathcad

When you're done using Mathcad, cho@aét from theFile menu. Mathcad
closes down all its windows and returns you to the Program Manager. If you've
made any changes in your worksheets since the last time you saved, a dialog
box appears asking if you want to discard or save your changes.

On-line help

QuickSheets

Mathcad provides several ways to get help without having to consulidbis
Guide

m Choosing Quick Sheets from the ? menu opens a collection of examplesin a
live document interface similar to Mathcad’s. You can drag these right into
your worksheet and use them as templates for your own work.

m PressingShi f t ][Command]/ while on an operator, function, menu com-
mand, or error message opens context sensitive help on that message.

m Holding the mouse pointer momentarily over various buttons and other win-
dow elements displays a message describing whatever is under the mouse
pointer.

m Various operations like editing result in informative tips on the message line
at the bottom of the Mathcad window.

The following sections describe the first three help systems in some detail. The
remaining two need no further discussion.

To see Mathcad’s on-line Help at any time, chdéek Topics from the?
menu, or presfCommand]/ .

To get help on a particular topic, click on the underlined word that suggests that
topic. The “Search” button on the help window is good for finding help on some-
thing that may appear under several topics.

If you learn best from examples, cho6dgick Sheets from the? menu. When
you do, Mathcad will open a small window containing a list of commonly used
techniques you might need as you do your work.

Double-click on underlined text or on indicated buttons to jump to an example il-
lustrating that technique. You can use the navigational buttons at the top of the

QuickSheet window to browse through the QuickSheets. These buttons are de-
scribed in the “Electronic Books” section later in this chapter.
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Once you've found an example illustrating the particular technique you're look-
ing for, you'll be able to experiment with variations on that procedure right in

the QuickSheet. QuickSheets will update results just as if you were in a Mathcad
worksheet.

Mathcad’s QuickSheets also work as prefab building blocks for more compli-
cated problems. For example, if occassionally you want to apply a cubic spline
interpolation to some data, you may not remember all the details involved in us-
ing thecspline function. Rather than taking the time to refresh your memory,

you may prefer to have a sort of “black box” that you can just plug into your
worksheet.

QuickSheets are designed as self-contained units so you can easily drag them
into your worksheet and get them working with just a few minor changes. To do
so:

m Open a QuickSheet on the appropriate topic.

m Enclose the regions you want to copy in a selection rectangle by dragging the
mouse around them.

m Drag the mouse pointer from the QuickSheet window to wherever you want
to place the example in your worksheet. You'll see outlines of the selected re-
gions following the pointer into the the worksheet.

m Release the mouse to drop your selection in the correct spot.

m Replace any data or any parameters used in the QuickSheet with your own
data as required.

m To print the QuickSheet window, close all other open windows and choose
Print from theFile menu.

Figure 11 shows an example of a QuickSheet. Most QuickSheets also have a but-
ton you can use to copy whatever is currently on the QuickSheet to a clipboard.
When you double-click this button, the pointer changes to indicate that it is “car-
rying” information. To “drop” this information into your worksheet, move the
pointer wherever you want to drop the information and double-click on the

mouse.

Figure 12 shows a Mathcad worksheet into which a QuickSheet example has
been dragged. You'll find that by assembling pre-built and tested modules for
routine tasks like those found in QuickSheets, you'll be able to put together solu-
tions to problems in a fraction of the time.
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Figure 11: A QuickSheet window.
| % File Edit Diew Insert Format Math Symbolics Books Window 17|
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Spline coefficients: S := cspline( X ,Y)
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Sample fit(2) = 105.85
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auta MUM | Page 1

Figure 12: A Mathcad worksheet after integrating the QuickSheet example into
the surrounding material.
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The QuickSheets book also contains specia pages on which you can save any-

thing you want quick access to. Look for “Personal QuickSheets” or “Math Sym-
bols” in the table of contents. Anything you enter in these sheets will be saved
when you close QuickSheets. Changes made to any other QuickSheets will be
discarded when you close QuickSheets.

Context sensitive help

You can get context sensitive help while using Mathcad. For menu commands
you can simply click on the command and read the message line at the bottom
of your window. For toolbar or palette buttons, hold the pointer over the button
momentarily to see a tool tip.

You can also get more detailed help on menu commands or on many operators
and error messages. To do so:

m Click on an error message, a built-in function or variable, or an operator.
m Pres§Conmmand]/ to bring up the relevant Help screen.
To get help on menu commands or on any of the palette buttons:

m PresgShi f t [[Conmand]/ Mathcad changes the pointer into a question
mark.

m Choose a command from the menu. Mathcad shows the relevant Help screen.

m Click on any palette button. Mathcad displays the operator's name and a key-
board shortcut on the message line.

To resume editing, prefEsc]. Mathcad changes the mouse pointer back into
an arrow.

Electronic Books

Each Mathcad Electronic Book is a collection of up to several hundred Mathcad
worksheets containing text, pictures, formulas, and data. A Mathcad Electronic
Book is like any book, but it has some features that make it especially useful
when you're working with Mathcad:

m Every page of an Electronic Book is a live Mathcad worksheet: You can
change values, calculate results, and experiment right on the electronic
“page” in front of you.

m If you have a second Mathcad worksheet open, you can paste data and formu-
las from the Electronic Book into your worksheet simply by double-clicking
on them, then going to the worksheet in which you want to paste them and
double-clicking again.
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m Each Electronic Book has atable of contents and an extensive Index. Double-
clicking on a section title, index entry, or cross reference automatically opens
the appropriate section.

m A palette of Electronic Book controls lets you browse through the Electronic

Book page by page or section by section, or jump directly to the table of con-
tents or Index.

Mathcad comes with an Electronic Book called the Desktop Reference. This con-
tains useful mathematical and engineering formulas, physical constants, proper-
ties of various materials and other useful information you would ordinarily look
up in any reference book. Several other Electronic Books on various mathemati-
cal and engineering topics are aso available. Once you install additional Elec-
tronic Books, you can operate them just as you would the Desktop Reference.

To open the Desktop Reference, choose Desktop Refer ence from the Books
menu. Mathcad opens awindow showing the front cover of the book.

Click on the button labeled©C” to see the table of contents for the Desktop
Reference. You can browse through this window by using the scroll bars, just as
you would any Mathcad window. You can also use the palette buttons to move
around the book. The function of each button is given in the following table.

Button Function

Jumps to book’s table of contents.

Jumps to book’s index.

Goes backward one book section.

Advances one book section forward.

Backtracks to whatever book section was last viewed.
Goes to previous page of current section.

Goes to next page of current section.

= EEE R EEE

Search book for a particular word.

The key combinations[Shi f t ][PgDn] and [Shi f t ][PgUp] have the same €f-
fect asthe Next Page and Previous Page buttons. To move one screen to the
right or left, click to the right or left of the scroll box in the horizontal scroll bar.

Mathcad keeps a record of where you've been in the Electronic Book. When
you click on theBacktrack button, Mathcad goes back to the last section you
opened and the page you were on when you left it. Backtracking is especially
useful when you have double-clicked to look at a cross reference and you want
to go back to the section you just came from. When you go to the table of con-
tents, Mathcad starts its record over. This means you cannot backtrack beyond
the last time you viewed the table of contents.
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If you don’t want to go back one section at a time or if you want to go back fur-
ther than the backtrack button will take you, you can chbidgery from the

Books menu. This opens a window listing all the sections you've viewed since
you first opened the Electronic Book.

Finding information in an Electronic Book

An Electronic Book, like a paper one, comes with a table of contents and an in-
dex. To see these, click on either th©C” button or the “Index” button on the
palette. When you double-click on an entry in either the index or the table of
contents, Mathcad jumps to the appropriate page.

In addition to the table of contents and the index, you can search for all occur-
rences of a particular word. To do so:

m ChooseSearch from theBooks menu to open the Search dialog box.

m Type a word in the text box. As you type, the scrolling list displays words
that closely match the letters you type.

m Select a word and click on the Search Book button to see a list of topics con-
taining that word and the number of times it occurs in each topic.

m Choose one of these topics and click on Go to Section. Mathcad opens an
Electronic Book section containing the word you want to search for.

Click on Next Occurrence or Prev. Occurrence to bring the next or previous oc-
currence of the word into the window. If Next Occurrence is grayed out, the last
occurrence of that word is currently visible. If Prev. Occurrence is grayed out,
the first occurrence of that word is currently visible.

Note that this feature will not locate any annotations you may have saved using
the Annotate Book command described on page 39.
Copying information from an Electronic Book

There are three ways to copy information from an Electronic Book into your
Mathcad worksheet:

m You can use the clipboard by selecting text or equations in the Electronic
Book, usingCopy from theEdit menu, clicking on the appropriate spot and
choosingPaste,

m You can drag regions from the Book window into your worksheet, or

m You can double-click on whatever you want to paste to “pick it up,” move the
mouse pointer to your Mathcad worksheet and double-click again to “put it
down.”
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Double-clicking with the mouse button on most formulas, numbers, and pictures

allows you to paste them directly from the book into your worksheet, bypassing

the clipboard in the process. If your book’s author has designed a region to do
something other than this, you'll see a message on the status line when you click
on that region.

To paste something from the book into your worksheet:

= In the book window, double-click on whatever you want to paste. The pointer
changes to indicate that it is “carrying” information from the book. Figure 13
shows how the pointer looks when it is carrying information.

m Move the pointer to the worksheet and double-click where you want to paste.

Mathcad pastes the image, formula, or number directly into the worksheet. The
pointer’s original appearance is restored to indicate that it has “discharged” the
information it was carrying. Note that some Electronic Books have buttons
which, when double-clicked on, will paste several equations or graphs. Click
once to see on the status line what double-clicking was designed to do.

Figure 13 shows the pointer after having just “picked up” a circuit diagram of an
oscillator from an Electronic Book. It is usually more convenient to tile the win-
dows as shown in Figure 13 whenever you use the books. To do so:

m Make sure only one document window is open.
m ChooseTile Vertical from Mathcad’sNVindow menu.

Figure 14 shows the result of double-clicking again. The pointer drops what it
was carrying and recovers its original appearance.

To switch to another book, pull down tBeoks menu. Mathcad shows all avail-
able books in the default folder. Select the book you want to open. Mathcad
opens a new book window showing the title screen of the new book.

If you've installed an Electronic Book in a folder other than the default folder,
chooseOpen Book from theBooks menu and use the Open Book dialog box to
locate and open the book.
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Figure 13: The pointer becomes a book pierced by an arrow to indicate that i
carrying information from the Electronic Book.
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Figure 14: Double-clicking again causes the pointer to drop whatever it was
carrying wherever you double-clicked.
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Annotating an Electronic Book

By default, when you make changesin an Electronic Book, Mathcad remembers
those changes as long as the book is open. When you close the book, whatever
changes you make are lost. The next time you open that Electronic Book, it will
appear asif it had never been changed at all.

If you want to save a copy of your Electronic Book, choose Annotate Book
from the Books menu before making any changes. This places a checkmark be-
side the menu command to indicate that you can now save an annotated copy of
your Electronic Book. The original copy of your Electronic Book will, of
course, remain untouched.

Asyou make changes and type in your Electronic Book, you may want to mark

the regions you change. To do so, choose Annotation OptionsC] Highlight Ed-

its from the Books menu. After you've done so, Mathcad displays any changed
regions in a different color. You can set this color by chodSiigr [0 Annota-

tion from theFormat menu. To stop highlighting regions, chodseotatio
Options Highlight Edits from theBooks menu again. This removes the
checkmark from beside the menu command and disables this feature.

Once you've made changes in your Electronic Book, chooggrthetation
Options from theBooks menu to see a pull-right menu. You will have the op-
tion of:

m ChoosingSave Edited Section to save only the changes you've made in the
section you're working on, or ...

m ChoosingSave All Editsto save all changes since you last opened the book.

Once Mathcad saves an annotated copy of the Electronic Book, you'll see an as-
terisk beside the title whenever you turn to an annotated section. The next time
you open that Electronic Book, Mathcad will open the annotated rather than the
original copy.

If you've made changes to an Electronic Book andheten’tchosen one of
the above options, you'll see the dialog box below once you close the book:

= Save Annotations

Changes made to book. Would you like to
save edited sections ?

| Save All ‘ No | Cancel

If you click on the Save All button in this dialog box, Mathcad will save all
changes you've made since you last opened the Electronic Book. If you click
the Review button, Mathcad will show you the titles of all changed sections, one
at a time, and prompt you to either save or discard the changes you've made to
each section.
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Deleting your annotations

Once you've saved an edited copy of an Electronic Book, Mathcad will open up
that copy rather than the original unedited copy. Whenever you turn to a section
that's been annotated and saved, you'll see a “*” in the title bar beside that sec-
tion’s title.

The original section, as it appeared in the original copy of the Electronic Book
before you made any changes, is still available. To see it, cho@sériginal
Section from theAnnotation Options pull-right off theBooks menu. If you

want to go back to the corresponding section in the annotated copy of the Elec-
tronic Book, choos¥iew Edited Section from the same menu.

You can permanently delete the annotations in a particular section by choosing
Restore Original Section from theAnnotation Options pull-right off the

Books menu. To delete your annotated copy of the Electronic Book altogether,
chooseRestore Original Book instead. This will delete all the annotations

you've made to that Electronic Book.
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I
Chapter 2

Editing Equations

This chapter describes the mechanics of creating mathematical
expressions and making changes in existing mathematical
expressions.

The following sections make up this chapter:

Building expressions
How to create mathematical expressionsin a straightforward way by
just typing a stream of characters. How to create expressions by exploit-
ing their structure.

Editing an existing expression
Inserting and del eting operators, changing the names of variables, using
Cut, Delete, Paste and Copy to streamline your editing. How to add a
line break to alengthy expression.

Rearranging your wor ksheet

How to move one or more expressions to another part of your work-
sheet.
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Building expressions

Y ou can create many mathematical expressions by simply typing in a stream of
characters. Certain characters, like letters and digits, make up parts of names

and numbers. Other characters, like* and + represent “operators”. For example,
if you type the characters

3/ 4+5n2=

you get the result shown below:

| % File Edit Diew Insert Format Math Symbolics Books Window (2 |
T [ ————»>—— =

=0.103

4+57

Figure 1: An expression and its computed value.

You can type many of these operators by clicking on the appropriate button in
the various operator palettes. Each button on the strip of buttons just under the
menus calls up one of these palettes. Most of the operators used in this chapter
are on therithmeticpalette which you can open by clicking on the left-most
button (the one with a calculator on it). For example, instead of tjigg

type 5, click on the button labelleon the arithmetic palette, and type 2 in the
placeholder.

On the surface, Mathcad’s equation editor seems very much like a simple text
editor, but there’s more to it than this. Mathematical expressions have a well de-
fined structure and Mathcad’s equation editor is designed specifically to work
within that structure. In Mathcad, mathematical expressions are not so much
typed in as they are built.

Mathcad automatically assembles the various parts that make up an expression
using the rules of precedence and some additional rules that simplify entering de-
nominators, exponents, and expressions in radicals. For example, when you type
/ to create a fraction, Mathcad stays in the denominator until you explicitly tell

it to leave by clicking on the fraction bar. This means that the characters

3/ 4+5”72 generate what you see in Figure 1 rather than

3

+52
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Typing in names and numbers

When typing in names or numbers, Mathcad behaves very much like a standard

word processor. As you type, you'll see the characters you type appear behind a
vertical editing line. The left and right arrow keys move this vertical editing line
to the left or to the right just as they would in a word processor. There are, how-
ever, two important differences:

m As it moves to the right, the verti-
cal editing line leaves behind a
trail. This trail is a “horizontal edit-
ing line.” It's importance will be-
come apparent in the next section
when you begin working with op-
erators.

m Unless the equation you've clicked in already has an operator in it, pressing
[Space] will turn the math region into a text region. It is not possible to turn
a text region back into a math region.

Typing in operators

Operators are things like “+"” and™that link variables and numbers together to
form expressions. The variables and numbers linked together by operators are
called “operands”. For example, in an expression like:

aty

the operands for the “+” areandy. The operands for trexponent operator are
a and the expressiotty.

The key to working with operators is learning to specify what variable or expres-
sion is to become an operand. There are two ways to do this:

m You can type the operator first and fill in the placeholders with operands, or

m You can learn how to use the editing lines to specify what variable or expres-
sion you want to turn into an operand.

The first method feels more like you're building a skeleton and filling in the de-
tails later. You may find this method easier to use when you're either building
very complicated expressions, or when you're working with operators like sum-
mation and integration which require many operands and lack a natural typing
order.

The second method feels more like straight typing and can be much faster when
expressions are simple. In practice, you may find yourself switching back and
forth as the need arises.
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Here's how to create the express#it Y using the first method:

m Press® to create the exponent op-
erator. You'll see two placeholders. |, 1

Click in the lower placeholder and

typea.

Click in the upper placeholder.

2
m Type+.
a"* ol
m Click in the remaining placeholders
and typex andy. ax ¥

To use the editing lines to create the expresaidry, proceed as follows:

m Typea. The line beneath theeindi-
cates tha& will become the first op-
erand of whatever operator you
type next.

m Press to create the exponent op-
erator. As promised becomes the a
first operand of the exponent. The
editing lines now surround another
placeholder.

m Typex+y in this placeholder to
complete the expression. X + ¥

Note that in this example, you could type the expression the same way you'd
say it out loud. However, even this simple example already contains an ambigu-
ity. When you say4 to thex plusy” there’s no way to tell if you meaaX *Y or

aX¥+y. For more complicated expressions, the number of ambiguities increases
dramatically.

Although you could resolve any of these ambiguities by using parentheses, do-
ing so can quickly become cumbersome. A better way is to use the editing lines
to specify the operands of whatever operator you type. The following example il-
lustrates this by describing how to create the expresSiely instead obX *YV.
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Multiplication

m Typea”x asyoudidinthe pre-
vious example. Note how the edit-
ing lines hold the x between them.
If you were to type + at this point,
the x would become the first oper-
and of the plus.

m Press[Space]. Theediting lines
now hold the entire expression a*.

m Now type +. Whatever was held be-
tween the editing lines now be- a* +
comes the first operand of the plus.

m |nthe remaining placeholder, type
y. a* +y

A common way to show multiplication between two variables on a piece of pa-
per isto place them next to each other. For example, expressions like ax or

a(x +y) are easily understood to meamtimesx’ and “a times the quantity
plusy” respectively.

This cannot be done with Mathcad for the simple reason that when yoaxtype
Mathcad has no way of knowing whether you meatiriesx” or “the variable
namedax.” Similarly, when you typa( x+y) , Mathcad cannot tell if you mean
“atimes the quantity plusy”’ or whether you mean “the functi@applied to

the argumernx +y.”

To avoid ambiguity, you should always pré&s® indicate multiplication as
shown in the following example:

m Typea followed by* . Mathcad in-
serts a small dot after tha™to in- a
dicate multiplication.

= |n the placeholder, type the second

factor,x.
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An annotated example

When it comesto editing equations, knowing how to use of the editing lines as-
sumes an importance similar to knowing where to put the flashing vertical bar

you see in most word processors. A word processor can get away with avertica

bar because text isinherently one-dimensional, likealine. New letters go either

to the left or to theright of old ones. Equations, on the other hand, are really two-
dimensional. Their structure is more like a trees with branches than like aline of

text. Asaresult, Mathcad has to use atwo-dimensional version of that same ver-

tical bar. That's why there are two editing lines: a vertical line and a horizontal
line.

Suppose, for example, that you want to type the slightly more complicated ex-
pression

x — 3@
-4+Vy+1

Watch what happens to the editing lines in the following steps:

m Typex- 3*a”2. Since the editing
lines contain just the “2,” only the x-38a
“2" becomes the numerator when
you presg . Since we want the
whole expressiorn - 3@2, to be
the numerator, we must make the
editing lines hold that entire expres-
sion.

2

m To do so, press tl{&pace]. Each
time you press thgspace], the ed- x-3 a°
iting lines hold more of the expres-
sion. You'll need to pred$pace]
three times to enclose the entire ex-

pression.

m Now presd to create a division 5
bar. Note that the numerator is x-3-a
whatever was enclosed between the L]

editing lines when you presséd

m Now type- 4+ and click on the but-

ton labelled ¥ " on the arithmetic X-3-a
palette. Then typg+1 under the B f_
radical to complete the denomina- Ardy+l
tor.
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m To add something outside the radi- 5
cal sign, press[Space] twice X-3a
make the editing lineshold the radi- | | -4- [y+1|
cal. For example, to add the num-
ber Ttto the denominator, press
[Space] twice.

m Press+. Since the editing lines

2
were holding the entire radical, itis X-3'a
the entire radical that becomesthe Ayl

first operand when you press +.

m Click on the button labeledt" on

the arithmetic palette. This is one X-3-a
of Mathcad’s built-in variables. 4. f—y+ 1

Editing an existing expression

This section describes how to make changes to an existing expression.

The simplest changes you can make are discussed in “Changing a name or num-
ber.” Here, the underlying tree structure of a math expression doesn’t matter. As
a result, the equation editor behaves very much like a text editor.

Most difficulties in editing equations arise from working with operators. That's
because it's only when you start working with operators that the underlying tree
structure of a math expression shows up.

The next few sections describe the three things you can do with an operator: in-
serting an operator, deleting an operator, or replacing one operator with another.

The equation editor normally works from left to right. If you want to insert an
operatotbefore an existing expression, or if you want to apply a function to an
existing expression, see the sections “Inserting an operator” and “Applying a
function to an expression.”

Although Mathcad inserts parentheses wherever required to prevent ambiguity,
you may at times want to add parentheses to clarify an expression or delete ex-
traneous parentheses. To do so, use the techniques described in the sections “In-
serting parentheses” and “Deleting parentheses.”
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When working with a complicated expression, it is often easier to work with

more manageable subexpressions within it. The sections “Moving parts of an ex-
pression” and “Deleting parts of an expression” describe how tGuts€opy,
andPaste to do so.

Changing a name or number

To edit a name or number:

m Click on it with the mouse. This places the editing lines wherever you clicked
the mouse.

m Move the editing lines if necessary by pressing theand[ -] keys. Alterna-
tively, place the mouse pointer wherever you want the editing lines to go, and
click the mouse.

m If you type a character, it will appear just to the left of the editing lines. Press-
ing [Del et e] removes the character to the left of the editing lines. Pressing
[Del ] removes the character to the right of the editing lines.

If you need to change several occurrences of the same name or number, you
may find it useful to choodeeplace from theEdit menu. To search for a string
of characters, choosénd from theEdit menu. These commands are discussed
further in Chapter 4, “Text.”

Inserting an operator

The easiest place to insert an operator is between two characters in a name or
two numbers in a constant. For example, here is how to insert a plus sign be-
tween two characters:

m Place the editing lines where you
want the plus sign to be.

m Press the key.

Note that Mathcad automatically inserts a space on either side of the plus sign.
You should never need to insert a space when typing an equation. Mathcad in-
serts spaces automatically wherever doing so is appropriate. In fact, if you do try
to insert a space, Mathcad assumes you meant to type text rather than math and
converts your math region into a text region accordingly.

Operators such as division and exponentiation result in more dramatic format-
ting changes. For example, when you insert a divide sign, Mathcad moves every-
thing that comes after the divide sign into the denominator. Here’s how you
insert a divide sign.

m Place the editing lines where you
want the divide sign to be.
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the expression to accommodate the

m Pressthe/ key. Mathcad reformats o
division.

Some operators require only one operand. Examples are the square root, abso-
Iute value, and the complex conjugate operators. To insert one of these, place
the editing lines on either side of the operand and press the appropriate key-
stroke. Many of these operators are available on the arithmetic palette aswell.
For example, to turn x into Vx do the following:

m Placethe editing lines around the

X"

m Press to insert the square root op

erator.

Applying an operator to an expression

The methods described in the previous section work most predictably when you
want to apply an operator to a variable or a number. If, however, you want to ap-
ply an operator to aentire expression there are two ways to proceed:

m You can surround that expression in parentheses and proceed as described in
the previous section, or

m You can use the editing lines to specify the expression you want to apply the
operator to.

Although the first method may be more intuitive, it is definitely slower since

you will need to type pairs of parentheses. The more efficient second method is
the subject of this section. The sections “Inserting parentheses” and “Deleting
parentheses” later in this chapter describe ways to work with parentheses more
efficiently.

The editing lines consist of a horizontal line and a vertical line that moves left to
right along the horizontal line. To make an operator apply to an expression, se-
lect the expression by placing it between the two editing lines. The following ex-
amples show how typingc results in completely different expressions
depending on what was selected.

m Here, the two editing lines hold

only the numerator. This means a+ b
any operator you type will apply X +d

only to the numerator.
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m Typing * ¢ resultsin this expres-

sion. Note how the expression held (a+b)g
between the ediiting lines became x + d
the first operand of the multiplica-
tion.

m Here, the editing lines hold the en-
tire fraction. This means any opera- a+b
tor you type will apply to the entire X+ d
fraction.

m Typing * ¢ resultsin this expres-
sion. Note how the everything be- a+b d
tween the editing lines became the x+d "~

first operand of the multiplication.

m Here, the editing lines hold the en-
tirefraction asthey did in the pre-
vious example. However, thistime x + d
the vertical editing lineison the
left side instead of on theright side.

m Typing * ¢ resultsin this expres- 2D
sion. Note how the expression en- c r
closed by the editing lines became X

the second rather than the first oper-
and of the multiplication. This hap-
pened because the vertical editing
line was on the left side rather than
theright side.

Now that you know the significance of what’s held between these two editing
lines, the pertinent question becomes “How do | control what’s held between the
two editing lines?”

One way to control the length of the editing lines is to click on an operator.
When you click on an operator, you make the pair of editing lines hold that op-
erator together with everything that that operator applies to. Depending on ex-
actly where on the operator you click, you'll find the vertical editing line either
on the left or on the right. Use tllens] key to move it from one side to the
other.

A second way to control the length of the two editing lines is to pgpse]

to cycle through all possible positions of the editing lines. Each time you press
[Space] the editing lines grow progressively longer. As they do so, they en-
close more and more of the expression, until eventually, they enclose the entire
expression. Pressiri§pace] one more time brings the editing lines back to
where they were when you started.

The following example walks you through a short cycle:
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m Thisisthe starting position. The
two editing lines hold just the sin- a+b
gle variable t.” x + d
m PressingSpace] makes the edit- S
ing lines grow so that they now r
hold the entire denominator. x+d
m PressingSpace] once makes the a+b
editing lines grow again so that ——
they now hold the entire expres-
sion.
m At this point, the editing lines can't 2+ b
become any longer. Pressing X+ d
[Space] brings the editing lines =

back to the starting point of the cy-
cle.

You'll notice that in stepping through the previous cycle there was never an in-
termediate step in which the editing lines held just the numerator. Nor was there
ever a step in which the editing lines held justatoe just theb in the numera-

tor. That's because the sequence of steps the editing lines go through as you
presgSpace] depends on the starting point of the cycle.

To set the starting point of the cycle, you can either click on the appropriate part
of the expression as described earlier, or you can use the arrow keys to move
around the expression. The arrow keys walk the editing lines through the expres-
sion in the indicated direction. Keep in mind however that the idea of “up” and
“down” or “left” and “right” may not always be clear, particularly when the ex-
pression becomes very complicated or when the expression involves summa-
tions, integrals and other advanced operators.

Deleting an operator

To delete an operator connecting two variable hames or constants:

m Place the editing lines after the op

erator.

m Press th¢Del et e] key.

You can also delete an operator by placing the editing lines before it and press-
ing the[Del ] key instead. For example:
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m Placethe editing lines before the

opereator.

m Pressthe[Del ] key.

In the above examples, it is easy to see what “before” and “after” mean because
the expressions involved naturally flow from left to right, the same way we read.
Fractions behave the same way. Since we would naturallyagsayetb,” put-

ting the editing lines “after” the division bar means putting them just before the
b. Similarly, putting the editing lines “before” the division bar means putting
them immediately after thee The following example illustrates this:

m Place the editing lineafter the divi-
sion bar.

m Press th¢Del et e] key.

To delete an operator having only one operand (for example x| orx!):

m Position the editing lines just after

the operator.

m Press th¢Del et e] key.

For certain operators, it may not be clear where to put the editing lines. For ex-
ample, it is not clear when looking &} ¢rx what “before” and “after” mean.

When this happens, Mathcad resolves the ambiguity by referring to the spoken
form of the expression. For example, since you would xeed% conjugate,”

the bar is treated as beiafger thex.

Inserting a minus sign

The minus sign that means “opposite of ” uses the same keystroke as the one
that means “subtract.” To determine which one to insert, Mathcad looks at
where the vertical editing line is. If it's on the left, Mathcad inserts the “opposite
of ” minus sign. If it's on the right, Mathcad inserts the “subtract” minus sign.
To move it from one side to the other, use[thes] key.

The following example shows how to insert a minus sign in front of the expres-
sion “sin@).”
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m Click onthe sin(a). sin(a)
m If necessary, press|l ns] to move -
the vertical editing line al the way in(a)
to the |l ft.
m Type- toinsert aminussign.
sin(a)

If what you really want to do isturn sin(a) into 1 — sin(a), insert another opera-
tor as described in the earlier section “Inserting an operator.” Then replace the
operator with a minus sign as described in “Replacing an operator.”

Applying a function to an expression

To turn an expression into the argument of a function, follow these steps:

m Click in the expression and press
[Space] until the entire expres-
sion,wll- kZ is held between the
editing lines.

wt-kz

m Type the single-quote key (the
same as the double-quote key, but |' ¥
unshifted). The selected expression
is enclosed by parentheses.

t-kz

m Press th¢Space]. The editing
lines now hold the parentheses as
well.

wit-kz

m [f necessary, press tlfiens] key.
The vertical editing line switches to
the left side. If the vertical editing
line is already on the left side, skip
this step.

(kB E

m Now type the name of the function.
I the function you wish to use is a| |Cosl(w t - k-z) ‘
built-in function, you can choose
Function from thelnsert menu
and double-click on the name of
the function.
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Inserting parentheses

Mathcad places parentheses automatically as needed to maintain the precedence
of operations. There may be instances however, when you want to place paren-
theses to clarify an expression or to change the overall structure of the expres-
sion. You can either insert amatched pair of parentheses all at once or you can
insert the parentheses one at atime. We recommend you insert amatched pair
since this avoids the possibility of unmatched parentheses.

To enclose an expression with a matched pair of parentheses:

m Select the expression by placing it
between the editing lines. Y ou can
do this by clicking on the expres-
sion and pressing [Space] one or
more times.

a+b_
a-b

m Typethe single-quote key. The se- =+ b
lected expression is now enclosed ( )
by parentheses.

a-b

o

It is sometimes necessary to insert parentheses one at atime using the ( and )
keys. For example, to changea—b + ctoa— (b + c) do thefollowing:

m Movetheediting linesjust to the
left of the b. Make sure the vertical b+c
editing line is on the left as shown.

k]
1

Press[l ns] if necessary to move it
over.

m Type (. Now click to theright of
the c. Make sure the vertical edit- a-(b +¢
ing lineisto the right as shown.

Press[l ns] if necessary to move it
over.

m Type).
)

]
I
=3
+
3]

Deleting parentheses

Y ou cannot del ete one parenthesis at atime. Whenever you del ete one parenthe-
sis, Mathcad deletes the matched parenthesis as well. This preventsyou fromin-
advertently creating an expression having unmatched parentheses.

To delete a matched pair of parentheses:

m Movetheediting linesto the right
of the “(". a-(p+c)
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m Pressthe[Del et e] key. Note that

you could &l so begin with the edit-

ing lines to the left of the “)"and
pressing théDel ] key instead.

Moving parts of an expression

The menu command3ut, Copy, andPaste from theEdit menu are useful for
editing complicated expressions. They function as follows:

m Cut deletes whatever is between the editing lines and copies it to the clip-
board.

m Copy takes whatever is between the editing lines and copies it to the clip-
board.

m Pastetakes whatever is on the clipboard and places it into your worksheet,
either into a placeholder or into the blank space between equations.

The following example shows how to uSepy andPasteto eliminate retyping.
Suppose you want to build the expression
cogwt + Xx) + sin(wt — X)

The argument to the sine function is nearly identical to that of the cosine func-
tion. You can take advantage of the similarity between the arguments of these
two functions by doing the following:

m Build the first term, then leave a
placeholder where the argument tc ‘cos{w’r +x ] + sin{ )
the sine should go. Tyma n() to
do this.

m Click in the argument to the cosine
function and presSpace] until ‘cos(w-t +x[) + sin(a)
the editing lines hold the argument
between them. The expression
looks like that shown on the right.

m ChooseCopy from theEdit menu.

m Click on the placeholder inside the
sine function. ‘COS(W-T +x) + sin( )

m ChoosePaste from theEdit menu. _
The expression now looks like that ‘005(“'"‘ +x) +sin(wt +x) ‘
shown on the right.

Now replace the+” with a “~".
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Deleting parts

The Copy and Paste commands described above use the clipboard to move ex-
pressions from one place to another. There may, however, be timeswhen you

don’t want to disturb the clipboard. You can bypass the clipboard by using Math-
cad’s drag and drop feature.

Suppose, as in the previous example, that you want to copy the expression
wiil+ x and place it in the placeholder inside the sine function.

m Select the argument to the cosine
function. The expression looks like ‘005(“'"‘ +x] + sin(al)
that shown on the right.

m Press and hold down thét r | ]
key and the mouse button. The cos(w t + x|} + sin{ )
pointer changes as shown on the H
right to indicate that it carries the
selected expression with it. It con-
tinues to carry the selected expres-
sion until you release the mouse
button.

m With the mouse button still held
down, drag the small box atthe art cos(w t + x|} + sin ()
row’s tip over the placeholder.

m Release the mouse button. The
pointer drops the expression into | |cos{wt +x] + sin{w-t + x]) ‘
the placeholder. It then recovers it
original form to indicate that its
contents have been discharged.

You can drag and drop expressions into placeholders in other expressions or into
any blank space in your worksheet. Just be sure you don'’t let go of the mouse
button before you've dragged the pointer wherever you want to drop the expres-
sion. If you're trying to drop the expression into a placeholder, be sure to posi-
tion the hollow box carefully over the placeholder.

If you don’t want to leave behind a copy of the expression as shown in the
above example, follow the same procedure usingShef t | key instead of the
[Ctr]] key.

of an expression

You can avoid having to repeatedly backspace over parts of an expression by
choosingCut from theEdit menu. This will delete whatever is between the edit-
ing lines place it on the clipboard.
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The following example shows how you can use the cut command to delete a sig-
nificant part of an expression.

Suppose you want to change the expression

W+ xO
Cos[] 0
02 0O
into

cosD(E
20

Rather than repeatedly backspacing, you can do the following:

m Select the numerator as shown on

the right. oS (M)

2

m Choose Cut from the Edit menu.
This removes the numerator and oS (
leaves behind a placehol der.

m TypeX inthe placeholder.

Y ou can aso delete part of an expression by using either the[Del ] key or the
[Del et e] key. If you use this method however, whatever you delete will not go
to the clipboard. Thisis useful when you intend to replace whatever you delete
with whatever is currently on the clipboard.

To delete part of an expression without placing it on the clipboard:

m Select the numerator as shown on
the right. Note that the vertical edit- | | sos (M)
ing lineisto theright. 2

m Press[Del et e]. Mathcead high-
lights your selection to indicate coS (
what you've proposed to delete.
Mathcad takes this extra step since
once you delete, you'll have to re-
type the expression to get it back.
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m Press[Del et e] one moretime.
This removes the numerator and cos ( . )
leaves behind a placehol der.

o m

To usethe [Del ] key instead of the[Del et e] key, follow the preceding instruc-
tions but place the vertical editing line on the left side of the expression.

Rearranging your worksheet

This section describes how to rearrange expressions, graphics and text in your
worksheets. The techniques described here work equally well for everything in
your worksheet: equations, plots, sketches and text. Before you use the methods
in this section, click in the empty space between regions to turn the cursor into a
crosshair.

Y ou can get an overall view of how your worksheet looks by choosing Zoom
from the View menu and choosing a magnification from the Zoom dialog box.
Set the magnification:

m Lessthan 100% to zoom out for an overall view.
m Greater than 100% to zoom in for a close-up view.

Selecting, cutting, pasting and aligning regions work the same way regardl ess of
the magnification you choose.

Selecting regions

Before you can move or copy one or more regions, you must select them. To do
o

m Press and hold down the mouse button to anchor one corner of the selection
rectangle.

= Without letting go of the mouse button, move the mouse so as to enclose
everything you want to select inside the selection rectangle.

m Once the selection rectangle encloses everything you want to select, release
the mouse button. Mathcad encloses those regions you have selected.

Figure 2 shows how the worksheet might look just before you release the mouse
button.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

el ——+——————
4

auto ’W Page 1
Figure 2: Several regionsenclosedin a selection rectangle.

Copying regions
Once the regions are selected, you can copy them:
m by using Copy and Paste, or

m if theregions start out in either an Electronic Book or in alocked area, by
dragging them with the mouse

To use the Copy and Paste commands:
m Select the regions as described in the previous section.

m Choose Copy from the Edit menu. This copies the selected regionsinto the
clipboard.

m Click the mouse wherever you want to place a copy of the regions. You can
click either someplace e se in your worksheet or in a different worksheet ato-
gether. Make sure you've clicked in an empty space. You should see the
crosshair.

m ChoosePaste from theEdit menu.

If the regions you want to copy are coming from a locked area or from an Elec-
tronic Book, you can also copy them by dragging them with the mouse. To do
so:

m Select the regions as described in the previous section.
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m Place the pointer on the border of any selected region. It should turninto a
small hand.

m Hold down the mouse button.

m Without letting go of the button, move the mouse. You'll see the rectangular
outlines of the selected regions move as you move the mouse.

At this point, you can either copy the selected regions to another spot in the
worksheet, or you can copy them into another worksheet.

To copy the selected regions to another spot in the worksheet, move the rectan-
gular outlines to wherever you want to place the regions and let go of the mouse
button. If you want to copy the region to a spot beyond what you can see in the
window, just drag the regions in the appropriate direction. Mathcad will auto-
matically scroll in that direction.

To copy the selected regions into another worksheet, press the mouse button and
drag the rectangular outlines toward the destination worksheet. Do not linger
near the window's frame; drag the regions decisively across the frame and into
the destination worksheet. Mathcad responds to hesitation near the window’s
frame by autoscrolling the document in the indicated direction.

Moving regions

Once the regions are selected, you can move them by:

m dragging with the mouse or,

m usingCut andPaste.

To drag regions with the mouse:

m Select the regions as described in the previous section.

m Place the pointer on the border of any selected region. The pointer will turn
into a small hand.

m Press and hold down the mouse button.

m Without letting go of the button, move the mouse. You'll see the rectangular
outlines of the selected regions following the mouse pointer.

At this point, you can either drag the selected regions to another spot in the
worksheet, or you can drag them to another worksheet.

To move the selected regions to another spot in the worksheet, move the rectan-
gular outlines to wherever you want to place the regions and let go of the mouse
button. If you want to move the region to a spot beyond what you can see in the
window, just drag the regions in the appropriate direction. Mathcad will auto-
matically scroll in that direction.
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To copy the selected regions into another worksheet, press the mouse button and

drag the rectangular outlines toward the destination worksheet. Do not linger

near the window’s frame; drag the regions decisively across the frame and into
the destination worksheet. Mathcad responds to hesitation near the window’s
frame by autoscrolling the document in the indicated direction.

You can also move the selected regions by uSimgandPaste. To do so:
m Select the regions as described in the previous section.

m ChooseCut from theEdit menu. This deletes the selected regions and puts
them on the clipboard.

m Click the mouse wherever you want the regions moved to. Make sure you've
clicked in an empty space. You can click either someplace else in your work-
sheet or in a different worksheet altogether. Make sure the cursor looks like a
crosshair.

m ChoosePaste from theEdit menu.

Aligning Regions

Once regions are selected, you can align them either horizontally or vertically
by choosingAlign Regions from theEdit menu. This is a pull-right menu. Drag
the mouse to the right to display two additional choiéesoss andDown. You

can also choose these commands by clicking on the appropriate button on the
toolbar.

When you choosAlign Regions] Down from the pull-right menu, Mathcad
does the following:

m Mathcad draws an invisible vertical line halfway between the right edge of
the right-most selected region and the left edge of the left-most selected re-
gion.

m All selected regions to the right of this line are moved left until their left
edges are aligned with this line.

m All selected regions to the left of this line are moved right until their left
edges are aligned with this line.

ChoosingAlign Regions] Across works in much the same way. Mathcad

draws an invisible horizontal line halfway between the top edge of the upper-
most region and the bottom edge of the lowest region. Selected regions below
and above this line are moved up and down respectively until the midpoints of
their left edges are on this line.

Note that this means it is possible to inadvertently make regions overlap. If, for
example, the regions you select are almost horizontally aligned, chédiing
Regionsd Down may result in overlapping regions.
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Deleting regions

To delete one or moreregions:
m Sdlect the regions by dragging.
m Choose Cut from the Edit menu.

Choosing Cut removes the selected regions from your worksheet and puts them

on the clipboard. If you don’'t want to disturb the contents of your clipboard or if
you don’t want to save the selected regions, chbDekgte from theEdit menu
instead.

Alternative ways to select regions

There are actually three different ways to select regions. Which one you choose
depends on the arrangement of the regions you want to select.

The most common, selection by dragging the mouse, was discussed in a pre-
vious section. This is useful when the regions you want to select are not too far
apart, and can be enclosed in a rectangle.

The two additional methods are:
m Shift-clicking on the regions you want to select.

m Marking the two endpoints of a selection by clicking on them with the
[Ctr1] key held down.

Shift-clicking is useful when you want to select or deselect a region without af-
fecting any other regions. For example, you should shift-click when:

m You can't easily enclose the regions you want to select inside a rectangle. For
example, if one region is near the top of a worksheet and the other is near the
bottom, you cannot enclose them both in a rectangle without also enclosing
many other regions in between.

= You want to add several more regions to a collection of regions you may
have selected some other way.

m Several regions are selected and you want to deselect one of them.
To select regions by shift-clicking, do the following:

m Move the mouse pointer to the first region you want to select,

m Press and hold down thghi f t ] key and click the mouse button.

Mathcad surrounds the selected region in a selection rectangle. To select addi-
tional regions, repeat these steps with the mouse on the region you want to se-
lect. Make sure you hold down th@éhi f t ] key while clicking. If you don't,
Mathcad will select whatever you shift-click on, but deselect all other selected
regions.
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When there are alot of regions to select, the selection rectangle may become un-
wieldy. In such cases, you can fill in your selection by control-clicking asfol-
lows:

m Select one or more regions either by shift-clicking, or by using the selection
rectangle.

m Withthe[Ct r | ] key held down, click on the last region in your selection.

Mathcad selects all regions between thefirst selected region and whatever re-
gion you control-clicked on. This may include regions beyond the right or eft
edges of your window. Y ou can think of control-clicking as a quick way to shift-
click every region between the first and last regions sel ected.

The last region selected need not be the one you control-click on. If you control-
click on aregion between two selected regions, Mathcad selects all regions be-
tween the two selected regions.

Inserting or deleting blank lines

Y ou can easily insert one or more blank lines into your worksheet. The proce-
dureisasfollows:

m Click on the blank line below which you want to insert one or more blank
lines. Make sure the cursor looks like a crosshair.

m Pressthe[l ns] key asmany times as there are blank lines you want to insert.

m Alternatively, press [[] to insert a blank line and move the cursor to the | eft
margin.

To delete one or more blank lines from your worksheet:

m Click above the blank lines you want to delete. Make sure the cursor looks
like a crosshair and that there are no regions to the right or left of the cursor.

m Press[Del ] asmany times asthere are lines you want to delete. Mathcad de-
letes blank lines below your cursor.

m Alternatively, press[Del et e] asmany times asthere are lines you want to
delete. Mathcad del etes blank lines above your cursor.

If you press either [Del ] or [Del et e] and nothing seems to be happening,

check to make surethat the cursor ison aline all by itsdlf. If any regionin your
worksheet extends into the line you are trying to delete, Mathcad won't be able
to delete that line.

Separating regions

As you move and edit the regions in a Mathcad worksheet, they may end up
overlapping one another. Overlapping regions don't interfere with each other’'s
calculations, but they do make worksheets hard to read.
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A good way to determine whether regions overlap is to choose Regions from
the View menu. Mathcad will display blank space in gray and |eave the regions
in white. Figure 3 shows an example.

To separate dl overlapping regions, choose Separ ate Regions from the For mat
menu. Wherever regions overlap, this command will movetheregionsin such a
way asto avoid overlaps while preserving the order of the caculations.

Be careful with the Separ ate Regions menu command since not only can it
have far-reaching effects, it also cannot be undone. As an alternative, consider
dragging regionsindividually, adding lines by pressing [I ns], or cutting and
pasting the equations so they don't overlap.

Figure 4 shows the worksheet from Figure 3 after having cl®penate Re-
gions from theFormat menu. To turn the blank space back into white, choose
Regions from theView menu again.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

Use the Moody method to compute a
good first approximation

] ,
128 g hf Q°

0.416

Figure 3: Worksheet with overlapping regions.
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Figure4: After separating theregions.
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Chapter 3

Documents and Windows

This chapter describes how to navigate within awindow, and how
to save, load and print your work. The following sections make up
this chapter:

Window management
How to move through awindow, how to move and resize windows, and
how to open several worksheets at once.

Wor ksheet management
How to save your work and how to load previously saved work. Incor-
porating an existing worksheet. How to export your work to other appli-
cations.

Safeguar ding your calculations
How to write-protect selected areas of your worksheet.

Printing
How to print aworksheet. Includes a discussion of inserting headers
and footers, numbering pages, adjusting margins, and previewing your
printed output.

Configuration files

How to save values of system variables and default settings for plots
and numerical display.
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Window management

When you double click the Mathcad icon you'll open up a window on a Math-
cadworksheet. There are times when a Mathcad worksheet cannot be displayed
in its entirety because the window is too small. To bring unseen portions of a
worksheet into view, you can:

m Use the scroll bars and arrow keys to move around the worksheet.
m Make the window larger.
m ChooseZoom from theView menu and choose a number smaller than 100%.

Mathcad windows work very much like those of most Macintosh applications. If
you've worked with Macintosh applications before, much of the material in this
chapter will already be familiar to you.

There are several ways to move the window from one part of a worksheet to an-
other:

m Move the mouse pointer and click the mouse button. The cursor jumps from
wherever it was to wherever you clicked.

m Use the arrow keys], [:],[-], and[ -] to move the crosshair up, down,
right and left respectively. Mathcad scrolls the window whenever necessary.

m Click in the scroll bar to position the scroll box.

= With the mouse pointer on the scroll box, press and hold down the mouse but-
ton and move the mouse to drag the scroll box to another part of the scroll
bar.

m Click on the arrows at the ends of the scroll bars to nudge the scroll box in the
directions indicated by the arrows.

m PresgPgUp] and[PgDn] to move the cursor up and down by about one
fourth the height of the window. You can also [@er | ][PgUp] and
[Ct r I ][PgDn] to move the cursor up and down by about 80% of the height
of the window.

m PresdCtr | ]J[Hone] to go to the first region of the worksheet, and
[C r 1 ][End] to go to the last region of a worksheet.

m PresqgShi f t ][PgUp] and[Shi f t ][PgDn] to position the preceding or fol-
lowing pagebreak at the top of the window.

m ChooseGo to Page from theEdit menu and enter the page humber you want
to go to in the dialog box below. When you click “OK,” Mathcad places the
top of the page you specify at the top edge of the window.
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Go to Page

Go to

() First Page
() Last Page

@ Page Number: EI

Number of Page(s): EI
Current Page:

The position of the scroll box within the scroll bar serves as arough guide to the
position of the window relative to the rest of the worksheet. If the top of the win-
dow is athird of the way down from the top of the worksheet, the scroll box will
be about a third of the way down the vertical scroll bar. The page number for
whatever pageisvisible in the window is shown on the message line at the bot-
tom of the window.

Multiple windows

Y ou can have up to eight windows open at one time. This alows you to work on
severa worksheets at once by simply clicking the mouse in whatever document

window you want to work in. If the worksheet you want to work in is buried be-
hind many other windows, pull down the Window menu and choose its name.

To open anew document window, choose New from the File menu. To open a
window into a previoudy saved worksheet, choose Open from the File menu.

Worksheet management

This section describes how to save and open worksheets, how to insert one work-
sheet into another, and how to export aworksheet in RTF (Rich Text Format) so
that aword processor capable of reading RTF will be able to openiit.

Opening aworksheet

To work on aworksheet that you saved before, choose Open from the File
menu. Mathcad prompts you for a name by displaying the Open dialog box. You
can locate and open a Mathcad worksheet just as you would open a document as-
sociated with any other Macintosh application.

At the bottom of the File menu, Mathcad maintains alist of the most recently
opened worksheets. Y ou can bypass the Open dialog box by choosing from this
list.
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Opening aworksheet on the Internet

If the Mathcad worksheet you want to open is on the World Wide Web, you
should open it by choosing L oad from Web from the File menu. When you do
so, you'll see the following dialog box:

Load from Weh

URL: |http://u.lu.ll.u.mathsoft.cum/puzzle/solnl .mcd |

(Advanced] [ Help ] [ Cancel ] 0K

Type the worksheet's URL (Uniform Resource Locator) in the text box. This
identifies the name of the computer on which the worksheet is saved together
with the path to that worksheet within that computer’s file system.

MathSoft maintains a collection of linked Mathcad worksheets. To access these,
chooseQuick Sheets from the? menu and click on “MathSoft Web Site”.

Before using this feature, you also need to know whether you have direct access
to the Internet or whether you'll be using a proxy. If you use a proxy, ask your
system administrator for the proxy machine’s name as well as the socket you'll
be using to connect to it. Once you have this information, cHobamet

Setup from theFile menu. Then enter this information in the appropriate places

in the Internet Setup dialog box.

Internet Setup

User Name: || |

Email:

|
Home Page: | |
|

Proxy Servers
Server Port
HTTP | || |

FTP | | | |

GOPHER | | | |

[ 0K J ([ cancel ] [ Help ]

Saving your work

There are two choices in th&e menu that have to do with saving files to your
local file systemSave andSave As.
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To save aworksheet that has never been saved before, you can choose either op-
tion. The Save As dia og box appears, prompting you for afilename.

To overwrite an original worksheet with arevised one, choose Save. Mathcad
overwritesthe original copy of the worksheet with the new copy (shown in the
document window).

To make changes to an existing worksheet without modifying the original, you
must choose Save Asfrom the File menu.

Incorporating one worksheet inside another

There may be times when you want to use formulas and calculations from one
worksheet inside another. Y ou can of course simply open both worksheets and
use Copy and Paste from the Edit menu to move whatever you need to move.
However when many regions or worksheets are involved, this method is cumber-
some and may result in unecessarily cluttered worksheets.

There are two other ways to make formulas from one worksheet availablein an-
other. The choice of which method to use depends on whether you want to actu-
ally see the regionsin the second worksheet or whether you just want the second
worksheet to behave as if you could see the formul as there. The first method is
called inserting a worksheet; the second is called inserting a reference to awork-
sheet.

Whether you choose to insert or include aworkshest, the first step is the same:
click the mouse wherever you want to insert the worksheet. Make sure you click
in empty space and not in an existing region. The cursor should look like a
crosshair.

To insert one worksheet into another:

m Choose Worksheet from the I nsert menu, Mathcad displays a dialog box
identical to that described in the earlier section, “Opening a worksheet.”

m Use this dialog box to specify the name of the worksheet you want to insert,
then click “OK.”

When you click “OK”, Mathcad moves any regions below your crosshair down
to make room for the incoming worksheet. It then pastes all the regions from the
first worksheet into the second wherever the crosshair is located.

If you want to include a reference to a worksheet rather than inserting the entire
worksheet, you must have both worksheets open at the same time:

m Open the worksheet you want to refer to.

m Click on the window in which you want to refer to that worksheet and put the
crosshair wherever you want to refer to it.

m ChooseReference from thelnsert menu. You'll see a dialog box containing
a list of open worksheets:
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Insert Reference

Choose a Window:

aovpre -
0ZHPress B
2]

thorniie

thornfield hall

marlinspike

m Inthelist of open worksheets, select the worksheet you want to include. Note
that thislist excludes any unnamed worksheets. Before a worksheet can bein-
cluded, it must have aname. Since the only way to name aworksheet isto
save it, you can't include a worksheet until it has been saved at least once.

When you click “OK”, Mathcad pastes a small icon wherever you had the
crosshair as shown in Figure 1. All definitions in the included worksheet will be
available below or to the right of this icon. If you double-click on this icon,
Mathcad displays the included file. You can move or delete this icon just as you

would any other Mathcad region.
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Figure 1: Anicon representing an referenced worksheet. Definitionsin the refer-

enced worksheet are available below and to theright of thisicon.

Once a worksheet has been referenced by another worksheet, there is no need to
have the it open any longer. You only need to have the referenced worksheet

open when you first include it.
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This mechanism will work no matter where the worksheet you refer toislo-

cated. All that’s necessary is that you be able to open that worksheet. Once
you've included a reference to a worksheet, Mathcad remembers where the file
was when you first included it. Of course, if you move the referenced worksheet
after having included it, Mathcad will display an error message indicating that it
can no longer find it.

Exporting your worksheet

There are two ways to export your Mathcad worksheet into a word processor.
You can cut and paste as described in the section “Importing and exporting text
on page 113, or you can save the documeRTihformat as described here.

To export your entire worksheet asRirF file readable by any word processor
capable of reading &RTF file with embedded graphics:

m Scroll to the bottom of your document to update all calculated results.
m ChooseSave As from theFile menu.

m In the Save As dialog box, choose “Rich Text Format” under “File Type”.
Then click “OK.”

When you open thiBTF file with a word processor, you'll find all the Mathcad
regions lined up one above the other at the left edge of the document. You can
then use your word processor to move these regions wherever you want to.

Once the Mathcad regions have been loaded into a word processor, you'll no
longer be able to edit equations and graphs. You will, however, still be able to
edit text.

Safeguarding your calculations

The ease with which you can alter a Mathcad worksheet can present a problem.
Itis all too easy to alter a worksheet and to change things which are not meant
to be changed. For example, if you've developed and thoroughly tested a set of
equations, you may want to prevent anyone from tampering with them.

To avoid this, you may want to safeguard these equations by locking them up in
such a way that you'll still be able to use them even though nobody will be able
to change them. To do this:

m You designate a particular area in your worksheet as a lockable area.
m You place the calculations that you want to lock up into that lockable area.

m You lock the area.
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Once an equation is safely inside alocked area, nobody will be able to edit it.

That equation will, however, continue to affect other equationsin the document.

For example, if you define a function inside a locked area, you'll still be able to
use that function anywhere below and to the right of its definition. You will not,
however, be able to change the function definition itself.

The remainder of this section describes how to specify the beginning and the
end of the lockable area as well as how to lock and unlock that area once you've
created it.

Specifying the lockable area

A lockable area is designated by two lines as shown in Figure 2. The text open
padlocks above and below these lines indicate that the area is now unlocked. As
long as this area remains unlocked, you can edit equations and text in within it
as freely as you would anywhere else in the worksheet.

To designate a lockable area:

m Choosd.ock Regions] Set L ockable Area from theFormat menu. Math-
cad inserts a pair of lines like those in Figure 2. These mark the boundaries of
the lockable area.

m Select either of these boundary lines just as you'd select any region: by drag-
ging the mouse across the line or by shift-clicking on the line itself.

m Once you've selected the boundary line, drag it just as you'd drag any other
region.

You should position the boundaries so that there’s enough space in between
them for whatever equations you want to lock. You can have any number of
lockable areas in your worksheet. The only restriction is that you cannot have
one lockable area inside another.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
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Figure 2: The area between thetwo linesisalockable area. Thefirst pair is till
unlocked; the second pair was |ocked on the date shown.

Locking up the calculations

Once you've placed whatever equations you want to lock up inside the lockable
area, you are ready to lock it up. You'll be able to lock it up either with or with-
out a password. To do so:

m Click in the lockable area.
m Choosd.ock Regionsd Lock Area from theFormat menu.

m You'll see a dialog box asking you if you want to set a password. Click “Yes”
if you want to require a password to unlock the area. Otherwise click “No.”

m If you clicked “Yes,” you'll be prompted for a password. Type any combina-
tion of letters and numbers. Keep in mind that the password is case sensitive.

Once locked, the locked area looks like the lower pair of lines in Figure 2. The
date and time the area was last locked is shown above and below the boundary
lines.

Locking without a password is useful when you just want to prevent yourself
from absent-mindedly changing something and you don’t want to worry about
having to remember a password. When a region is locked without a password,
anyone will be able to unlock it by simply choosingck Regions Unlock

Area from theFormat menu.
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Locking with apassword is useful when you want to prevent unauthorized
changes to aworksheet. When you choose this option, make sure you remember
your password. If you forget your password, you may find yourself permanently
locked out of that lockable area.

Unlocking the calculations

If you want to make changes to an equation inside a locked area, you'll have to
unlock it first. To do so:

m Click on one of the boundary lines of the region you want to unlock. Mathcad
highlights the boundary line.

m Choosd.ock Regions] Unlock Area from theFormat menu.
m If a password is required, you'll be prompted for the password.
Once an area is unlocked, you'll be able to make whatever changes you want to
just as freely as you would anywhere else in your worksheet.
Deleting alockable area
You can delete a lockable area just as you would any other region. To do so:
m Make sure the area is unlocked. You cannot delete a locked area.

m Select either of the two lines indicating the extent of the locked area by drag-
ging the mouse across it.

m ChooseCut from theEdit memu.

To print all or part of a Mathcad worksheet, choBsiat from theFile menu.
The dialog box you see will depend on the particular printer you've selected.

The Print dialog box lets you control what pages to print and what printer to
print on. By providing access to the Page Setup dialog box, it also lets you con-
trol the location of all margins, and the presence of headers and footers. The re-
mainder of this section discusses these options in detail.

Choosing what to print

You can choose to print the entire worksheet, selected pages, or selected re-
gions. To control what Mathcad prints, click on one of the following buttons in
the Print dialog box:

m All: Click this button to print all pages in the worksheet.

m Selection: Click this to print only the selected regions. If the button is gray,
you have not selected any regions to print. To select regions for printing, use
the dashed selection rectangle as described on page 64.
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m Current Page: Click this button to print the page currently visiblein your
document window. If apagebreak dividesyour window, Mathcad prints the
page above the pagebreak. The current page number appears on the message
line at the bottom of the document window.

m Pages: Click this button to print arange of pages. Then fill in the two text
boxes to indicate your selection. If you've selected a plotter as your output de-
vice, you'll only be able to print one page; the text box beside “To:” will be
greyed out.

If you find more pages than you expect coming out of the printer, keep in mind
that Mathcad worksheets maywigler than a sheet of paper as well as longer.
See “Printing wide worksheets” on page 84.

Setting margins

Mathcad worksheets have four user-setable margins. To set these margins, click
on the Page Setup button in the Print dialog box. Alternatively, cliRagse

Setup from theFile menu. This brings up the Page Setup dialog box. The four
text boxes in this dialog box show the distances from the margin to the corre-
sponding edge of the actual sheet of paper on which you will be printing.

m Left Margin: This is the distance from the left edge of the physical sheet of
paper to the left edge of the print area.

m Right Margin: This appears as a solid vertical line in your window. You may
have to scroll to the right to see it. In addition to marking the right edge of the
printed area, the right margin serves as a wrap margin for all text regions.

Don’t confuse the solid vertical line marking the right margin with the dashed
vertical line marking the right page boundary. This line marks the right-hand
edge of the sheet of paper itself. Its location depends on your choice of
printer. If you haven't chosen a printer, you won't see this dashed line at all.

m Top Margin: This is the distance from the top edge of the physical sheet of pa-
per to the top edge of the print area. If your worksheet has a header, it appears
just above this margin.

m Bottom Margin: This is the distance from the bottom edge of the physical
sheet of paper to the bottom edge of the print area. If your worksheet has a
footer, it appears just below this margin.

If you want the margin settings in the current worksheet available to other work-
sheets, save them in a configuration file as discussed on page 87.
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Printing wide worksheets

Because Mathcad worksheets can be wider than a sheet of paper, theidea of a

“page” is not as clear as it would be in, for example, a word-processor. Regions
separated by the dashed vertical line will print on separate sheets of paper, yet
the page number at the bottom of the Mathcad window does not change as you
scroll to the right.

You can think of the worksheet as being divided into vertical strips as shown in
Figure 3. Mathcad begins printing at the top of the left-most strip and continues
until it reaches the last region in this strip. It then goes to the top of the adjacent
strip and prints every page down to the last region in that strip. This procedure is
repeated until everything in the worksheet has been printed. Note that certain
layouts will produce one or more blank pages. Figure 3 illustrates such a case.

o
@
®
L]

si==(a+h) a2
3
PRINTS AS ...
r.=»|'s-(s:_a) s'=l-(a+b) A::E-a-b
5 L 2 L + 3

Figure 3: Mathcad divides very wide worksheets into strips before printing.

You can control whether or not Mathcad prints the entire worksheet or just the
left-most strip shown in Figure 3. To do so, open the Page Setup Dialog box,
either by choosingage Setup from theFile menu or by clicking the Page

Setup button in the Print dialog box. Then:

m To suppress printing of anything to the right of the right margin, click on the
Print to Right Margin button.

m To print all the regions in the worksheet, even those to the right of the right
margin, click on the Print Whole Width button.

Pagebreaks

Mathcad provides two kinds of pagebreaks:

m Soft pagebreaks. Mathcad uses your default printer settings and your top and
bottom margins to insert these pagebreaks automatically. These show up as
dotted horizontal lines. You cannot add or remove soft pagebreaks.
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m Hard pagebreaks. You can insert a hard pagebreak by placing the cursor on
the appropriate line and choosing Page Break from the I nsert menu.

To delete a hard pagebreak, select it by shift-clicking the mouse button on the
bend at the extreme | ft of the horizontd line marking it. Then choose Cut from
the Edit menu. The crosshair over the bend in the pagebreak shown in Figure 4
showswhere to click.

Y ou can ask Mathcad to print arange of pagesin the worksheet by typing the
page rangein the Print dial og box. The page numbersin the dialog box refer
only to horizontal divisions. For example, if your worksheet looks like that
shown in Figure 3, and you ask Mathcad to print page 2, you will seetwo sheets
of paper corresponding to the lower-left and lower-right quadrantsin Figure 3.

To print only the lower-left-hand page shown in Figure 3:
m Choose Print from the File menu.

m Type “2" in the boxes next to the words “From” and “To.” This suppresses
printing of the upper-left and upper-right quadrants.

m Click on the button next to “Print to Right Margin only.” This suppresses
printing of the lower-right quadrant.

m Click on “OK.”

Note that this makes it impossible to print the upper or lower right quadrants by
themselves.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= WiBBk0"r—————— 15|
{-H

To delete this page break:

1. Shift-click at the bend, where
the crosshair is located.

2. Choose Cut from the Edit menu.

Figure 4. To select ahard pagebreak, click where the pagebreak bends.
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Headers and Footers

Print preview

To add aheader or afooter to every printed page, choose Header s/Footer sfrom
the For mat menu. This opens the Header/Footer dialog box shown below:

Headers/Footers Seaeaa0F—fie———"=——— ‘

Cancel

rChoose

@® Header ) Footer [ Enable

Left Center

To add aheader:

Click on the Header button.

Type the header into one or more of the text boxes on the left side of the dia-
log box. Whatever you type into the Left, Center and Right text boxes will ap-
pear |eft-justified, centered, and right-justified respectively.

To automatically insert the page number, current date, time or filename wher-
ever theinsertion point is, click on the appropriate button below the text
boxes. Mathcad inserts a special code into the text box. This will be replaced
by the correct page number, date, time or filename when you print the work-
sheet. Note that Mathcad always begins numbering at page 1.

Make sure the Enable check box is checked. When thisis unchecked, Math-
cad suppresses the display of headers and footers.

To add afooter:

Click on the Footer button.

Follow the rest of theinstructions for inserting headers.

To check your worksheet's layout before printing, chderset Preview from
theFile menu. This brings up a dialog box showing how your worksheet will
look when printed.
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This dialog box shows the current page together with its four margins. Y ou can-
not edit the current page or change its marginsin this view. To edit the page, re-
turn to the normal worksheet view by clicking the Close button. To move the
margins, click on the Page Setup button and proceed as described on page 83.

The page you seein this dialog box is the same page you were viewing when
you chose Print Preview from the File menu. Thisisindicated by the page num-
ber at the bottom of the dialog box.

To view adifferent page, click on the arrow buttons at the top of the dialog box.
Mathcad will display the adjacent page in the direction indicated by the arrow.

Once you're satisfied with the layout, click on the Print button to open the Print
dialog box.

Configuration files

A configuration file saves numerical and text format settings and the values for
built-in variables. This lets you apply them to all new Mathcad worksheets or to
transfer them easily from one worksheet to another. There are two ways to save
a configuration file:

m In the default configuration file
Mat hcad Confi g.

m In a configuration file with a different name.
Upon opening a new worksheet:

m Mathcad searches in the folder in which it is installed for a file chtd-
cad Config.

m [f it finds this file, it uses it to set the default values for formatting and for
various system variables.

This allows you to set a preferred format for all your new worksheets. For exam-
ple, if you have preferred text and math font choices that are different from
Mathcad’s defaults, do the following to use these choices in all new worksheets:

m ChooseSave Configuration from theFile menu while you are in a work-
sheet that uses your preferred settings.

m Click “OK” to save your settings in the filat hcad Confi g.
Now each new worksheet you open will automatically use these font settings.

Sometimes you'll want to save a configuration that will only be used for some
of your worksheets. For example, you might want to set a high displayed preci-
sion and small zero tolerance for a particular group of worksheets. To do this,
follow the steps below:
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Choose Save Configuration from the File menu while you are in awork-
sheet that uses the global numerical format in question.

Specify the folder in which you want to save the worksheet’s configuration
file.

Change the suggested filename to a different name, for example,
Nunber s. Then click “OK.”

From now on, you can apply these format settings to any worksheet. To do so:

Choosd_oad Configuration from theFile menu.

Click onNumber s in the scrolling list of configuration files, and click “OK.”

Your worksheet will now use the formats found\inrber s. Note that these
formats will be saved when you save the worksheet. This means that if you save
this worksheet, you won'’t need to exechitarber s again for this worksheet.

The format settings that are saved in a configuration file are listed below. See
the appropriate chapter for more on each of these settings.

The default character properties (Chapter 4)

The default paragraph properties (Chapter 4)

The definitions of all math font tags (Chapter 5)
The margins for printing (Chapter 3)

The numerical result formats (Chapter 5)

Values for Mathcad’s built-in variables (Chapter 7)
The names of Mathcad’s basic units (Chapter 8)

The default calculation mode (Chapter 6)
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I
Chapter 4

Text

Text in Mathcad worksheets comes in two varieties: text regions
and paragraphs. Text regions are resizable areas of text that can
appear anywhere within the worksheet. Paragraphs are areas of
text that extend the full width of the page. Text regions and
paragraphs function as commentary in a Mathcad worksheet,
explaining and annotating the equations and plots.

Mathcad text can include any combination of fonts, sizes, and type
and paragraph styles. Text automatically wraps, breaking lines
according to margins that you specify. For paragraphs, you can
specify the alignment and indentation.

This chapter describes Mathcad’s commands for creating and
editing text regions and paragraphs.

This chapter includes the following sections:

Inserting text
Creating text regions and paragraphs; resizing text regions and para-
graphs.
Inserting equationsinto text
Embedding equationsinto text regions and paragraphs.
Text editing
Manipulating text that is already in aregion: cutting and pasting; chang-
ing font properties, alignment and indentation; and typing Greek letters.
Find and Replace
Finding and replacing text strings and variable names.
Spellchecking

Using the Check Spelling command to find and correct spelling errors
in text.

Linking to other worksheets

How to make Mathcad jump to another worksheet when you double-
click on aregion.

99



Inserting text

This section describes how to create text regions and paragraphs. Text regions
are useful for inserting comments around the equations and plots in your work-
sheet. Paragraphs, on the other hand, are useful for creating page-wide blocks of
text. Mathcad ignores text when it performs calcul ations.

Creating a text region

To intersperse small amounts of text among the equations and plots in your
worksheet, you can create text regions.

To create atext region, follow these steps:

m Click in blank space to position the % File Edit Diew Insert Format Math !
crosshair whereyou want thetext FSee——————— TeH1
region to begin. Then choose Text ]

Region from the I nsert menu (or
click the “A” button on the tool-
bar). Mathcad begins a text region.
The crosshair changes into an inser-
tion point and a text box appears.

m Now begin typing some text. Math:_#% File Edit Uiew Insert Format Math |
cad displays the text and surroundd=SicTcT—=—————— 141
it with a text box. As you type, the Fluid flow example|
insertion point moves and the text
box grows.

m When you've finished typing the % File Edit Uiew Insert Format Math |
text, click outside the text region. FFSE——————— 1M1

The text box will disappear. Fluid flow example
+

You cannot leave a text region by presginp You must leave the text region
by:

m Clicking outside the region, or

m By pressindShi f t ][[].

Figure 1 on the next page shows a Mathcad worksheet containing several text re-
gions followed by equations.

To insert text into an existing text region:

m Click between two characters in a text region. A text box will surround your
text. Anything you type gets inserted at the insertion point.

To delete text from an existing text region, click in the text region and:

m PresqDel et e] to delete the character to the left of the insertion point, or
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m Press[Del ] to delete the character to the right of the insertion point.
To overtypetext:
m Place theinsertion point to the | eft of the first character you want to overtype.

m Pressthe[l ns] key and begin typing. The vertica bar now has abreak in the
middle to indicate that you arein overtype mode. To return to the default in-
sert mode, press[l ns] again.

To break aline or start anew linein atext region, press [[]. Mathcad inserts a

hard line break and moves the insertion point down to the next line. When you

rewrap the text by changing the width of the text region, Mathcad will maintain
alinebreak at this spot in the text.

To delete a hard line break, click at the beginning of the next linein the text re-
gion and press[Del et e].

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
e mn=————— 15
4

Fluid flow example

Problem: Determine the proper pipe size
for fluid flow when the design specifies a
given pressure drop and flow.

Units of measurement:

m = 1L sec = 1T
cm = 01-m kg = 1M
mm = 001 m

kg

g =98 poise := 1-

secl {m-sec)

Figure 1: Text regionsin a Mathcad worksheet.

Changing the width of a text region

When you start typing in a text region, the region grows as you type, wrapping
only when you reach the right margin or page boundary. Press [(J] whenever
you want to start anew line. Often you would like to set awidth for your whole
text region, and have lines wrap to stay within that width as you type. To do this:

m Typenormaly until thefirst line reaches the width you want.

m Typeaspaceand press[Ct r | ][OJ].
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All other lines will break to stay within this width. When you add to or edit the
text, Mathcad rewraps the text according to the width set by the line at the end
of which you pressed [Ct r | ][[T].

To change the width of an existing text region do the following:
m Pressand hold down the mouse button near the text region.

= With the button still pressed, drag the mouse to enclose the text region in the
selection rectangle.

m Release the mouse button and move the pointer to the right edge of the text re-
gion until it changesto adouble arrow. Y ou can now change the size of the
text region the same way you change the size of any window: by dragging the
mouse.

Creating paragraphs

Paragraphs are designed for text that stretches from one edge of a Mathcad work-
sheet to the other. They differ from text regionsin the following ways:

m Paragraphs start at the | eft edge of the worksheet and extend to the right mar-
gin. If a paragraph occupies a line on the screen, equations or plots cannot oc-
cupy the same line. Other regions must be either above the paragraph or
below it. Because of this, you can’t create a paragraph on a line containing
any other text, math or graphics region. If you try to do so you'll see a mes-
sage telling you that the paragraph would overlap other regions.

m Paragraphs push other regions out of the way as you type. In this way, para-
graphs behave more like a conventional text editor. Similarly, if a paragraph
shrinks as you delete text, Mathcad pulls the regions below it upward to fill
the empty space.

m All the paragraphs in a worksheet resize and rewrap when you change the
right margin. Text regions wrap at the right margin when you are first creat-
ing them, but they are then unaffected by changes in the right margin.

By automatically moving other regions as a paragraph grows and shrinks, Math-
cad makes it easy to add and delete text.

To create a paragraph:
m Click on a blank line in the worksheet.

m ChooseParagraph from thelnsert menu (or click “J” on the toolbar). Math-
cad creates the first line of the paragraph. This is indicated by two horizontal
lines stretching across the page. The insertion point appears at the left edge of
the page.

m Begin typing text into the paragraph.

Figure 2 shows a worksheet with a paragraph. Note that the lines above and be-
low the paragraph are visible only when the cursor is inside the paragraph.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
e mMmnm=e— 15
4

kg
{m-sec)

poise = .1-

This application is taken from the textbook "Fluid Mechanics® by Frank
M. White (McGraw Hill, 1979). pages 338-339. The Moody method
{used in the example below)computes a good first approximation to the
Reynolds number.|

For additional information, consult the Fluids Handbook.

Parameters of problem:

3

Q= 842 ™
s5ec

auta MUM | Page 1

Figure 2: Aworksheet with a paragraph.

When you use paragraphs, imagine that the worksheet is divided up into horizon-
tal bands of different types. Within the paragraphs, Mathcad behaveslike an or-
dinary text editor. Between the paragraphs are regions that contain egquations,
plots, and small text regions.

Once you've created a paragraph, you can type into it just as you would with a
text region. The wrap margin for a paragraph is the right margin. (See “Chang-
ing the width of paragraphs,” at the end of this section, if you want to change the
wrap margin for paragraphs.) If you type more text than will fit on a line, the

text will wrap, just as it does in a text region.

As you create more lines of text, Mathcad pushes the regions below the text
downward. Paragraphs are designed to keep a constant amount of space between
the last line of the paragraph and the first region below it.

As in a text region, you can insert hard line breaks in a paragraph to force the
text to break at desired places.
Changing the width of paragraphs

All paragraphs in a Mathcad worksheet have the same width. While you can
change the paragraph width for a worksheet, the change will affect all the para-
graphs in the worksheet.

To change the width of paragraphs in your worksheet:

m Click on the worksheet where you want the right margin to be. The crosshair
marks the location.
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m Choose Right Margin{d Set from the For mat menu.

Mathcad changes the width of all paragraphsin aworksheet, rewrapping the text
as necessary. A message appears at the bottom right of the screen indicating
how far the right margin is from the right edge of the paper. Note that setting the
right margin will affect how your worksheet prints; see the section on printing in
Chapter 3.

If you try to change the width of asingle paragraph by following the instructions

for changing the width of atext region, Mathcad will ask if you want to convert

the paragraph into atext region. If you convert the paragraph into atext region,

you will be able to resize it by dragging as described in the section “Changing
the width of a text region.”

Moving text regions and paragraphs

To move a text region, a paragraph, or group of regions and paragraph, follow
the same steps that you would with math regions:

m Click on an empty spot, hold the mouse button down, and drag the selection
rectangle across the region or regions you want to select . When you release
the mouse button, outlines show which regions are selected.

m Now move the mouse pointer inside the selected region, hold down the
mouse button, and drag it to the desired spot. If you've selected more than
one region, the selected regions will move as a group.

You can also cut, paste, and copy text regions and paragraphs as you would any
other regions. Select the regions and then chGasePaste, or Copy from the
Edit menu. You can also use the corresponding buttons on the toolbar.

Equations in text

This section describes how to insert equations into your text regions or para-
graphs. Equations inserted into text have the same properties as those in the rest
of your worksheet. You can edit them using the methods described in Chapter 2.

Entering an equation into text can affect the spacing between the lines of the
text region or paragraph. If the equation is taller than a single line, the spacing
between all the lines in the paragraph adjusts to make room for the equation.

Inserting an equation into text

You can place an equation into text either by creating a new equation or by past-
ing an existing equation into a text region or a paragraph.

To add a new equation into a text region or a paragraph, follow these steps:

m Click in the text region or paragraph to place the insertion point where you
want the equation to start.
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m Choose Math Region from the I nsert menu.
m Typein the equation just as you would in a math region.

m When you've finished typing in the equation, click on any text to return to the
text region.

To paste an existing equation into either a text region or a paragraph, follow
these steps:

m Select the equation you want to paste into the text.
m ChooseCopy from theEdit menu.

m Click in the text region or paragraph to place the insertion point where you
want the equation to start.

m ChoosePaste from theEdit menu.

Editing equations in text

Once you've embedded an equation into a text region or paragraph, you can edit
it in the same way you edit equations anywhere else. For detailed procedures,
see Chapter 2, “Editing Equations.”

Turning embedded equations on and off

When you first insert an equation into text, it behaves just like an equation in a
math region; it affects calculations throughout the worksheet. If you want the
equation to be purely cosmetic, you can turn it off. To do so:

m Click on the equation you want to turn off.
m ChooseToggle Equation from theM ath menu.

Once you've done so, the equation will neither affect nor be affected by other
equations in the worksheet. To turn it back on, do the same thing you did to turn
it off. The Toggle Equation command works like a push-button light switch.

For a more general discussion of turning equations on and off, see “Disabling
equations” in Chapter 6.

Text editing

This section describes Mathcad features for editing existing text. This includes
changing the words themselves, either manually, by clicking and typing, or auto-
matically using the Find and Replace feature and the Spellchecker. It also in-
cludes changing the way the words look by changing various font properties,
and changing the way they’re arranged by changing the alignment within text re-
gions.
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Moving the insertion point in text

Selecting text

In general, the proceduresin this User’'s Guidetell you to move theinsertion
point around text regions and paragraphs by clicking with the mouse wherever
you want to put the insertion point. However, as an alternative, you can also use
the arrow keysto move the insertion point. This section briefly describes these

keys.

The arrow keys move the insertion point character by character or line by line
within text. Pressing [Ct r | ] and an arrow key moves the insertion point word
by word or paragraph by paragraph. These and other ways of moving the inser-
tion point are summarized in the table below.

Key Action

Moveright onecharacter.

-]
] Move | eft one character.

—

1 Move up to the previous line.

—_—

! Move down to the next line.

[
[
[
[
[
[

carl][-] Move to the beginning of the next word.

Crl]f] Move to the beginning of the current word. If theinsertion point is
already there, move to the beginning of the previous word.

[Crl][t] Move to the beginning of the current paragraph. If theinsertion
point is already there, move to the beginning of the previous para-
graph.

[Crl][e] Move to the beginning of the next paragraph.

[Horre] Move to the beginning of the current line.

[End] Move to the end of the current line.

The commands described in the “Inserting text” section above involve selecting
the whole text region or paragraph by dragging the selection rectangle. The com-
mands described in this section on text editing involve working with strings of
textwithin a text region or paragraph. There are several ways to select a string

of text:

m Click in the text region or paragraph so that the text box or top and bottom
lines appear. Drag across the text holding the mouse button down. Mathcad
highlights the selected text, including any full lines between the first and last
characters you selected.

m Click in the text and pregshi f t ] and an arrow key. Mathcad highlights
the text in the direction of the arrow key used.
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m Clickinthetext and press[Ct r | ][Shi f t ] and an arrow key. If aleft or
right arrow is used, Mathcad highlights from the insertion point to the begin-
ning of the current or next word. If an up or down arrow is used, Mathcad
highlights text from the insertion point to the beginning or end of aline.

m Sdect just one word of text by double-clicking onit.

When text is selected, Mathcad displays the phrase “Selected Text” in the left-
most window on the font bar. This phrase indicates that Mathcad will apply any
character property changes to that selected text and not to the default text.

Once text is selected, you can delete it, copy it, check the spelling, or change its
font, size, style, or color.

Cutting and copying text

To cut a string of characters from a text region or paragraph, follow these steps:

m Click in the text region or para- % File Edit Diew Insert Format Math §
graph and select the desired stringf-S"—————————— TtHIF
H H H Problem: Assume a long pipe
of text. Th“e hlgh“gh_ted t?Xt IS with turbulent frictional losses.
shown in “reverse video. Use the Moody method to

estimate Reynolds number.

m ChooseCut from theEdit menu. ~ |_€ File Fdit_Uiew Insert Format Math S
Mathcad deletes the text from the FFFeFe——————— TeH1P
H H H Problem: Assume a long pipe
:e)ithregllor;) or %aragdraph’ COpI?ﬁ it with turbulent frictional losses.

O the Clipboard, ana rewraps the 1
maining text.

You could also copy text to the clipboard without deleting it. To do so, choose
Copy instead ofCut from theEdit menu.

Once you've cut or copied text to the clipboard, you can paste it back into any
text region, paragraph or into an empty space to create a new paragraph. To do
so:

m Click in the spot where you want t¢_ € _File Edit liew Insert Format Math §
paste the text. This can be any- fFE————————— TtiP
where in an existing text region, a| [Preblem: Assume along pipe

. with turbulent frictional losses.
paragraph, or in an empty area of
your worksheet.
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m Choose Paste from the Edit menu.
Mathcad pastes the text from the
clipboard into the text region or
paragraph. If the cursor lookslike a
crosshair when you choose paste,

% File Edit Diew Insert Format Math §

Em—— B3l

Problem: [Jse the Moody
method to estimate Reynolds
number. Assume a long pipe
with turbulent frictional losses.

Mathcad creates a new paragraph
containing the pasted text.

Note that if you want to insert the entire contents of atext region or paragraph
into an existing region, you should sdlect the material you want to insert asa
text string by clicking in the text and dragging to highlight it. If you copy an en-
tire region selected with the sel ection rectangle, you can paste this selection only
into ablank area of your worksheet.

Changing text fonts

When you first enter text, its properties are determined by the worksheet de-

faults. To change the font, size, style, position, and color of text, you must first

select it and choose Text from the Format menu. Any properties that you define

for selected text using this process override your worksheet's default properties,
even when you change those default properties.

To change the properties of selected text:

m Select some text using one of the methods described in the section “Selecting
text.”

m ChooseText from theFor mat menu. Mathcad displays a dialog box showing
available fonts. Alternatively, use the font bar.

m Change the appropriate properties in the dialog box and click “OK.” You can
change the following properties:

Font
To change the font of the selected text, scroll through the Font list in the dia-
log box and choose an available font.

Size
To change the size of the selected text, scroll through the Size list in the dia-
log box. Font sizes are in points. Note that some fonts are available in many
sizes and others aren’t. Remember that if you choose a bigger font, the text
region you're in may grow and overlap nearby regions. Chees® ate
Regionsfrom theFormat menu if necessary.
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Style
To changethe style of the selected text, scroll through the Font Style listin
the dialog box.

As you scroll through the Font Style list you'll notice that some style combi-
nations are unavailable. For example, some fonts come in bold or italic, but
not in bold and italic at the same time. If you're using the font bar buttons
and nothing seems to be happening, check the dialog box to see if the style
you want is available for the font family you’re using.

Effects
To make selected text superscripted, subscripted, or underlined, click on the
appropriate Effects option in the dialog box.

Color
To change the color of the selected text, scroll through the color list in the
dialog box. Note that you can't use the font bar to change color. You can
only use the dialog box.

When you place the insertion point in existing text and start typing, the new text
takes its character properties from the immediately preceding character.

Changing default text fonts

Your worksheet has default text properties that determine the appearance of
each new character that you enter in your worksheet, unless that character is pre-
ceded by a character for which you've changed the properties. If you want to
make global changes to the appearance of text in your worksheet, you can
change these defaults.

To change the default text properties in your worksheet, follow these steps:

m ChooseDefaultsdd Text from theFormat menu. Mathcad brings up a dialog
box showing the current default text properties.

m Follow the procedures in the previous section for changing fonts. Note that
you cannot select subscript or superscript as a default.

m Click "OK".

You can redefine the default text properties at any time. Any text already in

your worksheet will be converted to the new properties, unless you've explicitly
selected it and set its properties as described in the preceding section, “Changing
text fonts.” Any new text you type will have the new default text properties.

The default text properties that you define only affect text ircheent work-
sheet. You can save these defaults for use with other worksheets by either:

m using configuration files as described on page 87, or

m choosingDefaultsC] Text from theFormat menu if you want to save just the
default color and not the other font characteristics.
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Changing paragraph formats

When you first create a paragraph in your worksheet, its properties are deter-

mined by your worksheet's defaults. Paragraph properties consist alignment and
indentation. You can change these properties for an individual paragraph by do-
ing the following:

m Select the paragraph by clicking on it.

m ChooseParagraph from theFormat menu. Mathcad displays the following
dialog box:

Paragraph Format

Indent: Alignment

[ 0k
All Lines @ Left
) Rignt

First Line ) Center

m Change the appropriate properties in the dialog box and click “OK”. You can
change the following properties:

Alignment
To align the text at either the left or right margin, or to center the text, use

these three alignment buttons.

I ndentation
To indent every line in the paragraph use the Indent All Lines text box. To

indent just thdirst line of the paragraph relative to all the other lines use the
Indent First Line text box. For a hanging indent, use a negative number in
the Indent First Line text box. Both these text boxes expect a number in
inches.

Changing default paragraph properties

Your worksheet has default paragraph properties that determine the appearance
of each paragraph you create in your worksheet. If you want to make global
changes to the appearance of paragraphs in your worksheet, you can change
these defaults. To do so:

m ChooseDefaultsd Paragraph from theFormat menu. Mathcad opens a dia-
log box showing current default paragraph properties.

m Change the paragraph properties as needed to describe your new default prop-
erties. Follow the procedures in the previous section, “Changing paragraph
formats.”

m Click "OK".
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Y ou can redefine the default paragraph properties at any time. Any paragraphs

already in your worksheet will inherit these new properties, unless you've ex-
plicitly set their properties as described in the section, “Changing paragraph for-
mats.” Any new paragraphs will have the new default paragraph properties.

Greek letters in text
To type a Greek letter in a text region or paragraph:
m Type the roman equivalent from the following table and fdi@ssl ]G or

m Open the Greek letter palette by clicking on the button laloglenh the but-
ton strip under the menus, then click on the appropriate button on the palette.

The table on the following page lists all the Greek letters and their roman equiva-
lents. These are the same roman equivalents used in the Windows Symbol font.
To insert an uppercase Greek letter, use the uppercase roman equivalent. To in-
sert a lowercase Greek letter, use the lowercase roman equivalent.
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Name Uppercase Lowercase Roman equivalent

>

apha
beta
chi
ddta
epsilon
eta

T TIm B> X wo>
m o X W Q
@ I mMm O O W

< =

gamma

iota
kappa
lambda

mu

< T > X

nu
omega

omicron

g O zZ2 2 > X

phi
phi(alternate)
pi

ps

rho

Q © € 4 & 68 0 ¢

sigma

tau

theta
theta(alternate)

upsilon

< & © 4 M W € O
[«n]

Xi

N X CcC«0 -4 »nw X< T <« T Oz r X

N

zeta

To change existing text into its Greek equivalent, select the text and either:
m Press[Cir| ]G or

m Choose Text from the For mat menu and select the Symbol font.
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Importing and exporting text

Mathcad’s text is formatted using Microsoft’s “Rich Text Form&TR) specifi-
cation. This means you can export text from Mathcad text regions or paragraphs
to word processing programs that read fileRTR format. For many word proc-
essing programs running under Windows concurrently with Mathcad, you can
export directly via the clipboard. To do so:

m Click in a text region or paragraph to place the insertion point (a vertical bar).

Drag to highlight the text you want to export.

ChooseCopy from theEdit menu.

Click in the target application’s window and paste from the clipboard.
You can also import text from most other Windows applications. To do so:
m Place the text in the clipboard.

m Click in an empty region of the Mathcad worksheet. You should see the
crosshair.

m ChoosdPaste from Mathcad’s€Edit menu.

Mathcad creates a paragraph containing the text on the clipboard. If the text con-
tainsRTF formatting codes, Mathcad formats the text as directed. If you want

the text to be in a text region instead of a paragraph, see the end of the section
“Changing the width of paragraphs” earlier in this chapter.

You can also export the entire worksheet, including equations and pleTs; in
format using the methods described in the section “Exporting your worksheet”
on page 79.

Find and Replace

Mathcad’s Find and Replace commands work in both text and equations. When

you search for a string of characters, Mathcad looks for that string as part of a

variable or function name or as a piece of text in a text region or paragraph.
Searching for text

To find a string of characters,

m Chooserind from theEdit menu. Mathcad brings up the dialog box shown
in Figure 3.

m Enter the string you want to find in the text box labeled “Find”.

m Click on “Next” or “Previous” to find the occurrence of the string immedi-
ately after or before the current insertion point location.
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For example, to search for all occurrences of theletters| b in aworksheet:

m Choose Find from the Edit menu Mathcad brings up a dialog box and
prompts you for astring to find.

m Typel b and click on “Next”.

Mathcad searches forward from the insertion point position for a region contain-
ing the letter$ b, whether in text or in an equation. When Mathcad finds a
match in a text region or paragraph, it shows it in reverse video; when it finds a
match in an equation it positions the insertion point in the string. The dialog box
remains up so that you can continue searching (Figure 3). When you’re done
with the search, close the Find dialog box by double-clicking on the button on
its upper-left corner.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
Em——— R} Eﬁ%ﬂ
4

Analysis of automobile braking

M = 1500 Ib mass of car
Rw = 14-in radius of wheels
Rd = 10 in radius for discs
Fb := 100 Ibf braking force
g =38 frictional coefficient
Find
Find: [Ib |

[ west )] [Previous] [ Cancel ]

auta MUM | Page 1

Figure 3. Searching for a text string.

Note that Mathcad’s Find command is case-sensitive, but not font-sensitive. For
example, if you're searching for, you won't findB, but you will findf3, since
this is nothing more than a lowercdse Greek or Symbol font.

Replacing characters

To search and replace, chodssplace from theEdit menu. For example, to re-
place instances of the narsee with s:

m ChooseReplace from theEdit menu to bring up the Replace dialog box
shown in Figure 4.

m Enter the string you want to find (the target string) in the text box labeled
“Find".

114

Chapter 4 Text



Enter the string you want to replace it with in the text box labeled “Change
to”.

You now have four choices:

Click on “Find Next” to find and select the next instance of your target string.
Click on “Change” to replace the currently selected instance of the string.

Click on “Change and Find Next” to replace this instance and find the next
one.

Click on “Change All” to replace all instances without further prompting.

Figure 5 shows the result of choosing “Change All.”

El

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |

i =
47

mass = 7b kg s = 1-5ec

Replace

m
acc = 100-—:2

sec Find: |sec |

Change to: |s |

[ Change and Ving vent | [Change AN

s5ec

(FindNeut ] [ inssye ] [ Cancel )

Figure 4: Beforereplacing all instances of sec with s.
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| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |

e mne5
47
mass := 75 kg 5 = 1 5ec
m Replace
acc = 100 —
52 Find: |sec |
Change to: |s |
acc g = 938 " [ Chaenge and Ying vent | [Change AN
5
(Find Nent ] [ imasge ] [ Cancel )

Figure 5: After replacing sec with s.

Spellchecking

After creating text, you can have Mathcad search it for misspelled words. Math-
cad will find misspelled words and suggest replacements. It will also let you add
words that commonly use to your dictionary. Note that Mathcad will spellcheck
only text regions and paragraphs, not math or graphics regions.

Checking text for misspelled words

To begin spellchecking, you first have to tell Mathcad what portions of the work-
sheet to spellcheck. There are two waysto do this:

m Click at the beginning of wherever you want to spellcheck. Mathcad will
spellcheck starting from this point and continue to the end of the worksheet.
Mathcad will then let you either continue the spellcheck from the beginning
of theworksheet or quit spellchecking.

m Alternatively, select the text you want to spellcheck by dragging the mouse
across the text.

Once you've defined a range over which to spellcheck:

m ChooseCheck Spelling from theEdit menu. When Mathcad finds a mis-
spelled word, it opens the dialog box shown below.
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Check Spelling

Mot Found: constent |
Change to: | constant
*
C

The dialog box shows the misspelled word along with a suggested replacement.

It may also show alist of other suggested replacements. If Mathcad has no im-
mediate suggestions, it will show only the misspelled word. However, if you

click the “Suggest” button, Mathcad will show a list of words that are less likely
but possible replacements.

After the dialog box appears, you've several options:
m To change the word to the suggested replacement, click on “Change”.

m To change the word to one from the list of replacements, select one and click
“Change”.

m To see additional but less likely replacements, click “Suggest”. Note that if
Mathcad can offer no additional suggestions, the “Suggest” button will be
grayed out.

m To change the word to one not listed, type the replacement into the “Change
to” box and click “Change”.

m To leave the word as is, click “Ignore” or “Add”. If you click “Ignore”, Math-
cad will leave the word alone and continue spelichecking, ignoring all future
occurrences of the word as it does so. If you click “Add”, Mathcad will add
the word to your dictionary. The following section explains this dictionary in
more detail.

Personal dictionaries

To determine whether a word is misspelled, Mathcad compares it with the
words in the following dictionaries:

m A general dictionary of common English words supplemented by mathemati-
cal terms.

m A personal dictionary.

When a word is not found in either dictionary, Mathcad will warn you that it
may be misspelled.
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If there are certain correctly spelled words throughout your worksheet which
Mathcad nevertheless shows as being misspelled, you may want to add them to
your persona dictionary. Thiswill prevent Mathcad from considering them mis-
spelled.

To add aword to your personal dictionary:

m When Mathcad shows the word in the Check Spelling dialog box, click
“Add”.

This will add the word to your dictionary. For future spellichecks, Mathcad will
not show it as being misspelled.

Linking to other worksheets

You can create a link from any text region or paragraph to any Mathcad work-
sheet. When a reader clicks on this link, Mathcad will jump to the Mathcad
worksheet designated by the link.

Mathcad can jump to any worksheet, no matter where it's stored. All that's re-
quired is that you be able to open that worksheet.

Creating a new link

To create a link, you must specify two pieces of information:

m What to double-click on in order to jump to another worksheet. This is the
“doorway”.

m What worksheet to jump to. This is the “target worksheet.”

To specify these two pieces of information, you must have both worksheets
open at the same time. Begin by specifying the doorway:

m Click in the worksheet which is to contain the doorway.

m Select the text which you want to use to jump to the target worksheet when-
ever you double-click on it.

The next step is to specify the target. To do so:
m Open the target worksheet.

m Choosd.ink[d New from thelnsert menu. You'll see the following dialog
box:
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Erasing alink

New Link

Choose a Window:
Sopre ok ]
rayleigh

thornfield hall

marlinspike

= In the list of open windows, select the target worksheet and click “OK.” Note
that this list excludes any untitled windows you may have open. A worksheet
must have been saved at least once before it can become a target worksheet.

Once you've done this, Mathcad marks your gateway by underlining the text
and making it bold. The next time you double-click on this gateway, Mathcad
will open up the target worksheet. Note that you don’t need to have the target
worksheet already open before using the gateway. You only need to have it
open when you're first creating the gateway.

This mechanism will work no matter where the target worksheet is located. All
that's necessary is that you be able to open that worksheet.

Once you've created the link, you no longer need to know which of these com-
mands to use or even where the file is. Mathcad remembers where the file was
when you first created the link and does whatever is has to do to get there again.
Of course, if you move the target fééter having created the link, Mathcad will

no longer be able to find it.

To remove a link to another worksheet, simply click anywhere in the gateway
and choosé& ink[ Erase from thelnsert menu. Mathcad will remove all traces
of the link.

Links from other regions

The gateway to a target worksheet need not be a text string as described in the
section “Creating a new link”. Any Mathcad region will do. The procedure is
identical to that described in that section except that you don't specify the gate-
way by selecting text. Instead, you do one of the following before choosing
LinkO New from thelnsert menu:

m To make an equation or a plot a gateway, click anywhere in the equation or
plot.

m To make an entire text region or paragraph a gateway, place the insertion
point anywhere within it.

There are two significant disadvantages to using something other than selected
text as a gateway:
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m When you choose selected text as agateway to another worksheet, Mathcad
automatically makes the selected text bold and underlined to indicate that a
link existsthere. No corresponding indication is possible when you choose
something other than selected text as a gateway.

m Thelink preempts the normal response to double-clicking. For example, if
you choose a plot as a gateway, you will no longer be able to double-click on
that plot to open aformatting dia og box.

For these reasons, we recommend that you use only selected text as a gateway to
another worksheet.
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I
Chapter 5

Equation and Result Formatting

Although Mathcad shows equations in standard math notation, you
do have some control over the way they are displayed. Y ou can
determine the font, size, and style used for letters and numbersin
equations. Y ou can also determine how Mathcad displays answers,
including specifying the number of decimal places, the basein
which they are displayed, and the use of scientific notation.

The following sections make up this chapter:

Formatting results

Changing the display of computed valuesin equations.
Math fonts

Changing the font, size, and style used in equations and plots.
Highlighting equations

Making a particular equation stand out from al the other equations and
regionsin your worksheet.
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Formatting results

The way that Mathcad displays numbers (the number of decimal places, whether
tousei or j for imaginary numbers, and so on) is called the result format. You
can set the result format for a whole worksheet (the global format) or for asin-
gle calculated result (the local format).

Setting global result format

To change the default display of numerica results, click on an empty space and
choose Number from the For mat menu. Y ou will see the dia og box shown be-
low. Default values for the four precision settings are shown in parentheses. The
range of values dlowed for each setting is shown to the right of the correspond-
ing text box.

Numerical Format

r Radix:

Imaginary:
® Decimal @i
' Hex [N}

3 Octal

rPrecision
Displayed Precision (3): 0to 13
Exp tial Threshold (3): |3 0to 15
Complex Tolerance (10); 0 to 63

Zero Tolerance (15): EI 0 to 307

[ Trailing Zeros [ Display as Matris
@ GLOBAL
O LECHL [(ox ) ([cancel )

Change the desired settings and click “OK.” Mathcad changes the display of all
results whose formats have not been explicitly specified. You can control the dis-
play of a single result without affecting any others by settingptta result for-

mat. The next section discusses how to do this.

This is the meaning of each of the settings in the dialog box:

Radix
This allows you to set the radix (base) in which results are displayed. The de-
fault is decimal. If you select “Octal” or “Hex,” Mathcad truncates the num-
ber to an integer and displays it as octal or hexadecimal. Hexadecimal results
are indicated by the letteh™ after the number, octal results by the letter
“0.” (Mathcad does not reliably show hexadecimal or octal numbers of mag-
nitude greater than®, or about 2110°).
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Imaginary
Click onthei or j button. Mathcad uses the selected | etter to indicate an
imaginary result. The defaultisi. You can useeither i or j in equations —
Mathcad always understands both. The selection you make here tells Math-
cad which one to use when it gives you a complex answer. See Chapter 7,
“Variables and Constants,” for more information on how to type complex
numbers.

Trailing Zeros
Check this box to make all displayed results have as many digits to the right
of the decimal point as required by the current choice of Displayed Preci-
sion. For example, with Displayed Precision set to 3, Mathcad displays 5 as
5.000.

Display as Matrix
Check this box to suppress the use of scrolling output tables. Vectors and ma-
trices having more than nine rows or columns are displayed as scrolling out-
put tables unless this box is checked. See page 192 for more information on
scrolling output tables.

Displayed Precision
Enter an integer between 0 and 15. This indicates how many decimal places
to show in computed results. The default is 3. Numbers are rounded for dis-
play only. Mathcad maintains 15 digits of precision internally.

Exponential Threshold
Enter an integen between 0 and 15. Mathcad shows computed results of
magnitude greater than 10r smaller than 10" in exponential notation.
When the threshold is 3, numbers like 30,000 are displayed@iBstead
of 30,000. The default is 3.

Complex Tolerance
Enter an integen between 0 and 63. If the ratio between the real and imagi-

nary part of a complex number is less than"Idr greater than 10 then the
smaller part is not shown. The default setting is 10. This means that numbers
like 1+ 107*?i will appear simply as 1. Mathcad rounds only the displayed
values. No change is made in the internally stored values.

Zero Tolerance
Enter an integen between 0 and 307. Numbers less thar Bde shown as
zero. The default setting is 15. This means numbers of magnitude less than
1075 appear as zero. Mathcad changes the displayed values only. No
change is made in the internally stored values.

Changing the global result format affects only the worksheet you were in when
you made the change. Any other worksheets that may have been open at the
time retain their own global result formats.
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If you want to use your global result formats every time you start Mathcad,
choose Save Configuration from the File menu once they are all set to your lik-
ing. See Chapter 3 for more on configuration files.

All of these formatting options affect only the display of a number. Mathcad
continuesto carry out al caculationsin full precision regardless of formatting
options. If you copy aresult by choosing Copy from the Edit menu, Mathcad
copies the answer to the precision displayed.

To seethe number asit isstored internally:

m Click anywhere on the resullt.

m Press[Cirl ]F

Mathcad displays the number in full precision on the message line as shownin

Figure 1.
| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
= TOTS0LIN Eﬁgl

sin[;—r+5i] - 7421 4

?4.209948524?8?85 +4.543486157378998e-015% auto NUM | Page 1

Figure 1: Full precisionismaintained internally.

Setting local result format

You can set the format for a single result — a number, table, vector, or matrix —
independently of the global result format. This is called settintptiakresult

format. To change the format with which a particular result is displayed, you
must:

m Click anywhere in the equation
whose result you want to format. | | - 10° - 3.142 10° "
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m Choose Number from the For mat menu. Alternatively, double-click on the
equation itself. The dialog box shown on the right appears. Note that the op-
tion button “Local” is already selected.

Numerical Format

rRadin:——————— imagingrg
® Decimal i
1 Hew (o]

) Octal

rPrecision
Displayed Precision (3): 0to 15
Exp tial Threshold (3); [3 0to 15
Complex Tolerance (10): 0 to 63

Zers Inipranne 115h l:l ERGIREF
[ Trailing Zeros [ Display as Matrin
) GLOBAL

@® LOCAL I ok | ( cancel )

m Change the desired settings. See the previous section to learn what the vari-
ous settings do and what their allowed values are. To display the six decimal
places shown below, you would change “Displayed Precision” from 3 to 6.

m Click “OK.” Mathcad redisplays
the result using the new format. T ]05 - 3141593 ]05 1l

You can also apply local formats to all tables, vectors, or matrices. Just click on
the table, vector, or matrix and chodéember from theFor mat menu. When

you click on “OK,” Mathcad applies the selected format to all the numbers in
the table, vector, or matrix. It is not possible to individually format these num-
bers.

When you click the button labelled “Local,” Mathcad disables the Imaginary
Unit and Zero Tolerance settings. These settings can only be set globally, not lo-
cally.

To redisplay a result using the global result format settings:

m Click on the result to enclose the r

sult between the editing lines. x-10°% = 3141593 -10° .

m Delete the equals sign.

n-10%
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m Press = to replace the equa s sign.

The result format has now been re- 7102 - 3142:-10° ,
stored to the global result format
settings.
Figure 2 shows the same number formatted severa different ways.
| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
T tites: | =F——— 15|
1000000 E
000 0O0TUD0D D
i=0. 2.6 00 30000
M =i+l M-|000000T0D
000 065 00
000 0O0TUD0D D
o0 o0o0©OQ0OUD0D 7
Patch plot iz selected Patch plot iz not selected
Surface plot iz discontinuous Surface plot is continuous

E

Figure 2: Several ways to format the same number.

auta MUM | Page 1
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Math fonts

Font tags

To change Mathcad'’s default font for all variables and plots:

m Click on any variable and chooBequation from theFor mat menu to see the
dialog box shown below.

Format Equation

Font Tag

[ Dvariables - |

Edit Tag Name:
Dariables

(Properties...] || ok ]| [ cancel ]

m To change the font associated with that variable’s font tag, click on “Proper-
ties.” You'll see a dialog box for changing fonts.

m Click the “OK” button. Mathcad changes the font of all variables in the work-
sheet.

If you change the variable’s font, you may also want to change the font used for
numbers so that the two look good together. To do so, click on a number. The
font tag window should now say “Constants”. Then follow the procedure for
variables.

You can also use the font bar to change font, size, or style of variables. To do so,
click on a variable, then click on the appropriate font bar button to make vari-
ables bold, italic or underlined or to specify the font or point size in the scrolling
lists.

The font, size, and style you choose for variables affects not only the appearance
of equations, but the appearance of the entire worksheet. Mathcad’s line-and-
character grid does not depend on the font size. Therefore, changing font charac-
teristics, particularly font sizes, may cause regions to overlap. You can separate
these regions by choosisgpar ate Regions from theFor mat menu.

You may wish to have your math regions colored differently from text to avoid
mixing the two up. To change the color of all equations in your worksheet
chooseEquation from theFormat menu.

Whenever you type a variable name, Mathcad:
m Assigns to it a font tag nhamed “Variables.”

m Looks up the font, size, and style associated with that particular font tag.
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m Displaysthe variable name using the font characteristics associated with the
font tag named “Variables.”

Similarly, when you type a constant, Mathcad:
m Assigns to it a font tag named “Constants.”
m Looks up the font, size, and style associated with that particular font tag.

m Displays the constant using the font characteristics associated with the font
tag named “Constants.”

This means that when you change a font, you are not changing the font for the
string itself. Instead, you are changing the font for the font tag assigned to that,
and possibly many other strings. This mechanism allows you to easily change

the font for many strings at once.

To see what font tag is currently assigned to a name or number, click on the
name or number and look at the font tag window on the font bar.

Alternatively, you can click on the name or number and chBgseation from
theFormat menu. You'll see the dialog box shown in the last section. The font
tag associated with whatever you clicked on will appear in the drop-down list as
shown in Figure 3.

By default, variables are tagged with “Variables,” and numbers are tagged with
“Constants.” Answers displayed on the right of an equals sign are always tagged
as “Constants.” These two tag nhames cannot be changed.

If you click on the button to the right of “Variables”, you'll see a drop-down list
of available font tags. If you now choose “User 1" and click “OK,” the variable
selected in Figure 3 gets retagged and its font changes accordingly. Figure 4
shows the result.
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| % File Edit Diew Insert Format Math Symbolics Books Window (2]
(= mims =N

[variables  [#][Helvetica 2z [# Bﬂﬂﬂm

Selection is tagyed with
a+l1 =2 the tay "Variahles™.

Format Equation

Font Tag
[ variables |

Edit Tag Name:

(Properties...] [ ok ]| [ cancel )

[ o [ WM [Paget
Figure 3: Scrolling list shows font tag of selected string.

| % File Edit Diew Insert Format Math Symbolics Books Window (2]
(= mkm=Ee—— i

[user 1 [#][ Helvetica [2][12 !I Bﬂﬂﬂm

a =1 Selection has been
= retagged "User 1."

Format Equation

Font Tag
. [User 1 |
Since names are font
E +1 = sensitive, this is now Edit Tag Name:
undefined. | User 1 |

(Properties... ] [ ok ]| [ cancel ]

auta MUM | Page 1

Figure 4. First variable name from Figure 3 has been retagged. Note changein
font.
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Applications of Font Tags

The notion of tagging strings becomes useful when you need to make many

changesin your worksheet. Y ou may have already encountered the concept if

you've ever usegtyle sheets to tag paragraphs in word processing or desktop
publishing software. By making changes to the style sheets rather than the para-
graphs themselves, you can make sweeping and strikingly uniform changes in
the way a worksheet looks. You can get this same kind of leverage by judicious
use of Mathcad'’s font tags.

For example, many math books show vectors in a bold, underlined font and ma-
trices in a bold font. If you want to use this convention without having to scroll
through the worksheet and changing the font characteristics for every string in
it, do the following:

m ChooseEquation from theFormat menu.

m Click the down arrow beside the name of the current font tag to see a drop-
down list of available font tags.

m Click on an unused font tag like “Userl” to select it.

m The name “Userl” should now appear in the “Edit Tag Name” text box. Click
in this text box and change the name to something like “Vectors.”

m Change this font tag to a bold, undelined font.

This creates a font tag called “Vectors” with the desired font. Proceed in a simi-
lar way to create a font tag named “Matrices” having a bold font. When you're
done defining both font tags, click “OK.”

Now rather than individually changing the font, size and style for names of vec-

tors and matrices, you can simply change their font tags. To do so, do the follow-

ing:

m Click on the name of the vector or matrix. The font tag assigned to that name
appears on the font bar. By default, this is “Variables.”

m Click on the arrow beside the font bar window and Scroll down to the font
tag “Vectors”. The font tag changes to “Vectors” and the font changes to a
bold underlined font because that's the font assigned to the Vectors font tag.

Repeat the previous two steps for all vectors in the worksheet. For matrices,
choose the newly created font tag “Matrices” instead. Note that you can tag only
one name at a time.

If after having done this you decide to remove all the underlines from the vec-
tors, you can simply:

m ChooseEquation from theFormat menu.

m Choose “Vectors” from the drop-down list of font tags at the top of the dialog
box.
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m Click on the underline check box.

Once you click on the “OK” button, the underlines will be removed from every
vector in the worksheet.

Note that this procedure changes the font fontmes of vectors and matrices,
not the individual elements themselves. The individual elements continue to be
tagged as “Variables” or “Constants.”

Saving font tags

Once you've completed a set of font tags that you like, you need not repeat the
process for other worksheets. You can save font tag information by choosing
Save Configuration from theFile menu.

To apply font tag information to another worksheet, chaase Configura-
tion from theFile menu.

For more information, see the section “Configuration files” in Chapter 3.

Font sensitivity

All names, whether function names or variable names, are font sensitive. This
means thax andx refer to different variables, a(k) andf(x) refer to different
functions.

In deciding whether two variable names are the same, Mathcad actually checks
font tags rather than fonts. To avoid having distinct variables that look identical,
don't create a font tag with exactly the same font, size and style as another font
tag.

Highlighting equations

To highlight an equation so that it stands out from the rest of the equations and
text in your worksheet:

m Click in the equation you want to highlight.
m ChooseHighlight Equation from theFormat menu.

Mathcad draws a box around the equation and fills it with a color light enough
S0 you can see the equation. This is a purely cosmetic change with no effect on
the equation other than rendering it more conspicuous.

The appearance of a highlighted equation on printing will depend very much on
the capabilities of your printer. Some printers will render a color as black, ob-
scuring the equation in the process. Others will render the exact same color as
just the right gray to highlight the equation without obscuring it.

To solve this problem, you should change the background color of a highlighted
equation by doing the following:
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m Choose Color from the For mat menu.

= Pull right and choose Highlight to bring up a dialog box containing a pal ette
of colors.

m Click on the appropriate color.
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I
Chapter 6

Equations and Computation

This chapter describes how to define and evaluate variables and
functions. This chapter discusses only numerical equations. To

learn how to use Mathcad’s symbolic processing features, turn to
Chapter 17, “Symbolic Calculation.”

The following sections make up this chapter:

Defining variables and functions
How to define variables and functions. How the relative placement of
equations affects calculations.

Evaluating expressions
How to get a numerical answer.

Copying numerical results
How to copy numerical results from one worksheet to another or from
Mathcad to other applications.

Controlling calculations
How to suppress the way Mathcad automatically updates the work-
sheet.

Disabling equations
Turning calculation on and off for individua equations.

Error messages
What to do when Mathcad displays an error message.
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Defining variables and functions

Whenever you type an eguation into aworksheet, you are doing one of two
things:

= You could be typing an expression and asking Mathcad to give you the an-
swer. This is discussed in the next section, “Evaluating expressions.”

m You could be typing a variable or function name and assigning some value to
it. The remainder of this section discusses how to do this.

Defining a variable

A variable definition defines the value of a variable everywhere below the defi-
nition. To define a variable, you must follow these three steps:

Type the variable name to be de-
fined. Chapter 7 contains a descrif

tion of valid variable names.

Press the colon { key. The defini-
tion symbol (=) appears.

Type an expression to complete th
definition. This expression can in-
clude numbers and any previously

defined variables and functions.

Figure 1 shows several examples of a variable definition. The left hand side of a

=" can contain any of the following:

A simple variable name like

A subscripted variable name likp

A matrix whose elements are any of the above. For example:

x O
o

A function name with an argument list of simple variable names. For exam-
ple,f(x, y, 2). This is described further in the next section.

A superscripted variable name likg&= 1>,
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
S QI o
4

Motion at Constant Speed

t =115

auta MUM | Page 1

Figure 1: Defining variables.
Defining a function

Y ou can aso define your own functionsin Mathcad. Unlike avariable, the value
of afunction depends on the values of its arguments.

Y ou define a function in much the same way you define avariable. The name

goes on the left, a=” goes in the middle, and an expression goes on the right.
The main difference is that the name includeargoment list. The example be-
low shows how to define a function called disy{) which returns the distance
between the poink(y) and the origin.

To type such a function definition:

m Type the function name. -
dist]

m Type aleft parenthesis followed by
one or more names separated by dist(x.y)
commas. Complete this argument
list by typing a right parenthesis.

It makes no difference whether or not the names in the argument list have been
defined or used elsewhere in the worksheet. What is important is that these argu-
mentsmust be names. They cannot be more complicated expressions.

m Press the colon { key. You see _
the definition symbol:€). dist(x.y) = af
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m Type an expression to define the
function. In this example, the ex-
pression involves only the namesin
the argument list. In generd
though, the expression can contain
any previously defined functions
and variablesas well.

Once you have defined a function, you can use it anywhere below the definition,
just as you would use avariable.

When you use afunction in an equation, Mathcad:
m evaluates the arguments you place between the parentheses,

m replaces the dummy argumentsin the function definition with the actua argu-
ments you place between the parentheses,

m performswhatever arithmetic is specified by the function definition, and
m returnsthe result asthe value of the function.

Figure 2 shows an example.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
T  IlIIN ————————7

Computing distances between points
X1 =0 y] =15b
¥2 =3 y2 = 4

X3 = -1 y3 =1 dist(x, y) = .‘x2+y2

Compute distance from origin:
dist(x1,y1) =15
dist(x2, y2) = 5
dist(x3, y3) = 1.414
Compute distance between points
dist(x2 - x1, y2 -y1) - 3.906
dist(x3-x1,y3-y1) = 1118

auto ’W Page 1
Figure 2: A user-defined function to compute the distance to the coordinate ori-
gin.
The arguments of a user function can represent scalars, vectors, or matrices. For
example, you could define the distance function as

dist(v) :=Vv§ +v2
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Thisis an example of afunction that accepts a vector as an argument, and re-
turns a scalar result. See the section on “Arrays and user functions” at the end of
Chapter 9 for more information.

Note that function names are font sensitive. This means that the fulife}itn
different from the function ¥). Figure 3 shows an example.

Mathcad’s built-in functions are defined for all fonts (except the Symbol font),
sizes and styles. This means tiagx), sink), andsi n(x) all refer to the same

function.
| % File Edit Diew Insert Format Math Symbolics Books Window 17|
e §fINNIN —0F——————i|
&)
3 x
fix) = —In{x)
2
f(2y=2079
( 2y = Note that since f is defined
as bold. fin italic is undefined.
A2 = Note that since f is defined as

Helwvetica, £ in Courier is undefined.

auta MUM | Page 1

Figure 3: Function names arefont sensitive. Undefined variables are marked in
reverse video.

Variables in user functions

When you define a function, you don't have to define any of the names in the ar-
gument list. This is because when you define a function, you are telling Mathcad
what to do with the arguments, not what they are. When you define a function,
Mathcad doesn't even have to know whether the arguments are scalars, vectors
or matrices. All it needs to know is how many arguments there are and what to
do with them. It is only when Mathcad actualles a function that it needs to

know what the arguments really are.

However, if in the process of defining a function you use a variable nanie that
not in the argument list, you must define that variable name above the function
definition. The value of that variable at the time you make the function defini-
tion then becomes a permanent part of the function. This is illustrated in
Figure 4.
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When you evaluate a function, Mathcad:
m evaluates the arguments,
m substitutestheir values on the right side of the function definition,

m evaluates the values of the other variables at the point where the functionis
defined,

m computes and returns aresult.

If you want a function to depend on the value of avariable, you must include
that variable as an argument. If not, Mathcad will just use that variable’s fixed
value at the point in the worksheet where the function is defined.

| % File Edit Diew Insert Format Math Symbolics Books Window 17|
e N e ———ii5|
Using Variables in User Functions: it
a =2
a
f(x) = x
The value of f depends on its argument . . .
f(2)- 4 t--4
f(3)-9
f(t) - 16
f(J5) - 5
... but not on the value of a. f(2) - 4
a=3
f(2)= 4
a=>5
f(2)= 4
Since a is not an argument of f, the value of f depends on the value of a
at the point where f is defined.

Figure 4: The value of a user function depends on itsarguments.

How Mathcad scans a worksheet

Mathcad scans a worksheet the same way you read it: left to right and top to bot-
tom. This means that a variable or function definition involving &' ‘affects
everything below and to the right of it.

To determine whether one equation is above or below another, Mathcad com-
pares theianchor points. To see these anchor points, chd®egions from the

View menu. Mathcad will display blank space in gray and leave regions white
(or whatever your background color happens to be). Each region’s anchor point
will appear as a dot on the left.
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Figure 5 shows an example of how not to place equationsin aworksheet. In the
first evaluation, both x and y are shown in red to indicate that they are unde-
fined. Thisis because the definitions for x and y lie below where they are used.
Because Mathcad scans from top to bottom, when it gets to the first equation, it
has no idea what numbersto substitutein place of x and y.

The second eva uation, on the other hand, is bel ow the definitions of x and y. By
the time Mathcad gets to this equation, it has aready assigned values to both x
andy.

% File Edit Uiew Insert Format Math Symbolics Books Window (2 |

You must define
variables above the
place in the document

to determine if one equation
is above or below another.
These appear as dots on th
left when you choose

Regions from the Yiew men

On the right. the second
equation is 'above' the first
because its anchor point is
higher.

Figure 5: Mathcad evaluates equations from top to bottomin a worksheet. The
small dot on the | eft side of each equation is an anchor point. Undefined vari-
ablesare marked inreversevideo.

Y ou can define a variabl e twice in the same worksheet. Mathcad will smply use
the first definition for &l expressions below the first definition and above the
second. For expressions bel ow the second definition, Mathcad uses the second
definition. Figure 6 illustrates aworksheet in which some variables are defined
twice.
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| % File Edit Diew Insert Format Math Symbolics Books Window |

= ssannmn=E¢
<
Start with these definitions . _ .
v = 1000 n =3 R = 0820662 T =373
Compute P . ..
p - R-T
: Vv P = 0.092

Now change the definitions of Yand T . ..

Y = b0o T = 323

These new definitions apply everywhere below their position in the
document . ..

auto ,W Fage 1 -
Figure 6: A worksheet in which V and T are both defined twice.

Global definitions

Global definitions are exactly like local definitions except that they are evalu-
ated before any local definitions. If you define a variable or function with a
global definition, that variable or functionisavailable to al local definitionsin
your worksheet, regardless of whether the local definition appears above or be-
low the global definition.

Totype aglobal definition, follow these steps:

m Typeavariable name or function to
be defined.

m Pressthetilde (~) key. The global

definition symbol appears. R=4

m Type an expression. The expression

can involve numbers or other glob- R =.0820562|

aly defined variables and functions.

Y ou can use global definitions for functions, subscripted variables, and anything
else that normally uses the definition symhef’* Just type a tilde instead of a
colon, and Mathcad will show the global definition symlsglih place of “=" .
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Thisis the algorithm that Mathcad usesto evaluate all definitions, global and
otherwise:

m First, Mathcad takes one pass through the entire worksheet from top to bot-
tom. During thisfirst pass, Mathcad evaluates global definitions only.

m Mathcad then makes a second pass through the worksheet from top to bot-
tom. This time, Mathcad evaluates all definitions made withds well as
all equations containing=".

Figure 7 shows the results of a global definition for the variaidich appears
at the bottom of the figure.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
T=———————  68lilIB ————————————7

Start with these definitions and calculations . . .

Vv = 1000 n =3 T = 3878
P - n-R-T
v P = 0.092

Now change the definitions of Vand T . ..

vV = 500 T =323
p-nRT P - 0.159
v

Since R is defined globally. its definition applies everywhere in the
document . ..

R = .0820562

auta MUM | Page 1

Figure 7: Usingthe global definition.

Although global definitions are evaluated before any local definitions, Mathcad
evaluates global definitions the same way it evaluates local definitions: top to
bottom and left to right. This means that whenever you use a variable to the
right of a ="

m that variable must also have been defined with, agnd

m the variable must have been defiraddve the place where you are trying to
use it.

Otherwise, the variable is marked in red to indicate that it is undefined.

It is good practice to allow only one definition for each global variable. Al-
though you can do things like define a variable with two different global defini-
tions or with one global and one local definition, this is never necessary and
usually serves only to make your worksheet difficult to understand.
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Evaluating expressions

To evaluate an expression, follow these steps:

m Type an expression containing any
valid combination of numbers, vari-
ables and functions. Any variables
or functionsin this expression
should be defined earlier in the
workshest.

v

m Press the=" key. Mathcad com-
putes the value of the expression 1w 667108
and shows it after the equals sign.| |2 ’ '

Figure 8 shows some calculations using the definitions from Figure 1.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |

15
<

Motion at Constant Speed

t=1156
s = 100
S
¥ o= =
t
v = 8.696
m = 1b
m-v = 130.435
1 2
1 ) —m-v? = 567.108
KE := E-m-v 2

KE = 567.108

auta MUM | Page 1
Figure 8: Calculationsbased on the variablesdefinedin Figure 1.

Whenever you evaluate an expression, Mathcad shows a final placeholder at the
end of the equation. You can use this placeholder for unit conversions, as ex-
plained in Chapter 8, “Units and Dimensions.” As soon as you click outside the
region, Mathcad hides the placeholder.

146

Chapter 6 Equations and Computation



Copying numerical results

Y ou can copy anumerical result and pasteiit either el sewhere in your worksheet

or into another application. This allows you to copy an array of numbers directly

from a spreadsheet or database into Mathcad where you can take advantage of

its free-form interface and its advanced mathematical tools, and vice versa.

Once you've performed the necessary computations, you can paste the resulting

array of numbers back to where it came from or even into another application.
Copying a single number

To copy a single number appearing to the right of an equal sign:

m Click on the result to the right of the equal sign. This puts the result between
the editing lines.

m ChooseCopy from theEdit menu. This places the result on the clipboard.

m Click wherever you want to paste the result. If you're pasting into another ap-
plication, choos®aste from that application’&dit menu. If you're pasting
into a Mathcad worksheet, chodaste from Mathcad'sEdit menu.

The Copy command will copy the numerical result only to the precision dis-
played. To copy the result in greater precision, double-click on it and increase
“Displayed Precision” on the Format Number dialog box. NoteGlopy will

not copy units and dimensions from a numerical result.

When you paste a numerical result into a Mathcad worksheet, it appears as:
m a math region consisting of a number if you paste it into empty space,
m atext string if you paste it into a text,

m a number if you paste it into a placeholder in a math region or if you paste it
into text using théath Region command on thensert menu.

Copying an array of numbers
To copy an array (vector or matrix) appearing to the right of an equal sign:

m Click on the array to the right of the equal sign. This puts the array between
the editing lines.

m ChooseCopy from theEdit menu. This places the array on the clipboard.

m Click wherever you want to paste the result. If you're pasting into another ap-
plication, choos®aste from that application’&dit menu. If you're pasting
into a Mathcad worksheet, chodaste from Mathcad'sEdit menu.

When you paste an array into a Mathcad worksheet, it appears as:
m a vector or matrix if you paste it into empty space,

m atext string if you paste it into text,
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m avector or matrix if you pasteit into a placeholder in amath region or if you
paste it into text using the Math Region command on the I nsert menu.

The Copy command will copy the numerical result to the precision with which
itisdisplayed. You can view the current display settings by double-clicking on
the result you want to copy and examining the dialog box. See Chapter 5 to
learn more about formatting numbers for display. Note that Copy will not copy
units and dimensions.

Copying numbers from a scrolling output table

When you display resultsin a scrolling output table as described on page 192,
you may want to copy some of the numbers from the table and use them else-
where.

To copy just one number from a scrolling output table, smply click on the num-
ber and choose Copy from the Edit menu. To copy more than one number from
ascrolling output table:

m Click on the first number you want to copy.

m Drag the mouse in the direction of the other values you want to copy while
hol ding the mouse button down.

m Choose Copy from the Edit menu.

To copy al the valuesin arow or column, click on the column or row number
shown to the left of the row or at the top of the column. All the valuesin the row
or column will be selected. Then choose Copy from the Edit menu.

After you have copied one or more numbers from a scrolling output table, you
can paste them into another part of your worksheet or into another application.
Figure 9 shows an example of anew matrix created by copying and pasting num-
bersfrom a scrolling output table. Note that if you copied and pasted more than
nine rows or columns of numbers from the table, they will be displayed as a new
scrolling output table.
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i+j)2

<— Column numbers

<— Copy numbers from the table.

Row numbers

a colon. Then choose
Paste from the Edit
menu.

6 8 10
<— Type y followed b
Yy = (8 10 12) yPe ¥ Y

Figure9: Creating a new matrix from numbersin a scrolling output table.

Controlling calculations

When you start Mathcad, you are in “automatic mode.” This means that Math-
cad updates results in the worksheet window automatically. You can tell you're
in automatic mode because the word “auto” appears in the message line.

If you don’t want to wait for Mathcad to make computations as you edit, disable
automatic mode by choosidgutomatic Calculation from theMath menu or

by clicking the light bulb on the toolbar. The word “auto” disappears from the
message line and the checkmark besideomatic Calculation disappears to in-
dicate that automatic mode is now off.

Automatic window update

The word “auto” on the message line indicates that you are in automatic mode.
This means that:

m As soon as you press the equals sign, Mathcad displays a resullt.

m As soon as you click outside of an equation having-adr a “=, ” Mathcad
performs all calculations necessary to make the assignment statement.
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When you process a definition in automatic mode by clicking outside the equa-
tion region, thisis what happens:

m Mathcad evaluates the expression on the right side of the definition and as-
signsit to the name on the left.

m Mathcad then takes note of all other equationsin the worksheet that are in
any way affected by the definition you just made.

m Finaly, Mathcad updates any of the affected equationsthat are currently vis-
ible in the worksheet window.

Although the equation you atered may affect equations throughout your work-
sheet, Mathcad performs only those cal culations necessary to insure that what-
ever you can see in the window is up-to-date. This optimization makes sure you
don't have to wait for Mathcad to evaluate expressions that are not visible.

In automatic mode, if you print or move to the end of the worksheet, Mathcad
automatically updates the whole worksheet.

Whenever Mathcad needs time to complete computations, the mouse pointer
changes its appearance and the wavaI'T” appears on the message line. This

can occur when you enter or calculate an equation, when you scroll, during print-
ing, or when you enlarge a window to reveal additional equations. In all these
cases, Mathcad evaluates pending calculations from earlier changes.

As Mathcad evaluates an expression, it covers it with a green cross-hatched rec-
tangle. This makes it easy to follow the progress of a calculation.

To force Mathcad to recalculate all equations throughout the worksheet, choose
Calculate Worksheet from theM ath menu.

Manual window update

In manual mode, Mathcad does not compute equations or display results until
you specifically request it to recalculate. This means that you don’t have to wait
for Mathcad to calculate as you enter equations or scroll around a worksheet.

Mathcad keeps track of pending computations while you're in manual mode. As
soon as you make a change that requires computation, the word “calc” appears
on the message line. This is to remind you that the results you see in the window
are not up-to-date and that you must recalculate them before you can be sure
they are updated.
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2
SOLUTIONS OF GENERAL QUADRATIC EQUATION: ax +bx+c =0

a:=1 b =-3 c:=2

Compute roots:

—b+!lb2—4-a-c —b—!lbz—zl-a-c
X1 = X2 =

2.a 2.a

Xl =2 X2 =1

Check results:

a-x12+b-x1+c=0 a-x22+b-x2+c=0

Figure 10: The word “calc” on the message line indicates that recalculation is re-
quired.

Y ou can update the screen by choosing Calculate from the Math menu. Math-

cad performs whatever computations are necessary to update all resultsvisible

in the worksheet window. When you move down to see more of the workshest,

the word “calc” reappears on the message line to indicate that you must recalcu-
late to see up-to-date results.

To process the whole worksheet, including those portions not visible in the
worksheet window, choog@al culate Wor ksheet from theMath menu.

To switch back to automatic mode, chodsgomatic Calculation from the
Math menu. Mathcad updates the entire worksheet and displays the word
“auto” on the message line.

When you print a worksheet in manual calculation mode, the results on the print-
out are not necessarily up-to-date. When you’re in manual mode, make sure to
chooseCalculate Wor ksheet from theM ath menu before you print.
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Interrupting calculations
To interrupt a computation in progress:

m Press[Command][Per i od]. The didog box shown below will appear.

Mathcad

& Interrupt processing

m Click “OK” to stop the calculations or “Cancel” to resume calculations.

If you click “OK,” Mathcad displays a message on the message line to indicate
that processing has been interrupted. The equation that was being processed
when you pressgdComand][Per i od] is marked with an error message indi-
cating that calculation has been interrupted. To resume an interrupted calcula-
tion, first click in the equation having the error message, then ciabsaate

from theMath menu.

If you find yourself frequently interrupting calculations to avoid having to wait
for Mathcad to recalculate as you edit your worksheet, you may wish to switch
to manual mode. To do so, disable automatic mode by chodatogatic Cal-
culation from theMath menu. This will remove the checkmark from the menu.
In manual mode, Mathcad recalculates only when you choalsalate from
theMath menu.

Starting in manual mode

If you often work in manual calculation mode, you may find it useful to start
Mathcad in manual mode rather than having to disable automatic calculation
each time you start up. To make Mathcad always start up in manual mode, do
the following:

m Double click on the Mathcad icon.

m ChooseAutomatic Calculation from theM ath menu. This command puts
Mathcad into manual mode. The checkmark beside this menu item should
now be gone.

m ChooseSave Configuration from theFile menu.
m Click “OK” in the Save Configuration dialog box.

Mathcad saves the current configuration, including the fact that it is in manual
calculation mode. From this point on, Mathcad will always start in manual mode.
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Disabling equations

Y ou can disable calculation for asingle equation by selecting it and choosing
Toggle Equation from the Math menu. With this feature, you can use Math-
cad’s equation editing, formatting, and display capabilities without having to
worry about error messages.

To disable calculation for an equation, follow these steps:
m Click on the equation you want to disable.

m ChooseToggle Equation from theM ath menu.

Mathcad shows a small rectang'e aﬂeﬂ_ % File Edit Uiew Insert Format Matl'! !
the equation to indicate that it is disapfPe————tntitk
An example is shown on the right.

You can edit a disabled equation justa g - 1
you would any other equation. Howeve 2
a disabled equation does not affect an
other calculations, nor does it reflect
changes you make to other equations in
the worksheet.

To re-enable calculation for a disabled equation:

m Click on the equation to select it.

m ChooseT oggle Equation from theM ath menu.

Mathcad removes the small rectangle beside the equation.

Note: If you disable a plot or an output table, Mathcad freezes the display for

the plot or table. Changes you make to other parts of the worksheet will not af-
fect the plot or table. If you move a disabled equation that happens to be display-
ing a result, the result will disappear. If you move a graph, whatever is inside the
graph will disappear.

Error messages

Mathcad may encounter an error when evaluating an expression. If it does, it
marks the offending expression with an error message and highlights the offend-
ing name or operator in a different color.

An error message is visible only when you click on the associated expression.
Figure 11 shows how an error message looks when you click on an expression.
You'll always be able to get on-line help about the error message by clicking on
it and pressing§iConmand]/ .
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Mathcad cannot process an expression containing an error. If the expressionisa
definition, the variable or function it is supposed to define will remain unde-
fined. This can cause any expressions that reference that variable to be unde-
fined as well. Mathcad indicates undefined variables and functions by
displaying their namesin red. Figure 12 shows how an error in the definition of
x1 causes a variable to be undefined in three different places.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
FEETE=E=—— GI09ERRS Eﬁ%ﬂ
4

SOLUTIONS TO GENERAL QUADRATIC EQUATION

a==0 b =-3 c =2
[-b+J b2—4-a-c] [b J b’ - 4 ]
x = Rl ! x2 - “bod(b 42
(2-a (2-a

Encountered a singularity while tying to evaluate
thiz. V'ou may be dividing by zero [or
very cloze to it] without knawing,

a-x%2+b-§<%+c= wi =

auta MUM | Page 1

Figure 11: Aworksheet containing an error message and several undefined vari-
ables.
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Fixing errors

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
s e |
&

SOLUTIONS TO GENERAL QUADRATIC EQUATION

a:==0 b = -3 c =2
[o-di? 4] [o-Ji? 4]
¥l = -b+Jib -4.a-¢ X2 = -b-Jib -4.a-¢
(2 a (2-a
Found a singularity while evaluating this
exprezzion. Y'ou may be dividing by zero,
a-2+b-+c= =

auta MUM | Page 1

Figure 12: The same wor ksheet but showing additional error messages. Unde-
fined variables are marked in reverse video.

Note that in an expression in which zero is either a pre-factor or numerator (for
example 0 Tk or 0/ x), Mathcad computes the result as zero, without evauating
or checking for errorsin the x expression.

If your worksheet contains several expressions with errors, as shown in Figure
12, thisiswhat to do:

m Determine which expression with an error is closest to the top of the work-
sheet. Thiserror is probably the cause of many of the other errors.

m |f necessary, consult Appendix B for information on the error message or
click on the error and press [Commrand]/ for help.

m |f you anticipate time-consuming calculations, switch to manua mode. This
will allow you to make numerous changes without having to wait for Math-
cad to recd culate. When you are ready to recalculate, choose Calculate from
the Math menu.

Once you have determined which expression caused the error, edit that expres-
sion to fix the error, or change the variable definitions that led to the error.
When you click in the expression and begin editing, Mathcad removes the error
message. When you click outside the equation (or in manual calculation mode,
when you recal culate), Mathcad recomputes the expression. If you have fixed
the error, Mathcad then recomputes the other expressions affected by the expres-
sion you changed.
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Note that when you see an error message attached to an expression, it doesn’t
necessarily mean that you should edit that expression. More often than not, the
error arises as a result of functions or variables defined farther up in the work-
sheet. Edit these other definitions to fix the error. For example, in Figure 12, all
five errors are caused by a division by zero. To fix all five error messages at
once, change the definition faras shown in Figure 13.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
= 6I20INNRR —————————7
&

SOLUTIONS TO GENERAL QUADRATIC EQUATION

a:=1 b =-3 c =2
[o.fiv? 4a0) [o-fiv* 10
x] - \brJi(b -4-agq X2 -b-Jib -4-a¢
(2-a (2-a

Figure 13: Changing the definition of the variable “a” fixes all errors at once.

A note about function definitions

When you define a function, Mathcad does not try to evaluate it until you use it
later on in the worksheet. If thereisan error, the use of the function ismarked in
error, even though the redl problem may be in the definition of the function it-
self. Figure 14 shows an example of this.

When a user-defined function is marked in error, be sure to check the function
definition to find the actual source of error.
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An invalid argument to a function won't generate
an error when you define the function. The error
only arises when Mathcad encounters the
invalid argument for the first time.

Found a singularity while evaluating thiz
expression. “f'ou may be dividing by zero.

auta MUM | Page 1

Figure 14: When an error message points to a function, go back and check the
way the function was defined.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
= wwm=———5
A simple recursive function definition.

factorial(n}) = f{n=0_1 n factorial{n - 1))

factorial( 5) = 120

Using recursion to define a periodic sawtooth wave.

Fix) = 2x period = 2

Gi{x) = if{x< period. F(x). G({x - period)})

auta MUM | Page 1

Figure 15: Mathcad all ows recursive function definitions. These let you easily
definearbitrary periodic functions.
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Chapter 7

Variables and Constants

This chapter describes valid Mathcad variable names, function
names, and numbers, including predefined variables like Tt

Mathcad handles imaginary and complex numbers as easily as it
does real numbers. Mathcad variables can have imaginary or
complex values, and most Mathcad built-in functions can take
complex arguments. This chapter describes how to use complex
numbers in Mathcad.

The following sections make up this chapter:
Names
Vdid variable and function names; how to type Greek letters.

Predefined variables
Ligt of variables that have values when you start Mathcad.
Numbers
Redl, imaginary, hexadecimal, and octal numbers; dimensional values.

Complex numbers
How to use complex numbersin Mathcad.
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Names

This section describes valid Mathcad variable and function names.

Names in Mathcad can contain any of the following characters:

Uppercase and lowercase |etters.
The digits O through 9.
The underscore ().

aprimesymbol (’ ). Note that this is not the same as an apostrophe. You'll
find the prime symbol on the same key as the tille (

percent 4.

Greek letters. To insert a Greek letter, type the equivalent roman letter and
presgCt r | ]G The section “How to type Greek letters.” contains a table of
equivalent roman letters.

The infinity symboleo, generated by typinit r | ]Z.

Any other character provided you tyfgé r | ][Shi f t ]P before typing that
character. This is discussed further in the section “Using an operator symbol
in a name.”

Any math expression appearing between the brackets generated by typing
[CrI][Shi ft]O This is discussed further in the section “Chemical formu-
las.”

The following restrictions apply to variable names:

A name cannot start with one of the digits 0 through 9. Mathcad interprets
anything beginining with a number as either an imaginary number &),

an octal or hexadecimal number (50 or 7h), or as a nutintesra variable
(3:X).

The infinity symboleo, can only appear as the first character in a name.

Any characters you type after a perigdiill appear as a subscript. This is
discussed in the section “Literal subscripts” later in this chapter.

All characters in a name must be in the same font, have the same pointsize
and be in the same style (italic, bold, etc.). Greek letters can, however, appear
in any variable name.

Mathcad does not distinguish between variable names and function names.
Thus, if you defind(x), and later on you define the variablgou will find
that you cannot udéx) anywhere below the definition fér
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m Certain names are aready used by Mathcad for built-in constants, units, and
functions. Although you can redefine these names, keep in mind that their
built-in meanings will no longer exist after the definition. For example, if you
define avariable mean, Mathcad’s built-in function meaw) can no longer be
used.

Mathcad distinguishes between uppercase and lowercase letters. For example,
diamis a different variable frordlAM. Mathcad also distinguishes between
names in different fonts. ThuslAM is also a different variable from AM.

The following are examples of valid names:

al pha b
xyz700 Al B2 C3 D4%@no
F1’ a%%

How to type Greek letters
There are two ways to type a Greek variable name in Mathcad:

m Typetheroman equivaent from the table on the following page. Then press
[Ctrl ]G

m Click on the appropriate |etter on Greek |etter palette. To seethis palette,
click on the button labelleddp” on the strip of buttons just below the menu
commands.

Note that although many of the uppercase Greek letters look like ordinary capi-
tal letters, they argot the same. Mathcad distinguishes between Greek and ro-
man letters. If you use a Greek letter in place of the corresponding roman letter
in a variable or function name, Mathcad will not recognize the two as equivalent.

Note: Because it is used so frequently, the Greek lattam also be typed by
pressindCt r | ]P.

The table on the following page lists all the Greek letters and their roman equiva-
lents. These are the same roman equivalents used in the Symbol font. To insert
an uppercase Greek letter, use the uppercase roman equivalent. To insert a low-
ercase Greek letter, use the lowercase roman equivalent.
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Name Uppercase Lowercase Roman equivalent

>

apha
beta
chi
ddta
epsilon
eta

T TIm B> X wo>
m o X W Q
@ I mMm O O W

< =

gamma

iota
kappa
lambda

mu

< T > X

nu
omega

omicron

g 0oz > X

phi
phi(alternate)
pi

ps

rho

Q © € 4 & 68 0 ¢

sigma

tau

theta
theta(alternate)

upsilon

< ® ® 4 M U € 3
D

Xi

N X CcC«0 -4 »nw X< T <« T Oz r X

N

zeta
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Literal subscripts

If you include a period in avariable name, Mathcad displays whatever follows
the period as a subscript. You can use these literal subscriptsto create variables
with nameslike vel;,; and uy;,.

To create aliteral subscript, follow these steps:

m Type the portion of the name that

appears before the subscript. vel|

m Typeaperiod, followed by the por-
tion of the name that isto become vel ipj
the subscript.

Do not confuse literal subscripts with array subscripts. Although they appear
identical, they are quite different. A literal subscript, created by typing a period,
isredlly just part of avariable name. An array subscript represents a reference to
an array element. Array subscripts are generated with the left bracket key ([ ).
See Chapter 9 for adescription of how to use subscripts with arrays.

Using an operator symbol in a name

When you're in a math region, certain keystrokes insert a math operator rather
than the character you see imprinted on the key. For example, when you type
“$” you'll see a summation symbol with placeholders, not a dollar sign. Al-
though this feature makes it easier to type math expressions, it also makes cer-
tain characters impossible to use in a variable name.

To circumvent this problem, Mathcad lets you temporarily enter text mode
while you're still in a math expression. When you're in text mode, all the keys
lose their mathematical meaning. This lets you type exactly what you see im-
printed on the keys on your keyboard. For example, here’s how you define the
variablea$ to be equal to “1™:

m Typea. Do not typeb yet since at
this point, the “$” key will insert a
summation sign.

m Type[Ctrl|][Shi ft]P. The inser-
tion point turns red to show that
you're now in text mode.

m Now go ahead and tyk

m Type[Ctr]][Shi ft]P again. The
insertion point turns back into blue
to show that you are now back in
math mode.

Names 163



m Type: 1 to complete the definition.
Since you're now back in math
mode, the “.” key, like all the oth-
ers, has recovered its mathematical
meaning.

Chemical formulas

Ordinarily, a name cannot contain other operators within it. There may be times
however when you want to define a name which contains superscripts, sub-
scripts or other operators as part of it. For example, you may want assign a value
to the variable named,O. To do this:

m PresqCtr| ][Shi ft]O Thisin-
serts a pair of brackets with a place
holder between them.

m TypeH 2.

E

I
[Ty

m Press th¢Space] key to place the
H, between the editing lines.

H

m Now typeQ.
[H29]]
m Press and type the appropriate
value in the placeholder. [Hz0] =4
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Predefined variables

Mathcad includes eight variables that, unlike ordinary variables, are already de-
fined when you start Mathcad. These variables are caled predefined or built-in
variables. Predefined variables either have a conventional value, like Ttand e, or
are used as system variables to control how Mathcad works, like ORIGIN and
TOL.

Here is a complete list of Mathcad'’s predefined variables and their default val-
ues:

Variable = default value Definition and use

=3.14159... Pi. Mathcad uses the value of Ttto 15 digitsin nu-
merica calculations. In symbolic caculations, 1t
isexact. TotypeTt, press[Ctr | ]P.

e=2.71828... The base of natural logarithms. Mathcad uses the
value of eto 15 digitsin numerical calculations.
In symbolic calculations, eisexact.

o0 = 1037 Infinity. In numerical calculations, thisis an ac-
tual number of finite magnitude. In symbolic cal-
culations, this represents atrue infinity. To type
oo, press[Ctrl]Z.

% =0.01 Percent. Usethisin expressions like 10 ™o or as
ascaling unit in the placeholder a the end of an
equation with an equals sign.

TOL =103 Numerical tolerance for the various approxima:

tion algorithms (integral's, equation solving, €etc.).
For more information, see the section on the spe-
cific operation in question.

ORIGIN =0 Array origin. Specifies the index of thefirst ele-
ment of an array.

PRNCOLWIDTH =8 Column width used when writing files with the
WRITEPRN function.

PRNPRECISION =4 Number of significant digits used when writing
files with the WRITEPRN function.

FRAME =0 Used to drive animation. Set to zero when no ani-
mation isin progress.

Although these variables aready have vd ues when you start Mathcad, you can
still redefine them. For example, if you want to use avariable called ewith a
value other than the one Mathcad provides, enter a new definition, likee := 2.
The variable e takes on the new value everywhere in the worksheet bel ow the
new definition.
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Mathcad’s predefined variables are defined for all fonts, sizes and styles. This
means that if you redefireeas shown on the previous page, you can stileyse

or e as the base for natural logarithms. Note however that Greek letters are not
included. This means that”, although it is typed as “e” in the Symbol font, is

not the same number as

You can control the values ©0L, ORIGIN, PRNPRECISION, andPRNCOL -
WIDTH without having to explicitly define them in your worksheet. To do so,
chooseOptions O Built-In Variables from theMath menu. The Built-in Vari-
ables dialog box appears, as shown below.

Built-In Dariables

TOL (0.001) 0.0+ to 1.0
ORIGIN (0) [0 ]

PRNPRECISION [4] [+ J1tote

PRNCOLWIDTH [8] 1to 132

[ o [ cancel ]

To set new starting values for any of these variables, enter a new value in the ap-
propriate text box and click “OK.” Then chooGalculate Document from the

Math menu to ensure that all existing equations take the new values into ac-
count.

The numbers in brackets to the right of the variable name represent the default
values for those variables. Those to the right of the text box represent valid val-
ues of the variables.

This section describes the various types of numbers that Mathcad uses and how
to enter them into equations.
Types of numbers

Mathcad interprets anything beginning with a digit as a number. A digit can be
followed by:

m other digits
m a decimal point
m digits after the decimal point

m one of the letterh or o, for hex and octal numbeiis,orj for imaginary
numbers, an®] L, T, Qor K for numbers carrying units. These are discussed
in more detail below.
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Note that Mathcad uses the period (.) to signify the decimal point. The comma
(,) isused both to show iteration and to separate valuesin an input table. These
topics are discussed in Chapter 10, “Range Variables.”

Imaginary numbers
To enter an imaginary number, follow it witlr j, for example, ilor 2.5.
You cannot useorj alone to represent the imaginary unit. You must always
typeli orlj . If you don't, Mathcad will think you are referring to a vari-
able named eitherorj. See “Complex numbers” later in this chapter.

Dimensional values
Dimensional values are numbers associated with one of the Mathcad dimen-
sions:mass, length, time, charge, andtemperature. Mathcad uses these di-
mensions to keep track of units for dimensional analysis and unit
conversions. To enter a dimensional value, type a number followed by an up-
per or lowercas®ifor massL for length,T for time,Q for charge, oK for
temperature. For exampke, Smrepresents 4.5 mass units. For more de-
tailed information on units and dimensions, see Chapter 8, “Units and Di-
mensions.”

Octal integers
To enter a number in octal, follow it with the upper or lowercase Btter
For example256360 represents 11166 in decimal. Octal numbers must be

integers less tharf2

Hexadecimal integers
To enter a number in hexadecimal, follow it with the upper or lowercase let-
terH. For example2b9eh represents 11166 in decimal. To represent digits
above 9, use the upper or lowercase lefidghgoughF. To enter a hexadeci-
mal number that begins with a letter, you must begin it with a leading zero.
If you don’t, Mathcad will think it's a variable name. For example, use
Oa3h rather thara3h to represent the decimal number 163 in hexadecimal.
Hexadecimal numbers must be integers less than 2

Exponential notation

To enter very large or very small numbers in exponential notation, just multiply
a number by a power of 10. For example, to represent the nurib@,3ype
3*10"8.

Combining types of numbers

You can freely combine all types of numbers with various operators. Figure 1
shows some examples.
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| & File Edit Diew Insert Format Math Symbolics Books Window [BH
e WNMS=eFe————— 5
4

a==x Predefined variable a=3142

b = 123456789012  Large floating point number b=123510"

¢ =b-Ti Complex number c=5b-7
(could use 5-7] as well)

d := 14EFh Hexadecimal number d = 5369 103
(could use 14efh or 14efH as well)

e =3bL Dimensional value e = 356 length

(could use 3.51 as well)

a+4-107° = 3142

a-= - 481:10° -length”

T la

bc=6173-10"" -8642-10'"i

c

auto MUM | Page 1

Figure 1: Combining different types of numbers.

Complex numbers

As described in the preceding section, Mathcad accepts complex numbers of the
form a + bi, where a and b are ordinary numbers. You can use j instead of i if
you prefer that notation.

Complex numbers can aso arise if you enter an expression with acomplex re-
sult. Even aMathcad expression that involves only real numbers can have a
complex value. For example, if you evaluate V=1, Mathcad will returni.

Although you can enter imaginary numbers followed by either i or j, Mathcad
normally displaysthem followed by i. To have Mathcad display imaginary num-
berswith j, choose Number from the For mat menu, click on the Globa option
button, and set “Imaginary” fo See Chapter 5, “Equation and Result Format-
ting,” for a full description of this dialog box.

When typing complex numbers, remember that you cannatargealone to rep-
resent the imaginary unit. You must always t§peor 1j . If you don’t, Math-

cad will interpret the orj as a variable. When the cursor is outside an equation
that shows ilor Jj, Mathcad hides the superfluous 1.

168 Chapter 7 Variables and Constants



Complex operators and functions

Mathcad has the following special functions and operators for working with
complex numbers:

Re(2) Real part of anumber z.
Im(2) Imaginary part of anumber z
arg(2 Anglein complex plane from real axisto z Thisreturnsaresult be-

tween —Ttand Ttradians.

f The magnitude of the number z. To take the magnitude of an ex-
pression, click on it and press the vertical-bar Key “

Complex conjugate of To apply the conjugate operator to an ex-
pression, select the expression, then press double-gofehe
conjugate of the complex numbket blilis a — blil

NI

Figure 2 shows some examples of how to use complex numbers in Mathcad.

| % File Edit Diew Insert Format Math Symbolics Books IWindow 2 |
I 9020CPLH %ﬁ%l
3w s

4

r =2 g =

Define complex variables z1 and 22

zl = ..J—] 722 =r el
z1 =i z2 = -1.414 +1.414i

Now compute with them

z1+22 = -1.414 + 2.414i Re(z2) - -1.414
2122 = -1.414 - 1.414i Im(z2) - 1.414

22 - —1.414 - 1.414i sin(z2) = -2.152 + 0.302i
22 414 + 1 414i sinh(z2) = -0.302 + 2.152i
21 In(z2) - 0.693 + 2.356i

Decompose z2 in polar form

|z2| = 2 arg(z2) = 2.356

auto MUM | Page 1

Figure 2: Complex numbersin Mathcad.
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Multivalued functions

When complex numbers are avail able, many functions and operators we think of
as returning unique results become multivalued. The impact of this on logarith-
mic and exponentid functionsis discussed more fully on page 269.

Asageneral rule, when afunction or operator is multivalued, Mathcad dways
returns the value making the smallest positive angle relative to the positive real
axisin the complex plane. Thisisthe principal value.

For example, when asked to evaluate (—1)V/3, Mathcad will return .5 + .866i de-

spite the fact that we commonly think of the cube root of —1 as being 1. This is
because the numbeés+ .866 makes an angle of only 60 degrees from the posi-
tive real axis. The numbetl, on the other hand, is all the way on the other side,
180 degrees from the positive real axis.

The single exception to this rule is thi root operator described on page 241.
This operator always returns a real root whenever one is available. Figure 3 com-
pares these two alternatives.

| & File Edit Diew Insert Format Math Symbolics Books Window [BH
ER—— I =i |
4
3
|'_1 -1 +— nth root operator always

returns a real valued root.

n:=113_5%8

. - 3
exp(n-i -60-deg] exp(n-i 60 deg) +— Just as every number has two

0.5 + 0.866i m square roots, every number also
T m has three cube roots.
0.5 - 0.866i n Here, "i" is the imaginary unit.

Type ™i" to enter it.

+—Returns "principal value” of cube root. the one

(=1)7 = 0.5+ 0.866i corresponding to n=1 in the above list.

auto ,W Fage 1
Figure 3: Finding real valued roots of a negative number.
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I
Chapter 8

Units and Dimensions

Units of measurement, while not required in Mathcad equations,

can help detect errors and enhance the display of computed results.
Mathcad'’s unit capabilities take care of many of the usual chores
associated with using units and dimensions in scientific
calculation. Once you enter the appropriate definitions, Mathcad
automatically performs unit conversions and flags incorrect and
inconsistent dimensional calculations.

This chapter describes how to use units and dimensions in
Mathcad, including unit conversions and dimensional checking.

The following sections make up this chapter.

Computing with units
How to use unitsin an equation and how Mathcad catches any dimen-
siona inconsistencies.
Displaying units of results
How Mathcad displays units and how to convert from one unit to an-
other.
Changing dimension names
How to change the names of Mathcad'’s five fundamental dimensions.
Built-in units
Choosing a system of units, defining your own units in terms of funda-
mental dimensions.
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Computing with units

When you first start Mathcad, a complete set of unitsis available for your calcu-
lations. Y ou can treat these unitsjust like built-in variables. To assign unitsto a
number, just multiply it by the name of the unit. For example:

mass: 75*kg

acc: 100*m sec”2
acc_g:9.8*nf sec”2

F: mass*(acc + acc_gQ)

Figure 1 shows how these equations appear in aworkshest.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= 2N =F0——— 5
4

mass = 75 kg

m

acc = 100" acc_g = 98

s5ec s5ec

F := mass' {acc + acc_q)

F=-8235-10° -kg-m-sec”’

auta MUM | Page 1

Figure 1: Equationsusing units.

Mathcad will recognize most units by their common abbreviations. Appendix C
lists all of Mathcad'’s built-in units.

You can also use the Insert Unit dialog box to insert one of Mathcad’s built-in
units into any placeholder. The Insert Unit dialog box offers the following ad-
vantages:

= You won't have to remember the abbreviation Mathcad uses for a unit.

m You'll see at a glance all available units appropriate to the result you've
clicked on.

m You can't make any typing mistakes.
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To use the Insert Unit dialog box:

m Click in the empty placeholder and choose Unit from the I nsert menu. Math-
cad opens adiaog box with two scrolling lists.

Insert Unit

Current System is: MEKS

Dimensions are... Available units are...

Dimensionless y I
Acceleration Acres [acre] B
Angular Amps [ampl

Area Atmospheres [atm]
Capacitance BTU's [BTU]

Charge Calories [call

Insert Cancel

m Theright-hand scrolling list shows built-in units corresponding to whatever
physical quantity is selected in the left-hand scrolling list. For convenience,
when “Dimensionless” is selected on the left, a list of all available built-in
units shows on the right.

m If necessary, use the left scrolling list to display only those units correspond-
ing to a particular physical quantity. This makes it easier to find a particular
unit or to see what choices are appropriate.

m In the right scrolling list, double-click on the unit you want to insert. Mathcad
inserts that unit into the empty placeholder.

Note that Mathcad performs some dimensional analysis by trying to match the
dimensions of your result with one of the common physical quantities in the left
scrolling list. If it finds a match, you'll see all the built-in units corresponding to
the highlighted physical quantity in the left-hand scrolling list. If nothing
matches, Mathcad simply lists all available built-units on the right.

Dimensional checking

Whenever you enter an expression involving units, Mathcad checks it for dimen-
sional consistency. If you add or subtract values with incompatible units, or vio-
late other principles of dimensional analysis, Mathcad displays an appropriate
error message.

For example, suppose you had definedas 100i/sec instead of 108/sec?

as shown in Figure 2. Sineec is in units of velocity andcc_g is in units of ac-
celeration, it is inappropriate to add them together. When you attempt to do so,
Mathcad displays an appropriate error message.

Unit errors are usually caused by one of the following:

m An incorrect unit conversion,
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m A variable with the wrong units as shown in Figure 2,
= Unitsin exponents or subscripts (for example vz, OF 2 L}

m Units as arguments to inappropriate functions (for example, sin(Ohenry)).

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= N =— 5
w
=]

mass = 75-kg

m

acc = 100 —

sec

acc_g = 98-

2
s5ec

F := mass' {acc +acc_q)

[ incompatible units J

auta MUM | Page 1

Figure 2: An equation with incompatible units.

Defining your own units

Although Mathcad recognizes many common units, you may need to define
your own unit if:

m that unit isn’t in the list of built-in units in Appendix C, or
m you prefer to use your own abbreviation instead of that shown in Appendix C.

You define your own units in terms of existing units in exactly the same way
you would define a variable in terms of an existing variable. Figure 3 shows
how to define new units as well as how to redefine existing units.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

e=————— QIlIN$Y§ ———" ——-—————1717
£
kg =1M <— Define units in terms of fundamental
sec =1T dimensions.
m=1L
mass = 75 kg
m
acc = 100" acc_g = 98 >
sec sec

F := mass' {acc + acc_q)

F = 8235-1 03 - mass length time - 2 <— Result displayed in terms
of mass, length, and time
when "Display dimensions®
is checked in the Dimension
Format dialog box.

auta MUM | Page 1

Figure 3: Defining your own units.

Since units behave just like variables, you may run into unexpected conflicts.
For example, if you define the variable m in your worksheet, you won't be able
to use the built-in unitn for meters anywhere below that definition.

Displaying units of results

Mathcad automatically displays results in terms of the fundamental mnkg;
sec, coul, andK (degrees Kelvin). You can have Mathcad redisplay a particular
result in terms of any of Mathcad’s built-in units. To do so:

m Click in the result. You'll see an empty placeholder to its right. This is the
units placeholder.

m Click on the units placeholder and chobkgt from thel nsert menu. Math-
cad opens the Insert Unit dialog box. This is described in detail on page 171.

m Double-click on the unit in terms of which you want to display the result.
Mathcad inserts this unit in the units placeholder.

Another way to insert a unit is to type it directly into the units placeholder. This
method is more general since it works not only for built-in units but for units
you've defined yourself and for combinations of units.
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For example, in Figure 1, F is displayed in terms of the fundamental units kg, m
and sec. To change thisto dyne;

m Click in adisplayed result to see
the units placeholder to itsright. ‘ F = 8285 kg m-sec”
Then click on this units placehol der.

m |nthe units placeholder, type dyne.

‘F = 8235-kg-m‘secfz- dyne|

m Click outside the equation. Math-
cad displays the answer in terms of
the units you entered.

F = 8235-10° -dyne

Unit conversions

There are two ways to convert from one set of unitsto another:
m By using the Insert Unit dialog box, or
m By typing the new unitsin the units placeholder itself.

If you want to display the result in terms of one of Mathcad’s built-in units, the
simplest method is to use the Insert Unit dialog box:

m Click on the unit you want to replace.
m ChoosdUnit from thelnsert menu.

m In the scrolling list of units, double-click on the unit in terms of which you
want to display the result.

If you want to display the result in terms of something not available through the
Insert Unit dialog box, for example a unit you defined yourself or an algebraic
combination of units, you can edit the units placeholder directly. For example,
to express the result in the previous example in terms of force-pounds rather
than dynes:

m Click in the name of the unit you

- 108 .
want to replace. F = 8235107 dynel

m Delete the unit name. The calcu-
lated result disappears since Math
cad no longer knows what units to
display it in.

F=u-a

m Type in the name of the new unit

and click outside the equation. F - 1851501 Iof

Figure 4 shows$ displayed both in terms of its fundamena S units and in
terms of several combinations of units.
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When you enter an inappropriate unit in the units placeholder, Mathcad will dis-
play whatever combination of kg, m, sec, coul, or K makes the result have the
right units. For example, in the last equation in Figure 4, you see that KW [secis
not aunit of force. Mathcad therefore inserts m™1 to cancel the extra length di-
mension.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
s =5
_2 -2 et

mass = 75 kg acc == 100 -m- sec acc_g == 9.8 m sec

F = mass (acc + acc_g)

F =8235-1 03 -kg-m-sec” 2 «— Default display using fundamental
MKS units. Click on result to see

3 the "units placeholder®

F = 8.2356-10" -newton
<— Type desired unit in the units

8 placeholder.
F = 8.235-10" -dyne
F = 8235 _IOUIe <— ''ou can type combinations of

) cm units in the units placeholder.

<— Since kW sec is not a force unit,
Mathcad inserts an extram-1 to
make the units come out right

F=8235.-m ' kW sec

auto ’W Page 1 .
Figure 4: A calculated result displayed in terms of different units.

Whenever you enter units in the units placeholder, Mathcad dividesthe value to
be displayed by whatever you enter in the units placehol der. This ensures that
the complete displayed result — the nuntb®es the expression you entered
for the placeholder — is a correct value for the equation.

Conversions involving an offset in addition to a multiplication, for example
gauge pressure to absolute pressure, cannot be performed directly with Math-
cad’s unit conversion mechanism.

In particular, when working with temperature, keep in mind that you cannot use
Mathcad’s unit conversions to convert between Fahrenheit and Centigrade. You
can, however, perform conversions of this type by defining suitable functions.
See Chapter 6 for more on defining your own functions.

Scaling results

The techniques described in this chapter are not restricted to units. You can put
any variable, constant or expression in a units placeholder. Mathcad will then re-
display the result in terms of the value of whatever is in the units placeholder.
Just remember that whenever you type something in the units placeholder, Math-
cad will change the calculated result so that the complete displayed result — the
numbertimes the expression you entered in the placeholder — is correct.

Displaying units of results 175



For example, you can use the units placehol der to display aresult asamultiple

of . Todo so:
m Click on the units placehol der.
4509 _ 0 oes J
11750
Click on 1ton the symbol palette. 4509
Then click outside the equation. 11750 0122 -m
Mathcad showstheresult in terms
of 1t

Y ou can also use the units placehol der for dimensionless units like degrees and
radians. To convert anumber in degrees to radians, multiply it by the built-in
unit rad. You can dso type deg into the units placehol der to convert the result
from radians to degrees. Figure 5 shows some examples of these techniques
with deg.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

805006 =—————b8 5
43

30 deg = 0524 sin( 45 -deq) = 0.707

T
360 -deg = 6.283 Sin[Z] = 0.707

To see answer in degrees, type " deq " for final placeholder.

Before starting : asin{ 5) = 0524
After converting : asin( b ) = 30 deg
Scaled by # : asin( b)=0167=x

auta MUM | Page 1

Figure 5: Using dimensionless unitsin placeholders.
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Built-in units

When you start Mathcad, the MK S system of unitsis automatically loaded. This
means that when you use the equal sign to display aresult having units, Math-
cad will display those unitsin terms of some combination of m, kg, sec, coul,
and K. You can of course, as discussed on page 174, convert this combination of
m, kg, sec, coul, and K into a different unit by typing that unit into the units
placeholder. However, until you do so, Mathcad will use the MK S fundamental
unitsto display your result.

Y ou can have Mathced display resultsin terms of the fundamental CGS or the
fundamental US units. To do so, choose Options] System of Unitsfrom the
Math menu. Y ou will see the dia og box shown below:

Change System of Units

Default Units are:
W

@ MKS ouns.

(LGS ) None

Click on the button corresponding to the default units in which you want to dis-
play results. The table below summarizes what each button does.

MKS Displays resultsin terms of m, kg, sec, coul, and K.

CGS Displays resultsin terms of cm, gm, sec, coul, and K.

us Displays resultsin terms of ft, Ib, sec, coul, and K.

none Displays resultsin terms of fundamental dimensions of length,
mass, time, charge and absolute temperature All built-in units are
disabled.

Most units are availablein all three systems of units. For example, when CGSis
selected, you'll still be able to ukg andlb even though these are not, strictly
speaking, part of theGS system of units. A small minority of units are not avail-
able across all three systems of units. For a listing of which units are available in
each system, see Appendix C.

If you click “none” in the Change System of Units dialog box, there will be no
built-in units at all. You can, however, still define and use your own units as de-
scribed on page 172. To do so, you use the special built-in congtaritst,

1T, 1Q, and1K. These represent the dimensitagth, mass, time, charge, and
absolutegemperature. When you click “none,” Mathcad will display answers in
terms of the fundamental dimensiondeigth, mass, time, charge, andtempera-

ture rather in terms of any system of units. Figure 6 shows how to define units
using these built-in constants and how to carry out the analysis in Figure 1 after
having done so.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

BINSYS =—"w—wn— 5
43

kg =1M <— Define units in terms of fundamental
sec = 1T dimensions.
m =1L

mass = 75 kg

m m
acc = 100 —— acc_g = 9_8-—:2
sec sec

F := mass' {acc + acc_q)

F = 8235-1 03 - mass length time - 2 <— Result displayed in terms
of mass, length, and time
when "Display dimensions®
is checked in the Dimension
Format dialog box.

[ ate [t [Paget |
Figure 6: Using the constants 1L, 1M, and 1T to define a system of units.
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Changing dimension names

The previous section showed how you can display aresult in terms of the funda-
mental units of either of three systems of units or in terms of the fundamental
physical dimensions of mass, length, time, charge and temperature. This section
describes how to go even further and actualy change the names of the funda-
mental dimensions altogether.

Thismay be useful if the nature of your work makes another set of fundamental
dimensions more appropriate. Thus, acommodities trader may prefer to use

bushels and currency rather than charge and temperature; a car salesman might

define trucks and sedans rather than length and mass. In short, adimension is

nothing more than away of tagging numbers so you can keep better track of

them. It just so happens that in physical problems, it's convenient to name these
dimensionsnass, length, time, charge andtemperature.

To change the names of the dimensions:

m ChooseOptions[] Dimensional Format from theMath menu. This brings
up the Dimensional Format dialog box shown below.

Dimensional Format

[] Display dimensions

Dimension names:

M [mass]
L [lengthl]
T [timel
0 [chargel
K [temp]

m Click on the check box beside Display dimensions.

m To change a dimension name, edit the name shown in the appropriate text
box.

Renaming the dimensions in this dialog box changes the dimension names only
for the Mathcad worksheet you are working on. To make these dimension
names a permanent part of your Mathcad configuration, cl@wseConfigu-

ration from theFile menu and click “OK” in the dialog box. See Chapter 3 for
more on configuration files.
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I
Chapter 9

Vectors and Matrices

This chapter describes Mathcad arrays. While ordinary variables
(scalars) hold asingle value, arrays hold many values.

Asiscustomary in linear algebra, arrays having only one column
will often be referred to as vectors. All others are matrices. The
following sections make up this chapter.

Creating a vector or matrix

How to create or edit vectors and matrices
Computing with arrays

Defining variables as arrays and using them in expressions.
Subscripts and super scripts

Referring to individua array elements and columns.
Displaying vectors and matrices

How Mathcad displays answersinvolving matrices and vectors.
Limitson array sizes

Limits on the sizes of arrays to be stored, displayed, or entered.
Vector and matrix operators

Operators designed for use with vectors and matrices.
Vector and matrix functions

Built-in functions designed for use with vectors and matrices.
Doing calculationsin paralle

Using Mathcad'’s “vectorize” operator to speed calculations.
Simultaneous definitions

Using vectors to define several variables simultaneously.
Arrays and user-defined functions

Using arrays as arguments to user defined functions.

Nested arrays
Arrays in which the elements are themselves arrays.
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Creating a vector or matrix

A single number in Mathcad is called ascalar. A column of humbersis a vector,
and arectangular array of numbersis called amatrix. The general term for a vec-
tor or matrix isan array.

There are three ways to create an array:

m By filling in an array of empty placeholders as discussed in this section. This
technique is useful for arrays that are not too large.

m By using range variablesto fill in the e ements as discussed in the following
chapter on range variables. This technique is useful when you have some ex-
plicit formulafor the elementsin terms of their indices.

m By reading them in from a datafile as discussed in Chapter 18.

Y ou may wish to distinguish between the names of matrices, vectors and scalars

by font. For example, in many math and engineering books, names of vectors

are set in bold while those of scalars are set in italic. The section “Math fonts” in
Chapter 5, “Equation and Result Formatting” describes how to do this.

Creating a vector

A vector is an array or matrix containing one column. To create a vector in
Mathcad, follow these steps:

m Click in either a blank space or on a placeholder.

m ChooseMatrix from thelnsert =——— Malin
menu. A dialog box appears, as
shown on the right. pous: [ coumns: 8|

| Create )| (aswt ) [ Beieie ) [ Cancel )

m Enter the number of elements in the text box beside “Rows.” For example, to
create a three-element vector, tye

m Enterl in the text box beside “Col- J
umns.” Then click “Create.” Math- | | |*
cad inserts a vector of placeholder || "

The next step is to fill in these placeholders with scalar expressions. To do so,
follow these steps:
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m Click on the top placeholder and 2
type 2.

m Movetheinsertion point to the next 2
placeholder. Y ou can do this by
clicking directly on the second
placehol der.

m Type 3 on the second placehol der.
Then move the insertion point to
the third placeholder and type 4.

2
3

4

If you're going to need several vectors in your calculation, you can leave the In-
sert Matrix dialog box up for later use.

Once you have created a vector, you can use it in calculations just as you would
a number. For example, to add another vector to this vector, follow these steps:

m PresgSpace] to enclose the entire
vector is now between the editing | | [2
lines. This ensures that the plus 3
sign you type next will apply to the| | |4
whole vector rather than to one of
its elements.

m Type the plus keyH). Mathcad
shows a placeholder for the secon
vector. 3|+l

m Use the Insert Matrix dialog box to [~ d
create another three-element vect

3|+ |n
4] s
m Fill in this vector by clicking in 2 (o
each placeholder and typing in the
numbers shown on the right. MR
4]
m Press the equals sign)(to see the
result. o1 [?
+|1 = 14|«
-1 s
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Addition is just one of Mathcad’s vector and matrix operations. Mathcad also in-
cludes matrix subtraction, matrix multiplication, dot product, integer powers, de-
terminants, and many other operators and functions for vectors and matrices.
Complete lists appear in the sections “Vector and matrix operators” and “Vector
and matrix functions,” later in this chapter.

Creating a matrix

To create a matrix, first click in a blank space or on a placeholder. Then:

m ChooseMatrix from thelnsert = \atrin
menu. The dialog box shown on
the right appears. Rouws: Lolumns:

[ create )| [mset ] [ Bewte ] [ Cancel )

m Enter a number of rows and a num
ber of columns in the appropriate [j ' ']
boxes. In this example, there are naa
two rows and three columns. The
click on “Create.” Mathcad inserts
a matrix of placeholders.

the matrix as described in the pre-

m Fill in the placeholders to complete [
vious section for vectors.

2 b5 17
3539 -129

You can use this matrix in equations, just as you would a number or vector.

Throughout this manual, the term “vector” refers to a column vector. A column
vector is identical to a matrix with one column. You can also creai gector

by creating a matrix with one row and many columns. Operators and functions
which expect vectors always expect column vectors. They do not apply to row
vectors. To change a row vector into a column vector, use the transpose operator
[Crl]1.

Changing the size of a matrix

You can change the size of a matrix by inserting and deleting rows and columns.
To do so, follow these steps:

m Click on one of the matrix element
to place it between the editing [2| 5 17 ]
lines. Mathcad will begin inserting || 135 3.9 -12.9
or deleting with this element.
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m Choose Matrix fromthe I nsert =—— Matrin

menu. The dialog box as shown on
the right appears. Rows: lil Columns: l:l

(irente J (Insert ] [ Delete | [ Cancel |

m Type the number of rows and/or
columns you want to insert or de- [ 5 17 ]
lete. Then click on either “Insert” 39 -129
or “Delete.” For example, to delete
the column that currently holds th
selected element, tyfdein the box
next to “Columns,”0 in the box
next to “Rows,” and click ofDe-
lete.”

Here’s how Mathcad inserts or deletes rows or columns based on what you type
in the dialog box:

m If you insert rows, Mathcad creates rows of empty placeholders below the se-
lected element. If you insert columns, Mathcad creates columns of empty
placeholders to the right of the selected element.

m To insert a row above the top row or a column to the left of the first column,
first place the whole matrix between the editing lines. To do so, click in the
matrix and presgSpace]. Then choos#latrix and proceed as you would
normally.

m If you delete rows or columns, Mathcad begins with the row or column occu-
pied by the selected element. Mathcad deletes rows from that element down-
ward and columns from that element rightward.

m If you type O as the number for “Rows,” Mathcad neither inserts nor deletes
rows. If you type 0 as the number for “Columns,” Mathcad neither inserts nor
deletes columns.

Note that when you delete rows or columns, Mathcad discards the information
in the rows or columns you eliminate.

To delete an entire matrix or vector, place the entire matrix or vector between
the editing lines and choo&wit from theEdit menu.

Computing with arrays

Variables can represent arrays as well as scalars. Defining a variable as an array
is very much like defining a scalar. First type a variable name and a colon as

you would with any other definition. Then create an array (vector or matrix) on
the other side of the equation.
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For example, to define avector v, follow these steps:

m Click in empty space and typev,
followed by the colon key (: ). v
m Choose Matrix from the I nsert =——— Malin
menu to bring up a dialog box.
Type 3 in the box next to “Rows” pows: ] coumns: [ |
andl in the box next to “Columns.’| [Tcreate | (Tasert ) (Beete | [ tancel )

m Press “Create” and fill in the ele- 2
ments. v = |3
4

You can now use the namén place of the actual vector in any equation. Fig-

ure 1 demonstrates that the variable naraed the vector itself are interchange-
able. Once you have defined a vector, you can of course define other vectors in
terms of that vector, just as if you were doing mathematics on paper.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
=  MIis=—/)—— 15
]

auta MUM | Page 1

Figure 1: Defining and using a vector variable.

Do not use the same name for a scalar variable and a vector variable. This will
simply redefine the variable.
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Subscripts and superscripts

You can refer to individual array elements by using subscripts. You can aso re-

fer to an entire column of an array by using a superscript. To type a subscript,

use the left bracket key “” and put an integer or a pair of integers in the place-
holder. To insert a superscript operator, pf€ss | ]6 and place an integer in
the placeholder.

Vector and matrix elements are ordinarily numbered starting with row zero and
column zero. To change this, change the value of the built-in vao&b&N.
See “Changing theRIGIN,” later in this chapter.

Subscripts and vector elements

The top equation in Figure 1 defines the veetdro see the zeroth (top) ele-

ment of the vectov:
\

You can also define individual vector elements by using a subscript on the left
side of a definition. To changg to 6:

m Typev[ 0=

m Typev[2:6 ‘
Yo = 4]

Figure 2 shows how this changes the value of

When you define vector elements, you may leave gaps in the vector. For exam-
ple, ifv is undefined and you defing as 10y, v4, andv, are all undefined.
Mathcad fills these gaps with zeros until you enter specific values for them, as
shown in Figure 3. Be careful of inadvertently creating very large vectors and
matrices by doing this.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= MnsfF=——-——————1i|
3]

2
vi=|3 V[|=2 V1=3 V2=4 ¥ =
4
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Now change the value of APREE

Yo =B

auta MUM | Page 1

Figure 2: Defining a vector e ement.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= MBS =F—————~7|
£
=]
¥, = 2
v. - 8 Although it may look like you've only defined
8 two numbers . . .

. .. you've actually defined an entire
vector. Mathcad "pads® the undefined
elements with zeros.

-
1}
=R = R = = D = I = D = I =

auto ’W Page 1
Figure 3: Mathcad places zeros into all elements you don't explicitly define.

188 Chapter 9 Vectors and Matrices



Subscripts and matrix elements

To view or define amatrix element, use two subscripts separated by a comma.
In general, to refer to the element in thei 1 row, j th column of matrix M, type:

Mi,j
Note that the subscripts, like division and exponentiation, are “sticky.” What-
ever you type aftdr remains in the subscript until you préSpace] to leave.

If you want to add more to the equation, pf&mace] to place the entire ma-
trix element namel, i between the editing lines.

Figure 4 shows some examples of how to define individual matrix elements and
how to view them. Notice that, as with vectors, Mathcad fills unspecified matrix

elements with zeros.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
Y MO40MELT %ﬁg"
47
Mg, g = 1 Mg.q = 3 Mg, 2 = ®
Mig=2 My 2= 6

Now show the values of the elements of M . ..

1 3 b
M =
2 0 6

M~| 2 =6 M~| 1 = 0
M? L2 T <— Since the array ORIGIN is zero, there
- — is a zeroth row and a first row...but no
Walue of subscript or superscript iz too d
big [or too zmall] for this array. second row.

auta MUM | Page 1

Figure 4: Defining and viewing matrix € ements.

You can also define the elements of a vector or matrix with a definition like
v; :=i, wherei is arangevariable. See the next chapter, “Range Variables.”

Superscripts with matrix columns

To refer to an entire column of an array, pj€2s | 16 and place the column
number in the resultant placeholder. Figure 5 below shows how to place the
third column of the matri¥ in the vectow.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

T MMSIREeee—————~"1t
{3
135 Note: the origin is 0.
_ Thus, the superscript of 2
2086 refers to the third column
of the matrix M.
{2 b "2
2
M- MT-[30
6
5 6
{2 <12

Figure 5: Using the superscript operator to extract a column froma matrix.

Y ou can aso extract asingle row from amatrix by extracting a column from the
transposed matrix. Thisis shown on the right-hand side of Figure 5.

Changing the ORIGIN

By default, Mathcad arrays begin at element zero. To change this, change the
value of the built-in variable ORIGIN. When you use subscripts to refer to array
elements, Mathcad assumes the arrays begin at the current value of ORIGIN.

For example, suppose you want all your arrays to begin with e ement one. There
are two waysto change the value of ORIGIN for the whole worksheet:

m Choose the Options [0 Built-1n Variables command from the Math menu
and change the value of ORIGIN.

m Enter aglobal definition for ORIGIN anywhere in your worksheet. For exam-
ple, to change the ORIGIN to one, type: ORI G N~1.

If you change ORIGIN to one, Mathcad no longer maintains an element zero for
vectors or a zeroth row and column for matrices. Figure 6 shows a worksheet
with the ORIGIN set to 1. Note that when you try to refer to v, Mathcad displays
an apropriate error message.

190

Chapter 9 Vectors and Matrices



El

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

MISIIRRN=—F—————_5|
ORIGIN = 1 i

Matrices:

1

WM
=+ B A v
=T = I

Maa=9 Moo ]

Walue of subscript or superscript iz too
big [or too zmall] for this array.

Since the array ORIGIN is now one, there
is no longer a zeroth row or column.

auta MUM | Page 1

Figure 6: Arrays beginning at element one instead of at e ement zero.

When you redefine ORIGIN in aworksheet, keep in mind the following sugges-
tions:

If you define ORIGIN with a definition in the worksheet rather than using the
Options O Built-in Variables menu command, use asingle globa definition.
Although you can redefine ORIGIN with a “: =" this will invariably lead to
confusion. Changin@RIGIN in the middle of a worksheet can cause confus-
ing effects. Array elements will seem to have shiftgabsitions, whera is

the difference between the @RIGIN and the nevDRIGIN.

Don't forget to typeORIGIN in capital letters. Mathcad variable names are
case-sensitive. BecauSRIGIN is a built-in variable, its name is not font sen-
sitive. It is however, still case-sensitive.

When you define an array, Mathcad assigns zero to any undefined elements.
See Figure 3 in this chapter for an example.

If you inadvertently define an array starting with element one \@iRGIN

is set to its default value of zero, you will get unexpected answers with array
functions likemean andfft. This is because Mathcad will automatically de-
fine x, = 0 for all these arrays. This extra element distorts the values returned
by array functions. To avoid this problem, choGgions O Built-In Vari-

ables from theM ath menu and s&RIGIN to 1 in the Built-In Variable dia-

log box.

When you seORIGIN in the Built-In Variable dialog box, its value applies to
all array variables. It is not possible to have some variables uszRb@RN
and others use a differeDRIGIN.
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m You can use ORIGIN to define variables with negative subscripts. If you set
ORIGIN to —10, all arrays will begin with element —10.

m If you reference an array element with a subscript lessGRe® N, Mathcad
marks the array reference with an error message indicating that the array in-
dex goes beyond the ends of the array.

Displaying vectors and matrices

After computing with arrays in Mathcad, your resulting arrays may be large and
unwieldy when displayed. Mathcad therefore displays matrices and vectors hav-
ing more than nine rows or columns as scrolling output tables rather than as ma-
trices or vectors. Figure 7 shows an example.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
R g #f|
]
=]

<— An array displayed as a
scrolling output table.

Figure 7: Displaying resultsina scrolling output table.

A scrolling output table displays a portion of an array. To the left of each row
and at the top of each column, there is a number indicating the index of the row
or column. Use these row and column headers to determine the index of a par-
ticular value in the table.

If your results extend beyond the table, a scroll bar will appear along the appro-
priate edge of the table. You can scroll through the table using these scroll bars
just as you would scroll through any window.
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Another way to view more of aresulting array isto enlarge the table. Toresizea
scrolling output table:

m Click the mouse just outside the equation region in which the scrolling output
table appears. This anchors one corner of the selection rectangle.

m Pressand hold down the mouse button. With the button still held, drag the
mouse across the scrolling output table. A selection rectangle emerges from
the anchor point.

m When the selection rectangle just encloses the equation region, rel ease the
mouse button.

m Move the mouse pointer to the right or bottom edge of the selection rectangle.
It will change to a double headed arrow.

m Pressand hold down the mouse button. With the mouse button still pressed,
move the mouse. The scrolling output table will be stretched in the direction
of the motion.

m Oncethe scrolling output tableisthe right size, release the mouse button.
Click outside the selection rectangle to deselect the equation region.

In addition to being able to resize and scroll through a scrolling output table,
you can copy one or more values from it and paste them into another part of
your worksheet or into another Windows application. For information on copy-
ing results from a scrolling output table, see page 148.

Changing the display of arrays

Although matrices and vectors having more than nine rows or columns are auto-
matically displayed as scrolling output tables, you can have Mathcad display
them as matrices. To do so:

m Click on the scrolling output table.

m Choose Number from the For mat menu.

m Click on the box beside “Display as Matrix.” The box should now be checked.
m Click the “OK” button.

To display all the matrices and vectors of results in your worksheet as matrices
regardless of their size:

m Click on an empty part of your worksheet.
m ChooseNumber from theFor mat menu.
m Click on the box beside “Display as Matrix.”

m Make sure the “Global” radio button is filled and click “OK”.
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Graphical display of matrices

In addition to looking at the actual numbers making up an array, you can aso
see agraphica representation of those same numbers. There are three waysto
do this:

For an arbitrary array, you can use the various three dimensional plot types
discussed starting at Chapter 21, “Surface plots.”

For an array of integers between 0 and 255, you can look at a gray scale im-
age by choosingicture from thelnsert menu and entering the array’s hame
in the placeholder.

For three arrays of integers beyween 0 and 255 representing the red, green
and blue components of an image, by chooBitur e from thelnsert menu
and entering the array’s names, separated by commas, in the placeholder.

You'll find numerous examples of three dimensional plots of matrices beginning
with Chapter 21, “Surface plots.” An example of viewing a matrix as a gray
scale image is shown in the last Figure of Chapter 14, “Programming.”

Limits on array sizes

Mathcad has the following limits on the sizes of arrays to be defined, entered, or
displayed:

Limit on input arrays

You cannot use thigl atrix command on thensert menu to create an array
having more than 100 elements. This limitation applies whether you attempt
to create a new array or add to an existing array. You can however, create
larger arrays by either using taegment or stack functions to join arrays to-
gether, by using range variables, or by reading the numbers in directly from

a disk file. An example of how to use tggment function is shown in Fig-

ure 8. The use of range variables to create arrays is discussed in Chapter 10,
“Range Variables.” Reading files directly from a disk is discussed in Chapter
18 “Data Files.”

Limit on displayed arrays

If an array has more than nine rows or columns, Mathcad automatically dis-
plays it as a scrolling output table. You can enlarge the table or use the scroll
bars provided in order to view all of the array. If, however, you change the
local result format such that Mathcad displays it as an array rather than as a
scrolling output table, Mathcad displays only the first two hundred rows or
columns. Mathcad uses an ellipsis to indicate that rows and columns are pre-
sent but not displayed. Although Mathcad does not display these rows or col-
umns, it does continue to keep track of them internally.

194

Chapter 9 Vectors and Matrices



Limit on array size
The effective array size limit depends on the memory available on your sys-
tem. For most systems, it will usually be at least 1 million e ements. In no
system will it be higher than 8 million elements. If you try to define an array
larger than your system will accomodate, you'll see an error message indicat-
ing that you have insufficient memory to do so. The elements can be distrib-
uted among any combination of rows and columns. When only limited
memory is available and you define several very large arrays, the array size
limit may decrease.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= MISSAM——— 15
]

0! 22 7
2

M1 = —1 M2 =|5 8
3 3! ,Jg]

1 47
M1 and M2 equal to: M1 = |2 M2 = |b 8
3 6 9

Augmenting the two matrices:

N12 := augment{ M1, M2) N21 := augment{ M2, M1}
147 471

N12 =25 8 N21 = |6 8 2
369 693

auto ’W Page 1 .
Figure 8: Using the augment function to combine two matrices.

Vector and matrix operators

Some of Mathcad'’s operators have special meanings for vectors and matrices.
For example, the multiplication symbol means multiplication when applied to
two numbers, but it means dot product when applied to vectors, and matrix mul-
tiplication when applied to matrices.

The table on the next page describes Mathcad’s vector and matrix operations.
Many of these operators are available from the symbol palette. Note that opera-
tors which expect vectors always expect column vectors rather than row vectors.
To change a row vector into a column vector, use the transpose operator
[Crl]l.
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Operators not listed in this table will not work for vectors and matrices. You

can, however, use the “vectorize” operator to perform any scalar operation or
function element by element on a vector or matrix. See the section “Doing calcu-
lations in parallel,” later in this chapter. Figure 9 shows some ways to use vector

and matrix operations.

| % File Edit Diew

Insert Format Math Symbolics Books Iindow 17|

MOGOUIP S———0 %

Matrix M . . . Yectorsvandw. .. ihi
012 3+10 13 26
M =|302 ¥y =|1-4 ¥ =|-3 w = 2'¥ w=| -6
b 31 5-10 b0 100
Sum . .. Determinant _ _ . Dot and Cross Product . . . 0
2v - 60 M| - 25 vow=-5356-10°  vxw- |0
Inverse . .. 0
024 02 o008 Transpose . ..
M -| 028 -04 024 .
036 02 -0.12 w = (26 -6100)
100 Solve linear system Mx=v with inverse .
-1 X = M_1 i ]
M-M =010
0.28 13
001
X =|16.84 M-x=1[-3
1.92 50
auta MUM | Page 1

Figure9: Vector and matrix operations.

In the following table,

m A andB represent arrays, either vector or matrix.

m U andv represent vectors.

m M represents a square matrix.

= U, andy; represent the individual elements of vectoedv.
m zrepresents a scalar.

= mandn represent integers.
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Operation

Scalar
multiplication

Dot product

Matrix
multiplication

Vector/Matrix
multiplication

Scalar
division
Vector and

matrix
addition

Scalar
addition

Vector and
matrix
subtraction

Scalar
subtraction

Negative of
vector or
matrix

Powers of
matrix,
matrix inverse

Appearance

AlZ

ulv

AB

AN

Mn

Description

Multiplies each element of A by the scalar z.

Returnsascalar: < u;V;. The vectors must have
the same number of elements.

Returns the matrix product of A and B. The num-
ber of columnsin A must match the number of
rowsin B.

Returns the product of A and v. The number of
columnsin A must match the number of rowsin
V.

Divides each dement of the array A by the scalar
Z

Adds corresponding elements of A and B. The ar-
raysA and B must have the same number of
rows and columns.

Adds z to each e ement of A.

Subtracts corresponding el ements of A and B.
Thearrays A and B must have the same number
of rows and columns.

Subtracts z from each lement of A.

Returns an array whose elements are the nega-
tives of the eements of A.

n " power of square matrix M (using matrix mul-
tiplication). n must be an integer. M ! represents
the inverse of M. Other negative powers are pow-
ersof theinverse, Returns a matrix.
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Operation
Magnitude
of vector
Determinant
Transpose

Cross product

Complex
conjugate

Sum

Vectorize

Superscript

Vector
subscript

Matrix
subscript

Appearance

V]

IM |
AT
uxv

>|

2V

>,

<n>
A

Vn

Keystroke

[Cri]1
[Ctrl]8

[Ctrl]4
[Ctrll]-

[Crl]6

Description

ReturnsVv [V whereV is the complex conjugate
of v.

M must be square matrix. Returns a scalar.
Interchanges row and columns of A.

u and v must be three-element vectors; result is
another three-element vector.

Takes complex conjugate of each element of A.

Sum dementsinv.

Treat dl operationsin A e ement by element. See
the section “Doing calculations in parallel” later
in this chapter for a complete description.

nt column of arrayA. Returns a vector.

nt element of a vector.

(m, n) " element of a matrix.

Vector and matrix functions

Mathcad includes functions for manipulating arraysin ways that are common in
linear algebra. These functions areintended for use with vectors and matrices. If
afunctionisnot explicitly set up to take avector or matrix argument, it is inap-
propriate to supply oneto it as an argument. Note that functions which expect
vectors always expect column vectors rather than row vectors. To change arow
vector into a column vector, use the transpose operator [Ct r | ]1.

The following tables list Mathcad’s vector and matrix functions. In these tables,

m A andB are arrays, either vector or matrix.

VvV is a vector.

M andN are square matrices.

Zis a scalar expression.

Names beginning witm, n, i orj are integers.
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Size and scope of an array

Mathcad provides several functions that return information about the size of an
array and its elements. Figure 10 shows how these functions are used.

Function Name Returns...

rows(A) Number of rowsinarray A. If A isascaar, returns 0.
cols(A) Number of columnsin array A. If A isascdar, returns 0.
length(v) Number of elementsin vector v.
last(v) Index of last element in vector v.
max(A) Largest dement in array A. If A has complex e ements, re-
turnsthe largest red part plusi timesthe largest imaginary
part.
min(A) Smallest element in array A. If A has complex elements, re-
turns the smallest real part plusi times the smallest imagi-
nary part.
| % File Edit Diew Insert Format Math Symbolics Books Window 17|
T MININE———————115
i
Matrix M . . . B
0 1
M:=|b 3 cols(M) = 2 <— Returns no. of rows and
columns in M.
6 -2 rows( M) = 3
mn{M) = -2 <— Returns largest and smallest
values in M.
max({M) = 6
Vectorv . ..
13
v=|3 length(v¥] = 3 <— no. of elements in v
50 last({v) = 2 <— index of last element in v.
auta MUM | Page 1

Figure 10: Vector and matrix functions for finding the size of an array and infor-
mation about its € ements.
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Special types of matrices

Y ou can use the following functions to derive from an array or scalar a special
type or form of a matrix.

Function Name Returns...

identity(n) Ann x nmatrix of 0’s with 1's on the diagonal.

Re@) An array of the same size Asbut with the imaginary parts
of each element set to 0.

Im(A) An array of the same size Agut with the real parts of
each element set to 0.

diag) A diagonal matrix containing on its diagonal the elements
of v.

geninv@) The left inverse matrik of A, such that.[A =1, wherel

is the identity matrix having the same number of columns
asA. Matrix A is anm x n real-valued matrix, whema = n.

rref(A) The reduced-row echelon form Af
| % File Edit Diew Insert Format Math Symbolics Books Window 17|
= MMt =0\~ ————5
4
=]
2 2.0 0 0
v |8 _ 0800
g diag(v) = <— A diagonal matrix
00 9 0 formed from a vector.
7 00 0 7
2 1 0 -1
- <— The reduced-row echelon
A= |4 mef(A) =] 0 1 2 form of a matrix.
2 12 0 0 0
b+ 2 2
B = 2b4 - 3i Im(B) = |-3 <— The imaginary part of a

matrix.
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Figure11: Functionsfor transforming arrays.
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Special characteristics of a matrix

Y ou can use the functions in the following table to find the trace, rank, norms,
and condition numbers of a matrix.

Function Name Returns...

tr(M) The sum of the diagond eements, otherwise known as the
trace, of M.

rank(A) Therank of the rea-valued matrix A.

norm1(M) TheL; norm of the matrix M.

norm2(M) TheL, norm of the matrix M.

norme(M) The Euclidean norm of the matrix M.

normi(M) Theinfinity norm of the matrix M.

condl(M) The condition number of the matrix M based on the L,
norm.

cond2(M) The condition number of the matrix M based ontheL,
norm.

conde(M) The condition number of the matrix M based on the Euclid-
ean norm.

condi(M) The condition number of the matrix M based on theinfin-
ity norm.

Forming new matrices from existing ones

Mathcad provides two functions for joining matrices together, either side by
side, or one on top of the other. Mathcad also provides afunction for extracting
asmaller matrix from alarger one. Figures 12 and 13 show some examples.

Function Name Returns...

augment(A, B) An array formed by placing A and B side by side. The ar-
rays A and B must have the same number of rows.

stack(A, B) An array formed by placing A above B. The arrays A and
B must have the same number of columns.

submatrix(A, ir, jr,ic, jc) A submatrix of A consisting of al elements contained in
rowsir through jr and columnsic through jc. To maintain
order of rows and/or columns, make sureir < jrandic <jc,
otherwise order of rows and/or columns will be reversed.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

E JINR ==&—+”™f_75
{7
1 7 1 -1 -2 1 2
M=|b & 2 A= -3 -7 B =3 7
6 9 3 -4 -9 4 9
Joining matrices....
Use "stack” to place one matrix Use "augment® to place one matrix
above another. beside another.
-1 -2
8 - 17 1-1 -2
stack(A B) - -4 -9 augment(M A) = | 5 8 2 -3 -7
6 9
auta MUM | Page 1

Figure 12: Joining matricestogether with the stack and augment functions.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
FT=F - umMIm=—70212=——_%
]

1 7 1 4 4 ORIGIN =0
-b -8 -2 3 3
M:=|-6 -9 -3 2 3
1 2 3 4 3
4 5 b5 6 8

submatrix(M.1.2.0.2) =

contained in both rows 1 and 2

(—5 -8 -2 ) <— Extracts all elements
and columns 0, 1 and 2.

-2 -8 -b _ ;
submatrix(M.1.2.2.0) = ( ) <~ Swapping the last two

arguments reverses the
order of the columns.

submatrix(M.2.1.2.0) =

scalar arguments reverses

(—3 -9 -6 ) <— Swapping the first two
the order of the rows

[ ate | WM [Paget |
Figure 13: Extracting a submatrix froma matrix using the submatrix function.
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Eigenvalues and eigenvectors

Mathcad provides functions for working with eigenvalues and eigenvectors of a
matriX. Figure 14 shows how some of these functions are used.

Function Name Returns...

eigenvals(M) A vector containing the eigenvalues of the matrix M.

eigenvec(M, 2) A matrix containing the normalized eigenvector corre-
sponding to the eigenvalue z of the square matrix M.

eigenvecs(M) A matrix containing normalized eigenvectors correspond-
ing to the eigenvalues of the square matrix M. The n? col-
umn of the matrix returned is an eigenvector corresponding
to the n" eigenvalue returned by eigenvals.

genvas(M, N) A vector v of computed eigenval ues each of which satisfies
the generdized eigenvalue problem M X = v;[NIX. Matrices
M and N contain real values. Vector x is the corresponding
eigenvector. M and N are square matri ces having the same
number of columns.

genvecy(M, N) A matrix containing the normalized e genvectors corre-
sponding to the eigenvalues in v, the vector returned by
genvals. The n column of this matrix is the e genvector x
satisfying the generaized eigenvalue problem
M =v, [NX. MatricesM and N are real valued square ma-
trices having the same number of columns.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T=———— MIiINlf ——————17
]
=]

Finding eigenvalues and eigenvectors of a real matrix

1 -7 & 3805 + 1.194i
A=13 0 10 c = eigenvals( A) c = | 3.805 - 1.194i
2 5 -1 ~7.609

To find the eigenvector corresponding to an eigenvalue. use s/gesvec...

0.143 + 0.626i
v o= eigenvec(A, Cl]) v = | 0114 - 0.63i [w] =1
0.076 - 0.414i
Check... d
-0.203 + 2.554i -0.203 + 2.554i
A-wv = | 1.188 - 2.261i cgv = | 1.188 - 2.261i
0.783 - 1.484i 0.783 - 1.484i
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Figure 14: Finding eigenvalues and eigenvectors.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

g MIfIN 2 0 —T—"—~if|
{3
Finding eigenvalues and eigenvectors of a real matrix . . =]

1 -2 6 0.10b
A=13 0 10 c = eigenvals{A) ¢ = | 7497
2 -1 -7.602

To find all the corresponding eigenvectors at once...

0873 0.244 -05b4
v = eigenvecs| A) v = |-0408 081 -0574
-0.266 0534 0603

The first column of v is the eigenvector corresponding to 0.105, the first
element of c. Similarly. the second column of v is the eigenvector
corresponding to 7.497, the second element of c.

auto ’W Page 1 -
Figure 15: Using eigenvecsto find all the el genvectors at once.

Decomposition

Mathcad PLUS offers some additiona functions for performing the cholesky de-
composition, the QR decomposition, the LU decomposition, and the singular
value decomposition of amatrix. Some of these functions return two or three
matrices joined together as one large matrix. Use submatrix to extract these two
or three smaller matrices. Figure 16 shows an example.

Function Name Returns...

cholesky(M) A lower triangular matrix L suchthat LILT = M. This uses
only the upper triangular part of M. The upper triangular of
M, when reflected about the diagonal, must form a positive
definite matrix.

gr(A) A matrix whose first n columns contain the square, or-
thonormal matrix Q, and whose remaining columns contain
the upper triangular matrix, R. Matrices Q and R satisfy
the equation A = Q[R, where A isareal-valued array.

lu(M) One matrix containing the three square matrices P, L, and
U, adl having the same sizeas M and joined together side
by side, in that order. These three matri ces satisfy the equa-
tion P =L[U. L and U are lower and upper triangular re-
spectively.
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svd(A)

svds(A)

One matrix containing two stacked matricesU and V,
where U is the upper m x n submatrix and V isthe lower
n x n submatrix. Matrices U and V satisfy the equation

A =Umdiag(9 T, where sis avector returned by svds(A).
Aisanmx n array of real values, wherem=n.

A vector containing the singular values of the m x n real-
valued array A, wherem=n.

B

El

| % File Edit View Insert Format Math Symbolics Books Window

1]

Q =

0312 0.279
0.717 D0.553
-0.623 0.776

0117

submatrix{ M.

o o o =
o o = o

E— |
47

4
1 M = gr{A)
[
-0.411 -0.81 3.208 0.312 1933
0117 0407 0 6.823 3.415
-0.072 0.064 0 0 6.213
0901 -0.417 0 0 0
0.3.0.3) R := submatrix(M. 0.3 4 6)
0o 1 2 -
0o 23 4 4
Q- =
10 -2 51 1
01 0 08 6
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Figure 16: Using the submatrix function to extract the results from the rq func-
tion. Use submatrix in a similar way to extract results fromthe lu and svd func-

tions.

Solving a linear system of equations

With Mathcad PLUS, you'll be able to use tHeolve function to solve a linear
system of equations. Figure 17 shows an example. Note that the ar@lifoent
Isolve must be a matrix that is neither singular nor nearly singular. A matrix is
singular if its determinant is equal to zero. A matrix is nearly singular if it has a
high condition number. You may want to use one of the functions described on
page 201 to find the condition number of a matrix.

Function Name Returns...

Isolve(M, v)

A solution vector x such that MX =v.

Alternatively, you can also solve a system of linear equations by using matrix in-
version as shown in the lower right corner of Figure 9.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T i =e————— 5
4

3x+ 6 ¥ = 9
<— System of equations to be solved.

2%+ bdy=4

3 6 9 <— Create your matrix and vector.
= ¥ o=
2 b4

1.844 <— VYalue for x satisfying the system of equations.
Isolve (M. v) = ( )

0578

<— VYalue for y satisfying the system of equations.

auto ’W Page 1
Figure 17: Using Isolve to solve 2 equationsin 2 unknowns.

Doing calculations in parallel

Any calculation Mathcad can perform with single vaues, it can also perform
with vectors or matrices of values. There are two waysto do this:

m By iterating over each el ement using range variables as described in the next
chapter “Range Variables.”

m By using the “vectorize” operator described in this chapter.

Mathcad’s vectorize operator allows it to perform the same operation efficiently
on eaclelement of a vector or matrix.

Mathematical notation often shows repeated operations with subscripts. For ex-
ample, to define a matriR by multiplying corresponding elements of the matri-
cesM andN, you would write:

Pij=Mij N j

Note that this is not matrix multiplication, but multiplication element by ele-
ment. Itis possible to perform this operation in Mathcad using subscripts, as de-
scribed in the next chapter, but it is much faster to perform exactly the same
operation with a vectorized equation.
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How to apply the vectorize operator to an expression

Here’s how to apply the vectorize operator to an expressioMIiki!:

m Select the whole expression by
clicking inside and pressing P=MN
[Space] until the right-hand side
is held between the editing lines.

m PresqCt r | ]—- to apply the vector- —
ize operator. Mathcad putsan ar- '
row over the top of the selected
expression.

How the vectorize operator changes the meaning of an expression

The vectorize operator changes the meaning of the operators and functions to
which it applies. The vectorize operator tells Mathcad to apply the operators and
functions with their scalar meanings, element by element.

Here are some examples of how the vectorize operator changes the meaning of
expressions with vectors and matrices:

m If visavector, sin(v) isanillegal expression. But if you apply the vectorize
operator, Mathcad applies the sine function to every element in v. The result
isanew vector whose elements are the sines of the elementsin v.

m If M isamatrix, VM isanillegal expression. But if you apply the vectorize
operator, Mathcad takes the square root of every element of M and places the
resultsin a new matrix.

m |f v and w are vectors, then viw means the dot product of v and w. But if you
apply the vectorize operator, the result is a new vector whosei " element is
obtained by multiplying v; and w:. Thisis not the same as the dot product.

These properties of the vectorize operator |et you use scalar operators and func-

tions with array operands and arguments. In this manual, thisisreferred to as
“vectorizing” an expression. For example, suppose you want to apply the quad-
ratic formula to three vectors containing coefficiemts, andc. Figure 18

shows how to do this whexy b, andc are just scalars. Figure 19 shows how to

do the same thing when b, andc are vectors.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
=W}  MBImM=F]7]0—%
]

Coefficients as follows . . . a =1 b =3 c =2

Compute root . ..

ax +b-x+c =20 ... should be zero

discrim = anz -4-ac discrim = 1
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Figure 18: Thequadraticformula.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
="Ml =" ——H 5
47
1 3 2
Coefficients as follows . . . a = 1 b = 2 c = 1
2 1 1
2 0 1
Compute a root . ..
-1
[—thbz—zl-a-c] -1
X =l X =
2-a -0.25 + 0.661i
0 0.707i
2 5 0
{a'Xx " +b'x+c¢) = 0 .. should be zero
0 1
_—
2 L 0
discrim = (4/b" -4 -a-c) discrim = _
2.646i
2.828i
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Figure 19: Quadratic formula with vectorsand the vectorize operator.
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The vectorize operator appears as an arrow above the quadratic formulain Fig-
ure 19. Itsuseis essentid in this calculation. Without it, Mathcad would inter-
pret ald as avector dot product and a so flag the square root of avector as
illegal. But with the vectorize operator, both ald and the square root are per-
formed element by element.

Here are the properties of the vectorize operator:

m The vectorize operator changes the meaning of the other operators and func-
tionsto which it applies. It does not change the meaning of the actual names
and numbers. If you apply the vectorize operator to asingle name, it smply
draws an arrow over the name. Y ou can use this arrow just for cosmetic pur-
poses.

m Since operations between two arrays are performed element by element, all
arrays under a vectorize operator must be the same size. Operations between
an array and a scalar are performed by applying the scalar to each element of
the array. For example, if v is avector and nisascalar, applying the vector-
ize operator to v " returns a vector whose elements are the n th powers of the
elements of v.

= You cannot use any of the following matrix operations under a vectorize op-
erator: dot product, matrix multiplication, matrix powers, matrix inverse, de-
terminant, or magnitude of a vector. The vectorize operator will transform
these operations into & ement-by-element scalar multiplication, exponentia-
tion, or absolute value, as appropriate.

m The vectorize operator has no effect on operators and functions that require
vectors or matrices. trangpose, cross product, sum of vector elements, and
functions like mean. These operators and functions have no scalar meaning.

m The vectorize operator applies only to the final, scalar arguments of interp
and linterp. The other arguments are unaffected. See “Interpolation func-
tions” in Chapter 13, “Statistical Functions.”

Simultaneous definitions

You can use vectors and matrices to define several variables at once. You do
this by placing an array of variable names on the left side of and a corre-
sponding array of values to the right. Mathcad assigns the values on the right to
the corresponding names on the left. Figure 20 shows two such definitions.
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Simultaneous definition of three variables . ..
X = 2
x 1012
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Figure 20: Smultaneous definitions.

The left side of a simultaneous definition isavector or matrix whose elements
are either names or subscripted variable names. The right side must be a vector
or matrix expression having the same number of rows and columns as the left
side. Mathcad defines each variable on the left side with the va ue of the expres-
sion in the corresponding position on the right side.

Mathcad evaluates al elements on the right hand side before assigning any of
them to the left hand side. Because of this, nothing on the right hand side of an
expression can depend on what is on the |eft hand side. Y ou aso cannot have a
variable appear more than once on the left hand side.

Simultaneous definitions are useful for iterating several equations simultane-
oudly. Several examples are described in Chapter 10, “Range Variables.”

Arrays and user-defined functions

The arguments in a function definition need not be scalar variables. They can
also be vectors or matrices. Functions can return values that are scalars, vectors,
or matrices.

Figure 21 shows some examples of functions with vector and matrix arguments
and results.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

ST MIIWMNE=—V"T——"15
£
Rotation matrix . . .
cos( & -sin(&
rotate( &) = |
sin(® cos(®
10 T 0.707 -0.707
rotate( 0y = rotate |—| =
01 4 0.707 0.707
Yector extent function . ..
extent(v¥) = max(y) -min(y)
i=0.10 v; = 10-i
extent(v) = 10 extent( 10 v) = 100 extent(-v) = 10
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Figure 21: User functions used with vectorsand matrices.

Note that if afunction expects a vector or amatrix for an argument, it will not
work on a scdar argument. In the examplein Figure 21, trying to evaluate
extent(3) will flag the equation with the an error message indicating that the ar-
gument must be an array.

If afunction returns a vector or matrix as aresult, you use the subscript and su-
perscript operators to extract specific numbers. For example, in Figure 21, you
could evaluate:

rotete (0); =0

rotate (0)<1> = ﬁ@

Nested arrays

An array element need not be a scalar. It's possible to make an array element it-
self be another array. This allows you to create arrays within arrays.

These arrays behave very much like arrays whose elements are all scalars. How-
ever there are some distinctions:

m You cannot use thiglatrix command from thénsert menu to insert an array
into a placeholder that's already inside an array.

m You cannot display the entire nested array. You will instead see a string like
“{3,2}" to indicate that a 3x 2 array is present in a particular array location.
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m Most math operators and functions do not make sense in the context of nested
arrays.

The following sections expl ore these differencesin some detail.

Defining a nested array

Y ou define a nested array in much the same way you would define any array.

The only differenceisthat you cannot use the M atrix command from the I nsert
menu when you've selected a placeholder within an existing array. You can,
however, click on a placeholder in an array and typedhe of another array
as shown in Figure 22.

Figure 22 shows three ways to define a matrix of matrices: using range vari-
ables, element by element, and with khatrix command from thénsert
menu.

In addition to those methods shown in Figure 22, you can also UREADERN
function in the array of empty placeholders created usinlyl#ieix command.
Keep in mind, however, that you can't ISBADPRN on the same file more than
once in a given matrix. THREADPRN function is discussed more fully in chap-
ter 18, “Data Files.”

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= NS —r 15
£
Three ways to define nested arrays...
Using range variables Using the Matrices c 1 Defining el t by el
m:=0.3 1
. B, =1
u:=
n=0.3 (2) 0
B1 = identity(2)
vi=(2 4)
M, |, = identity(m + 1) B, = (Bu 2 v)

- Displaying the el
= 1
My o=" vy = ( ) B =1

el (1)

V,=(2 4)
100
M, ,=10 10
00 1

Figure22: Defining nested arrays.
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Displaying nested arrays
When you display a nested array using the equal sign, you won't actually see
every element in every nested array. Such a display would be very cumbersome,
especially when you consider that an array inside an array may itself contain ar-
rays within it.

Instead, whenever an array element is itself an array, Mathcad indicates this by
showing the number of rows and columns rather than the array itself. Figure 23
shows how the arrays created in Figure 22 would appear when displayed. Each
array element is displayed either:

m As a number when the array element is simply a number, or

m As an ordered paimn, n wherem andn are the number of rows and columns
in the array which occupying that array element.

Note that théB array contains an eleme#,, which is itself a nested array. To
view this array, you would simply nest your subscripts as shown in the lower-
right corner of Figure 22.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T=——————— NSl =F——"—————"i|
]
=0.3 B, =1
" wis (‘) 0
n=0.3 2 B, = identity(2)
vi=(2 4) BZ::(BUZ")
Mm n = identity(m + 1) "
v
- Displaying ted matrices
.13 (113 (1,13 {1,13 V= (EZ’”) !
. |2z eaeaes 2 B
8.3 5.3 53 63 v = @0 p2y) %
{44} {443 @43 @43 B.=(1 2 (12
enen 5 = 1.2
augment(V V) = 12} 1.2)
(32)0,2:(2 1)
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Figure23: Displaying nested arrays.
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Operators and functions for nested arrays

Most operators and functions do not work with nested arrays. Thisis because

thereis no universally accepted definition of what the correct behavior should

bein this context. For example, thereisno clear definition of what it meansto

“invert” such an array. When you attempt to perform the usual arithmetic opera-
tions on nested arrays, you will get either an error message or a meaningless re-
sult. For the most part, nested arrays are designed only for storing and accessing
data in a convenient way.

Certain operators and functions are nevertheless useful and appropriate for
nested arrays. For example, transpose does something meaningful as shown at
the bottom of Figure 23. Operators which make sense in the context of nested ar-

rays are:
Operation Appearance  Keystroke Description

Transpose AT [Cri]l Interchanges row and col-
umns ofA.

Superscript A" [Grl]6 n ™ column of aray A. Re-
turns avector.

Vector Vn [ n " element of avector.

subscript

Matrix Amn [ (m, n) " element of amatrix.

subscript

Boolean w=z [Crl]= Boolean equals. Returns 1 if

equals thetwo nested arrays, along

with all nested arrays con-
tained within them, are identi-
cal; otherwisereturnsO.
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Useful functionsfor nested arrays tend to be those having to do with the number
of rows and columnsin an array or those used for joining or dividing arrays. In
particular, you can use the rows and cols functions to distinguish between scalar
array e ements and array elements which are themselves arrays. Both these func-
tions return a zero in the former case and the appropriate number in the latter.
The functions you'll find useful when working with nested arrays are:

Function Name Returns...

rows(A) Number of rowsin matrix A.

colg(A) Number of columnsin matrix A.

length(v) Number of elementsin vector v.

last(v) Index of last element in vector v.

augment(A, B) An array formed by placing A and B side by side. The ar-

raysA and B must have the same number of rows.

stack(A, B) An array formed by placing A above B. The arrays A and
B must have the same number of columns.

submatrix(A, ir, jr,ic, jc) A submatrix of A consisting of al elements contained in
rowsir through jr and columnsic through jc. To maintain
order of rows and/or columns, make sureir < jrandic <jc,
otherwise order of rows and/or columns will be reversed.
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Chapter 10

Range Variables

A range variable is avariable that takes on arange of values each
time you use it. Range variables greatly extend Mathcad’s
capabilities by allowing you to iterate, or loop, through repetitive
calculations.

This chapter describes range variables and shows how to use them
to perform iterative calculations, display tables of numbers, and
facilitate the entry of many data values into a table.

The following sections make up this chapter.

Rangevariables
How to step through arange of numbers by defining arange variable.
Output tables
How to display atable of numbers.
Entering atable of numbers
How to use range variables to enter a table of numbers.
Iterative calculations
How to perform iteration with one or two range variabl es.
Seeded iteration

How to perform iteration when valuesin one step depend on the values
in the previous step. Recursive techniques such as this provide the foun-
dation for solving difference equations with Mathcad.

Vector notation
When to use the “vectorize” operator rather than subscripts.
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Range variables

All iterative processes in Mathcad depend on range variables. Except for the

way it's defined, a range variable looks just like a conventional variable. The dif-
ference is that a conventional variable takes on only one value. A range variable,
on the other hand, takes on a range of values separated by uniform steps. For ex-
ample, you could define a range variable to go from —4 through 4 in steps of 2.

If you now use this range variable in an expression, Mathcad evaluates that ex-
pression five times, once for each value taken by the range variable.

Range variables are crucial to exploiting Mathcad’s capabilities to their fullest.
This section shows how to define and use range variables to perform iteration.

Defining and using range variables

To define a range variable, type the variable name followed by a colon and a
range of values. For example, here’s how to define the vajiedohging from O
to 15:

key ( ). The empty placeholder in-| |j = 4
dicates that Mathcad expects a de
nition forj. At this point, Mathcad
does not know whethgtis to be a
conventional variable or a range
variable.

m Typej and then press the colon ‘

key ( ). This tells Mathcad that j=0.15
you are defining a range variable.
Mathcad shows the semicolon as
two periods “..” to indicate a range.
Complete the range variable defini-
tion by typingl5 in the remaining
placeholder.

m TypeO. Then press the semicolon ‘

This definition indicates thatnow takes on the values 0, 1,.2 15. To define a
range variable that changes in steps other than 1, see the section “Types of
ranges” later in this chapter.

Once you define a range variable, it takes on its complete range of aades

time you useit. If you use a range variable in an equation, for example, Mathcad
must evaluate that equation once for each value of the range variable.

You must define a range variable exactly as shown above. There must be:

m a variable name on the left,

m either a “:=" or a £ in the middle, and

m a valid range on the right.
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In particular, you cannot define a variable in terms of arange variable. For ex-
ample, if after having defined j as shown you now definei :=j + 1, Mathcad as-
sumesyou aretrying to set ascaar variable equal to arange variable and marks
the equation with an appropriate error message.

One application of range variablesisto fill up the elements of avector or ma-
trix. You can define vector e ements by using a range variable as a subscript.
For example, to define x; for each value of j:

m Typex[j:j"2[Space]+1.

Figure 1 shows the vector of vaues computed by this equation. Sincej isa
range variable, the entire equation is evaluated once for each value of j. This de-
finesxj for each value of j from 0 to 15. The effect is exactly the same asif you

had typed

Xg:=02+1
X, =12+1
Xp5 =152 + 1
15
| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T N =—7"T——————————115
j=0.15 ]
¥j o= j:2 +1
N
1
2
- X 1
5 0
10 X = 2
17
—— X3 = 10
26 3
37 X? = b
b0
—65 X1 = 122
82 X15 = 226
101
122
145
170
auta MUM | Page 1

Figure 1. Using arange variable to define the values of the vector x.
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To understand how Mathcad computes with range variables, keep in mind this
fundamental principle:

If you use a range variable in an expression, Mathcad eval uates the expression
once for each value of the range variable.

This principle sums up the difference between expressions with and without
range variables. Expressions that involve no range variables have only one
value. Expressions that involve range variables take on many values, one for
each value of each range variable.

If you use two or more range variablesin an equation, Mathcad eval uates the
equation once for each value of each range variable. The section “lterative calcu-
lations” later in this chapter discusses this in more detail.

Mathcad takes longer to compute equations with ranged expressions since there
are many computations for each equation. While Mathcad is computing, the
mouse pointer changes its appearance. To learn how to interrupt a calculation in
progress, see the section “Interupting calculations” on page 152.

Types of ranges

The definition ofj in the previous section, ranging from 0 to 15, is the simplest
type of range definition. Mathcad permits range variables with values ranging
from any value to any other value, using any constant increment or decrement.

To define an arbitrary range variable, type an equation of this form:
k:1,1.1;2

This appears in your document window as:
k=1,11.2

In this range definition:

m The variablek is the name of the range variable itself. It must be a simple
name. No subscripts or function definitions are allowed.

m The number 1 is the first value taken by the range variable

m The number 1.1 is the second value in the range. Note that tbtslie step-
size. The stepsize in this example is 0.1, the difference between 1.1 and 1. If
you omit the comma and the 1.1, Mathcad assumes a step size of one in what-
ever direction (up or down) is appropriate.

m The number 2 is the last value in the range. In this example, the range values
are constantly increasing. If instead you had defined10 ..1, therk would
count down from 10 to 1. Even if the third number in the range definition is
not an even number of increments from the starting value, the range will not
go beyond it. For example, if you defike= 10, 20 ..65k will take values
10, 20, 30. . . 60.
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Y ou can use arhitrary scalar expressionsin placeof 1, 1.1, and 2. However,
these values must aways be real numbers. Complex numbers do not make sense
in range variable definitions because given two complex numbers, thereisan in-
finite number of paths connecting them. Figure 2 shows the results of various
range variable definitions.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
e "050NG |
. &
jl =0,05.8 ]
2:=10.0 o | ”
j3:=0.10 05| 2 B
j4:=02.10 [1| % o] 4
j5 :=10. 15 5 51 [ o |
:=056.18 [2] =7 2] i6
25 1 B 0
Mo 6
3 = Bl ]
e b
S N S 0]
2] ok 0]
== 8] F
a5l 5 [
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6] o]
65|
L7 |
7.5

Figure 2: Some valid definitionsfor range variables.

Note that if you use afractional increment for arange variable, you will not be
able to use that range variable as a subscript. Thisis because subscripts must be
integers.
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Output tables

Whenever you type “=" after an expression involving range variables, Mathcad
shows the computed values inartput table. Figure 2 shows the values of sev-
eral range variables displayed as output tables.

Figure 3 shows some output tables for slightly more complicated expressions in-
volving range variables.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T  l=eFe——————"1t
- ]
i=0.12 =
.o

¥ = sm[l-g]

i X i10

0 | 0 10|

L 05 10

2 | 0.866 20

e 1 80 |

4| 0.866 40

5 | 05 50

6 | 0 60 |

7| -0.5 70

8 | -0.866] [80

9 -1 90 |

0| -0.866| (100

| -0.5 110

12 0 120 ]

Figure 3: Typing “=" after an expression with range variables gives an output ta-
ble.

To create the three tablesin Figure 3, first define the range variable. Then type
these equations:

i =
x[i=
i *10=
Whenever you type an expression followed by “=" Mathcad displays:

m a number, if the result is a scalar (a single number).

m a vector or a matrix, if the result is a vector or a mainckthe expression to
the left of the “=" contains no range variables.

m atable like that shown in Figure 3 if the expression to the left of the “=" con-
tains range variables.
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A scrolling output table if the result is a vector or amatrix, the expression to
the left of the “=" contains no range variablasd the result has more than
nine rows or columns. Scrolling output tables are discussed on page 192.

Since bothx= andx| i = display the same numbers, you can think of tables as
another way of viewing the contents of a vector. Tables are particularly conven-
ient for viewing selected parts of a vector. For example, if you've defined a vec-
torv, you can view every other element of that vector by typing:

i:=0,2.lasgv)

v =

Here are some facts about output tables in Mathcad:

Mathcad shows only the first 50 values of a ranged expression in a table. For
example, even ifranges from 1 to 100, typind*2= will show only the val-

ues from 2up to 5@ in a table. To see more than 50 values, use several
range variables and several tables. You could, for example, ¢efioen 1

to 50 and2 from 51 to 100, and then show tablesjf@" 2= andj 2" 2=,

side by side.

To format the numbers in a table, click in the table and cHgos®er from
theFormat menu. Then specify your formatting preferences in the dialog

box as you would for an equation with a single numeric result. For more infor-
mation on number formatting, see Chapter 5, “Equation and Result Format-
ting.”

There are three ways to show the values in a vector. If you use a vector name
with a subscript Iike<j =, Mathcad shows an output table. If instead you type

a vector namavithout a subscript likex =, Mathcad shows the vector as a vec-
tor rather than as an output table. If you type a vector name without a sub-
script and the vector has more than nine elements, you see a scrolling output
table as described on page 192. Keep in mind that these are just three differ-
ent ways of looking at the same thing: an ordered collection of numbers.

You cannot use units with a table as you would with a single scalar answer. If
the results in a table have dimensions, Mathcad shows the dimemsions

each valuein thetable. To avoid this display, divide the ranged expression by
the desired units. Figure 4 shows an example.
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Figure4: Unitsinatable.

Entering a table of numbers

When you enter atable of numbers, you are actudly assigning elementsto a vec-
tor. This section discusses how to do this using input tables and range variables.
To enter an input table, enter a definition with a subscripted variable on one side
and a sequence of values separated by commas on the other. For example:

m Todefinei to run through four val-
ues, typei : 1; 4. Notethat i must
take integer values only. Otherwise
it can’t be used as a subscript in the
next step.

i=1.4

m Click in a new spot and typd i :
The placeholder indicates that X =
Mathcad is expecting a value faq.

m Type3 and press the comma key.

Mathcad shows another place- ¥ =
holder to indicate that Mathcad
now expects a value fas.
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m Typeb5, 15, 20 to supply values =

for x,, X3 and X,.
5

Once you have created an input table, you can do any of the following:

m |Insert avaluein the middle of atable. Click onthe vaueimmediately
above wherever you want to insert the new value. Then type a comma. Under
the selected value in the table, Mathcad creates a placeholder surrounded by a
box. To enter another number, just type it into this placeholder.

m Extend thetableto hold additional values. Click on the last value in the ta-
ble and follow the steps above for inserting avalue in the table.

m Replace or delete avalue from thetable. Place the value you want to re-
place or delete between the two editing lines and choose Cut from the Edit
menu. Mathcad replaces the value with an empty placeholder. Type a new
value in this placeholder to replace the old one. To delete the value com-
pletely and decrease the array length by onein the process, backspace over
the placeholder.

Some notes about input tables:

m Eachvaluein aninput table must be either a number or an expression that re-
turns anumber, the name of an array or an expression that returns an array.
Expressions involving range variables and expressions created by using the
Matrix command on the I nsert menu are not permitted.

m All expressionsin an input table must have the same dimensionsif any. If
you want each expression to be in meters, for example, you may havetoin-
clude the abbreviation for metersin each table entry. A shortcut isto enter the
numbers without units and redefine the vector with units by typing something
like x := x[f/sec?.

m Aninput table ordinarily has one entry for each value of the range variable
used in defining it. If the table has too few entries, Mathcad will define only
as many values as are present. If the table has too many entries, the extraen-
trieswill beignored.

m Input tables assign values only to those € ements specified by the range vari-
able. If in the previous example, the range variable definition had been
i :=10, 20 .. 40, Mathcad would have assigned values to X, g, Xoq, X3q @Nd X4
Mathcad would then pad the unassigned entries, namely x, through xg, X;4
through x, 4, and so on, with zeros. You will see these zerosif you display the
vector by typing “x=." It is possible to inadvertently create large tables this
way.
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m |nput tables are limited to 50 elements. If you want to enter more than 50 ele-
ments, enter them using several tables. Y ou could, for example, definej1
from1to50andj2 from51to 100, typex[ j 1: followed by thefirst fifty
numbers, then typex[ j 2: followed by the second fifty numbers.

m  When confronted with avery large number of data values, consider reading
them in from a datafile stored on your disk as an alternative to typing themin
with input tables. Chapter 18 on data files discusses thisin more detail.

Figure 5 shows some input tables. Note how typing x= and y= displays the e e-
ments of x and y in vector form. Mathcad ignores the last number in the input ta-
blefor y since this entry would have index 5 and the range variablei stopsat 4.
Contrast thiswith typing X[ i = asshown in Figure 3 of the previous section.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
e Ay |
- ]
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Figure5: Input tables.

Note that the first element of both vectors is zero. This is because Mathcad's ar-
ray origin is set to zero by default. Since the range varigéats at 1, the

zeroth element is never explicitly defined. In the absence of an explicit defini-
tion, Mathcad assumes a value of zero.
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lterative calculations

This section shows how to use range variables to perform iteration.

lteration over a range

The simplest kind of iteration in Mathcad is just a generalization of scalar calcu-
lations. Any calculation you can perform once, you can perform over arange of
values.

For example, suppose you want to create alist of x and y values for points on the
polar curver = cog(B) + 1. The basicideais asfollows:

m 0 should take on values between 0 and 21t
m For each 6, the corresponding r is given by r = cos(6) + 1.

m For eachr and 6, thereis acorresponding x and y given by x =r [tos(6) and
y=r [&n(0).

The strategy for solving this problem is simple: create arange variablei and
then compute 6, r, X, and y for each value of i. The formula for 6, defines 0 to
run from O to 21tin steps of 21¢N. To create the other formulas, just put the sub-
script i on each variablein the formula. Figure 6 showsthe result.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== ll=0\W———5
4

auto ’W Page 1 .
Figure 6: Using iteration to create a draw a polar curve using an X-Y plot.
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Notice that in thisexamplei, not 6, is defined as the range variable. Sincei takes
on only whole-number values, it is avalid subscript. On the other hand, 6 takes
on fractiona values. It therefore cannot be used as a subscript. In many cases,
you can avoid this extra step by using functions instead of vectors. Figure 7
shows how to generate the cardioid shown in Figure 6 with functions instead of
vectors.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T=——————  mMRIR—F————————1
N =20 £
2w
B::O,( )..2-11: rif) =cos(@)+1

Figure 7: Using a function to do the same thing as shown in Figure 6.

By using vector notation and the vectorize operator, you can eliminate the use of
asubscript in the last three equations in Figure 6. Figure 8 shows an exampl e of
how to do this.
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Figure 8: Using the vectorize operator to createa polar plot.

Equations that use vector notation instead of subscripts typically compute much
more quickly. For more information, see Chapter 9, “Vectors and Matrices.”

Multiple range variables and double subscripts

If you use two range variables in an equation, Mathcad runs through each value
of each range variable. This is useful for defining matrices. For example, to de-
fine a 5x 5 matrix whoséj th element is + j, type these equations:

i:0;4
j:0;4
X[0,] i+
Note that you don't need to typSpace] to leave the subscript in this case.
Typing: leaves the subscript and creates the definition symbol.

Figure 9 shows the result of typing the above equations. It is usually best to dis-
play the matrix in the form shown in Figure 9. If instead of typirg/ou were

to typex[ i, j =, Mathcad would show one long output table with 25 numbers.
Such a table is often difficult to interpret. A similar problem arises when you

use a pair of range variables in a graph.
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Figure 9: Defining a matrix.

Thex; ; equation is eval uated for each value of each range variable, for atotal of
25 eval uations. The result isthe matrix shown at the bottom, with 5 rows and 5
columns. The eement in thei 1 row and j 1 column of thismatrix isi +]j.

Note that if the two range variables have m and n values, respectively, then an
equation using both range variables will calculate min results. If you try to use
two range variablesin an output table, Mathcad will show these mn resultsin a
long table with one entry for each result. If you use two range variablesin a
graph, Mathcad will plot one point for each of the mn results.
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Seeded iteration

Seeded iteration is arecursive technique for solving difference equations such
asthose that arise in compound interest problems, Markov processes, and many
state variable equations. It can also be used for obtaining approximate solutions
for certain differential equations. In a seeded iteration, you specify thefirst ele-
ment of an array and then compute successive el ements based on thefirst ele-
ment. This section describes three types of seeded iteration: iterating asingle
variable, iterating multiple variables, and iterating a vector.

Seeded iteration on one variable
The classical method for estimating square roots arithmetically is as follows:
m Tofind Va, begin with aguess value.
m Compute a new guess based on the old guess, with thisformula:

OldGuess+ a/ OldGuess

NewGuess = 5

m Continue until the guesses converge to an answer.
Figure 10 shows how to implement this method in Mathcad.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
=  AsiSi =eFe0V—-——— 5
4

Estimation of ,] 700 = 26 458 using seeded iteration.

quessy = 40 N =8 i=10_N a = 700
uess = | guess; + .
9 i+1=|9 i quess; 2
quess; (gues;s;i]:2
40 16-10°

28 75 326 563
26.549 704845
26 458|700 008

RIS LN =T

26.458 700
26.458 700
26.458 200
26.458 200
26.458 200

Figure 10: Using seeded iteration to estimatea squareroot.
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The important characteristics of this example are;
m The seed value is defined asthe zeroth element of the array, guess;,.
m Each guess , ; isdefined in terms of a previously computed element.

It isthis dependence of array elements on previously computed array elements
that distingui shes seeded iteration from the more straightforward iteration dis-
cussed in the previous section.

Seeded iteration on several variables

You can use Mathcad’s vector notation to iterate several variables simultane-
ously. This variation on simple seeded iteration is a powerful method for solving
a system of simultaneous difference equations.

When you iterate several variables, each step computes the value of the vari-
ables from all of their previous values. You can’'t accomplish this with several
equations because when Mathcad sees an equation with range variables, it at-
tempts to evaluate it f@ach value of the range variable before going on to the
next equation. You must, therefore, create one equation that performs all the it-
erations simultaneously.

For example, consider an infection model with four variall&s:the number

of individuals infecteds for the number susceptibléfor the number deceased,
andr for the number recovered and hence immune. The four equations that re-
late these four variables over time are:

iry1 =0.0001 [ Oy
S+1 =5 — 0.00010%, [,
g =d; +0.550;
M1 = +0.450,

Figure 11 shows how to perform a simultaneous iteration using these equations.

The single most important thing about this example is that allHtlesubscripts

are on the left-hand side of the matrix equation. The right-hand side contains
only the subscript Mathcad evaluates all the expressions on the right-hand side
before performing any assignments to the left-hand side. This means that noth-
ing on the right-hand side can depend on something on the left-hand side.
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Figure 11: Smultaneousiteration to model an infection.

Seeded iteration on a vector

Y ou can aso perform seeded iteration starting with a vector and computing a
new vector each time. This type of iteration uses a seed vector and Mathcad’s su-
perscript operator.

A Markov processis an example of a problem that involves iteration on a vec-
tor. A Markov process begins with a vectdhat represents the starting values

of some quantities, for example, the number of voters planning to vote for differ-
ent candidates, the number of trucks at regional offices of a truck rental com-
pany, or the market share of different companies. Each step in the Markov
process computes a new vector by multiplying the previous vector by a “state
transition” matrixA.

Figure 12 shows how to set up a Markov process. This techniqusupses
scripts to index an entire column of a matrix at once. To create a superscript,
presgCt r | ]6. This generates a placeholder between angle braskets:

Here’s how to enter the equations in Figure 12:

m First, define the state transition ma
trix A. TypeA, press the colon key 502
(), and create a® matrix. To A=1.26 9 1
create a matrix, choodéatrix 251 7

from thelnsert menu.
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m Click to theright of the matrix and
typev. Then press[Ct r | ]6. Type
0 in the placeholder for the super-
script.

m Now complete the definition of the
initial vector. First pressthe colon
key (: ). Then choose Matrix from
the I nsert menu. Specify that you
want to create amatrix with three
rows and one column. Thenfill in
the matrix entries.

m Typek: 1; 8. Thisdefinesarange
variable k to count eight iterations.

m To definethe k t" vector in terms of
the (k- 1) th, typev[Ct r 1 16 k.
Then typeacolon (: ) for the defini-
tion symbol. Complete the equation
by typing this expression after the
definition symbol: A*v[Ctr1]6
k-1

m To seethe eighth (last) column of
the matrix, typev [Ctr1]6 8 =.

m To seedl thevectors as columns of
amatrix, type v= . Note that not all
the columns are displayed in the
pictureto theright.

V<E|>
10
{0>
Y =
15
k=1.8
Tk k-1>
¥ =AY
6.017
<8
¥ =129.124
14.8569

10 8 71 66b 6398
v =|2b 265 274 27.98b 28.386
15 165 165 16.36b 16217

The superscript operator actually retrieves or defines one column in a matrix.
When you define v<k> in terms of v<k~1> you are actually defining each col-
umn of amatrix in terms of the preceding column. Thelast equation in Figure
12 shows the matrix composed from these columns.
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Figure 12: Iterating a vector to model a Markov process.

Vector or subscript notation

This chapter has shown many examples using subscript notation and range vari-
ables. Chapter 9, “Vectors and Matrices,” showed many examples using vector
notation without subscripts. This distinction is important. If you use subscripts
when they are not required, or vice versa, you probably won't get the answer
you're looking for.

Subscripts refer to individual array elements. When you use range variables as
subscripts IikeMiJ, Mathcad runs through the individual elements of the array
one at a time.

Without subscripts, the variable name refers to the whole array.
Here are some rules of thumb for when to use subscripts:

m To refer to an individual array element, use numbers as subscripts. For exam-
ple, to see matrix element (2,3), tyde2, 3=.

m To refer to an array as a whole, use the array nhame without subscripts. (The
term array means either a vector or a matrix.) The array name with no sub-
scripts is appropriate for multiplying one matrix by another, applying the
mean function to an array, or viewing a whole vector or matrix — all cases
where you want to treat the array as a whole. For example, to view the whole
matrixM in Figure 13, typd/-.
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m Torefer to each of the array e ementsin succession, use the array name with
arange variable subscript. Thisis useful when defining the matrix elements
using some sort of formula. For example, to define the matrix M in Figure 13,

type three equations:
i:0;3
j:0;3
M%)
Figure 13 shows some examples of using array names with and without sub-
scripts.
| % File Edit Diew Insert Format Math Symbolics Books Window 17|
T st = 15|
]
i=0.3 j=0.3 =]
Mi =11 vi=i2+2 u; = vy
M uj Mi o Mi 4 M 2 Mi 3
o| P 0 0 0
0 i
6| 0 4 6
1] 0 6! 9]
0 0 0
3 1 48
auta MUM | Page 1

Figure 13: Array nameswith and without subscripts.
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Iterative calculations with and without subscripts

It's often faster to use vector operations to perform iterative calculations than it
is to do them element by element with a range variable. This is discussed in
more detail in the section “Doing calculations in parallel” in Chapter 9. Unfortu-
nately, not all iterative calculations can be done as vector operations. For exam-
ple, the seeded iteration technique discussed earlier in this chapter cannot be
done with vector operations.

To tell if an equation with subscripts could be rewritten using vector notation
and the vectorize operator, check the following:

m If all the subscripts in the calculation are the same, then the calculation can
probably be done quickly using vector operations. For example, consider this
equation:

X; =r;10046,)

Since this equation contains no subscript otherithianan be rewritten with
the vectorize operatof@t r | J[- ]) instead of with subscripts:

x := (rdog0))’

m If the subscripts in a calculation vary or if there is arithmetic involved in com-
puting the subscript, then the calculation probably cannot be done using vec-
tor operations. For example, seeded iteration involves the subseniulis-1
in the same eguation. Since the subscripts are not the same, and since the sec-
ond subscript involves arithmetic, this cal culation cannot be done using vec-
tor operations.

m |f the range variable appears anywhere in an equation other than in a sub-
script, the equation cannot be written using vector operations. For example,
the variable 6 below cannot be defined using the vectorize operator. Although
the range variable appears on the |eft side as a subscript, its presencein an ex-
pression on the right disgualifies the entire equation.

6, :=0.10
Figure 14 showsthe polar coordinate conversions from Figure 6 computed two

ways: using subscripts and using vector operations. The second method is much
faster in Mathcad.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== it =0e0Y1————5
4
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6, =2 N rp = cos(8;)+1
¥ =i cos( ;) ¥i =1 sin( ;)
Yector notation . . .

i
Bi =2 % [ﬁ] . .. this equation cannot be vectorized

_ _ _
r={cos{@j+1) X = (r-cos(@8) y = (r-sin(@jj

auto ’W Page 1 -
Figure 14: Changing aniterative processto vector operations.
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I
Chapter 11

Operators

Mathcad includes ordinary operators like + and /, matrix operators
like transpose and determinant, and special operators like iterated
sum, iterated product, integrals, and derivatives.

This chapter contains alist of Mathcad operators and describes
how to enter and use the specia operators.

This chapter contains the following sections:

List of operators
List of Mathcad’s operators in order of precedence.

Summations and products
How to use Mathcad’s summation and product operators.

Derivatives
How to use Mathcad’s derivative operators.

Integrals
How to use Mathcad'’s definite integral operator.

Boolean operators
How to use Mathcad’s boolean operators such as “>” and “<.”

Customizing operators

How to define your own operators just the way you define your own
functions.
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List of operators

Thisisalist of Mathcad operatorsin order of precedence. For information on ar-
ray operators, see Chapter 9. Most of the following operators are available by
clicking on one of the operator palettes. To open the operator palettes, click on
the buttons on the button strip directly below the menu commands.

In thistable:

A and B represent arrays, either vector or matrix.

u and v represent vectors with real or complex elements.
M represents a square matrix.

zand w represent red or complex numbers.

x and y represent real numbers.

mand n represent integers.

i represents arange variable.

t represents any variable name.

f represents a function.

Xand Y represent variables or expressions of any type.

Operation Appearance Keystroke Description

Parentheses (X) ' Grouping operator.

Vector Vn [ Returnsindicated element of avector.

Subscript

Matrix Amn [ Returnsindicated element of a matrix.

Subscript

Superscript ASN> [Ctrl ]6 Extracts column n from array A. Returns a vector.

Vectorize X [Ctrl ]- Forces operations in expression X to take place
element by element. All vectors or matricesin X
must bethe same size.

Factorial n! ! Returns ni{h — 1)[{n - 2)... The integer n cannot
be negative.

Complex X " Inverts the sign of the imaginary part of X.

conjugate

Transpose AT [Ctrl ]1 Returns a matrix whose rows are the columns of
A and whose columns are therows of A. A can
be avector or a matrix.

Power ZW A Raises zto the power w.
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Operation

Powers of
matrix,
matrix inverse

Negation
Vector sum

Square root
nth root
Magnitude,
Absolute value
Magnitude

of vector
Determinant
Division

Multiplication

Cross
product

Summation

Product

Range sum

Appearance

Mn

2V
Jz

|z]

v

IM |

uxv

Keystroke

AN

[Ctrl]4

[Crl ]\

[Ctrl]8

[Ctri]
[Shift]4

[Ctri]
[Shift]3

Description

n " power of square matrix M (using matrix mul-
tiplication). n must be awhole number. M ~Lis
theinverse of M. Other negative powers are pow-
ersof theinverse. Returns a square matrix.

Multiplies X by —1.
Sums elements of vecter returns a scalar.

Returns positive square root for posit&grinci-
pal value for negative or complex

Returnsn" root ofz; returns a real valued root
whenever possible.

ReturnsVRe(2)>+Im(2)2.

Returns the magnitude of the veotowv [V if
all elements irv are real. Returnév T/ if any
element inv is complex.

Returns the determinant of the square maitrix
Result is a scalar.

Divides the expressioX by the non-zero scalar
z If Xis an array, divides each elementzby

Returns the product of andY if both X andY

are scalars. Multiplies each elementrddy X if
Yis an array an¥ is a scalar. Returns the dot
product (inner product) X andY are vectors of
the same size. Performs matrix multiplication if
X andY are conformable matrices.

Returns cross-product (vector product) for the
three-element vectotsandv.

Performs summation of over

i=m m+1,...n Xcan be any expression. It
need not involve but it usually doesn andn
must be integers.

Performs iterated product &ffor

i=m m+1,...n Xcan be any expression. It
need not involve but it usually doesn andn
must be integers.

Returns a summation éfover the range variable
i. X can be any expression. It need not involve
but it usually does.
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Operation

Range product

Integral

Derivative

n" Derivative

Addition

Subtraction

Addition with
line break

Greater than
Less than

Greater than
or equal

Less than
or equal

Not equal to

Equal to

Appearance

[1x !

b
_[ f(t) ot

d
qt f®

4 [Ctrl]?
f
" ®

X+Y +

X... [Ctrl ][]

Xy [Ctrl ]0
X<y [Ctrl 19
ZEW [Ctrl 13

X=Y [Ctrl =

Keystroke

Description

Returnsthe iterated product of X over therange
variablei. X can beany expression. It need not
involvei but it usually does.

Returnsthe definite integra of f(t) over theinter-
va [a, b]. aand b must bereal scaars. All vari-
ablesin the expression f(t), except the variable of
integration t, must be defined. The integrand, f(t),
cannot return an array.

Returnsthe derivative of f(t) evauated at t. All
variablesin the expression f(t) must be defined.
Thevariablet must be ascalar value. The func-
tion f(t) must return ascalar.

Returns the n'" derivative of f(t) evaluated at t.

All variablesin f(t) must be defined. The variable
t must be a scalar value. The function f(t) must re-
turn ascalar. n must be an integer between 0 and
5 for numerica evauation or a positiveinteger
for symbolic eva uation.

Scalar addition if X, Y, or both are scalars. Ele-
ment by element addition if X and Y are vectors
or matrices of thesame size. If Xisan array and
Yisascdar, adds Y to each element of X.

Performs scalar subtraction if X, Y, or both are
scalars. Performs element by element subtraction
if X and Y are vectors or matrices of the same
size. If Xisan array and Y isascaar, subtracts Y
from each element of X.

Same as addition. Line break is purely cosmetic.

Returns 1 if x >y, 0 otherwise. x and y must be
rea scalas.

Returns 1 if x <y, 0 otherwise. x and y must be
rea scalas.

Returns 1if x 2y, 0 otherwise. x and y must be
rea scalas.

Returns 1 if x <y, 0 otherwise. x and y must be
rea scalas.

Returns 1 if z# w, 0 otherwise. zand w must be
scalars.

Returns 1 if z=w, 0 otherwise. Appears as abold
= on the screen.
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Help with typing operators

Y ou can avoid having to remember the keystrokes that go with each operator by
using the operator palettes. To open the operator palettes, click on the buttons on
the strip just bel ow the menus. Each button opens a pal ette of operators grouped
loosely by function.

Theicons on the operator palette buttons indicate what operator appears when
you click on that button. Y ou can also hold the mouse pointer momentarily over
abutton to see a balloon indicating what the button does.

To type any operator from the table on the previous pages, just click wherever
you want to put the operator, then click on its button on the appropriate operator
pa ette.

In general, operator palettes only work in math regions. To use the operator pa-
ettesin text, you must first click in the text and choose M ath Region from the
Insert menu. Thiswill create amath placeholder in the text into which you can
insert operators using the palettes.

Summations and products

The summation operator sums an expression over all values of anindex. Theit-
erated product operator works much the same way. It takes the product of an ex-
pression over al values of anindex.

To create a summeation operator in your worksheet:

m Click inablank space. Then type
[Ctrl][Shift]4.A summation !
sign with four placeholders appears. Z '

m In the placeholder to the left of the
equal sign, type avariable name.
This variableisthe index of sum-
mation. It is defined only within the
summation operator and therefore
has no effect on, and is not influ-
enced by, variable definitions out-
side the summation operator.

m In the placeholder to the right of
the equd sign, type an integer or
any expression that evaluatesto an
integer.

P;/].

E]
]
-
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m Inthe single placeholder above the

sigma, type an integer or any ex- Z \
pression that evaluates to an inte- =
ger.

m |nthe remaining placeholder, type
the expression you want to sum. Z 02
Usudly, this expression will in-
volvetheindex of summation. If
this expression has several terms,
type an apostrophe (' ) to create a
pair of parentheses around the
placeholder.

Iterated products are similar. Just type [Ctrl ][Shift ]3 and fill in the place-
holders as described earlier.

Figure 1 shows some examples of how to use the summation and product opera-
tors. You can use a summation or an iterated product just as you would any
other expression.

To evaluate multiple summations, place another summation in the final place-
holder of the first summation. An example of this appears at the bottom of Fig-
urel.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
= MR =—/]7—-— 5|
i=0.20 % = sin(0.1-iw)
20 20
>in - 210 [Twn+1 =5109:-10"
n=0 n=0

20 20
an= 0 an-n = -63.138

20 10
Z n™ = 2554-10"°
=0 m=10

auta MUM | Page 1

Figure 1: Summationsand products.
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When you use the summation operator shown in Figure 1, the summation must
be carried out over integers and in steps of one. Mathcad provides more general
versions of these operators that can use any range variable you defineasan in-
dex of summation. To use these operators, first define arange variable. Inthe
following exampletypei : 1, 2; 10. Then do the following:

m Click inablank space. Then type
$. A summation sign with two Z o
placeholders appears. .

m Click on the bottom placeholder
and type the name of arange vari- Z '
able. Therange variable you use i
here should already have been de- s
fined earlier in the worksheet.

m Click on the placeholder to the
right of the summation sign and Z 2l
type an expression involving the
range variable. If this expression
has several terms, type an apostro-
phe (' ) to create a pair of parenthe-
ses around the placehol der.

m Pressthe equalssign (=) to seethe
result. Zi3|: 385

If you don’t want to take the time to click in each placeholder, you can enter the
previous expression by typingi 2.

A generalized version of the iterated product also exists. To use it tfjnen
fill in the two placeholders.

Figure 2 shows some examples of how to apply the range sum and range prod-
uct operators. These operators, unlike the summation and product operators cre-
ated with[Ct r | ][Shi ft]4 and[Ct r ] ][Shi ft ]3, cannot stand alone. They
require the existence of a range variable. Note however, that a single range vari-
able can be used with any number of these operators.

You can use summations and iterated products just as you would any other ex-
pression. To evaluate multiple summations, use two range variables as shown in
Figure 2.
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j

yio = 2.416-10"

Figure 2: Range sumsand range products.

Variable upper limit of summation

Mathcad’s range summation operator runs through each value of the range vari-
able you place in the bottom placeholder. It is possible, by judicious use of
boolean expressions, to sum only up to a particular value. In Figure 3, the term

i <X returns the value 1 whenever it is true and 0 whenever it is false. Although
the summation operator still sums over each value of the index of summation,
those terms for which> x are multiplied by 0 and hence do not contribute to

the summation.

You can also use the four-placeholder summation and product operators to com-
pute sums and products with a variable upper limit, but note that the upper limit
in these operators must be an integer.
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Figure 3: A variable upper limit of summation.

The vector-sum operator

The operation of summing the elements of avector is so common that Mathcad
provides a special operator for it. While the ordinary summation operator sums a
ranged expression, the vector sum operator sums the elements of a vector with-
out needing arange variable.

To sum dl the elements of avector v defined elsewhere in your worksheet, fol-
low these steps:

m Click in blank space or on a place- o
holder. Then press[Ct r | 14.

m Type the name of avector or vec- Sy - 2554.10"
tor-valued expression. Mathcad re-
turns the sum of al the elementsin
the vector. In this example, the vec-
tor used isthat shownin
Figure 2.
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Derivatives

You can use Mathcad’s derivative operator to evaluate the derivative of a func-
tion at a particular point.

As an example, here’s how you would evaluate the derivatixé with respect
tox at the poink = 2:

First define the point at which you
want to evaluate the derivative.
Typex: 2.

Click below the definition ok.
Then type?. A derivative operator
appears, with a placeholder in the
denominator and another to the
right.

Click on the bottom placeholder
and typex. You are differentiating
with respect to this variable.

Click on the placeholder to the
right of the d/dx and type” 3 .

This is the expression to be differ-
entiated.

Press the equals sigrto see the
derivative of the expression at the
indicated point.

Figure 4 shows examples of differentiation in Mathcad.

With Mathcad’s derivative algorithm, you can expect the first derivative to be
accurate to within 7 or 8 significant digits, provided that the value at which you
evaluate the derivative is not too close to a singularity of the function. The accu-
racy of this algorithm tends to decrease by one significant digit for each increase
in the order of the derivative (refer to the subsection on higher order derivatives
which follows).
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| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |

T imsfnneVe1T —15
{3
X = 2 y = 10 t=10
g(t) = 5t
Derivative Actual result
d 5 _
a){ = 79.99999999999997 g(x) = 80
d XE- = 799.9999999999998
dx Y : gix) y = 800
d XE- = 31.99999999999998 5
dy Y : x> = 32
d X5- =0 (Since expression does not
a Y involve t, derivative is zero)
In the above results, displayed precision has been setto 15.

Figure 4: Examples of Mathcad differentiation.

Keep in mind that the result of differentiating isnot afunction, but a single num-
ber: the computed derivative at the indicated val ue of the differentiation vari-
able. In the previous example, the derivative of x 3 isnot the expression 3x2 but
3x 2 evaluated at x = 2. If you want to evaluate derivatives symbolically, see
Chapter 17, “Symbolic Calculation.”

Although differentiation returns just one number, you can still define one func-
tion as the derivative of another. For example:

9= S 909

Evaluatingf(x) will return the numerically computed derivativegfk) atx.

You can use this technique to evaluate the derivative of a function at many
points. An example of this is shown in Figure 5.
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Figure 5: Evaluating the derivative of a function at several points.
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3
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fx) = d—g(x) ¥ o= el].3-n imaginary unit.
X 0.223
i=0._4 0125

405 540 f(vu) = 5640
~35 1 1201 40 + 220i
216881 838.04
0012 0.222 f(v;) = 0.222
0001 0.039
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Figure 6: Evaluating the derivative of a function at several values stored asele-
ments of a vector.
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There are some important things to remember about differentiation in Mathcad:
m The expression to be differentiated can be either real or complex.

m The differentiation variable must be a single variable name. If you want to
evauate the derivative at several different values stored in a vector, usethe
techniqueillustrated in Figure 6.

Derivatives of higher order

Mathcad has an additional derivative operator for evaluating the n'h order deriva-
tive of afunction at a particular point.

As an example, here’s how you would evaluate the third derivatix® with re-
spect tax at the poink = 2;

m First define the point at which you
want to evaluate the derivative. x = 2|
Typex: 2.

m Click below the definition ok.
Then typgCt r I ]?. A derivative dq"
operator appears, with two place- !
holders in the denominator, one in
the numerator, and another to the
right.

m Click on the bottom placeholder
and typex. You are differentiating d
with respect to this variable. dx

m Click on the expression above and
to the right of the previous place- —
holder and typ&. This must be an dx’
integer between 0 and 5 inclusive.
Note that the placeholder in the nu-
merator automatically mirrors what-
ever you've typed.

m Click on the placeholder to the 43
right of the d/dx and type"9. —x°
This is the expression to be differ- dx
entiated.
m Press the equals signo see the 43
third derivative of the expression at —3x9 = 3.226-10" 4
the indicated point. dx

Forn =1, this operator gives the same answer as the first-derivative operator dis-
cussed above. Far= 0, it simply returns the value of the function itself.
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Integrals

You can use Mathcad’s integral operator to numerically evaluate the definite in-
tegral of a function over some interval.

As an example, here’s how you would evaluate the definite integral gfsin(
from O tomvs, follow these steps:

m Click in a blank space and tyge
An integral appears, with placehold- J "
ers for the integrand, the limits of .
integration, and the variable of inte
gration.

m Click on the bottom placeholder
and type0. Click on the top place-
holder and typgCt r | 1p/ 4. These
are the upper and lower limits of in o
tegration.

m Click on the placeholder between
the integral sign and the “d.” Then .
typesi n(x) *2. This is the ex- [Z

: 2
pression to be integrated. sin{x) < d

m Click on the remaining placeholder
and typex. This is the variable of x
integration. Then press the equals [2

. P 2 -
sign €) to see the resuilt. sin{x)® ox = 0.143

1]

Mathcad uses a numerical algorithm called Romberg integration to approximate
the integral of an expression over an interval of real numbers.

There are some important things to remember about integration in Mathcad:

m The limits of integration must be real. The expression to be integrated can,
however, be either real or complex.

m Except for the integrating variable, all variables in the integrand must have
been defined elsewhere in the worksheet.

m The integrating variable must be a single variable name.

m [f the integrating variable involves units, the upper and lower limits of integra-
tion must have the same units.

252

Chapter 11 Operators



Like all numerical methods, Mathcad’s integration algorithm can have difficulty
with ill-behaved integrands. If the expression to be integrated has singularities,
discontinuities, or large and rapid fluctuations, Mathcad’s solution may be inac-
curate.

Because Mathcad’s integration method divides the interval into four subinter-
vals and then successively doubles the number of points, it can return incorrect
answers for periodic functions with having periot®'1imes the length of the
interval. To avoid this problem, divide the interval into two uneven subintervals
and integrate over each subinterval separately.

In some cases, you may be able to find an exact numerical value for your inte-
gral by using Mathcad’s symbolic integration capability. You can also use this
capability to evaluate indefinite integrals. See Chapter 17, “Symbolic Calcula-
tion.”

Variable limits of integration

Although the result of an integration is a single number, you can always use an
integral with a range variable to obtain results for many numbers at once. You
might do this, for example, when you set up a variable limit of integration. Fig-
ure 7 shows how to do this.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
T sl e0vr——— 5
&

g; fi

3.833333333

12.666666667

285

53.333333333

0.833333333

0666666667

1.5

5.333333333

89.166666667

14166666667

Figure 7: Variablelimits of integration.

Keep in mind that calculations such as those shown in Figure 7 may require re-
peatedly evaluating an integral. This may take considerable time depending on
the complexity of the integrals, the length of the interval, and the valt@_of

(see the next section).
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Changing the tolerance for integrals

Mathcad’s numerical integration algorithm makes successive estimates of the
value of the integral and returns a value when the two most recent estimates dif-
fer by less than the value of the built-in variab@®.. Figure 8 shows how
changingroL affects the accuracy of integral calculations. To display many dig-
its of precision, see Chapter 5, “Equation and Result Formatting.”

| & File Edit Diew Insert Format Math Symbolics Books Window 12|
T msfinne—15
£
Default tolerance
TOL = 0.001 o8
1
T dt = 5.000000541364253
1
Tighter tolerance
TOL = 0.000001 .
e
% dt = 5.000000000007783
41
Looser tolerance
TOL = 01
&5
— dt = 5.011533083011655
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Figure 8: Effectsof tolerance onintegral calculations.

You can change the value of the tolerance by including definitiongtodi-

rectly in your worksheet as shown on Figure 8. You can also change the toler-
ance by choosin@ptions (1 Built-In Variables from theMath menu. To see

the effect of changing the tolerance, choBakculate Document from the

Math menu to recalculate all the equations in the worksheet.

If Mathcad’s approximations to an integral fail to converge to an answer, Math-
cad marks the integral with an appropriate error message. Failure to converge
can occhur when the function has singularities or “spikes” in the interval or
when the interval is extremely long.

When you change the tolerance, keep in mind the tradeoff between accuracy and
computation time. If you decrease (tighten) the tolerance, Mathcad will compute
integrals more accurately. However, because this requires more work, Mathcad
will take longer to return a result. Conversely, if you increase (loosen) the toler-
ance, Mathcad will compute more quickly, but the answers will be less accurate.
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Contour integrals and double integrals

Y ou can use Mathcad to eval uate complex contour integrals. To do so, first para-
metrize the contour. Then integrate over the parameter. If the parameter is some-
thing other than arc length, you must also include the derivative of the
parametrization as a correction factor. Figure 9 shows an example. Note that the
imaginary unit i used in specifying the path must be typed as 1i .

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
T " fi=0xu-r——5|
&

X(t) =2 cos(t)

y(t] = 2-sin(t)

Path : z(t) =x{t)+i-y(t)
1
Function to integrate : flz) = -
£
T
flz(t)) 9 2(t) dt = 3.142i
dt

Figure 9: How to do a complex contour integral in Mathcad.

Y ou can aso use Mathcad to evaluate double or multipleintegrals. To set up a
doubleintegral, press & twice. Fill in the integrand, the limits, and the integrat-
ing variable for each integral. Figure 10 shows an example.
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JO0J0
1 1 %
xclr = : [ [ x-&(x y)dy dx xctr = 0.75
mass |5 g
1 1mx
: [ [ y &(x y)dy dx ycir = 0.398
40000

Figure10: Doubleintegrals.

Keep in mind that double integrals take much longer to converge to an answer
than single integrals. Wherever possible, use an equivaent singleintegral in
place of adoubleintegral.
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Boolean operators

Unlike other operators, the boolean operators can return only a zero or aone. De-
spite this, they can be very useful. Y ou have already seen an examplein Figure
3 showing how a boolean operator made a variable upper limit of summation
possible. Figure 11 shows how a boolean operator makes it possible to deter-
minethe array index of a particular element. The Treasury of Methods and For-
mulas, an Electronic Book available from MathSoft, provides a wealth of
examplesillustrating this and other methods of getting the most out of Mathcad.

The following table lists the boolean operators:

Condition How to type  Description

w=2z [Crl]= Boolean equas. Returns 1 if expressons are
equal; otherwise 0.

x>y > Gregter than.

X<y < Less than.

X2y [Crl]0 Greater than or equal to.

X<y [Crl]9 Lessthan or equal to.

W#2Z [Crl]3 Not equal to.

The four operators >, <, <, and = cannot take complex numbers because the con-
cepts of greater than and less than lose their meaning in the complex plane.
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Finding the index corresponding to a particular array value

20

index(z.x) = Zi-(xi=z) <= Use Ctrl = to type the

equals sign.

index( 20 .x) = 0 <— There is a 20 at element 0

index{ max(x).x) = 1 <— The largest value in x is
at element 1.

Figure11: Using bool ean operators.

Customizing operators

Y ou can think of operators and functions as really being the same thing. A func-
tion takes “arguments” and returns a result. An operator, likewise, takes “oper-
ands” and returns a result. The differences are merely cosmetic:

m Functions have names you can spell, {é&eor spline; operators are gener-
ally symbols like “+” or %",

m Arguments to a function are enclosed by parentheses, they come after the
function’s name, and they’re separated by commas. Operands on the other
hand, can appear elsewhere. For example, you'll ofterfiseg)" but you'll
rarely see X fy". Similarly, you'll often find “x +y” but you'll rarely find
XY

Since operators and functions are fundamentally the same, and since you can de-
fine your own functions, there’s no reason why you can’t define your own cus-
tomized operators as well. With MathdadJs, you'll be able to do just that.

The first section describes how to define a new operator. This is followed by a
section on how to use the operator you've just defined. The last section brings to-
gether these ideas by showing how functions can themselves be displayed as if
they were operators.
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Defining a custom operator

You define an operator just as if you were defining a function. You'd type the
operator name followed by a pair of parentheses. The operands (two at the most)
would go between the parentheses. On the other side ofthgdu'd type an
expression describing what you want the operator to do with its operands. These
steps are described in detail in the section “Defining a function” on page 139.

Since operators tend to have names that aren’t found on a keyboard, a problem
arises when you try and type the name. For example, suppose you want to define
a new division operator using™ You first have to know how to put & into

your worksheet. The simplest way to do this is to drag the symbol from the

“Math Symbols” QuickSheet.

We recommend that you save your custom operators by dragging them into a
QuickSheet. Open the QuickSheets as described on page 31. Then click on “Per-
sonal QuickSheets” at the bottom of the table of contents. Click on “My Opera-
tors”. Then drag the definitions into the this QuickSheet. The next time you

need them, you'll be able to drag them off the same QuickSheet rather than hav-
ing to redefine them.

m When you paste the character, it
will appear in the default math font

as shown on the right.

m To see the+” you'll need to
change this into the Symbol font.
Press th¢l ns] key if necessary to
move the vertical arm of the inser-
tion point directly in front of the
character as shown.

m PresqCt r | JGto display the char-
acter in the Symbol font.

You can now continue as if you were defining a function of two variables that
happens to have an unusual looking “name”.

m Type a left parenthesis followed by
two names separated by a comma. -
Complete this argument list by typ =(x.y)
ing a right parenthesis.

m Press the colon | key. You see
the definition symbol, *=,” fol- =(x.¥) =4
lowed by a placeholder. :
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m Type the function definition in the
placehOIder +|: ® ij = E

At this point, you've defined a function which behaves in every way like the
user-defined functions described in Chapter 6. You could, if you wanted to, type
“+(1, 2 =" in your worksheet and see the result “0.5” on the other side of the
equal sign.

The difference between functions and operators lies not so much in the way
they're defined but in the way they're displayed. This is discussed further in the
next section.

Using a custom operator

Once you've defined a new operator, you can use it in your calculations just as
you would use one of Mathcad'’s built-in operators. You can't, however, just
type the name of your operator since Mathcad has no way of knowing whether
you intend to use your new operator or whether you just want to define a vari-
able having the same name.

The procedure for inserting a custom operator depends on whether the operator
has one operand (like-1" or “5!” for example) or two (like “£2"). In either

case, you'll need to click on the button labelled “=?" just below the menu com-
mands. This opens a palette that you'll need in the following procedures.

To insert an operator having two operands:

m Click on the button labelledfy”
on the palette. You'll see three

(NN

empty placeholders.

= In the middle placeholder, insert
the name of the operator. You may
find it more convenient to copy the 1.
name from the operator definition
and paste it into the placeholder.

m In the remaining two placeholders,
place the two operands. 1-2

m Press= to evaluate the expression.
1=2=05
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Another way to display an operator having two operandsisto use the other but-

ton showing the letters “x”, “f” and “y” arranged like a water molecule. If you
follow the preceding steps using this operator, you'll see the tree shaped display
shown in the lower-left corner of Figure 12.

To insert an operator having only one operand, decide first whether you want

the operator to appear before the operand, aslih) 6r after the operand as in

“51". The former is called arefix operator; the latter ism@ostfix operator. The
example below shows how to use a prefix operator. The steps for creating a post-
fix operator are almost identical.

In the following example, the symboh" comes from the Symbol font. Look
on the Character Map dialog box just below the Before you can reproduce
the steps in this example, you'll first have to define an operated™ To do

so, follow the steps for defining(x, y) in the previous section, substituting the
symbol “=" for “+" and using only one argument instead of two.

m To make grefix operator click on
the button labelledfX” on the sym-
bol palette. Otherwise, click on the
“xf” button. In either case, you'll
see two empty placeholders.

m If you clicked the X’ button, put
the operator name in the first place
holder. Otherwise put it in the sec-
ond placeholder. In either case, yau
may find it more convenient to
copy the name from the operator
definition and paste it into the
placeholder.

=h

D

m In the remaining placeholder, plac
the operand. 0

m Press= to evaluate the expression.
-0=1

Be careful when you use operators this way. Since the placeholders look identi-
cal, there are no visual cues to tell you where the operands go and where the op-
erator goes.
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The most convenient way to use operators like this is create them once and then

save them in a QuickSheet. To do this, open the QuickSheets as described on

page 31. Then click on “Math Symbols” to see a selection of common math sym-
bols. You can drag any of these to your worksheet to help you define a new op-
erator. Once you've defined the new operator, click on “Personal QuickSheets”
and drag its definition into the QuickSheet. When you need to use this operator
again, just open your Personal QuickSheet and drag it back off.
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Figure 12: Defining your own operators.

Display of functions as operators

As noted earlier, there is really no fundamental difference between functions
and operators. The steps given in the section “Defining a custom operator” ex-
actly parallel the steps given on page 139 for defining a function.

Since youdefine an operator just as if it were a function, you might expect to be
able todisplay that operator as if it were a function as well. Figure 13 shows that
this is indeed true. Although notation like(1, 2)" is very unconventional, noth-
ing stops you from using it.

Conversely, you cadisplay a function as if it were an operator. For example,

many publishers prefer to omit parentheses around the arguments to certain func-
tions (sinx rather than sifx)). You can do the same thing by treatingdime

function as an operator with one operand and following the steps in the section
“Using a custom operator”. The lower half of Figure 13 shows an example of

this.
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+—Defining an operator.
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Figure 13: Displaying an operator asa function and a function asan operator.

Customizing operators
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I
Chapter 12

Built-in Functions

This chapter lists and describes many of Mathcad'’s built-in
functions. Functions associated with Mathcad’s statistical and data
analysis features are described in Chapter 13, “Statistical
Functions.” Functions used for working with vectors are described
in Chapter 9, “Vectors and Matrices”.

The following sections make up this chapter:

Inserting built-in functions

Using the Insert Function dialog box to see all available functions and
get help on what they do.

Transcendental functions
Basic trigonometric, exponential, hyperbolic and Bessel functions.
Truncation and round-off functions
Functions which extract something from a number, including the real
or imaginary part, the mantissa, or the modulo function.
Discrete transform functions

Functions for discrete complex Fourier transforms and wavelet trans-
forms.

Sorting functions
Functions to sort elements of vectors and matrices.

Piecewise continuous functions

Using piecewise continuous functions to perform conditional branching
and iteration.
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Inserting built-in functions

This section describes how to see alist of al functions available to you together

with a brief description of each function. Mathcad's set of built-in functions can
change depending on whether you've installed additional function packs or
whether you've written your own built-in functions. These functions can come
from four sources:

Built-in Mathcad functions
This is the core set of functions that come with Mathcad. These functions are
all documented in other parts of thiser's Guide

Mathcad Function Packs.
A Function Pack consists of a collection of advanced functions geared to a
particular area of application. Documentation for these functions comes with
the Function Pack itself. The list of available Function Packsis constantly ex-
panding and includes collections for image processing, numerical analysis
and advanced statistical analysis. To find out more about Mathcad's library
of Function Packs, call 617-577-1017. (From inside.ta&, call 1-800-
MATHCAD.)

Electronic Books
Some but not all Electronic Books come with additional functions. Docu-
mentation for any of these functions is in the Electronic Book itself.

Functionsyou writeyour self

Using a 32 bit C-compiler, you can write your own functions for performing
specialized tasks. Mathc@dUS can then use these functions just as if they
were built-in Mathcad functions. See Appendix F, “Creating a User DLL”",
for more details.

To see the list of built-in functions available with your copy of Mathcad, choose
Function from thelnsert menu. Although built-in function names are not font
sensitive, they are case sensitive. You must type the names of built-in functions
exactly as shown in the following tables: uppercase, lowercase, or mixed, as in-
dicated. Alternatively, you can use the Insert Function dialog box to insert a
function together with placeholders for its arguments. To do so:

m Click in a blank area of your document or on a placeholder.

m Choosd~unction from thelnsert menu. Mathcad opens the Insert Function
dialog box shown on the following page.

m Double-click on the function you want to insert from the left-hand scrolling
list.

m Close the dialog box if you no longer need it by clicking the “Cancel” button.
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Insert Function

Function Name Description

The angle (in radians) whose
cosine is Z. Principal value for
comples z.

acoshi(z)
angle(x, y)
APPENDI(file)
APPENDPRNIfile)
arg(z)

Cancel

The left-hand scrolling list of the Insert Function dialog box shows all of Math-
cad’s built-in functions along with their arguments. The box on the right gives a
description of the currently selected function.

To apply a function to an expression you have already entered, place the expres-
sion between the two editing lines and follow the steps given on the preceding
page.

Transcendental functions

This section describes Mathcad’s trigonometric, hyperbolic, and exponential
functions together with all their inverses. It also describes Mathcad’s built-in cy-
lindrical Bessel functions.

Trigonometric functions and their inverses

Mathcad’s trig functions and their inverses accept any scalar argument: real,
complex or imaginary. They also return complex numbers wherever appropriate.
Complex arguments and results are computed using the identities:

PIN- -
sin(z) = o]

iZ 4 o ilZ
cos(z):el +Ze

gZ=coqz) +i8in(2)

If you want to apply one of these functions to every element of a vector or ma-
trix, use the vectorize operator as described on page 206.

Note that all of these trig functions expect their argumeniadians. To pass
degrees, use the built-in uditg. For example, to evaluate the sine of 45 de-
grees, typsi n(45*deg) .
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Keep in mind that because of round-off errorsinherent in acomputer, Mathcad
may return avery large number where you would ordinarily expect a singular-
ity. In general, you should be cautious whenever you encounter any such singu-

larity.

sin(2)

cos(2)

tan(2)

csc(2)

sec(2)

cot(2)

Returnsthe sine of z In aright triangle, thisisthe ratio of the
length of the side opposite the angle over the length of the hypote-
nuse.

Returnsthe cosine of z In aright triangle, thisistheratio of the
length of the side adjacent to the angle over the length of the hy-
potenuse.

Returns (sin(2)/cog(2)), the tangent of z. In aright triangle, thisis
the ratio of the length of the side opposite the angle over the length
of the side adjacent to the angle. z should not be an odd multiple of
V2.

Returns 1/sin(z), the cosecant of z. z should not be an even multi-
pleof Tt

Returns 1/cos(2), the secant of z z should not be an odd multiple of
2.

Returns 1/tan(z), the cotangent of z z should not be an even multi-
pleof Tt

The inverse trigonometric functions below al return an angle in radians between
0 and 2Tt To convert this result into degrees, you can either divide by the built-
in unit deg or type deg in the units placeholder as described on page 175.

Because of roundoff error inherent in computers, you may find that atan of a
very large number returns 72, As a general rule, it's best to avoid numerical
computations near such singularities.

asing)
acosp)
atang)

Returns the angle (in radians) whose sire is
Returns the angle (in radians) whose cosire is

Returns the angle (in radians) whose tangent is
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Hyperbolic functions
The hyperbolic functions sinh and cosh are given by:

—_—pnZ

snhz) =€ ze
A

cosh(z) = & +Ze

Both these functions will accept and return complex arguments. As the above
identiti es indicate, when you use complex arguments, the hyperbolic functions
behave very much like like trigonometric functions. In fact:

sinh(iZ) = ilEn(2)

cosh(i@) = cos(z)

sinh(2) Returns the hyperbolic sine of z

cosh(2) Returns the hyperbalic cosine of z

tanh(2) Returns sinh(2)/cosh(Zz), the hyperbolic tangent of z
csch(2) Returns 1/sinh(2), the hyperbolic cosecant of z.
sech(2) Returns 1/cosh(2), the hyperbolic secant of z

coth(2) Returns 1(2)/tanh(z), the hyperbolic cotangent of z
asinh(2) Returns the number whose hyperbolic sineisz
acosh(2) Returns the number whose hyperbolic cosineis z

atanh(2) Returns the number whose hyperbolic tangent is z.

Log and exponential functions

Mathcad’s exponential and logarithmic functions will accept and return complex
arguments. Complex arguments to the exponential are given by:

eX 1 = eXog y) +ilsin( y))
In general, a complex argument to the natural log function returns:
In(x + Q) = Injx + i}| + atan( y/x)[D+ 20D
Mathcad'sin function returns the value correspondingite0. Namely:
In(x +iRy) = Injx + iy}| + atarf y/x)D

This is called therincipal branch of the natural log function. Figure 1 illus-
trates some of the basic properties of log functions.
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exp(2 Returns e raised to the power z
In(2) Returnsthe natura log of z (z# 0).
log(2) Returnsthe base 10 log of z (z# 0).

Figure 1 shows how you can use these functionsto easily find the log to any
base.

| % File Edit Diew Insert Format Math Symbolics Books Window 17|
== Il 00— 5|
4
=]
In(2) = 0693 <> e®B¥_,
In{-2) = 0.693 + 3.142i <— Log of a negative number is always log of

the magnitude plus i

In(0]| = <— Since anything raised to the 0 is 1. you can neve

Thiz function iz undefined at one or more have alog of zero.
of the points you specified.

Logarithms to other bases
In{ z)
In{n)

logn{16.2) = 4 <— Log base 2 of 16 is the number you have to
raise 2 to to get up to 16.

logn{z.n) ==

2Iogn[1l3,2] - 16

auta MUM | Page 1

Figure 1: Using logarithmic functions.

Bessel functions

These functions typically arise as sol utions to the wave equation subject to cylin-
drical boundary conditions.

Bessel functions of the first kind and second kind, J(x) and Y (X), are solutions
to the differential equation:

2
24y Y 2 2\ =
X ﬂdxz +xd(;x+(x )y =0

Modified Bessel functions of the first and second kind, | (x) and K (x), are solu-
tionsto the dightly different differential equation:

2
247y Y _ (w2 4 2\ =
X ﬂdxz +xd(;x x¢+n9)y=0
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JO(¥)
J1(X)
Jn(m, x)
YO(x)
Y1(x)
Yn(m, x)
10(x)
11(x)
In(m, x)
KO(x)
K1(x)
Kn(m, x)

Returns Jy(X). x real.

Returns J;(x). x real.

Returns J (). x real, 0 < m < 100.
Returns Y 4(X). x real, x> 0.
Returns Y ;(X). x real, x > 0.
Returns Y (x). x>0, 0<m< 100.
Returns 5(x). x redl.

Returns 1, (x). x real.

Returns| (X). xrea, 0 < m< 100.
Returns K(X). x real, x> 0.
Returns K, (X). x real, x > 0.
Returns K (x). x>0, 0 < m< 100.

Special functions

The following functions arise in awide variety of problems.

erf(x)

r@

Returns the value of the error function at x:
X2 2
erf(x) = et dt
® 'ro V1
X must be real.

Returns the value of the Euler gamma function at z. For real z, the
values of this function coincide with the following integral:

2= j: tZletat

For complex z, the values are the analytic continuation of the real
function. Euler's gamma function is undefined#er0, -1, -2....

Euler's gamma function satisfies the recurrence relationship:

Mz+1)=zr(2

which means that wheris a positive integer:

Mz+1)=z
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The error function arises frequently in statistics. Y ou can also useit to define the
complementary error function as:

efc(x) ;=1 - erf(x)

Truncation and round-off functions

These functions al have in common the fact that they extract something from
their arguments.

The functions Re, Im, and arg extract the corresponding part of a complex num-
ber. For more information on these functions, see Chapter 7, “Variables and
Constants.”

The functioneil andfloor will return the next integer above and below their ar-
guments respectively. You can use these functions to create a function that re-
turns just the mantissa of a number:

manti ssa(x) := x - floor(x)

Figure 2 shows how you can use floer andceil functions to round off num-
bers.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= RINlff =—F———15|
]

ceil( 3.25) = 4 floor{ 3.25) = 3

mantissa(x)] = x - floor(x)

mantissa( 3.45) = 0.45

ROUNDING OFF AT THE HALFWAY POINT

roundoff( x) = if{ mantissa(x) < .5, floor{x) . ceil(x))

roundoff( 3.45) = 3

roundoff{ 3.55) 4

ROUNDING OFF AT AN ARBITRARY THRESHOLD
RoundOff( x. t) := if( mantissa(x)< t. floor{x) . ceil{x))

RoundOff{ 3.6. .7) = 3 <— The "RoundOfi" function uses
3.7 as the threshold.

roundoff{ 3.6) = 4 <— the "roundoff® function still
uses 3.5 as the threshold.

auta MUM | Page 1

Figure 2: Creating a round-off function.
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Re(2) Resal part of z
Im(2) Imaginary part of z.

arg(2) Argument of z the value of 8 when ziswritten asr@i®. Result is
between —mtand Tt

floor(x) Greatest integer < x (x redl).
ceil(x) Least integer = x (X redl).
mod(x,y)  Remainder on dividing x by y. Result has same sign as x.

angle(x,y)  Angle (in radians) from positive x-axisto the point (X, y) in the x-y
plane. Arguments must be red. Returns a val ue between zero and
21

Discrete transform functions

Mathcad contains a variety of functionsfor performing discrete transforms. All
these functions require vectors as arguments. When you define a vector v for use
with Fourier or wavelet transforms, be sure to start with v;,. If you do not define
Vo, Mathcad automatically setsit to zero. This can distort the results of the trans-
form functions.

Introduction to Discrete Fourier transforms

Mathcad comes with two types of Fourier transform pairs: fft / ifft and cfft / icfft.
These functions are discrete: they apply to and return vectors and matrices only.
Y ou cannot use them with other functions.

Use the fft and ifft functionsiif:

m Thedatavauesinthetimedomain areread, and
m the datavector has 2™ elements.

Use the cfft and icfft functionsin all other cases.

Thefirst condition is required because the fft/ifft pair takes advantage of the fact
that, for real data, the second half of the transform is just the conjugate of the
first. Mathcad discards the second half of the result vector. This saves both time
and memory. The cfft/icfft pair does not assume symmetry in the transform. For
this reason, you must use this pair for complex valued data. Since the real num-
bersarejust a subset of the complex numbers, you can use the cfft/icfft pair for
real numbers aswell.
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The second condition is required because the fft/ifft Fourier transform pair uses a
highly efficient fast Fourier transform algorithm. In order to do so, the vector
you use with fft must have 2™ elements. The cfft/icfft Fourier transform pair uses
an algorithm that permits vectors as well as matrices of arbitrary size. When you
use this transform pair with amatrix, you get back a two-dimensiona Fourier
transform.

Note that if you used fft to get to the frequency domain, you must useifft to get
back to the time domain. Similarly, if you used cfft to get to the frequency do-
main, you must use icfft to get back to the time domain.

Different sources use different conventions concerning the initial factor of the
Fourier transform and whether to conjugate the results of either the transform or
the inverse transform. The functions fft, ifft, cfft, and icfft use /YN asanormaliz-
ing factor and a positive exponent in going from the time to the frequency do-
main. The functions FFT, IFFT, CFFT, and ICFFT use 1/N asanormalizing

factor and a negative exponent in going from the time to the frequency domain.
Be sure to use these functionsin pairs. For example, if you used CFFT to go

from the time domain to the frequency domain, you must use ICFFT to transform
back to the time domain.

Fourier transforms on real data

With 2Mreal-valued data points, you can use the fft/ifft Fourier transform pair.
These functions take advantage of symmetry conditions present only when the
dataisred. This saves both time and memory.

fft(v) This function returns the Fourier transform of a 2™ element vector of
real data representing measurements at regular intervalsin thetime
domain.

The vector v must have 2™ elements. The result isa vector of 1 + 2™~ 1 complex
coefficients representing values in the frequency domain. If v contains other
than 2M elements, Mathcad returns an error message.

The elements of the vector returned by fft satisfy the following equation:
1 n-1
- 27i( j/mk
C= v, e
b n kgo ‘

In thisformula, nisthe number of elementsin v and i isthe imaginary unit.
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The elements in the vector returned by the fft function correspond to different
frequencies. To recover the actual frequency, you must know the sampling fre-
quency of the original signal. If v isan n eement vector passed to the fft func-
tion, and the sampling frequency isf,, the frequency corresponding to ¢, is

Note that this makes it impossible to detect frequencies above the sampling fre-
guency. Thisisalimitation not of Mathcad, but of the underlying mathematics
itself. In order to correctly recover asignal from the Fourier transform of its sam-
ples, you must sample the signal with afrequency of at least twice its band-
width. A thorough discussion of this phenomenon is outside the scope of this
manual but within that of any textbook on digital signal processing.

ifft(v) Thisfunction returns the inverse Fourier transform of a vector of data
representing values in the frequency domain. The inverse transform
will be purereal.

The vector v must have 1 + 2™ elements for minteger. Theresult is a vector of
2m+ 1 complex coefficients representing values in the frequency domain. If v
contains other than 1 + 2™ élements, Mathcad returns an error message.

The argument v isavector similar to those generated by the fft function. To com-
pute the result, Mathced first creates a new vector w by taking the conjugates of
the elements of v and appending them to the vector v. Then Mathcad computes a
vector d whose el ements satisfy this formula:

n-1
_1 —2mi(jink
dj_Vn Zwke mi(j/n)

Thisis the same formula as the fft formula, except for the minus sign in the exp
function. The fft and ifft functions are exact inverses. For al real v,
ifft(fft(v)) = v.

Fourier transforms on complex data

There are two reasons why you may not be able to use the fft/ifft transform pair
discussed in the previous section:

m The data may be complex valued. This means that Mathcad can no longer ex-
ploit the symmetry present in the real valued case.

m The data vector might not have 2™ data pointsin it. This means Mathcad can-
not take advantage of the highly efficient FFT algorithm used by the fft/ifft
Fourier transform pair.
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Complex Fourier transforms require the following functions:

cfft(A)  Returnsthefast Fourier transform of avector or matrix of complex
data representing equally spaced measurementsin the time domain.
The array returned is the same size as the array you used as an argu-
ment.

icfft(A)  Returnstheinverse Fourier transform of avector or matrix of data
representing values in the frequency domain. Theresult isan array
representing values in the time domain. Theicfft functionisthe in-
verse of the cfft function. Like cfft, this function returns an array of
the same size asits argument.

Although the cfft/icfft Fourier transform pair will work on arrays of any size,
they work significantly faster when the number of rows and columns contains
many smaller factors. Vectors with length 2™ fall into this category. So do vec-
tors having lengths like 100 or 120. On the other hand, a vector whose length is
alarge prime number will dow down the Fourier transform algorithm.

The cfft and icfft functions are exact inverses. That is, icfft(cfft(v)) = v. Figure 3
shows an example of Fourier transformsin Mathcad.

When you use the cfft with a matrix, the result is the two-dimensional Fourier
transform of the input matrix.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T fm=————~
i 47
i =0.63 X = sin[ﬂ-—]+rnd(1)—_5 )
10 Signal

Take complex transform : 2 T T T

c = fit(x)
N = last(c) N =32 Xior 7

j=0._N

Transform

Take inverse transform : 4 | | |
z = ifft{c)
N2 = last{z N2 = 83
(2) Joil 2 -

Figure3: Useof fast Fourier transformsin Mathcad.
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Alternate forms of the Fourier transform

The definitions for the Fourier transform discussed earlier are not the only ones
used. For example, the following definitions for the discrete Fourier transform
and its inverse appear in Ronald Bracewdltis Fourier Transformand Its Ap-
plications (McGraw-Hill, 1986):

n
F(v) = r]1- Z f(-l-)e—ZTu'(v/n)t
1

f() = Fv)errtm
v=1

These definitions are very common in the engineering literature. To use these
definitions rather than those presented in the last section, use the fuRElipns
IFFT, CFFT, andICFFT. These differ from those discussed in the last section as
follows:

m Instead of a factor of Th in front of both forms, there is a factor ohrh
front of the transform and no factor in front of the inverse.

m The minus sign appears in the exponent of the transform instead of in its in-
verse.

The functiongFT, IFFT, CFFT, andICFFT are used in exactly the same way as
the functions discussed in the previous section.
Wavelet transforms

MathcadPLUS includes two wavelet transforms for performing the one-dimen-
sional discrete wavelet transform and its inverse. The transform is performed us-
ing the Daubechies four-coefficient wavelet basis.

wavef) Returns the discrete wavelet transfornv.cé 2" element vector
containing real data. The vector returned is the same size as

iwave() Returns the inverse discrete wavelet transform af2" element
vector containing real data. The vector returned is the same size as
V.
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Sorting functions

Mathcad includes three functions shown in Figure 4 for sorting arrays and one
for reversing the order of their elements:

sort(v) Returns the elements of the vector v sorted in ascending order.

csort(A, n)  Sortstherows of the matrix A so asto place the e ementsin col-
umn n in ascending order. The result hasthe same size asA.

rsort(A, n)  Sortsthe columns of the matrix A so asto place the eementsin
row nin ascending order. Theresult hasthe same sizeasA.

reverse(v)  Reversesthe order of the dements of the vector v or the rows of
reverse(A) thematrix A.

The above sorting functions accept matrices and vectors with complex elements.
However in sorting them, Mathcad ignores the imaginary part.

To sort avector or matrix in descending order, first sort in ascending order, then
use reverse. For example, reverse(sort(v)) returns the elements of v sorted in de-
scending order.

Unless you change the value of ORIGIN, matrices are numbered starting with

row zero and column zero. If you forget this, it's easy to make the error of sort-
ing a matrix on the wrong row or column by specifying an incomecgument

for rsort andcsort. To sort on the first column of a matrix, for example, you
must use csor, 0).
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

T fme———17
Sorting functions i=0.3 j=0.3 %; = sin(i) -
For vectors :

0 0 0.909
0.811 0,141 0.811
X = sort(x) = reverse(sort(x)) =
0.909 0.811 0,141
0,141 0.909 0
For matrices: 0333
. . 1044
M i)::mod(|+3,|+3) M =
’ 2105
0210
Sorted on column zero . . . Sorted on lastrow . . .
0z1o0 0333
33 3 1440
csort(M.0) = reort( M. 3) =
0414 2501
105 o012
auta MUM | Page 1

Figure 4: Sorting functions.

Piecewise continuous functions

Piecewi se continuous functions are useful for branching and iteration. There are
five Mathcad functionsfalling into this category. The if function is useful for
choosing one of two values based on a condition. The Heaviside step function,
d(x), and the Kronecker Deltafunction, d(m,n), are specid cases of the if func-
tion.

The until function is used to drive iteration. It is unique among Mathcad func-
tions because it is designed to work only with range variables. Thisis the only
Mathcad function which can actually halt iteration upon the occurrence of a con-
dition.

The last function is €, the completely anti-symmetric tensor function. This re-
turnsa0, 1 or —1 depending on the permutation of its arguments. Although this
functionis of limited applicability, it would be difficult to perform this function
using any other combination of Mathcad functions.

The if function

Useif to define afunction that behaves one way below a certain number and be-
haves completely differently above that number. That point of discontinuity is
specified by itsfirst argument, cond. The remaining two arguments let you spec-
ify the behavior of the function on either side of that discontinuity.
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if(cond, tval, fval) Returnstval if cond is nonzero (true)
Returnsfval if cond iszero (false).

Although the argument cond can be any expression at al, it is usually more con-
venient to use aboolean expression from the table below. In the following table,
x and y must be real scalars, whilew and z can be complex scalars.

Condition How to type  Description

w=z [Crl]= Boolean equas. Returns 1 if expressons are
equal; otherwise 0.

x>y > Gregter than.

X<y < Less than.

X2y [Crl]0 Greater than or equal to.

X<y [Crl]9 Lessthan or equal to.

W#2Z [Crl]3 Not equal to.

Note that boolean expressions involving inequalities cannot be used with com-
plex numbers. Thisis becauseit is meaningless to speak of one complex number
being “larger” or “smaller” than another.

To save time, Mathcad only evaluates those arguments it has to. For example, if
cond is false, there is no need to evalus# since it will not be returned any-

way. Because of this, errors in the unevaluated argument can escape detection.
For example, Mathcad will never detect the the fact that In(0) is undefined in the
expression below:

if(|x] <0,In(0),In(x))
Figure 5 shows several equations usingtifienction. You can combine
boolean operators to create more complicated conditions. For example, the con-
dition
(x<Dx>0)

acts like an “and” gate, returning 1 onlyiis between 0 and 1. Similarly, the
expression

x> +(x<0)

acts like an “or” gate, returning a 1 if either 1 orx <0, but not ifx is between
Oand 1.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
Te———— NNl eeF————1t
Using conditionals in Mathcad i
X =-2,-18.2  f(x):=x>-1

gix) = if(f(x)>0. f(x). 0]
g(x) is f(x) when f(x)>0. 0 otherwise

4 T

N

auta MUM | Page 1

Figure5: Conditional sin Mathcad.

The until function

Mathcad’suntil function allows you to halt an iteration when a particular condi-
tion is met. Thauntil function has no effect when its first argument involves no
range variables. When the first argument does involve a range variable, Mathcad
will iterate until the first argument evaluates to a negative value. When this hap-
pens, Mathcad halts iteration.

until(x, 2  Returnsz until the test expressionbecomes negative.should be
an expression involving a range variable.

Do not use thentil function in equations with more than one range variable (for
example, multiple summations). Mathcad will halt all iteration on all range vari-
ables the first time that the first argumentiafil is negative. This usually does
not produce the desired result.

Theuntil function is useful in iterative processes with a specified convergence
condition. For example, Figure 6 shows how to usemtiefunction to test an
iterative process for convergence. The iteration in the equatiapdontinues

until x; is withinerr of a. Figure 6 also shows how to use th& function to de-
tect when iteration has halted and to compute the size of the resulting array.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T im0
4

Iterate until quess? is within err of a

N = 100 i =0_.N a := 1000 quessy = 10 err := 1072

[guessi + }
uess;
quessj, 1y = until |(guessi2— a)| - err, > J :

N2 := last{ guess )- 1

ji=0.N2 guess; gues;s;i2
Last iteration : N2 =5 0 10 100
1 65 3025
answer -= guessny 2 136591 1338 895
_ 3 31.96 1021.445
answer = 31.623 4 31625 1000113
o 31.623 1000

auto ’W Page 1
Figure 6: Using the until function to halt aniteration.

When you use the until function, be sure that the value of the test expression
doesin fact change somewhere in the iteration. Otherwise, you may find your-
self in aninfinite loop. If this does occur, pressthe [Esc] key to interrupt calcu-
lation.

Impulse and step functions

These two functions are specia cases of theif function. The Heaviside step func-
tionis equivaent to:

®d(x) :=if(x <0,0,1)
For integer m and n, the Kronecker delta function is equivalent to
o(mn) :=if(m=n,1,0)
P(x) Heaviside step function. 1if x = 0; otherwise, 0.
o(m, n) Kronecker's delta function. Returns Inif= n; otherwise, 0. Both

arguments must be integer.

You can use the Heaviside step function to define a pulse of wibyhdefining:
pul se(x,w) = ®(x) - P(x-w
A lowpass and highpass filter having widtivZould then be defined as:
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| owpass(x,w) := pul se(x+w, 2*w)
hi ghpass(x,w) := 1 - pul se(x+w, 2*w)
Figure 7 illustrates the use of the Heaviside step function for creating filters.

| % File Edit Diew Insert Format Math Symbolics Books Window 17|
T=————————— IIlIiN =—-"————71¢
pulse(x.w) = &(x) - ®({x - w) =
lowpass(x.w) = pulse(x + w. 2 w)
highpass(x.w) = 1 - pulse(x + w.2 w)
bandpass(x.w.f) = pulse{x - f. w)

z = -20.-199.20

The three filters are plotted below with a vertical offset so you can
see them more easily.

lowpass(z.3)

highpass(z.6] - 2

bandpass(z.4.8] + 2

Figure 7: Using the step function for filtering.

Antisymmetric tensor function

The arguments to this function are three integers between 0 and 2 inclusive. It
basically determines how many times you have to swap two numbersin order to
get back to the sequence [0, 1, 2] from whatever sequence [i, j, k] you passed to
it.

More generaly, €(i, j, k) = 1if [i, j, K] isan even permutation of [0, 1, 2] (an
even number of swaps), and (i, j, k) = —1if [i, j, K] isan odd permutation of

[0, 1, 2] (an odd number of swaps). Thisexplainswhy €(0, 1, 2) = 1.

For example, £(2, 0, 1) = 1 because to get from [2, 0, 1] back to [0, 1, 2] you'll

have to swap twice. On the other hag(0, 2, ) = -1 because to get from

[0, 2, 1] back to [0, 1, 2] you only have to swap once. If two numbers are the
same, for examplg(0, 1, 1, you can never get back to [0, 1, 2], so the function
just returns 0.

Although this function is not used very often, it is truly indispensable when you
need it. It is very difficult to perform this same feat using any other combination
of Mathcad functions.
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@, j, K Completely antisymmetric tensor of rank 3.1, j, and k must be inte-
gers between 0 and 2 inclusive (or between ORIGIN and ORIGIN+2
inclusiveif orIGIN # 0). Result is O if any two are the same, 1 for
even permutations, —1 for odd permutations.
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I
Chapter 13

Statistical functions

This chapter lists and describes many of Mathcad’s built-in
functions. These functions perform a wide variety of
computational tasks, including statistical analysis, interpolation,
and regression.

The following sections make up this chapter:

Population statistics

Functions for computing the mean, variance, standard deviation, and
correlation of sample data.

Probability distributions

Functions for eval uating probability densities, cumulative probability
distributions and their inverses for over a dozen common distribution
functions.

Histograms
How to count the number of data valuesfalling into specified intervals.
Random numbers
Generating random numbers having various distributions.
Inter polation and prediction functions
Linear and cubic spline interpolation. Functions for multivariate inter-
polation.
Regression functions
Functions for linear regression, polynomial regression, and regression
using combinations of arbitrary functions.
Smoothing functions

Functions for smoothing time series with either a running median, a
Gaussian kernel, or an adaptive linear |east squares method.
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Population statistics

Mathcad includes six functions for population statistics. In the following descrip-
tions, mand n represent the number of rows and columnsin the specified arrays.
In the formulas below, the built-in variable ORIGIN is set to its default value of

zero.
mean(A) Returns the mean of the elements of an m x narray A using thefor-
mula
1 m-1 n-1
mean(A):ng ZAJ
i=0 j=0
median(A) Returnsthe median of the e ementsof anmx n array A. Thisisthe
value above and below which there are an equal number of values.
If A has an even number of e ements, this isthe arithmetic mean of
the two central values.
var(A) Returns the variance of the elements of an m x n array A using the
formula
1 m-1 n-1
var(A)= S > 1Aj — mean(A)P
i=0 j=0
cvar(A, B) Returnsthe covariance of the elementsinthem x n arrays A and B
using the formula:
1 m-1 n-1
cvar(A,B) = Z Z [A j —mean(A)] [B; ; — mean(B)]
i=0 j=0
where the bar indicates complex conjugation.
stdev(A) Returns the standard deviation (square root of the variance) of the
elements of the m x n array A:
stdev(A) = VWar(A)
corr(A, B)  Returns a scalar: the correlation coefficient (Pearsgiics the

two mx n arraysA andB.
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Probability distributions

Mathcad includes severa functions for working with several common prob-
ability densities. These functions fall into three classes:

m Probability densities: These give the likelihood that a random variable will
take on a particular vaue.

m Cumulative probability distributions: These give the probability that aran-
dom variable will take on avalue lessthan or equal to a specified value.
These are obtained by simply integrating (or summing when appropriate) the
corresponding probability density over an appropriate range.

m |nversecumulative probability distributions: These functions take a prob-
ability as an argument and return avalue such that the probability that a ran-
dom variable will be lessthan or equal to that value is whatever probability
you supplied as an argument.

Probability densities

These functions return the likelihood that a random variable will take on a par-
ticular value. The probability density functions are the derivatives of the corre-
sponding cumulative distribution functions discussed in the next section.

dbeta(x, sy, S,)

dbinom(k, n, p)

dcauchy(x, 1, )

Returns the probability density for the beta distribution:

M(s,+9)
F(spm(sy
inwhich (s;, s, > 0) are the shape parameters. (0 <x<1).

Returns P(X = k) when the random variable X has the binomial
distribution:

XS - %L

! o
K (r?—k)! pr(-pk

inwhich n and k areintegers satisfying 0 < k < n. p satisfies
O<psl

Returns the probability density for the Cauchy distribution:
(ms(1+(x-1/9?9)?

inwhich | isalocation parameter and s> 0 isa scale parame-
ter.
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dchisq(x, d)

dexp(x, r)

dr(x, dy, d,)

dgamma(x, 9)

dgeom(k, p)

dinorm(x, W, 0)

dlogis(x, I, s)

Returns the probability density for the chi-squared distribution:

eX2 X[2-1)

or(di2) 2H
inwhich d > 0 isthe degrees of freedom and x > 0.
Returns the probability density for the exponentia distribution:

re X
inwhichr >0istherate and x > 0.
Returns the probability density for the F distribution:

d 254 d95d; 7 ((d,; +d,)/2) x 05(d; - 2)

r(d,/2)r (d-/2) (d, +d;x) 0-5(d; +d))

inwhich d;,d, >0 are the degrees of freedom and x > 0.
Returns the probability density for the Gamma distribution:

X S— 1e—X

(s

in which s> 0 isthe shape parameter and x = 0.

Returns P(X = k) when the random variable X has the geomet-
ric distribution:

p(1-pkX

inwhich 0 < p < 1isthe probability of success and kisanon-
negative integer.

Returns the probability density for the log norma distribution:

1 01 0
Tariox P 262709 ~ W7D

Returns the probability density for the logistic distribution:

exp(-(x—=1)1s)
(1 +exp(-(x—1) /9))?

inwhich | isthe location parameter and s> O isthe scale pa-
rameter.
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dnbinom(k, n, p) Returns P(X = k) when the random variable X has the negative
binomial distribution:

M +k - 100
0 Pra-pk
0 0

inwhichO<p<landnandkareintegers,n>0and k=0

dnorm(x, 4, 0)  Returnsthe probability density for the normal distribution:

L opd 1 ey
V2no pErng H E

inwhich p and o are the mean and standard deviation. > 0.

dpois(k, A) Returns P(X = k) when the random variable X has the Poisson
distribution:
Ak _A
K €
inwhich A > 0 and kisanonnegative integer.
dt(x, d) Returns the probability density for the Studentigstribution:
-0.5(d+ 1)

2
F((d+%)/2) E1+X E
rd2vd g dg

in whichd is the degrees of freedonh> 0 andx is real.

dunif(x, a, b) Returns the probability density for the uniform distribution:
1
b-a
in whichb anda are the endpoints of the interval wik b
andasx<h.
dweibull, s) Returns the probability density for the Weibull distribution:
xS~ 1 exp(—xS3)

in whichs >0 is the shape parameter attel0.

Cumulative probability distributions

These functions return the probability that a random variable is less than or
equal to a specified value. The cumulative probability distribution is simply the
probability density function integrated frofe to the specified value. For inte-

ger random variables, the integral is replaced by a summation over the appropri-
ate range.
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The probability density functions corresponding to each of the following cumu-
lative distributions are given in the section “Probability distributions” beginning

on page 287.

Figure 1 at the end of this section illustrates the relationship between these three
functions.

cnormé) Returns the cumulative standard normal distribution function.

Equivalent to pnorix, 0, 1).

pbetag, s;,s,) Returns the cumulative beta distribution with shape parame-
terss, ands,. (s, s, > 0).
pbinomk, n, p) Returns the cumulative binomial distribution kosuccesses

in n trials. n is a positive integep is the probability of suc-
cess, &p<1.

pcauchyx, I, s) Returns the cumulative Cauchy distribution with scale parame-
tersand location parametérs> 0.

pchisqgk, d) Returns the cumulative chi-squared distribution in whict0
is the degrees of freedom.

pexp, r) Returns the cumulative exponential distribution in whict0
is the rate.

pF(, d;, d,) Returns the cumulativié distribution in whichd,,d, > 0 are
the degrees of freedom.

pgammax, S) Returns the cumulative Gamma distribution in wieeh0 is
the shape parameter.

pgeomk, p) Returns the cumulative geometric distributipris the prob-
ability of success. @p<1.

plnorm, 4, 0) Returns the cumulative log normal distribution. This is the dis-
tribution whose natural log is a normal distribution having
meanu and standard deviatian> 0.

plogis, I, 9) Returns the cumulative logistic distributidns the location
parameters> 0 is the scale parameter.

pnbinomk, n, p) Returns the cumulative negative binomial distribution in
which O0<p < 1.n must be a positive integer.

pnormf, 4, 0)  Returns the cumulative normal distribution with mgsamd
standard deviatioa. o > 0.

ppoisk, A) Returns the cumulative Poisson distributibr. O.

pt(x, d) Returns the cumulative Student'distribution.d is the de-
grees of freedond > 0.
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punif(x, a, b) Returns the cumulative uniform distribution. b and a are the
endpoints of theinterval. a<b.

pweibull(x,s)  Returnsthe cumulative Weibull distribution. s> 0.

Inverse cumulative probability distributions

These functions take a probability p as an argument and return the va ue of x
such that P(X < x) =p.

The probability density functions corresponding to each of the following inverse
cumulative distributions are given in the section “Probability distributions” be-
ginning on page 287.

gbetap, s;,s,) Returns the inverse beta distribution with shape paransgters
ands,. (0<sp<1)(s,s,>0).

gbinomf, n,r) Returns the number of successes inals of the Bernoulli
process such that the probability of at most that number of suc-
cesses ip. r is the probability of success on a single trial.
0<r<1land & p< 1.nmustbe aninteger greater than zero.

gcauchyg, I, s) Returns the inverse Cauchy distribution with scale pararseter
and location parametérs>0. 0<p<1

qchisgp, n) Returns the inverse chi-squared distribution in wiietD is
the degrees of freedom<(p < 1.

gexpf, r) Returns the inverse exponential distribution in whichD is
the rate. G p<1.

gF(, dy, dy) Returns the inverde distribution in whichd,,d, > 0 are the
degrees of freedom.Op < 1.

qgammap, s)  Returns the inverse Gamma distribution in whiehO is the
shape parameter<0p < 1.

qgeomp, r) Returns the inverse geometric distributiois the probability
of success on a single trial<(p< 1 and O<r < 1.

glnorm(, 1, 0) Returns the inverse log normal distribution. The log normal
distribution is a distribution whose natural log is the normal
distribution having meap and standard deviatian> 0.
O<p<l

glogis, I, 9) Returns the inverse logistic distributidns the location pa-
rameters> 0 is the scale parameter<@ < 1.

gnbinomp, n, r) Returns the inverse negative binomial distribution with size
and probability of successO<r<land kp<1.
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gnorm(p, 1, 0)  Returnstheinverse normal distribution with mean p and stand-
ard deviationo.0<p<lando>0.

gpois(p, A) Returnsthe inverse Poisson distribution. A >0and 0<p < 1.

qt(p, d) Returns the inverse Studentdistribution.d is the degrees of
freedomd>0and <p<1.

qunif(p, a, b) Returns the inverse uniform distributidnanda are the end-
points of the intervab<band O<p< 1.

gweibull(p,s)  Returns the inverse Weibull distributias® 0 and 6k p< 1.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
(T pNMer————1=7
]

x = -10.-9.8.10 =]

1 T

pnom[x.2.1]
B 05—
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The "dnorm” function generates the familiar bell curve, here shown with mean = 2.
The "pnorm” function is the running area under the "dnorm” curve.

qnorm{ .5.2.1) = 2 How big x has to be before the area under the curve
reaches 0.5. As vou'd expect, this is the mean: 2.

pnorm{2.2.1) = 0.5 Plugging this back into "pnorm™ shows that the two
functions are inverses of each other.
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Figure 1: Relationship between probability densities, cumulative distributions
andtheir inverses.
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Histogram function

Mathcad includes one function, hist, for computing frequency distributionsfor
histograms:

hist(int, A) Returnsavector representing the frequencies with which valuesin
A fall intheintervals represented by the int vector. The elements
in both int and A must be real. In addition, the elements of int
must be in ascending order. The resulting vector is one element
shorter than int.

Mathcad interprets int as a set of points defining a sequence of intervalsin a his-
togram. The valuesin int must should be in ascending order. The result of this
functionis avector f, in which f; is the number of valuesin A satisfying the con-
dition:

int; <value<int; , 4

Mathcad ignores data points less than the first valuein int or greater than the
last value inint. Figure 2 shows how to use histogramsin Mathcad.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
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Figure 2: Ahistogram.

Histogram function 293



Random numbers

Mathcad comes with a number of functions for generating random numbers hav-
ing avariety of probability distributions. The functional forms of the distribu-
tions associated with the following functions are given in the section
“Probability distributions” beginning on page 287.

rbetafn, s;, s,)
rbinom(m, n, p)

rcauchyfn, |, )

rchisqfn, d)
rexp(m, r)
rE(m, dy, d,)
rgammaf, s)
rgeom(n, p)

rlnorm(m, 1, o)

rlogis(m, I, s)

rnbinomn, n, p)
rnorm(m, W, o)
rpois(m, A)

rt(m, d)

Returns a vector oh random numbers having the beta distri-
bution.s; s, > 0 are the shape parameters.

Returns a vector oh random numbers having the binomial
distribution. 0< p< 1. nis an integer satisfying> 0.

Returns a vector ah random numbers having the Cauchy dis-
tribution.s> 0 is the scale parametérs the location parame-
ter.

Returns a vector ah random numbers having the chi-squared
distribution.d > O is the degrees of freedom.

Returns a vector oh random numbers having the exponential
distribution.r > 0 is the rate.

Returns a vector ah random numbers having thedistribu-
tion. d;,d, > 0 are the degrees of freedom.

Returns a vector ah random numbers having the gamma dis-
tribution.s > 0 is the shape parameter.

Returns a vector ah random numbers having the geometric
distribution. O<p< 1.

Returns a vector ah random numbers having the log normal
distribution. This is the distribution whose log is the normal
distribution having meap and standard deviatian> 0.

Returns a vector ah random numbers having the logistic dis-
tribution in whichl is the location parameter asd 0 is the
scale parameter.

Returns a vector oh random numbers having the negative bi-
nomial distribution. & p< 1.nis an integer satisfying> 0.

Returns a vector ah random numbers having the normal dis-
tribution.o > 0.

Returns a vector ah random numbers having the Poisson dis-
tribution.A > 0.

Returns a vector ah random numbers having the Studebt's
distribution.d > 0.
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runif(m, a, b) Returns a vector of mrandom numbers having the uniform dis-
tribution in which b and a are the endpoints of the interval and
a<b.

rnd(x) Returns a uniformly distributed random number between 0
and x. Equivalent to runif(1, 0, x).

rweibull(m,s)  Returnsavector of mrandom numbers having the Weibull dis-
tribution in which s> 0 isthe shape parameter.

Each time you recal culate an equation containing one of these functions, Math-

cad generates new random numbers. To force Mathcad to generate new random
numbers, click on the equation containing the function and choose Calculate

from the Math menu. Figure 3 shows an example of how to use Mathcad'’s ran-
dom number generator. Figure 4 shows how to generate a large vector of ran-
dom numbers having a specified distribution.

These functions have a “seed value” associated with them. Each time you reset
the seed, Mathcad generates new random numbers based on that seed. A given
seed value will always generate the same sequence of random numbers. Choos-
ing Calculate from theMath menu advances Mathcad along this random num-
ber sequence. Changing the seed value however, advances Mathcad along an
altogether different random number sequence.

To change the seed value, choOgions 0 Randomize from theM ath menu
and change the value of “seed” in the dialog box. Be sure to supply an integer.

To reset Mathcad’'s random number generator without changing the seed value,
chooseOptions [0 Randomize from theMath menu and click “OK” to accept

the current seed. Then click on the equation containing the random number gen-
erating function and choozalculate from theMath menu. Since the random-

izer has been reset, Mathcad generates the same random numbers it would
generate if you restarted Mathcad.
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Figure 3: Uniformly distributed random numbers. Snce the random number gen-
erator generates different numbers every time, it's unlikely that you'll be able to
reproduce this example exactly as you see it here.

| % File Edit Diew Insert Format Math Symbolics Books Window 17|
g INNIMe08——7~—————~15|
{3
v = morm{ 8000.0.1) . Generate a vector of random numbers having the =]
standard normal distribution.
m = 0. 20
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n:=0.19
400 :
300 - 7 «—— Graph the result.
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Figure 4: A vector of normally distributed random numbers. Since the random
numbers are different every time, it's unlikely that you'll be able to reproduce
this example exactly as you see it here.
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If you want to check atest case severd times with the same random numbers, re-
set the random number generator between cal culations as described above.

To see anew set of random numbers, change the seed val ue as described above.
This causes Mathcad to generate a different set of random numbers from what
you see when you start Mathcad. Each time you want to reset Mathcad to regen-
erate these random numbers, reset the seed as described above. To see adiffer-
ent set of random numbers, change the seed value.

Interpolation and prediction functions

Interpolation involves using existing data points to predict va ues between these
data points. Mathcad allows you to either connect the data points with straight
lines (linear interpolation) or to connect them with sections of a cubic polyno-
mial (cubic spline interpolation).

Unlike the regression functions discussed in the next section, these interpolation
functions return a curve which must pass through the points you specify. Be-
cause of this, the resulting function is very sensitive to spurious data points. If
your datais noisy, you should consider using the regression functions instead.

Linear prediction involves using existing data valuesto predict values beyond
the existing ones. Mathcad provides a function which alows you to predict fu-
ture data points based on past data points.

Whenever you use arrays in any of the functions described in this section, be
surethat every element in the array contains a data value. Since every element

in aarray must have avalue, Mathcad assigns 0 to any elements you have not ex-
plicitly assigned.

Linear interpolation

In linear interpolation, Mathcad connects the existing datapoints with straight
lines. Thisisaccomplished by the linterp function described below.

linterp(vx, vy, X) Usesthe data vectors vx and vy to return alinearly interpo-
lated y value corresponding to the third argument x. The argu-
ments vx and vy must be vectors of the same length. The
vector vx must contain real values in ascending order.

To find the interpolated va ue for a particular x, Mathcad finds the two points be-
tween which the value falls and returns the corresponding y va ue on the straight
line between the two points.
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For x values before the first point in vx, Mathcad extrapol ates the straight line
between the first two data points. For x values beyond the last point in vx, Math-
cad extrapolates the straight line between the last two data points.

For best results, the value of x should be between the largest and smallest values
in the vector vx. Thelinterp function isintended for interpolation, not extrapol a
tion. Consequently, computed values for x outside this range are unlikely to be
useful. Figure 5 shows some examples of linear interpolation.
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Figure5: Examplesof linear interpolation. Sncethe random number generator
gives different numbers every time, you may not be able to recreate this exam-
ple exactly as you see it.

Cubic spline interpolation

Cubic spline interpolation lets you pass a curve through a set of pointsin such a
way that the first and second derivatives of the curve are continuous across each
point. This curveis assembled by taking three adjacent points and constructing a
cubic polynomial passing through those points. These cubic polynomials are
then strung together to form the completed curve.

To fit acubic spline curve through a set of points:

m Create the vectors vx and vy containing the x and y coordinates through
which you want the cubic splineto pass. The elements of vx should bein as-
cending order. (Although we use the names vx, vy and vs, there is nothing
specid about these variable names; you can use whatever names you prefer in
your own work.)
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m Generate the vector vs := cspling(vx,vy) The vector vsis avector of interme-
diate results designed to be used with interp.

m To evaluate the cubic spline at an arbitrary point, say x0, evaluate
interp(vs, vx, vy, X0) wherevs, vx and vy are the vectors described earlier.

Note that you could have accomplished the same task by evaluating:
interp(cspline(vx, vy), vx, vy, X0)

As a practical matter though, you'll probably be evaluaitieg p for many dif-
ferent points. Since the call ¢gpline can be time-consuming, and since the re-
sult won't change from one point to the next, it makes sense to do it once and
just keep re-using the result as described above.

Figure 6 shows how to compute the spline curve for the example in Figure 5.
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Figure 6: Spline curvefor the points stored in x and y. Snce the random number
generator gives different numbers every time, you may not be able to recreate
this example exactly as you see it.

Here is a description of the steps involved in the example in Figure 6:

The equation with thespline function computes the arrag containing, among
other things, the second derivatives for the spline curve used to fit the points in
vx andvy.

Once thevs array is computed, thaterp function computes the interpolated val-
ues of the curve.
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Note that the vs array needs to be computed only once, even for multiple interpo-
lations. Since the spline calculations that lead to vs are time-consuming, it is
more efficient to store these intermediate results as avector than it isto recalcu-
|ate them as needed.

In addition to cspline, Mathcad comes with two other cubic spline functions.
The three spline functions are:

cspline(vx, vy)  These all return a vector of intermediate results which we’ll

pspline(vx, vy) callvs. This vectorys, is used in thenterp function described

Ispline(vx, vy)  below. The argumentis< andvy must be real vectors of the
same length. The valuesuir must be real and in ascending
order.

These three functions differ only in the boundary conditions:

m Thelspline function generates a spline curve that approaches a straight line at
the endpoints.

m Thepspline function generates a spline curve that approaches a parabola at
the endpoints.

m Thecspline function generates a spline curve that can be fully cubic at the
endpoints.

interpfvs, vx, vy, X) Returns the interpolatgdvalue corresponding to the
argumeni. The vectowsis a vector of intermediate
results obtained by evaluatifgpline, pspline, or
cspline using the data vectors andvy.

To find the interpolated value for a particwaMathcad finds the two points be-
tween which it falls. It then returns tlyezalue on the cubic section enclosed by
these two points. Forvalues before the first point ix, Mathcad extrapolates
the cubic section connecting the first two pointsxfSimilarly, forx values be-
yond the last point imx, Mathcad extrapolates the cubic section connecting the
last two points ofrx.

For best results, do not use theerp function on values of far from the fitted
points. Splines are intended for interpolation, not extrapolation. Consequently,
computed values for suctvalues are unlikely to be useful.
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Interpolating a vector of points

Y ou can use the vectorize operator to return awhole vector of interpolated val-
ues corresponding to avector of data points. Thisworks with both interp and lin-
terp.

Figure 7 shows how to perform this operation. To apply the vectorize operator
to the function, click on the function name and press[Space] until the function
is between the two editing lines. Then press[Ct r | ]- (hold downthe[Ctr I ]
key and press the minus sign).
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Figure 7: Interpolating a vector of points. Note that since these are random num-
bers, it's unlikely you'll be able to reproduce this example exactly as you see
here.

Mutivariate cubic spline interpolation

Mathcad handles two dimensional cubic spline interpolation in much the same
way asthe one-dimensiona case discussed earlier. Instead of passing acurve
through a set of pointsin such away that the first and second derivatives of the
curve are continuous across each point, Mathcad passes a surface through agrid
of points. This surface corresponds to a cubic polynomial in x and y in which the
first and second partial derivatives are continuous in the corresponding direction
across each grid point.
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Thefirst step in two-dimensiona splineinterpolation is exactly the same as that
in the one-dimensional case: specify the points through which the surface isto
pass. The procedure, however, is more complicated because you now have to
specify agrid of points:

m Create the n x 2 matrix Mxy whose elements, Mxy; , and Mxy; ; specify the
x and y coordinates along the diagonal of arectangular grid. This matrix
playsthe exactly the same role as vx in the one-dimensional case described
earlier. Since these points describe a diagonal, the elementsin each column of
Mxy bein ascending order (Mxy; , < Mxy; , whenever i <j).

m Create the n x n matrix Mz whose ijth element is the z coordinate correspond-
ing to the point x = Mxyiyo andy= M)_<yjyl. Thi; plays exactly the same role as
vy in the one-dimensional case described earlier.

m Generate the vector vs := cspling(M xy, M z) The vector vsis avector of inter-
mediate results designed to be used with interp.

m To evaluate the cubic spline at an arbitrary point, say (x0, y0) evaluate
. x0
interp(vs, Mxy, Mz,
05

wherevs, Mxy and Mz are the arrays described earlier. Theresult isthe
value of the interpolating surface corresponding to the arbitrary point

(x0, y0).
Note that you could have accomplished exactly the same task by evaluating:

interp(cspling(M xy, Mz), Mxy, Mz, @8
O

As a practical matter though, you'll probably be evaluaitieg p for many dif-
ferent points. Since the call ¢gpline can be time-consuming, and since the re-
sult won’t change from one point to the next, it makes sense to call it once and
just keep re-using the result as described above.

In addition tocspline, Mathcad comes with two other cubic spline functions.
The three spline functions are:

csplineMxy, M2) These all return a vector of intermediate results
psplineMxy, M2) which we'll callvs. This vectorys, is used in théen-
IsplineMxy, M2) terp function described below/ xy is ann x 2 ma-

trix whose elementisixy, , andMxy, , sEecify points
on the diagonal of amx n grid. Theij " element of
then x n matrixMz specifies the value of the interpo-

lating surface aMxy; ,, Mx3/j’1).
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These three functions differ only in the boundary conditions:

m Thelsplinefunction generates a spline curve that approaches a plane along
the edges.

m The pspline function generates a spline curve that approaches a second de-
gree polynomial in x and y aong the edges.

m The cspline function generates a spline curve that that approaches athird de-
gree polynomial in x and y aong the edges.

interp(vs, Mxy, Mz,v)  Returnstheinterpolated z val ue corresponding to the
point X =V, and y = v,. The vector vs comes from
evaluating Ispline, pspline, or cspline using the data
matrices Mxy and Mz.

For best results, do not use the interp function on values of x and y far from the
grid points. Splines are intended for interpolation, not extrapol ation. Conse-
quently, computed values for such x and y va ues are unlikely to be useful.

Linear prediction

The functions described so far in this section allow you to find data points lying
between existing data points. However, you may need to find data pointsthat lie
beyond your existing ones. Mathcad provides the function predict which uses
some of your existing data to predict data points lying beyond the existing ones.
Thisfunction uses alinear prediction agorithm which is useful when your data
is smooth and oscillatory, though not necessarily periodic. Linear prediction can
be seen as a kind of extrapolation method but should not be confused with linear
or polynomial extrapolation.

predict(v, m, n) Returns n predicted values based on m consecutive
values from the data vector v. Elementsin v should
represent samples taken at equd intervals.

The predict function uses the last m of the original data valuesto compute pre-
diction coefficients. Once it has these coefficients, it uses the last m pointsto
predict the coordinates of the (m+ 1)t point, in effect creating amoving win-
dow m points wide.
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Figure 8: Using predict to find future data val ues.

Regression functions

Mathcad includes a number of functionsfor performing regression. Typically,
these functions generate a curve or surface of a specified typewhich in some
sense minimizesthe error between itself and the datayou supply. The functions
differ primarily in the type of curve or surface they useto fit the data

Unlike the interpolation functions discussed in the previous section, these func-
tions do not require that the fitted curve or surface pass through the data points
you supply. Theregression functionsin this section are therefore far less sensi-
tive to spurious data than the interpol ation functions.

Unlike the smoothing functions in the next section, the end result of aregression
isan actual function, one that can be evaluated at pointsin between the points
you supply.

Whenever you use arrays in any of the functions described in this section, be
surethat every element in the array contains a data value. Since every element

in aarray must have avalue, Mathcad assigns 0 to any elements you have not ex-
plicitly assigned.
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Linear regression

These functions return the dope and intercept of the line that best fits your data
in aleast square sense. If you place your x values in the vector vx and your sam-
pledy valuesin vy, that lineis given by:

y = dope(vx, Vy)X + intercept(vx, vy)

Figure 9 shows how you can use these functionsto fit aline through a set of

data points.

dope(vx, vy) Returns a scalar: the dope of the least-squares regres-
sion line for the data pointsin vx and vy.

intercept(vx, vy) Returns a scaar: the y-intercept of the least-squares

regression line for the data pointsin vx and vy.

These functions are useful not only when your dataisinherently linear but when
itisexponential aswell. More specifically, if your x and y arerelated by:

y = Aekx
Y ou can apply these functions to the log of your data values and make use of the
fact that:
log('y) =log(A) + kx
In which case:

A = exp(intercept(vx, vy)) and k = slope(vx, vy)

The resulting fit weighs the errors differently from aleast-squares exponential
fit but is usually a good approximation.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

T =5
4
i=0.40
X; = READ(T1] <—Read in the x data.
¥Yi = READ[Tf2] <— Read in the y data.
a = slope(x. y) a = 0643 <— Evaluate the slope

and intercept.

b := intercept(x.¥y] b = 43693

Figure9: Using slopeand intercept for linear regression.

Polynomial regression

These functions are useful when you have set of measured y val ues correspond-
ing to x values and you want to fit a polynomial through those y values.

Use regress when you want to use asingle polynomid to fit all your data vaues.
The regress function letsyou fit apolynomial of any order. However as a practi-
cal matter, you would rarely need to go beyond n = 4.

Sinceregress tries to accommodate al your data points using asingle polyno-
midl, it will not work well when your data does not behave like a single polyno-
mial. For example, suppose you expect your y; to be linear from x; to x;, and to
behave like acubic equation from X, ; to X, If you use regress with n =3 (acu-
bic), you may get agood fit for the second half but aterrible fit for the the first
half.

The loess function alleviates these kinds of problems by performing amore lo-
calized regression. Instead of generating a single polynomial the way regress
does, loess generates a different second order polynomia depending on where
you are on the curve. It does this by examining the datain a small neighborhood
of the point you're interested in. The argumggsan controls the size of this
neighborhood. Aspan gets larger,oess becomes equivalent tegress with
n=2. A good default value gpan = 0.75.

Figure 10 shows hogpan affects the fit generated by theess function. Note

how a smaller value apan makes the fitted curve track fluctuations in data
more effectively. A larger value gpan tends to smear out fluctuations in data
and generate a smoother fit.
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regress(vx, vy, n)

loess(vx, vy, span)

interp(vs, vx, vy, X)

A vector required by the interp function to find the
n" order polynomial that best fits data vectors vx and
VY. VX is anh melement vector containing x coordi-
nates. vy isan melement vector containing they co-
ordinates corresponding to the m points specified in
VX.

A vector required by the interp function to find the
set of second order polynomials that best fit particu-
lar neighborhoods of data points specified in vectors
vx and vy. vx is an melement vector containing X co-
ordinates. vy isan melement vector containing they
coordinates corresponding to the m points specified
in vx. The argument span, (span > 0), specifies how
large a neighborhood loess will consider in perform-
ing thislocal regression.

Returns the interpolated y value corresponding to the
X. The vector vs comes from evaluating loess or re-
gress using the data matrices vx and vy.

| % File Edit View Insert Format Math Symbolics Books Window

B

El

Iy =
47

GENERATE DATA

CASE 1: Span=0.2
spanl = 2

PLOT DATA
2 T

i= 0. 49 VI

vsl = loess{wvx. vz, spanl)

fl{x) := interp (vs1 LVK, VI, vxi>

= vz; = 05-(rmd{1) - 0.5) + atan(i]

CASE 2: Span=2.0
span2 = 2
vs2 = loess{wvx, vz, span2)

f2(x) = interp (VSZ LVK, VI, vxi>

oy

(o)

Smaller "span” causes loess
to consider a smaller neigh-
borhood, resulting in a bumpy
regression curve that more
closely tracks the data.

Figure 10: Effect of different spans on the loess function. Note that since these

are random numbers, it's unlikely you'll be able to reproduce this example ex-

actly as you see here.
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Multivariate polynomial regression

The loess and regress functions discussed in the previous section are a so useful
when you have set of measured z va ues corresponding to x and y values and
you want to fit a polynomial surface through those z values.

The properties of these functions are described in the previous section. When us-
ing these functionsto fit z values corresponding to two independent variables x
and y, the meanings of the arguments must be generalized. Specificaly:

m The argument vx which was an m-element vector of x values becomesan m-
row and 2 column array, Mxy. Each row of Mxy contains an x in thefirst col-
umn and a corresponding y value in the second column.

m Theargument x for the interp function becomes a 2-element vector v whose
elements are the x and y values at which you want to eval uate the polynomial
surface representing the best fit to the data pointsin Mxy and vz.

regress(Mxy, vz, k) A vector required by the interp function to find the
K" order polynomial that best fits data arrays Mxy
and vz. Mxy isan m X 2 matrix containing x-y coordi-
nates. vz isan meement vector containing the z coor-
dinates corresponding to the m points specified in
Mxy.

loess(Mxy, vz, span) A vector required by the interp function to find the
set of second order polynomials that best fit particu-
lar neighborhoods of data points specified in arrays
Mxy and vz. Mxy isan m x 2 matrix containing x-y
coordinates. vz is an m element vector containing the
z coordinates corresponding to the m points specified
in Mxy. The argument span (span > 0 specifies how
large a neighborhood loess will consider in perform-
ing thislocal regression.)

interp(vs, Mxy, vz, v) Returns the interpolated z val ue corresponding to the
point X =V, and y =V;. The vector vs comes from
evaluating loess or regress using the data matrices
Mxy and vz.

Y ou can add independent variables by ssimply adding columnsto the Mxy array.
Y ou would then add a corresponding humber of rows to the vector v that you
pass to the interp function. The regress function can have as many independent
variables as you want. However, regresswill cal culate more slowly and require
more memory when the number of independent variables and the degree are
greater than four. The loess function is restricted to at most four independent
variables.
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Keep in mind that for regress, the number of data values, m must satisfy

ma 1K= 10k
U g n

where n is the number of independent variables (hence the number of columns
in Mxy), kisthe degree of the desired polynomial, and mis the number of data
values (hence the number of rowsin vz). For example, if you have five explana-
tory variables and a fourth degree polynomid, you will need more than 126 ob-
servations.

Generalized regression

Unfortunately, not all data sets can be modeled by lines or polynomials. There

are times when you need to model your data with alinear combination of arbi-

trary functions, none of which represent terms of a polynomia. For example, in

a Fourier series you try to approximate data using a linear combination of com-

plex exponentias. Or you may believe your data can be modeled by aweighted
combination of Legendre polynomials, but you just don’t know what weights to
assign.

Thelinfit function is designed to solve these kinds of problems. If you believe
your data could be modeled by a linear combination of arbitrary functions:

y =gfy(x) + ayH(x) + . .. + a,H,(X)

you should uséinfit to evaluate the,. Figure 11 shows an example in which a
linear combination of three functions:x?, and(x + 1)~Lis used to model some
data.

There are times however when the flexibilityliofit is still not enough. Your

data may have to be modeled not by a linear combination of data but by some
function whose parameters must be chosen. For example, if your data can be
modeled by the sum:

f(x) = & [Sin(2x) + a,[aNh(3xX)
and all you need to do is solve for the unknown weightmnda,, then you
have dinfit type of problem.
By contrast, if instead your data is to be modeled by the sum:

f(x) = 28in(ayx) + 3fanh(aX)

and you now have to solve for the unknown paramateasda,, you would
have agenfit problem.
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Anything you can do with linfit you can also do, albeit less conveniently, with
genfit. The difference between these two functions is the difference between
solving a system of linear equations and solving a system of nonlinear equa-
tions. The former is easily done using the methods of linear agebra. The latter is
far more difficult and generally must be solved by iteration. This explains why
genfit needs avector of guess values as an argument and linfit does not.

Figure 12 shows an example in which genfit is used to find the exponent that
best fitsa set of data

linfit(vx, vy, F) Returns a vector containing the coefficients used to
create alinear combination of the functionsin F
which best approximates the data in vectors vx and
vy. F isafunction which returns avector consisting
of the functionsto be linearly combined.

genfit(vx, vy, vg, F) A vector containing the parameters that make a func-
tion f of x and n parameters uy,u,,...,u, _, best ap-
proximate the datain vx and vy. F isafunction that
returns an n + 1 element vector containing f and its
partial derivatives with respect to its n parameters. vg

isan n-element vector of guess valuesfor the n pa-

rameters.
| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== INNN=——"”%
0 43 2 =
2 22
Fix) = | %
4 8 1
YH = =
6 v A X+ 1
8 1 j=0.5b
1 5 S = linfit{vx.vy. F)
r=0, 0261
g(t) = F(1)'S | |
2 - +
3.087 Vi
S = |-1.475 s [ i
0515
0 | h |
5 1 1] 1
Bestfitis given by 3.087x"-1.475x + 0515 - in, r
auta MUM | Page 1

Figure 11: Using linfit to find coefficients for alinear combination of functions
that best fitsthe data.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

g (INTee0Fe00————115|
{7
ug+uqz +u2-22 <— The first element 3 9.4
contains the function ’ '
2 | 10 be fitted. 4 nz
up+Upz+uyz B 1 5
F(z.u) = 2 <— The others VX E |l 1gq | VWS 3
AT A R contain the partial 2 6
2 derivatives.
2 Ug+Upz+uyz 4 0
2.
' 1 i=0.5 r= 3,392 14
vg=| 0 20 T T T
-1
- - i
P = genfit{ vx. vy .vg. F) o 10 - & o
gir) = F(r,P)u v & e
=]
2573 0 ' '
1] 1 2 3 4
P = |-0814 vH LT
o Data
0.05 Best fitting curve
auto MNUM | Page 1
Figure 12: Using genfit for finding the parameters of a function so that it best
fitsthe data.

Smoothing functions

Smoothing involvestaking a set of y (and possibly X) values and returning a new
set of y values that is smoother than the original set. Unlike the regression and
interpolation functions discussed earlier, smoothing resultsin anew set of y val-
ues, not afunction that can be eva uated between the data points you specify.
Thus, if you are interested in y va ues between the y values you specify, you
should use aregression or interpolation function.

Whenever you use vectorsin any of the functions described in this section, be
sure that every element in the vector contains a datavalue. Since every e ement
in avector must have avalue, Mathcad assigns 0 to any elements you have not
explicitly assigned.

The medsmooth function isthe maost robust of the three sinceit isleast likely to
be affected by spurious data points. This function uses a running median

smoother, computes the residuals, smoothes the residua s the same way, and
adds these two smoothed vectors together. The details are asfollows:

m Evaluation of medsmooth(vy, n) begins with the running median of the input
vector vy. We'll call thisvy'. Theith element is given by:

VY'I = med'ar(vyl_n;l, e Vyl’ e Vyi+n;l).
m [t then evaluates the residuals:=vy —vy'.
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m Theresidual vector, vr, is smoothed using the same procedure described in
step 1. This creates a smoothed residua vector, vr .

m The medsmooth function returns the sum of these two smoothed vectors:
medsmooth(vy, n) =vy' +vr .

Note that medsmooth will leave the first and last (n — 1)/2 points unchanged. In
practice, the length of the smoothing window, n, should be small compared to
the length of the data set.

The ksmooth function uses a Gaussian kernel to compute local weighted aver-
ages of theinput vector vy. This smoother is most useful when your data lies
along aband of relatively constant width. If your data lies scattered a ong a band
whose width fluctuates considerably, you should use an adaptive smoother like

supsmooth.
For each vy; in the n-element vector vy, the ksmooth function returns anew vy';
given by:
K,
£°0 b 0 4
vy’ = n
Qrx; — VX; O
KO b O
= O O
where:

ko= 1 mps © H
" Vnio3n) O PH 200.372H
and b isabandwidth which you supply to the ksmooth function. The bandwidth

isusually set to afew times the spacing between data points on the x axis de-
pending on how big awindow you want to use when smoothing.

The supsmooth function uses a symmetric k nearest neighbor linear least square
fitting procedure to make a series of line segments through your data. Unlike
ksmooth which uses a fixed bandwidth for all your data, supsmooth will adap-
tively choose different bandwidths for different portions of your data.
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medsmooth(vy, n) Returns an m-element vector created by smoothing
vy with running medians. vy is an m-element vector
of real numbers. n isthe width of the window over
which smoothing occurs. n must be an odd number
less than the number of elementsin vy.

ksmooth(vx,vy, b) Returns an n-element vector created by using a
Gaussian kernel to return weighted averages of vy.
vy and vx are n-element vectors of real numbers. The
bandwidth b controls the smoothing window and
should be set to a few times the spacing between
your x data points.

supsmooth(vx,vy) Returns an n-element vector created by the piecewise
use of a symmetric k-nearest neighbor linear least
square fitting procedure in which k is adaptively cho-
sen. vy and vx are n-element vectors of real numbers.
The elements of vx must bein increasing order.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== SWMIiT=—0r————115
4

i=0.120 x. = 0.22-1

v; = sin (xi) md(0.2) Generate vector of data corrupted by uniformly
distributed noise of amplitude < 0.2.
z = supsmooth(x, v) Put the smoothed data in vector "z".

— noisy data
— smoothed data

auta MUM | Page 1

Figure 13: Smoothing noisy data with supsmooth.
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Chapter 14

Programming

With Mathcad pLus, you'll be able to write your own programs. A
Mathcad program is an expression which is itself made up of other
expressions. A Mathcad program has many attributes associated
with programming languages including conditional branching,
looping constructs, local scoping of variables, the ability to use
other programs as subroutines, and the ability to call itself
recursively.

Mathcad programs make it easy to do tasks that are either
impossible or very inconvenient to do in any other way.

This chapter contains the following sections:
Defining a program

How to create simple programs. Local assignment statements.
Conditional statements

Using a condition to suppress execution of a statement.
L ooping

Using “while” loops and “for” loops to control iteration.
Programs within programs

Using subroutines and recursion in a Mathcad program.
Programming examples

A sampling of programs illustrating useful techniques and displaying
some of the power of Mathcad’s approach to programming.
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Defining a program

A Mathcad program is aspecial kind of Mathcad expression. Like any expres-
sion, aprogram returns a value when followed by an equals sign. Just as you can
define avariable or function in terms of an expression, you can also defineit in
terms of a program.

The main difference between a program and an expression is the way you tell

Mathcad how to compute an answer. When you use an expression, you have to
describe how to compute the answer in one statement. But when you use a pro-

gram, you can use as many statements as you want to describe how to compute

the answer. In effect, you can think of a program as being a “compound expres-
sion.”

The following example shows how to make a simple program to define the func-
tion:

kO
f(x, w) = Iog%vg

Although the example chosen is so simple as to render programming uneces-
sary, it does illustrate how to separate the statements making up the program and

how to use the local assignment operater’.

m Type the left side of the function
definition, followed by a =", HERGEER
Make sure the placeholder is se-
lected.

m Open the programming palette by
clicking on the programming but- | |fix . w] = |
ton in the palette controls. Then 1l
click on the “Add line” button. Al-
ternatively, presg. You'll see a
vertical bar with two placeholders.
These placeholders will hold the
statements making up your pro-
gram. You can continue adding
placeholders for statements as you
need them by repeatedly clicking
the “Add Line” button.

m PresgTab] to move to the top
placeholder. In the top placeholdel |[fix ,w) = [zl

typez, and click on the £” but-
ton on the programming palette. A

ternatively, pres§ to insert a ‘- ".
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m In the placeholder to the right of
the “", typex/ w. fix,w)= |ze-—

g

m The remaining placeholder is the
actual value to be returned by the flx w) = 72
program. Typé og(z) . w
log(z)

You can now use this function just as you would any other function. Figure 1
shows this function along with an equivalent function defined on one line in-
stead of two. Note thatis undefined everywhere outside the program. The defi-
nition of zinside the program is local to the program. It has no effect anywhere
else.

A program can have any number of statements. To add an additional statement,
click the “Add Line” button on the toolbar again. Mathcad inserts a placeholder
below whatever statement you've selected. To delete the placeholder, click on it
and backspace over it.

Figure 2 shows a more complex example involving the quadratic formula. Al-
though you can define the quadratic formula with a single statement as shown in
the top half of the figure, you may find it simpler to define it with a series of sim-
ple statements as shown in the bottom half. This lets you avoid having to edit
very complicated expressions.
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| % File Edit Diew Insert Format Math Symbolics Books Window 12 |

fT=——— Pl =———7—7Y-—— 5|
f(x, w) = PP A simple program to define a function.
w
log(z)
E = Note that z is undefined outside the program.
F(x w) = log (i) The same function defined all on one line.
w
auta MUM | Page 1
Figure 1: A function defined both in terms of a program and in terms of an ex-
pression.
| % File Edit Diew Insert Format Math Symbolics Books Window 12 |

PROGIIAI =——7|

||2
4iab.c) = b+ -dac Although you can define complicated

7 a functions all on one line...
ria, b, c) = |discr— h2 -4ac ...it's sometimes easier to break them up
nume-b +'JE into simpler steps anyway.
denom«—2-a
num
denom

auto ’W Page 1
Figure 2: A more complex function defined in terms of both an expression and a
program.
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A Mathcad program, therefore, isan expression made up of a sequence of state-

ments, each one of which is an expression initself. Like any expression, a Math-

cad program must have avalue. Thisvalueis simply the value of the expression
forming the last statement executed by the program. It could be a single humber
asshown in Figures 1 and 2, or it could be an array of numbers as shown in Fig-

ure 6. It could even be a mixture of the two as described in the section “Nested
arrays” in Chapter 9.

The remaining sections describe how to use conditional statements and how to
use various looping structures to control program flow.

Conditional statements

In general, Mathcad evaluates each statement in your program from the top
down. There may be times, however, when you want Mathcad to evaluate a
statement only when a particular condition is met. You can do this by including
an ‘i f” statement in your program. For example, suppose you want to define a
function that forms a semi-circle around the origin but is otherwise constant. To
do this:

m Type the left side of the function
definition, followed by a =",
Make sure the placeholder is se- fix) = al
lected.

m Click the “Add Line” button on the
programming palette. Alterna- fix) =
tively, presq . You'll see a vertical
bar with two placeholders. These
placeholders will hold the state-
ments making up your program.

m In the top placeholder, click the
“if"” button on the programming pal f{x) =
ette. Alternatively, press.

= In the right placeholder, type a ’L
boolean expression: an expressio
that's either true or false. In the left
placeholder, type the value you
want the expression to take when-
ever the expression in the right
placeholder is true.

PLUS

Conditional statements 319



m Select the remaining placeholder
and click the “otherwise” button on  [f(x) := |0 if |x|=2
the programming palette. u| otherwise

m In the remaining placeholder, type
the value you want the program to
return if the condition in the first
statement is not met.

fixy= |0 if |x|=2

4 - xz otherwise

Figure 3 shows a plot of this function. Note that since this function only has two
branches, it's not hard to define it using ihinction as shown in Figure 3.
However, as the number of branches exceeds twd, filrgction rapidly be-

comes unwieldy. An example is shown in Figure 4.

| & File Edit Uiew Insert Format Math Symbolics Books Window (Bl
fT=———7  SPIIlMP=F0Y———— 15|

fix):= |0 if |x|=2

4- xz otherwise

x:=-10,-99.10

f( x) 1] m +«—— Axis limits on this plot were
— set manually. This plot looks
different when default axis
limits are used.

5 | | |
-10 -A 1] H] 10
H
2 You can also use the "if” function to do this,
gix) = if\|x|=2.0,,)4-% although what you gain in conciseness, you

lose in clarity.

auto ’W Page 1
Figure 3: Using the “if" statement to define a piecewise continuous function.
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| & File Edit Uiew Insert Format Math Symbolics Books Window (Bl
B 814 Eﬁ%l

2

x=-2,-18..2 Fiz)=x -1

G(x) = |F(x) if -2<x<-13
-F(x) if -132x<0

2 4 T
F(x)™ if D=x<14
% otherwise 2
G(x)
— b |
_2 |
-2 0 2
%
An equivalent, but hopelessly complicated definition of the same function...

H(x)::if(-25x<-1.3 F(x) ,if(-1.3sx<u ~F(x) ,if(usx<1.4 Frx) x)))

Figure 4: Comparing the “if* statement in a program with the built-in “if" func-
tion.

“while” loops

One of the greatest strengths of programmability isthe ability to execute a se-
quence of statements over and over again in aloop. Mathcad provides two such
loops. The choice of which loop to use depends on how you plan to tell the loop
to stop executing.

m |f you know exactly how many times aloop is to execute, you can use afor
loop.

m |f you want the loop to stop upon the occurrence of a condition, but you don’t
know when that condition will occur, usewhile loop.

A while loop is driven by the truth of some condition. Because of this, you don't
need to know in advance how many times the loop is to execute. It is important,
however, to have a statement somewhere, either within the loop or elsewhere in
the program, that eventually makes the condition false. Otherwise, the loop will
execute indefinitely. If yodo find yourself in an endless loop, you can interrupt

it using the method given on page 152.

To create avhile loop:
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m Click the button labelled “while” -
on the programming palette. while

m In the top placeholder, type a cong
tion. This would typically be a
boolean expression like the one 1
shown.

while |\.-'j| =thres

m In the remaining placeholder, type
the expression you want evaluated while |\.-'J.| =thres
repeatedly. If necessary, you can
add additional placeholders by
clicking the “Add Line” button on
the programming palette.

j—j+1

Figure 5 shows a larger program incorporating the above loop. Upon encounter-
ing awhile loop, Mathcad checks the condition. If the condition is true, Mathcad
executes the body of the loop and checks the condition again. If the condition is
false, Mathcad exits the loop.

| & File Edit Uiew Insert Format Math Symbolics Books Window (Bl
T I =F— 5|
Finding the first el t of a vector that exceeds a specified value.

m:=0.2500 +«——Create a vector.

v _=1+sin{m]

t{v thres) = |j—0 +—— Initialize counter. 0.243
while vjithres 0.041

j=j+1

i +«——Heturn counter. 1.089

tiv,1.98) =8 «—— The first element to exceed 1.98 is the =
8th element in the vector. 9.793-10

auta MUM | Page 1

Figure 5: Using a “while” loop to find the first occurrence of a particular num-
ber in a matrix.
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The “break” statement

It is often convenient to break out of aloop or stop program execution upon the
occurrence of some condition. For example, there isa possibility of arunaway it-
eration in the program in Figure 5. If every element in v isless than thresh, the
condition will never become fa se and iteration will continue past the end of the
vector. Thiswill result in an error message indicating that theindex is pointing
to anon-existent array element. To prevent thisfrom being a problem, you can
use abreak statement as shown in Figure 6.

The program in Figure 6 will return O if no eements larger than thresh were
found. Otherwise it returns the index and value of thefirst element exceeding

thresh.
| & File Edit Uiew Insert Format Math Symbolics Books Window (Bl
T mp=——— 7|
=l
m :=0.. 2500 +— Create a vector.

v _=1+sin{m]

t(v, thresh) = |j—0 “— Initialize counter.
break if max(v) <thresh +«—Trap a special case.

while vjithresh

j—j+1
(j )
V.
1
t(v.1.98) = 8 «— The first element to exceed 1.98 is the
v 1.989 8th element in the vector. The value of

this element is 1.989.

+«— No element in the vector exceeds 99, hence
the program returns a zero.

Figure 6: Examplein Figure 5 modified to return both the index and the actual
array value. Note the use of “break” to prevent an error arising when thresh is
too large.

To insert the breakstatement, click on the “break” button in the programming
palette. Note that in Figure 6, you would click the “break” button first, then
click “if".

“for” loops

A for loop is aloop that terminates after a predetermined number of iterations. It-
eration is controlled by an iteration variable defined at the top of the loop.

To cresate afor loop:
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m Click the button labelled “for” on
the programming palette. for e

= In the placeholder to the left of the .
0, type the name of the iteration for ie
variable. .

m In the placeholder to the right of
the “0", enter the range of values
the iteration variable should take.
You specify this range the same 1
way you would for a range vari-
able. See Chapter 10, “Range vari
ables,” for more details.

for iel..n

m In the remaining placeholder, type
the expression you want to evaluate
repeatedly. This expresssion gener-
ally involves the iteration variable.
If necessary, you can add addi-
tional placeholders by clicking the
“Add Line” button on the program-
ming palette.

for iel.n

S—S§+i

The upper half of Figure 7 shows thig loop being used to add a sequence of
integers. The undefined variable in Figure 7 shows that the definition of an itera-
tion variable is local to the program. It has no effect anywhere outside the pro-
gram.

The lower half shows an example in which the iteration variable is defined not

in terms of a range but in terms of the elements of a vector. Although the expres-
sion to the right of the[¥” is usually a range, it can also be a vector, a list of sca-
lars, ranges and vectors separated by commas.
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ST FORLOOP Eﬁ:l
sum(n) = |s—0 ni=dd
n
for iel.n Equivalent to... Z i =990
S8 +1 1
i=
447 =990
sum{44) B — "i"is undefined ywhere outside the
program.
join{r,s) = |m<0
for xer.s
v_—X
m
m—m+1
v 100
100 1 101
r=[101 s = (2) join(r s) =| 102
102 1
2
auta MUM | Page 1

Figure 7: Using a “for” loop with two different kinds of iteration variables.

Programs within programs

The examplesin previous sections have been chosen more for their simplicity
than their power. This section shows some examples of more complicated pro-
grams capable of performing tasks that would be difficult if not impossible with-
out the availahility of these programming features.

Much of the flexibility inherent in programming arises from the ability to embed
programming structuresinside one another. In Mathcad, you can do thisin three
ways.

m Y ou can make one of the statementsin a program be another program.

m You can define a program elsewhere and call it from within another program
asif it were a subroutine.

m You can define afunction recursively.

The remainder of this section illustrates these techniques by example.
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Subroutines

Recdll that a program isjust an expression made up of statements, each one of
which contains an expression. Since a program statement must be an expression,
and since aprogram isitself an expression, it follows that a program statement
can be another program.

Figure 8 shows two examples of programs containing a statement which isitself
aprogram. The example on the right-hand side of Figure 8 shows how to nest
programs even more deeply. In principle, thereisno limit to how deeply nested
aprogram can be. As apractical matter, however, programs containing deeply
nested programs can become too complicated to understand at a glance.

One way many programmers avoid overly complicated programsisto bury the
complexity in a “subroutine.” Figure 9 shows how you can do something similar
in Mathcad. By definingntsimp elsewhere and using it withaglapt, the pro-

gram used to definadapt becomes considerably simpler. Imagine how compli-
cated the definition fordapt would be if both occurrences ioksimp within it

had to be replaced by the lengthy definitionifdsimp at the top of the figure.

The functionadapt carries out an adaptive quadrature or integration routine by
usingintsimp to approximate the area in each subinterval. If you look at the last
line, you'll notice thatdapt actually calls itself. In other words, it's defined re-
cursively. The following section discusses recursive function definitions in more
detail.

| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
fT=————— PMIfPRii—0r71~+————— 15|
Fil ci functi 1 e n:=1_.6
Newton's method Gin) = |g<—1 if n=1
f otherwise
nroot(f df x) = :n::n:«—:n:—ﬂ h—1
dfi %)
1
while |xx - x|>TOL 8=
for keZ2..n
e XX
t h
) e
df( ) heg
%X g+—tmp
9
f(x) =% -4 Gin]

Make sure you place a
pair of parentheses in
the "otherwise" place-
holder before you start
trying to type the nested
loop. You'll find it a lot
easier that way.

dfi=) =2-x
nroot(f df 1) =2

SOl | M| -

[ o | oM [Pages
Figure 8: Programs in which statements are themselves programs.
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Recursion

| & File Edit Uiew Insert Format Math Symbolics Books Window (Bl
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INTEGRATION IN WHICH WIDTHS OF INTERVALS ARE CHOSEN ADAPTIVELY

intsimp(f,a b N} = |s<0

h-a
W

N
for ie1. N

. W, .
f(a+(|—1)-w)+4-f(a—3+|-w) +fla+iw)
S—S+wW
6

s

adapt(f,a,b) = |x—intsimp(f,a b 10)
x if |x - intsimp(f,a,b 5)|<TOL

a

adapt(f,a, ;h) + al:lapt(f,aT+IJ ,h) otherwise

adapt(log,107"° 1) = -0.434958018397141

Figure 9: Using a subroutine to manage complexity.

Recursion isa powerful programming technique that involves defining a func-
tionin terms of itself as shown in Figure 10. Recursive function definitions
should always have at | east two parts:

m Aninitia condition to prevent the recursion from going forever, and
m A definition of the function in terms of a previous value of the function.

Theideaissimilar to that underlying mathematical induction: if you can get
f(n + 1) from f(n), and you know f(0), then you know all thereisto know about f.
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| % File Edit Diew Insert Format Math Symbolics Books Window 12 |

T RISl =—"——— 015
Greatest common denominator
god(x ,y) = |y if x=0
god{mod(y, %) %) otherwise
gecd(9 457 =19

Factorial function

factorial(n) :=

1 if n=1

n-factorial(n - 1) otherwise
factorial(5) = 120

Compound interest

Pin,i Po):= |Po if n=1
Pin-1,i Po)(1+i%) otherwise
P{3,12 100) = 125.44 Make sure to type Ctrl= to generate the
boolean equals signs used inside the
programs.

Figure 10: Defining a function recursively.

Keep in mind however, that recursive function definitions, despite their ele-
gance and conciseness, are not always the most computationally efficient defini-
tions. You may find that an equivaent definition using one of theiterative loops
described earlier will evaluate more quickly.

Programming examples

With only seven buttons on the programming palette, Mathcad’s programming
environment is easy to use. Nevertheless, this simplicity conceals a surprising
amount of programming power. When combined with Mathcad’s rich numerical
functionality and used in conjunction with the abstract data structures provided
by Mathcad’s nested arrays, these seven operators enable you to write sophisti-
cated programs in Mathcad.

The following figures illustrate just a few of the possibilities. As you experiment
with programming in Mathcad, you'll discover many new applications. For fur-
ther programming examples, see the corresponding QuickSheets by clicking on
the QuickSheet button on the toolbar.
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Each call to "run” gives the length of the initial run of successes in a
sequence of hinomial trials with success probability "p™.

runip) = |t<0
while rnd(1)<p

t—t+1

Figure 11: Programto generate a sequence of binomial trials.

| & File Edit Uiew Insert Format Math Symbolics Books Window (Bl
= NI =FY——uLo |

A program to find the intersection of two lists of numbers contained in the vectors v and w.
The subroutine called “in" checks to see if "x" is in the set "v".

in[v,x) = |t—0
for yev
t—1 if x=y
t
intersect{v.w) = |u<0

i—10
for xe v

if in{w,x)

-]
1}
(== = R R A
=
1}

3
0
7
]
1
5

1
intersect{a b} = |3
8

auto ’W Page 1
Figure 12: Programto find the numbers common to two vectors.
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This example includes nested loops. The program implements the sieve of
Eratosthenes for finding the primes up to n.

prime(n) := for i€ 2.4n +1
2
n
for ke 2. T 3
3
S 1
m«— 0 !
for je2.n prime(25) = 11
if Si=I] 3
. 17
Pm<—| 19
m«m + 1 73

auto ’W Page 1
Figure 13: Using the sieve of Eratosthenesto find prime numbers.

| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
= mNT=FeF——— 5|
The first program generates a random transition matriz A in which each row sums to 1. irE
The program defining B returns a vector whose elements are the powers of A. The plot
showing the log of the maximum absolute difference het uccessive |

illustrates the convergence of the powers to a steady-state,

A= |for ieD.9
B:= |V —A

tesort{ runif(8,0,17) 0
T. u‘_tl] for ie1.20
" V-V, A
for je1.8 v

T .—t. -t v

N i=1.20
Tilg<—1—t3

auta MUM | Page 1

Figure 14: Powers of a random transition matrix.
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The following program uses Mathcad’s built-in median and submatrix functions to
implement a simple smoother. The results are displayed with the picture operator.

smooth(A) = |C—A
for ie 1. rows(A)-2
for je 1. cols(A) -2
Ci Ijemedian(suhmatrix(ﬁ\,i -1i+1j-14+1))
C
i=0.60;j:=0_60 Ai i = | 255 (mod( |i - j| ,101<6) B := smooth({A)

255 if md(1)=.1
0 if md(1)<.1

Choose Picture from the Insert menu and type
“A" and "B in the placeholders to reproduce these pictures.

auta MUM | Page 1

Figure 15: Smoothing a matrix.
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Chapter 15

Solving Equations

This chapter describes how to solve equations ranging from a
single equation in one unknown to systems of up to fifty equations
in fifty unknowns.

The following sections make up this chapter:

Solving one equation
How to use Mathcad'’s root functions to numerically solve one equation
in one unknown.
Systems of equations
How to use “solve blocks” to solve systemsi@quations im un-
knowns.
Using the solver effectively

Examples of how to efficiently solve systems of equations for various
values of a parameter.
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Solving one equation

To solve asingle equation in a single unknown, use the root function. Thisfunc-
tion takes an expression and one of the variables from the expression. It then var-
iesthat variable until the expression isequal to zero. Once thisisdone, the
function returns the va ue that makes the expression equal zero.

root( f(2), 2 Returnsthevalue of z at which the expression or function f(2) is
equal to 0. Both arguments to this function must be scaar. The
function returns a scalar.

Thefirst argument is either afunction defined elsewherein the worksheet, or an
expression. It must return ascalar value.

The second argument is a variable name that appears in the expression. Itisthis
variable that Mathcad will vary to make the expression go to zero. Y ou should
assign a number to this variable before using the root function. Mathcad uses
thisas a starting valuein its search for a solution.

For example, to define a as the solution to the equation e = x3, follow these
steps:

m Defineaguessvalue for x. Type ¥ =3
x: 3. Your choice of guess value
determines which root Mathcad re-
turns.

m Set thewhole expression equal to zero. In other words, rewrite x 3 = eX as
x3—eX=0. It isthis expression that you give the root function.

m Type 3 x

a: root (x"3[Space]- a:=root(x”-e", X) ‘
ex[Space], x)

This defines the variable ato be a
root of the desired equation.

m Type a=to see theroot.
a = 1.8b7

When you use the root function, keep these suggestionsin mind:

m Make sure that the variabl e is defined with a guess value before you use the
root function.

m For expressions with severa roots, for example x2 — 1 = 0, your guess value
determines which root Mathcad will return. Figure 1 shows an examplein
which theroot function returns severa different values, each of which de-
pends on the initial guess value.
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m Mathcad will solve for complex roots aswell asreal roots. To find a complex
root, you must start with acomplex value for theinitial guess.

m Solving an equation of the form f(X) = g(x) is equivalent to using the root
function asfollows:

root( f(x) - g(x), X)

The root function can solve only one equation in one unknown. To solve severd
equations simultaneously, use the technique described in the next section, “Sys-
tems of Equations.” To solve an equation symbolically, or to find an exact nu-
merical answer in terms of elementary functions, ch8okee for Variable

from theSymbolic menu. See Chapter 17, “Symbolic Calculation.”

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
SN=——————————— S010R00T Eﬁ%ﬂ

x:=-10,-99.10

50 T

X" -10-x+2 [ i

-50 |

Now use three initial guesses to find three zeroes . . .

X = -2 root(x>-10 x+2, x) - -3.258
X =0 root(x>-10-x+2, x) - 0.201
X = 3 root(x>-10 - x+2, x) - 3.057

aute ’W Page 1 .
Figure 1: Using a plot and the root function to find roots of an expression.

What to do when the root function does not converge

Mathcad evaluates threot function using theecant method. The guess value

you supply forx becomes the starting point for successive approximations to the
root value. When the magnitudeftf) evaluated at the proposed root is less

than the value of the predefined variabf, theroot function returns a result.

If after many approximations Mathcad still cannot find an acceptable answer, it
marks the oot function with an error message indicating its inability to con-
verge to a result. This error can be caused by any of the following:

m The expression has no roots.
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m Theroots of the expression are far from theinitial guess.

m The expression has local maxima or minimabetween the initial guess and the
roots.

m The expression has discontinuities between theinitial guess and the roots.

m The expression has acomplex root but the initial guesswasreal (or vice
versa).

To find the cause of the error, try plotting the expression. Thiswill help deter-
mine whether or not the expression crosses the x-axis and if so, approximately
where it does so. In generd, the closer your initial guessis to where the expres-
sion crosses the x-axis, the more quickly the root function will converge on an
acceptable result.

Hints on using the root function
Here are some hints on getting the most out of the root function:

m To change the accuracy of the root function, change the value of the built-in
variable TOL. If you increase TOL, the root function will converge more
quickly, but the answer will be less accurate. If you decrease TOL, the root
function will converge more slowly, but the answer will be more accurate. To
change TOL at a specified point in the worksheet, include a definition like
TOL := 0.01. To change TOL for the whole workshest, choose Options
O Built-In Variables from the M ath menu and repl ace the number in the
text box besideTOL.” After you click “OK,” chooseCalculate Worksheet
from theMath menu to update the entire worksheet using the new value of
TOL

m If an expression has multiple roots, try different guess values to find them.
Plotting the function is a good way to determine how many roots there are,
where they are, and what initial guesses are likely to find them. Figure 1
shows an example of this. If two roots are close together, you may have to re-
duceTOL to distinguish between them.

m If f(X) has a small slope near its root, then (é@}, X) may converge to a
valuer that is relatively far from the actual root. In such cases, even though
[f(r)] < TOL, r may be far from the point whefg) = 0. To find a more accu-
rate root, decrease the valueral. Or, try finding rootg(x), x), where

9= |

9 10
dx

m For an expressioffx) with a known roog, solving for additional roots d@fx)
is equivalent to solving for roots bfx) = f(x)/(x—a). Dividing out known
roots like this is useful for resolving two roots that may be close together. It's
often easier to solve for rootsiuf) as defined here than it is to try to find
other roots fof(x) with different guesses.
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Solving an equation repeatedly

Suppose you want to solve an equation many times while varying one of the pa-
rametersin the equation. For example, suppose you want to solve the equation
e* = alX? for several different values of the parameter a. The simplest way to do
thisisto define afunction:

f(a x) := root(e* — alX 2, x)

To solve the equation for a particular value of a, supply both a and a guess
value, x, as argumentsto this function. Then evaluate the function by typing
f(a, x)=.

Figure 2 shows an example of how such afunction can be used to find severa
solutions to the root function. Note that since the guess value, X, is passed into
the function itsalf, there isno need to define it elsewhere in the worksheet.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
T SR =—0w—15|

Problem : Solve e*= a- Xz equation for different values of a.

Define f to solve equation:

2

fla.x) = root{e*-a x° . x)

Now solve it for several values of a :

a:=1.20 Xg = 1 (initial guess)

auto ’W Page 1 .
Figure 2: Defining a user function with the root function.
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Finding the roots of a polynomial
To find the roots of an expression having the form:
VXM L+ VX2 VXV,
you can use the polyroots function rather than the root function. Unlike root,

polyroots does not require a guess value. Moreover, polyroots returns all roots at
once, whether real or complex. Figures 3 and 4 show examples.

polyroots(v) Returnsthe roots of an n" degree polynomial whose coefficients
areinv, avector of length n + 1. Returns a vector of length n.

| & File Edit Diew Insert Format Math Symbolics Books Window 12|
e FRo0T Eﬁ%ﬂ
4
X3 - 10-x + 2 <— Polynomial from Figure 1.
2
-10 <— Avector of the coefficients, begin
¥ = with the constant term. Be sure to
0 include all coefficients, even if

they are zero.

-3.268
<— Returns all roots at once.

polyroots{ v = | 0.201

3.057

auto ’W Page 1
Figure 3: Using polyroots to do the example shown in Figure 1.

The polyroots function will aways return numerica vauesfor the roots of a
polynomial. To find the roots symbolically, use Solve for Variable from the
Symbolic menu. See Chapter 17, “Symbolic Calculation.”
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| % File Edit lView Insert Format Math Symbolics Books Window
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ks

e (3 + 2i)-x2 + (-4 + Bi)-Xx - 8i <— Find the roots of this complex

polynomial.
-8i
-4 + Bi <— A vector of the coefficients, beginning
¥ o= i with the constant term.
3+ 2
1
-4

polyroots(v) = |- 2i <— All roots are returned. both real

and complex.

auta MUM | Page 1

Figure 4: Using polyrootsto find the roots of a polynomial.

Systems of equations

Mathcad lets you solve a system of up to fifty simultaneous equationsiin fifty un-
knowns. Thefirst part of this section sketches the procedure. The remainder con-
tains several examples aswell as a discussion of some common errors. The
method given here will dways return numbers for the unknown variables. To
see the unknowns in terms of the other variables and constants, use the symbolic

solve blocks discussed on page 404.

There are four stepsto solving a system of simultaneous equations. These are:

Provide an initial guessfor al the unknowns you intend to solve for. Mathcad
solves equations by making a series of guesses which ultimately converge on

the right answer. Theinitial guesses you provide give Mathcad aplaceto start
searching for solutions.

Typetheword Given. Thistells Mathcad that what followsis a system of

equations. Y ou can type Given in any combination of upper and lower case

letters, and in any font. Just be sure you don't type it while in a text region or
paragraph.

Now type the equations and inequalities in any order below theGiaed.
Make sure you use the symbef’to separate the left and right sides of an
equation. Pred&Xt r | ]=to type =.” You can separate the left and right sides
of an inequality with any of the symbols <,<>and=.
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m Typeany equation that involves the Find function. Like Given, you can use
any combination of upper and lowercase letters. Y ou can also use any font,
sizeor style.

Find(z1, 22, 23, .. .) Returns the solution to a system of equations. Num-
ber of arguments matches the number of unknowns.

The Find function returns values as follows:

m |f Find has one argument, it returns the value of that variable that solvesthe
equation between it and the Given.

m |f Find has more than one argument, it returns a vector of answers. For exam-
ple, Find(z1, 22) returns a vector containing the values of z1 and 22 that solve
the system of equations.

The word Given, the equations and inequalities that follow, and whatever expres-
sion involvesthe Find function, form a “solve block.”

Figure 5 shows a worksheet that contains a solve block for one equation in one
unknown. Since there is only one equation, only one equation appears between
the wordGiven and the expression involvirkind. Since there is only one un-
known, theFind function has only one argument. For one equation in one un-
known, you can also use thaot function shown below.

a:=roofx 2 + 10— eX, x)
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T w15
4
Solve the equation: X2 +10 = e
Guess value: x =2
Given
xZ+10=¢"
a = Find{x)
Result is: a-=2919
Verify result: El:2 +10 = 18562
e - 1852
auta MUM | Page 1 .

Figure 5: A solve block with one equation in one unknown.

Mathcad is very specific about the types of expressions that can appear between

the Given and the Find. Thetable below lists dl the expressions that can be

placed in a solve block. These expressions are often called “constraints.” In the
table belowx andy represent real-valued scalar expressipasidw represent
arbitrary scalar expressions.

Condition Keystroke Description

Z=w [Crl]= Congtrained to be equal.
x>y > Gregter than.

X<y < Less than.

X2y [Crl]0 Greater than or equal to.
X<y [Crl]9 Lessthan or equal to.

Note that Mathcad does not allow the following inside a solve block:

m Constraints with£” in solve blocks.

m Range variables or expressions involving range variables of any kind.
m Inequalities of the form<b<c.

If you want to include the outcome of a solve block in an iterative calculation,
see the section “Using the solver effectively” later in this chapter.
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Solve blocks cannot be nested inside each other. Each solve block can have only
one Given and one Find. Y ou can however, define afunction like f(x) := Find(x)

at the end of one solve block and use this same function in another solve block.
This too is discussed in the section “Using the solver effectively” later in this
chapter.

As a rule, you should never use assignment statements (statemexts kke
1) inside a solve block. Mathcad marks assignment statements inside solve
blocks with an appropriate error message.

Figure 6 shows a solve block with several kinds of constraints. There are two
equations and two unknowns. As a result,Rhrel function contains two argu-
mentsx andy, and returns a vector with two components.

| & File Edit Diew Insert Format Math Symbolics Books Window 12|
T sMiIN =Ve——5|
47
Intersection of Circle and line:
Guess values: X =1
: y =1
Given
X2+y2=6 Circle
X+y=2 Line
<
x<1 Inequality
y>»2 constraints
xval
= Find(x, ¥
yval
Results: xval = -0.414
yval = 2.414
Check that point is an actual solution:
)(\.r'alz+)rval:2 =6 xval +yval = 2

Figure 6: A solve block with both equations and inequalities.

What to do with your solution

TheFind function that terminates a solve block behaves like any other function.
There are three things you can do with it:

m You can display it with an equation likénd(variable =. An example is
shown in the top half of Figure 7. If you have several variables, you can dis-
play a vector of results with an equation IKed(varl, var2,...) =. An ex-
ample of how this would look for a system of two equations in two unknowns
is shown in Figure 8.
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Y ou can define avariable in terms of it by ending the solve block with an
equation likea := Find(x). Thisis useful when you want to use the solution of
asystem of equations el sewhere in the worksheet. Once you make this defini-
tion, a hasthe solved value of the variable. An example of thisisshownin
the lower half of Figure 7. If the Find returns a vector of values, you can en-
ter an equation like variable := Find(var1, var2, . . .). If you do this, variable
will end up being a vector instead of a scalar. Y ou can aso define variables
as shown in Figure 6.

Finally, you can define another function in terms of it by ending the solve

block with an equation likef(a, b, c, .. .) := Find(x, y, z . . .). This construc-

tion isuseful for solving system of equations repeatedly for different values

of some parametersa, b, ¢, . . . that appear within the system of equationsit-

self. This method is described in the section “Using the solver effectively,”
later in this chapter.

El

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |

SOS0LANS B—7————005|

Guess: ¢ =1 Firstsolve Given
block:
1_ ¢
Shows —=
answer . ¢ 1+¢

Second solve Giiven
block:

Defines —
variable . .. ¢ 1+ ¢

ratio := Find( ¢}
ratio = 1.618

auta MUM | Page 1

Figure 7: You can display the result of a solve block directly, or you can put the
result in a variable namefor later use.
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{7
Intersection of Circle and line: m
Guess values: x =1 Guess
= ] ®

Given

xz + yz =6 Circle Solution

X+y= 2 Line (Above picture created with

Macpaint and pasted into
Mathcad via the clipboard.)

auta MUM | Page 1

Figure 8: When there are two or more unknowns, the Find function no longer re-
turnsascalar. Instead, it returns a vector with as many elements asthereare un-
knowns.

Mathcad can return only one solution for a solve block. There may, however, be
multiple solutionsto a set of equations. To find a different solution, try different
starting values or enter an additional inequality constraint that the current solu-
tion does not satisfy. Figure 9 shows how different starting values can yield a so-
Iution different from that shown in Figure 8. Figure 10 shows how to add an
inequality to force Mathcad to find a different solution.
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s IOy =
&

Intersection of Circle and line:

=1 Solution—,
’ Guess

X
y::] %

Guess values:

Given

xZ+ y2 =6 Circle

X+y=2 Line
{Above picture created with
Macpaint and pasted into
Mathcad via the clipboard.)
Find -0.414
Indi x, =
ooy 2414

Figure 9: A different guess leads to a solution different from that shown in Fig-
ure8.

% File Edit Uiew Insert Format Math Symbolics Books Window (2 |
= s =7

Intersection of Circle and line:

Guess values: ¥ =-1
y =1
Given
X2+y2=6 Circle
= B {Above picture created with
K+ y 2 Line Macpaint and pasted into
x> 2 Added inequality Mathcad via the clipboard.)
i 2414
Indi X, =
Y7 o414

Figure 10: Adding a constraint forces a different solution.
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What to do when the solver does not reach a solution

If the solver cannot make any further improvements to the solution but the con-
straints are not all satisfied, then the solver stops and marks the Find with an er-
ror message indicating that it was unable to find a solution.

If you are having difficulty finding a solution, it often helps to plot the curve or
curves in question. Plotting can provide graphical insight into where the solution
might be. Thiswill help you choose appropriate initial guesses for the variables.

Figure 11 shows a problem for which Mathcad could not find a solution.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
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Solver behavior when there is no solution.

X =1 {Real guess value.)
Given
Xz =-3 (Equation with no real solution.)

Can't find & zolution to this system of
equationz. Try a different guess value or check
that a zolution really exists.

Figure 11: A problemin which the solver failsto find a solution.

The solver gives up trying to solve a system of equations whenever the differ-
ence between successive approximations to the solution is greater than TOL and:

m The solver reaches a point where it cannot reduce the error any further.

m The solver reaches a point from which thereis no preferred direction. Be-
cause of this, the solver has no basis on which to make further iterations.

m The solver reachesthe limit of its accuracy. Roundoff errors make it unlikely
that further computation would increase accuracy of the solution. This often
happensif you set TOL to avalue below 10715,

The following problems may cause this sort of falure:

m There may actualy be no solution.
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m You may have given rea guessesfor an equation with no real solution. If the
solution for avariable is complex, the solver will not find it unless the start-
ing vaue for that variable is aso complex. Figure 11 shows an example.

m The solver may have become trapped in aloca minimum for the error values.
The solving method that Mathcad uses will sometimes reach a point from
which it cannot minimize the errors any further. To find the actual solution,
try using different starting values or add an inequality to keep Mathcad from
being trapped in the local minimum.

m The solver may have become trapped on apoint that isnot alocal minimum,
but from which it cannot determine where to go next. The strategies for avoid-
ing this problem are the same as those for avoiding alocal minimum: change
theinitial guesses or add an inequality to avoid the undesirable stopping point.

m |t may not be possible to solve the constraints to within the desired tolerance.
If the value of TOL isrelatively small, Mathcad may have reached something
very close to asolution but till be unable to solve all the constraintsto an er-
ror lessthan TOL. Try defining TOL with alarger value somewhere above the
solve block. Increasing the tolerance changes what Mathcad considers close
enough to call asolution.

What to do when there are too few constraints

If there are fewer constraints than variables, Mathcad cannot run the solver at
all. Mathcad then marks the Find with an appropriate error message.

A problem like that shown in Figure 12 is underdetermined. The constraints do
not give enough information to find a solution. Because there are five arguments
in the Find function, Mathcad thinks that you want to solve two equations with
five unknowns. In general, such a problem has an infinite number of solutions.

To use the solver in Mathcad, you must provide at least as many eguations as
there are variablesto solve for. If you specify the value of some of the variables,
you may be ableto solve for the remaining variables. Figure 13 shows how to
fix the problem in Figure 12. Because the Find function contains only the argu-
ments z and w, Mathcad knows that you want x, y, and v to be held constant at
10, 50 and O respectively. A solve block with two equations becomes legitimate
because there are now only two unknowns, z and w.
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SRINNCEV——o05]

Sociver behavior with not enough constraints: uhs
Guesses: x =10 v =0 w o= -2
z =h = B0

Solve two linear equations:

Given
X+y-z-2-w=bH

X-2 y+w=3

XX

Y/

7z | = Findir, v, 1, W, ¥
W

¥y

Thiz system of equations has more
urkhownhs than there are equations.

Figure 12: Five argumentsin the Find make the solver think you want to solve
two equations in five unknowns.
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SISONCIK B=——-—————0015|

Guesses: w o= -2 Known values: ¥y =0
z=5h y =50
X =10

Solve two linear equations:

Given
X+ty-2-2'w=bH
X-2'y+w-v¥=3

[zz] ]
= Find{z, w)

W

Solve for two variables only:

zz = -131

ww = 93

Figure 13: The problem can be solved with fewer variablesas argumentsto Find.
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Using the solver effectively

This section provides some ideas on how to effectively exploit Mathcad'’s ability
to solve systems of simultaneous equations.

Repeatedly solving an equation

The techniques given thus far, while they are effective for solving a particular
system of equations, are limited by two things:

m Every time you use Bind, you must have the rest of the solve block to go
with it.

m If you want to change some of the parameters or constants in your system of
equations to see how these affect the solution, you have to go all the way
back to the solve block to change them.

Both these drawbacks are overcome by Mathcad’s ability to define a function in
terms of a solve block.

If you define a function witlirind somewhere on the right hand side, this func-
tion will solve the system of equations each time you use it. This overcomes the
first problem.

If this function has as its arguments the same parameters that you want to vary

in the solve block, you can simply change the parameters by changing the num-
bers you place in the function’s argument list. This overcomes the second prob-
lem.

Figure 14 shows a concrete example. The friction faf;tof,a pipe depends on
the pipe’s diametdD, its roughness, and the Reynolds number It's quite
conceivable that you would want to experiment with different size pipes (
made of different types of concres). (

The equation in Figure 14 shows the relationship between these parameters. The
equation is too complicated to define a functiolRdD ande simply by solving
for fin terms ofR, D ande.

You can, however, define a function in terms of a solve block. Whenever you
ask Mathcad to evaluate the functlemicFac(e, D, R), Mathcad takes the D,

andR that you supply, replaces the corresponding variables in the solve block,
solves forf, and returns the value.
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in=1L (&

To find friction factor f for given values of epsilon (pipe roughness),
D (pipe diameter). and R (Reynolds number):

Always use this quess: f = 0.02 { could make this an argument )
Given
-1
1 gD 251
—==-2.0"log ( 37 ), 25
ds ToRi

FricFac{e. D. R} := Find{f)

Example: D:=25"in
g = 00085 in
R := 100000

FricFac{ g D, R) = 0.019648

auto ’W Page 1
Figure 14: Defining a function in terms of a solve block.

Suppose that you've settled on a pipe size and matBratdc), and you now
want to try several different values of the Reynolds numbers. Although the
FricFac function in Figure 14 was defined in terms of a solve block, it still is a
function like any other. As such, you can use it with range variables.

Figure 15 shows how to solve for and plot the friction factor for many different
values of the Reynolds number. Note that when you use range variables in con-
junction with a solve block this way, you are actually solving the system of equa-
tions once for each value of the range variable. As a result, this type of
calculation has the potential to be quite time consuming.
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T 51505 =5
f — 002 in=1L [
Given

-1
1 gD 251
—==-2.0"log t—
J; 3.7 R,J;

FricFac{e. D. R} := Find{f)

Same problem, D:=25"in .
solved for a vector g = 00085 in i=0.19 _
of answers . . . R; := 10000 + 10000 i
0.04 | ff; := FricFac(g, D, R;)
ff;
003 1
ff; 0.031
— o2 F _ 0027
0.024
0.01 L r 0.023
1] 1-10 2-10 0022

auta MUM | Page 1

Figure 15: A vector of solutions.

The previous example involves only one equation in one unknown. It is possible
to solve a system of equations iteratively as well, however you must be careful
not to ask Mathcad to display atable in which each entry in the table is some-
thing other than a single number. The example shown in Figure 16, avariation
of Figure 10, shows how you can do this.

Suppose you arelooking for the intersection of aline and acircle of varying ra
dius, R. In keeping with the example of Figure 15, you could define afunction
in terms of asolve block. In this case, the appropriate functionis

F(R) := Find(x, y). Thisfunction returns a vector whose e ements arethe x and y
coordinates of the intersection.

The key difference isthat this function returns a vector of two valuesfor each
value of R. Therefore when you ask for the answers by typing F( R) =, you are
asking not for atable of numbers, but a table in which each element is a vector
of two numbers. Since Mathcad has no way to display such athing on your
screen it returns an error message.

The solution isto display atable of the components F(R), and F(R), separately.
By typing F( R) [ 0=, you get atable of al the x values of the intersection
points. Similarly, by typing F( R) [ 1=, you get atable of al they values of the
intersection points.
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s =Ee——15
<
X =1
¥ = 1
Given
xZ +y2= R
X+y=2

F(R) = Find{x.y)

Figure 16: How to display three solutions, each of which isa two element vector.

Solving the same problem for different variables

Y ou will occasionally run into a problem in which you want to change the roles
of knowns and unknownsin an equation. For example, consider the equation
that relates interest rate, loan amount, term of loan, and payments. If you know
three of these four quantities, you can solve for the missing one.

The worksheet in Figure 17 shows that for a 12% loan on a 30-year mortgage
and a payment of $1000 per month, the largest possible loan is $97,218.33.
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T skMh =e~x~-—-—15
mo =1 o% o
yr=12 mo Interest rate i=12.2

¥r
Term of loan: term = 30 -yr
Loan amount (estd.): loan = 100000
Payment amount: pmt = 1000

Solve for actual loan amount:

pmt=loan- !
1 _(] +i) -term

Given

actual_loan = Find(loan)

actual_loan = 972183 10"

auta MUM | Page 1

Figure 17: Solving for the loan in a mortgage.

With afew simple changes, the same worksheet can be used to solve for thein-
terest rate. Suppose now that the amount of the loan is known to be $120,000.
How far would interest rates have to drop to before the payments dropped to
$1000 per month? Figure 18 shows the answer.

If you compare Figures 17 and 18, you'll see that they are very much the same.
The main difference lies in the argument of fiived function. To change what is
fixed and what is variable in an equation, simply change the arguments of the
Find function.
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T SIMMIRT ——"——————7
mo =1 o o
yr=12 mo Interest rate (estd.): =12 y—r

Term of loan: term = 30 -yr
Loan amount: loan = 120000
Payment amount: pmt = 1000

Solve for actual interest rate:
[

Given
1-(1+0) -term

pmt=loan- [

actual_i := Find{ i)

%
¥r

actual_i = 9.397

auto ’W Page 1
Figure 18: Solving for theinterest ratein a mortgage.

Approximate solutions

Mathcad supplies afunction very similar to Find called Minerr. Thisfunction
uses exactly the same algorithm as Find. The difference isthat if the solver can-
not make any further improvements to the solution, Minerr returns avalue any-
way. The Find function on the other hand, will return an error message
indicating that it could not find a solution. Y ou use Minerr exactly the way you
would use Find.

Minerr(z1, 22, 23,...)  Returnsthe solution to asystem of eguations. Num-
ber of arguments matches the number of unknowns.

Minerr usually returns an answer that minimizes the errorsin the constraints.
However, Minerr cannot verify that its answers represent an absolute minimum
for the errorsin the constraints. If you use Minerr in a solve block, you should
always include additional checks on the reasonableness of the results. The built-
in variable ERR givesthe size of the error vector for the approximate solution.
There isno built-in variable for determining the size of the error for individual
solutions to the unknowns.
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Minerr is particularly useful for solving certain non-linear least squares prob-
lems. Figure 19 shows an example in which Minerr is used to obtain the un-
known parameters in a Weibull distribution. The function genfit is also useful

for solving non-linear least squares problems. See Chapter 12 for more informa:

tion on genfit.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
FEETE=e=—— SMINERR %EEH
n = length{y }-1 Note: matrices x and y are defined earlier in the document. i

Fix. a. B) = tx-ﬁ-x(B' ”-exp(—tx-xﬁ) <———— Fitting function F

. 2

i=1.n SSE(a.s)3:Z(Yi'F(Xi.a.6” <{— Sum of squares
i to be minimized

Initial quess for parameters:

a =8 8 =1 <«

Given
SSE(a. 8)=0 1 =1 <—— Dummy equation: Mathcad needs
2 equations for 2 unknowns.
o
[B ] = Minerr{a. 8] Plot data vs. fitted curve
1 T T
z=0 1.4
o = 06503 <— Parameters for best fit E @ B) _
g = 1997 ¥i

%

= 0.002 «— Mean squared error

Figure 19: Using the minerr function to do non-linear least squaresfitting.

Using the symbolic solver

You can usually find numerical roots quickly and accurately with Mathcad'’s

root function. But there are some circumstances in which you might want to use

Mathcad’'s symbolic solver find exact or approximate roots:

m [f the equation you're solving has a parameter, a symbolic solution may allow
nstead of
solving the equation over again for each new value of the parameter, you can

you to express the answer directly in terms of the parameter. Then i

just substitute its value into your symbolic solution.

m If you need all the complex roots of a polynomial of degree 4 or less, the sym-
numeri-

bolic solver will give them to you in a single vector, either exactly or
cally. The symbolic solver will also find complete solutionsswne
polynomials of higher degree.

Using the solver effectively
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Chapter 16

Solving Differential Equations

This chapter describes how to solve both ordinary and partial
differential equations having real valued solutions. Mathcad comes
with avariety of functions for solving differential equations. Some
of these exploit properties of the differential equation to improve
speed and accuracy. Others are useful when you intend to plot the
solution rather than simply evaluate it at an endpoint.

The following sections make up this chapter:
Solving ordinary differential equations

Using the rkfixed function to solve an n" order ordi nary differential
equation with initial conditions. This section is a prerequisite for all
other sectionsin this chapter.

Systems of differential equations
How to adapt the rkfixed function to solve systems of differential equa-
tionswith initial conditions.

Specialized differential equation solvers
A description of additiona differential equation solving functions and
when you may want to use them.

Boundary value problems

How to solve boundary value problems involving multivariate func-
tions.

PLUS
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Solving ordinary differential equations

In adifferential equation, you solve for an unknown function rather than just a
number. For ordinary differential equations, the unknown function is a function
of one variable. Partial differential equations are differential equationsin which
the unknown is afunction of two or more variables.

Mathcad has a variety of functions for returning the solution to an ordinary dif-
ferential equation. Each of these functions solves differential equations numeri-

cally. You'll always get back a matrix containing the values of the function
evaluated over a set of points. These functions differ in the particular algorithm
each uses for solving differential equations. Despite these differences however,
each of these functions requires you to specify at least three things:

m The initial conditions.
m Arange of points over which you want the solution to be evaluated.

m The differential equation itself, written in the particular form discussed in this
chapter.

This section shows how to solve a single ordinary differential equation using the
functionrkfixed. It begins with an example of how to solve a simple first order
differential equation and then proceeds to show how to solve higher order differ-
ential equations.

First order differential equations

A first order differential equation is one in which the highest order derivative of
the unknown function is the first derivative. Figure 1 shows an example of how
to solve the relatively simple differential equation:

d

y -
dX+35¢?—0

subject to the initial condition:
y(0) =4

The functionrkfixed in Figure 1 uses the Fourth order Runge-Kutta method to re-
turn a two column matrix in which:

m The left hand column contains the points at which the solution to the differen-
tial equation is evaluated.

m The right hand column contains the corresponding values of the solution.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== I =ee/—————5
4

Tosolvey'+3y =10

yp = 1 <— Define initial value. Use the left
bracket "[* to make the subscript.

Dix.y) = -3 Yo <— Define a function for the first derivative.

y' =3y

Z = rkfixed(y.0.4.100. D) <— Ewvaluate the solution at 100

points between 0 and 4.
i=0.rows(Z) -1

3 b <— Plot the solution. Use Ctrl+6 to
(Z< 1 )i 5 U B get the superscript.

auta MUM | Page 1

Figure 1: Solving afirst order differential equation.

The argumentsto the rkfixed function are:

rkfixed( y, x1, X2, npoints, D)

y =A vector of ninitial valueswhere nisthe order of the differential
equation or the size of the system of equations you're solving. For a
first order differential equation like that in Figure 1, the vector de-
generates to one poinyt = y(x1).

x1, x2 = The endpoints of the interval on which the solution to the differen-
tial equations will be evaluated. The initial valuey gre the val-
ues aix1.

npoints = The number of points beyond the initial point at which the solution
is to be approximated. This controls the number of rows
(1 + npoints) in the matrix returned bkfixed.

D(x, y) = An n-element vector-valued function containing the first derivatives
of the unknown functions.
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The most difficult part of solving adifferential equation is solving for the first
derivative so you can define the function D(X, y). In Figure 1 it was easy to
solve for y'(X). Sometimes, however, particularly with non-linear differential
equations, it can be difficult. In such cases, you can sometimes solve for y'(X)
symbolically and pasteit into the definition for D(x, y). To do o, use the Solve
for Variable command from the Symbolic menu as discussed on page 401.

| % File Edit Diew Insert Format Math Symbolics Books Window 17|
g NNl =e0rr————115|
{3
Solve y'=-y2 +x with initial condition y(0) = 1 and plot 50 points between 0 and 10.
yg = 1 <— Define initial value. Use the left
bracket "[" to make the subscript.
2
Di{x.y) = —(yu) + X
<— Define a function for the first derivative
Z = rkfixed(y. 0,10, 50, D) y'= y2ex
n = 0.50
3 T
Z

<— Plot result.

auta MUM | Page 1

Figure 2: A more complicated example involving a non-linear differential equa-
tion.
Second order differential equations

Once you know how to solve a first order differential equation, you're most of
the way to knowing how to solve higher order differential equations. We start
with a second order equation. The key differences are:

m The vector of initial valueg now has two elements: the value of the function
and its first derivative at the starting valug,

m The functionD(t, y) is now a vector with two elements:
_ymuo
D ta - ]
)= o

m The solution matrix contains three columns: the left-hand one fovHiges;
the middle one foy(t); and the right-hand one fegf(t).
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The example in Figure 3 shows how to solve the second order differential equa-
tion:

) Ba— !
y'=-y +2y
—_— U P
yO=1 y(@©=3
| % File Edit Diew Insert Format Math Symbolics Books Window 17|
e M) —e0F80———————i|
Solve y'=-y' + 2y y(0)=1 y'(0)=3 =
1 . . yi(0) Yo 1
¥ o= <— Define initial conditions , = =
3 y'(0) ¥q 3
¥q <— First derivative
Dit.y) =
—¥ t 2')"0 <— Second derivative
£ = rkfixed{y. 0. .5 400 D) <— Evaluate solution at 400 points
between 0 and .5
t yit) ¥'(t) Plot the solution i = 0. 400
0 1 3 3 T T
0.001 1.004 2999
(Z< 13 ) 2 b a
0.003 1.007 2998 oA
0004 1.011 2996 | |
1
0005 1.015 2995 0 0.2 0.4 06
Z-| o006 1.018 2.994 (0],
auta MUM | Page 1 .

Figure 3: Solving a second order differential equation.

Higher order equations

The procedure for solving higher order differential equations is an extension of
that used for second order differentia equations. The main differenceisthat:

m The vector of initial valuesy now has n elements for specifying initial condi-
tionsof y,y,y" ..y~ D,

m Thefunction D isnow avector with n € ements:

(t)
"(0)

D(ty) =

LT T TT I T TE]

ot

m The solution matrix contains n columns: the left-hand one for thet vaues and
the remaining columns for values of y(t), y'(t), y' () . . . Y0~ ().
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The example in Figure 4 shows how to solve the fourth order differential equa-
tion:

yuu _ 2k2 yu + k4y =0
subject to theinitial conditions:
y0=0 y(©@=1 y(0=2 y"(0)=3

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T R =—F—————5|
Solve vy o- 2-k2-y" + k4-y=I] k = 3 sfi

1]
1 <— Define initial conditions
y =
2 ¥q <— First derivative
3
¥a <— Second derivative
Dit.y) = _ o
¥3 <«— Third derivative

2 4
2k vy - kioyg <— Fourth derivative

£ = rkfixed{y. 0. 5100, D) <— Evaluate solution at 100 points between
t=0 and t=b.

t y(®) y'(® y'(m y™"
] 1 2 3
0.053 1.104 2.195 4776
0. 1.221 2.477 6.543
0.175 1.354 2.85 8.358
0.246 1.507 3315 10.274

Figure4: Solving a higher order differential equation.

Systems of differential equations

The procedure for solving a coupled system of differentia equations follows
closdly that for solving a higher order differential equation. In fact, you can
think of solving ahigher order differential equation asjust a specia case of solv-
ing asystem of differential equations.

Systems of first order differential equations
To solve asystem of first order differential equations:
m Define avector containing theinitial values of each unknown function.

m Define avector-valued function containing the first derivatives of each of the
unknown functions.

m Decide which points you want to evaluate the solutions at.
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m Pass dl thisinformation into rkfixed.

The rkfixed function will return amatrix whose first column contains the points
at which the solutions are evaluated and whose remaining columns contain the
solution functions eval uated at the corresponding point. Figure 5 shows an exam-
ple solving the equations:

X' ot) = HRg(t) = Xy () = (Xo(B)? + x4 (D) K1)
X'1() = U (1) + Xg(t) — (Xo(t)2 + X1 (H)2) DRy (1)
with initial conditions:

Xo(0) =0and x;(0) =1

| % File Edit Diew Insert Format Math Symbolics Books Windou 17|
e YN e0er"—"————15|
Solving a system of two non-linear first order differential equations. it
0 . .
p=-.2 X = ; <— Initial conditions
2 2 . S
B Xg - %Xq - [(xu) + ()(1) ]-xu <— First derivatives
Dit.x) = 2 2
pxq v xg - [ Og)? + ()2 |

£ = rkfixed({x. 0. 20 100 D)
n = 0.100

05 T T

<—Plot xy(t) and x4 (f) for t=0_20.
Zn1 O

Figure5: A systemof first order linear equations.

Systems of higher order differential equations

The procedure for solving a system of nth-order differentia equationsis similar
to the procedure for solving asystem of first order differential equations. The
main differences are:

m Thevector of initial conditions must contain initial valuesfor then — 1 deriva-
tives of each unknown function in addition to initial values for the functions
themselves.

m The vector-valued function must contain expressions for the n — 1 derivatives
of each unknown function in addition to the nth-derivative.
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The example in Figure 6 shows how to go about solving the system of second or-
der differential eguations:

u'(t) = 2v(t)
V''(t) = 4v(t) — 2u(t)

(D) = 1 w0y = 1

154 < u(
. 1.5 | <—u'(0) <— Define vector of initial conditions.
¥ =
1 | < wv(0)
1 <«—'(0)
¥q u'
2.y u <— Define vector of first and
D(x.y) = 2 v second derivatives.
¥3
v x upg g v Vg
1y, - 2:¥g
0 15 15 1 1
Z = rkfixed(y.0.1.100.D) 0.01 1515 152  1.01 1.01

002 153 154 102 1.02
0.03 1546 1561 1.03 1.03
1562 1.582 1.011 1.041

auto Page 1 [
Figure 6: A system of second order linear differential equations.

The function rkfixed returns ameatrix in which:

m Thefirst column contains the values at which the solutions and their deriva-
tives are to be evaluated.

m Theremaining columns contain the solutions and their derivatives evaluated
a the corresponding point in the first column. The order in which the solution
and its derivatives appear matches the order in which you put them into the
vector of initial conditions that you passed into rkfixed.
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Specialized differential equation solvers

The rkfixed function discussed thus far is a good general purpose differential

equation solver. Although it is not always the fastest method, the Runge-Kutta
technique used by this function nearly always succeeds. However there are

cases in which you may want to use one of Mathcad’'s more specialized differen-
tial equation solvers. These cases fall into three broad categories:

m Your system of differential equations may have certain properties which are
best exploited by functions other thdfixed. The system may be stif{ffb,
Siffr); the functions could be smootBustoer) or slowly varying Rkadapt),

m You may have a boundary value rather than an initial value probiemai (
andbvalfit),

m You may be interested in evaluating the solution only at one fmirstder,
rkadapt, stiffb andstiffr).

You may also want to try several methods on the same differential equation to
see which one works the best. Sometimes there are subtle differences between
differential equations that make one method better than another.

The following sections describe the use of the various differential equation
solvers and the circumstances in which they are likely to be useful.

Smooth systems

When you know the solution is smooth, useBbikstoer function instead of
rkfixed. TheBulstoer function uses the Bulirsch-Stoer method rather than the
Runge-Kutta method used bifixed. Under these circumstances, the solution
will be slightly more accurate than that returned kixed.

The argument list and the matrix returnedBojstoer is identical to that for
rkfixed.
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Bulstoer( y, x1, X2, npaints, D)
y = A vector of ninitial values.

x1, x2 = The endpoints of the interval on which the solution to the differen-
tial equations will be evaluated. Theinitial valuesiny are the val-
ues at x1.

npoints = The number of points beyond the initial point at which the solution
isto be approximated. This controls the number of rows
(1 + npoaints) in the matrix returned by Bul stoer.

D(x, y) = An n-dlement vector-valued function containing the first derivatives
of the unknown functions.

Slowly varying solutions

Given afixed number of points, you can approximate a function more accu-

rately if you evaluate it frequently wherever it's changing fast and infrequently
wherever it's changing more slowly. If you know that the solution has this prop-
erty, you may be better off usifgadapt. Unlike rkfixed which evaluates a solu-
tion at equally spaced intervaRkadapt examines how fast the solution is
changing and adapts its step-size accordingly. This “adaptive stepsize control”
enablegRkadapt to focus on those parts of the integration domain where the
function is rapidly changing rather than wasting time integrating a function
where it isn’t changing all that rapidly.

Note that althougRkadapt will use nonuniform step sizes internally when it
solves the differential equation, it will nevertheless return the solution at equally
spaced points.
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Rkadapt takes the same arguments as rkfixed. The matrix returned by Rkadapt is
identical in form to that returned by rkfixed.

Rkadapt( y, x1, X2, npoints, D)
y = A vector of ninitial values.

x1, x2 = The endpoints of the interval on which the solution to the differen-
tial equations will be evaluated. Theinitial valuesiny are the val-
ues at x1.

npoints = The number of points beyond the initial point at which the solution
isto be approximated. This controls the number of rows
(1 + npaints) in the matrix returned by Rkadapt.

D(x, y) = An n-dlement vector-valued function containing the first derivatives
of the unknown functions.

Stiff systems
A system of differential equations expressed in the form:
y = AKX

isadtiff system if the matrix A is nearly singular. Under these conditions, the so-
Iution returned by rkfixed may oscillate or be unstable. When solving a stiff sys-
tem, you should use one of the two differential equation solvers specifically
designed for tiff systems: Siffb and Stiffr. These use the Bulirsch-Stoer method
and the Rosenbrock method for tiff systems respectively.

The form of the matrix returned by these functionsisidentical to that returned
by rkfixed. However, Stiffb and Stiffr require an extra argument in the following
section:
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Stiffb(y, X1, X2, npoints, D, J)
Stiffr(y, X1, X2, npoints, D, J)

y = A vector of ninitial values.

x1, x2 = The endpoints of the interval on which the solution to the differen-

tial equations will be evaluated. Theinitial valuesiny are the val-
ues at x1.

npoints = The number of points beyond the initial point at which the solution

isto be approximated. This controls the number of rows
(1 + npoints) in the matrix returned by Stiffb or Siffr.

D(x, y) = An n-dlement vector-valued function containing the first derivatives

of the unknown functions.

J(%, y) = A function which returns the n x (n + 1) matrix whose first column

contains the derivatives dD/0x and whose remaining rows and col-
umns form the Jacobian matrix (0D/dy,) for the system of differen-
tial equations. For example, if:

DoY) =02% B th J()%1 o X8
Xy) = en J(xy) =
Y 2% % Y —2h1 —2op
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Evaluating only the final value

The differential equation functions discussed so far presuppose that you're inter-
ested in seeing the solutig(x) over a number of uniformly spacgdalues in

the integration interval bounded k¥ andx2. There may be times, however,

when all you want is the value of the solution at the endpgi®). Although

the functions discussed so far will certainly give yo@), they also do a lot of
unecessary work returning intermediate valuegxfin which you have no in-
terest.

If you're only interested in the value ¥fx2), use the functions listed below.

Each function corresponds to one of those already discussed. The properties of
each of these functions are identical to those of the corresponding function in
the previous sections.

bulstoer(y, x1, X2, acc, D, kmax, save)
rkadapt(y, x1, X2, acc, D, kmax, save)
stiffb( 'y, x1, x2, acc, D, J, kmax, save)
stiffr( y, x1, X2, acc, D, J, kmax, save)

y = A vector ofn initial values.

x1, x2 = The endpoints of the interval on which the solution to the differen-
tial equations will be evaluated. The initial valuey &re the val-
ues aix1.

acc = Controls the accuracy of the solution. A small valuacofforces
the algorithm to take smaller steps along the trajectory, thereby in-
creasing the accuracy of the solution. Valueacofaround 0.001
will generally yield accurate solutions.

D(x, y) = An n-element vector-valued function containing the first derivatives
of the unknown functions.

J(x, y) = A function which returns the x (n + 1) matrix whose first column
contains the derivatived®/ox and whose remaining rows and col-
umns form the Jacobian matridy/dy,) for the system of differen-
tial equations. See page 368

kmax = The maximum number of intermediate points at which the solution
will be approximated. The value kifnax places an upper bound on
the number of rows of the matrix returned by these functions.

save = The smallest allowable spacing between the values at which the so-
lutions are to be approximated. This places a lower bound on the
difference between any two numbers in the first column of the ma-
trix returned by the function.
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Boundary value problems

So far, dl the functions discussed in this chapter assume that you know the
value taken by the solutions and their derivatives at the beginning of the interval
of integration. In other words, these functions are useful for solving initial value
problems.

In many cases, however, you may know the value taken by the solution at the
endpoints of the interval of integration. A good example is astretched string con-
strained at both ends. Problems such asthis are referred to as boundary value
problems. The first section discusses two-point boundary value problems: one di-
mensional systems of differential equationsin which the solution isafunction of
asingle variable and the value of the solution is known at two points. The sec-
tion following this discusses the more general case involving partia differential
equations.

Two-point boundary value problems

The functions described so far involve finding the solution to an nth order differ-

ential equation when you know the value of the solution and itsfirst n — 1 de-
rivatives at the beginning of the interval of integration. This section discusses

what happens if you don'’t have all this information about the solution at the be-
ginning of the interval of integration but you do know something about the solu-
tion elsewhere in the interval. In particular:

= You have amt" order differential equation.

m You know some but not all of the values of the solution and itgfirst de-
rivatives at the beginning of the interval of integratidn,

m You know some but not all of the values of the solution and itgfirst de-
rivatives at the end of the interval of integratig,

m Between what you know about the solutiomland what you know about it
atx2, you haven known values.

When this is the case, you should g3eal to evaluate the missing initial values
atx1. Once you have these missing initial values, you will have an initial value
problem rather than a two-point boundary value problem. You can then proceed
to solve this using any of the functions discussed earlier in this chapter.

The example in Figure 7 shows how to g3&l. Note thatsbval does not actu-

ally return a solution to a differential equation. It merely computes the initial val-
ues the solution must have in order for the solution to match the final values you
specify. You must then take the initial values returnesbisgd and solve the re-
sulting initial value problem as discussed earlier in this chapter.

Theshbval function returns a vector containing those initial values left unspeci-
fied atx1. The arguments tgbval are:
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sbval( v, x1, x2, D, load, score)
v = Vector of guessesfor initial values left unspecified at x1.

x1, x2 = The endpoints of the interval on which the solution to the differen-
tial equations will be evaluated.

D(x, y) = An n-dlement vector-valued function containing the first derivatives
of the unknown functions.

load(x1, v) = A vector-valued function whose n e ements correspond to the val-
ues of the n unknown functions at x1. Some of these valueswill be
constants specified by your initial conditions. Others will be un-
known at the outset but will be found by sbval. If avalueis un-
known you should use the corresponding guess value from v.

scor (X2, y) = A vector-valued function having the same number of elementsasv.
Each element is the difference between an initial condition at X2, as
originally specified, and the corresponding estimate from the solu-
tion. The score vector measures how closely the proposed solution
matches the initial conditions at x2. A value of O for any element in-
dicates aperfect match between the corresponding initial condition
and that returned by sbval.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T==———  IiShiIL =—F———5|
Convert to initial value problem: y(5]+y=0 with y(0)=0 y'(0)=7 <

y(h)=1 y'(1)=10 y"(1)=5
1 y'(0)
v o= |1 «— quess value for y''(0)

1 yi¥ (0)

0 <— known yw(0)
7 <— known y'(0)

load(x1. v} = | Y0 | —
¥q Unknown initial
Y1 |« conditions. To be

¥2 solved for by sbval.

<— D vector for the differential Vo
Dix.y) =| ¥3 equation: y(5) +y =0
¥4 vg - 1
<— Difference between
~¥o score(x2.y) = |¥q - 10 computed and given

values of y
¥a - 5
S = sbval{v.0.1.D.load. score)

-85.014 <—y"(0)

_ o Missing initial conditions,

S = | 348307 < y_ ® to be used with rkfixed.
-516.257 «—y¥i{D

auta MUM | Page 1

Figure 7: Using sbval to obtain initial values corresponding to given final values
of a solution to a differential equation.
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It's also possible that you don't have all the information you need tshuale
but you do know something about the solution and itsrfirst derivatives at
some intermediate valuef, This is the exactly the situation contemplated by
bvalfit.

This function solves a two-point boundary value problem of this type by shoot-
ing from the endpoints and matching the trajectories of the solution and its de-
rivatives at the intermediate point.

bvalfit( v1, v2, x1, x2, xf, D, load1, load2, score)

vl, v2 = Vectorvl contains guesses for initial values left unspecified.at
Vectorv2 contains guesses for initial values left unspecifie@at

x1, x2 = The endpoints of the interval on which the solution to the differen-
tial equations will be evaluated.

xf = A point betweex1 andx2 at which the trajectories of the solutions
beginning akl and those beginning &2 are constrained to be
equal.

D(x, y) = An n-element vector-valued function containing the first derivatives
of the unknown functions.

load1(x1, v1) = A vector-valued function whoseelements correspond to the val-

ues of then unknown functions atl. Some of these values will be
constants specified by your initial conditions. If a value is unknown
you should use the corresponding guess value ¥om

load2(x2, v2) = Analogous tdoadl but for values taken by threunknown func-

tions atx2.

scor e(xf, y) = An n element vector valued function used to specify how you want
the solutions to match &t You'll usually want to define scond(
y) :=y to make the solutions to all unknown functions match up at
xf.

This method becomes especially useful when derivative has a discontinuity
somewhere in the integration interval as the example in Figure 8 illustrates.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

T pifle—e—————15|
y forx <0 5
Solve y"= (—y ) forx > 0 where y(-1)=1 and w(1)=2
Y1
Dix. y) =
(%< 0)-yg + (x20)--yq
vig =1 <— guess value for ¥'(-1) xf = 0 <— point of discontinuity
v2g =1 <— guess value for y'(1)
1 4 <—y()
loadl({x1. v1) =
vig ) guess value for y'(-1)

(2 ) <= y(1)
load2(x2.v2) =

V2 ) guess value for ¥'(1)
score(xf.y) = y <—tells Mathcad to match the two halves of the solution at x=xf
S = bvalfit{vl . v2 -1.1.0.D. loadl. load?. score)
5 = ( 0.092 -0.678

auta MUM | Page 1

Figure 8: Using bvalfit to match solutionsin the middle of the integration inter-
val.

Partial differential equations

A second type of boundary value problem arises when you are solving a partial

differential equation. Rather than fixing the value of a solution at two points as

was done in the previous section, we now fix the solution at a whole continuum
of points representing some boundary.

Two partial differential equations that arise often in the analysis of physical sys-
tems are Poisson’s equation:

d0%u 9%
aXZ + ayz = p(X1 y)

and its homogeneous form, Laplace’s equation.

Mathcad has two functions for solving these equations over a square boundary.
You should use theelax function if you know the value taken by the unknown
functionu(x, y) on all four sides of a square region.

If u(x, y) is zero on all four sides of the square, you carmusstgrid function in-
stead. This function will often solve the problem faster tigbax. Note that if

the boundary condition is the same on all four sides, you can simply transform
the equation to an equivalent one in which the value is zero on all four sides.

Theredax function returns a square matrix in which:

m An element’s location in the matrix corresponds to its location within the
square region, and
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m Itsvalue approximates the value of the solution at that point.

This function uses the relaxation method to converge to the solution. Poisson’s
eqguation on a square domain is represented by:

A KU1k P Y -1k G Y ke T kY k-1 8 k=

The arguments taken by these functions are shown below:

relax@, b, ¢, d, g, f, u, rjac)

a, b, ¢, d, e= Square matrices all of the same size containing coefficients of the
above equation.

f = Square matrix containing the source term at each point in the region
in which the solution is sought.

u = Square matrix containing boundary values along the edges of the re-
gion and initial guesses for the solution inside the region.

rjac = Spectral radius of the Jacobi iteration. This number between 0 and
1 controls the convergence of the relaxation algorithm. Its optimal
value depends on the details of your problem.

If the boundary condition is zero on all four sides of the square integration do-
main, use thenultigrid function instead. An example is shown in Figure 9. The
same problem solved with theax function instead is shown in Figure 10.

multigrid(M, ncycle)

M = 1+ 2" row square matrix whose elements correspond to the source
term at the corresponding point in the square domain.

ncycle = The number of cycles at each level of itétigrid iteration. A
value of 2 will generally give a good approximation of the solution.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= Mtk =———-—T————11|
3]

S = multigrid( M. 2)

auta MUM | Page 1
Figure 9: Using multigrid to solve a Poisson’s equation in a square domain.
| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
=  nmnmm=e— 5
.32 k= 0. 32 i
=]
ﬂi,k=1 b = a cC = a d = a e = -4a
Vik F 0 f=M <— M is defined in Figure 9.

51 =relaxia.b.c.d. e f v 95

auta MUM | Page 1

Figure 10: Using relax to solve the same problem as that shown in Figure 9.
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I
Chapter 17

Symbolic Calculation

This chapter describes symbolic processing in Mathcad. The
chapter includes the following sections:
What is symbolic math?
An overview of Mathcad’s symbolic math features.
Live symbolic evaluation

Using the symbolic equal sign to perform a variety of symbolic transfor-
mations.

Symbolic algebra
Using menu commands to manipulate expressions algebraically.
Symbolic calculus
Evaluating indefinite integrals, derivatives and limits symbolically.
Solving equations symbolically
Algebraic solution of equations or systems of equations.
Symbolic matrix manipulation
Finding the symbolic transpose, inverse, and determinant of a matrix.
Symbolic transforms
Fourier, Laplace angtransforms.
Displaying symbolic results
Controlling the display of symbolic results.
Symbolic optimization
Symbolically simplifying complex equations before numerically evalu-
ating them.
Using functions and variables
Differences in how the symbolic and numerical processors work with
variables and functions.
Limitsto symbolic processing
Difficulties you may encounter in symbolic processing and what to do
about them.
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What is symbolic math?

Up until now, you've seen Mathcad engagingimerical mathematics. This

means that whenever you evaluate an expression, Mathcad returns one or more
numbers as shown at the top of Figure 1. Although these numbers are quite use-
ful, they provide little insight into the underlying relationship between the com-
ponents in an expression.

When Mathcad engagessymbolic mathematics, however, the result of evaluat-
ing an expression is generally another expression as shown in the bottom of Fig-
ure 1. The form of this second expression is to a great extent under your control.
You can factor the original expression, integrate it, expand it into a series, and
so on. The way you control the form of that second expression is the subject of
this chapter.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== WMBNIMI=F0—W————5
4

A numerical calculation gives nothing but numbers:

But a symbolic transformation can yield insight into the underlying expression:

3

Z 3 xk 23~k
K- (3 - k)l
k=10

simplifies to

8 +12-x + B-x2 + )(3

[ suto | WM [Paget |
Figure 1: A numerical and symbalic evaluation of the same expression.

There are three ways to perform a symbolic transformation on an expression.

m You can use the symbolic equal sign as described in the section “Live sym-
bolic evaluation.” This method feels very much as if you're engaging in nu-
merical math.

m |f you need more control over the symbolic transformation, you can use the
individual commands described in the section “Using the Symbolic menu”

m You can make the numerical and symbolic processors work together; the lat-
ter simplifying an expression behind the scenes so that the former can work
with it more efficiently. This is discussed in the section “Symbolic optimiza-
tion.”
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Symbolic processing al so rai ses some subtl e issues concerning the use of func-
tions and variables. These are described in the section “Using functions and vari-
ables.”

Finally, there are some fundamental limits inherent in computer based symbolic
processing generally. These arise because nobody really knows how the human
brain does symbolic processing. As a result, nobody really knows how to teach a
computer to do it. These limits are discussed in the last section “Limitations of
symbolic processing.”

Live symbolic evaluation

The symbolic equal sign provides a way to extend Mathcad’s live document in-
terface beyond the numerical evaluation of expressions. You can think of it as
being analogous to the equal sign “=". Unlike the equal sign, which always
gives a number on the right hand side, the symbolic equal sign is capable of giv-
ing expressions.

To use the symbolic equal sign to simplify an expression:

m Make sure thutomatic Mode command on th®lath menu has a check-
mark beside it. If it doesn’t choose it from the menu.

m Make sure thé& ive Symbolics command on th®ath menu has a check-
mark beside it. If it doesn’t choose it from the menu. Note that this command
is gray until theAutomatic M ode command from th& ath menu is checked.

m Enter the expression you want to simplify.

m PresqCtrl]. (the control key followed by a period). Mathcad displays an
arrow, “-".

m Click outside the expression. Mathcad displays a simplified version of the
original expression. If an expression cannot be simplified further, Mathcad
simply repeats it to the right of the arrow.

The symbolic equal sign is a live operator just like any Mathcad operator. When
you make a change anywhere above or to the left of it, Mathcad updates the re-
sult. The symbolic equal sign “knows” about previously defined functions and
variables and uses them wherever appropriate. You can force the symbolic equal
sign to ignore prior definitions of functions and variables by usingdisaine

keyword as shown in Figure 4.

Figure 2 shows some examples of how to use this operator. Note that’the “
only applies to an entire expression. You cannot, for example, use the “
transform only part of an expression. Nor can you apply thetd the result of

a previous %",
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl

== SYMEIUAL %ﬁ%ﬂ
{3
. . . =]
Press [Ctr]][Period] to get the symbolic equal sign.
b
xZ dx — l-b3 - l-a3
a 3 3

If the expression cannot be simplified further, the symbolic equal sign
does nothing.

)(2—))(2

This is analogous to the equal sign you use for numerical evaluation.
2=2
The symbolic equal sign works for matrices as well.

|

(‘311 ﬁ12) 1 (‘322 “312)
— .

83 8 (ﬂ11"322‘ﬂ12'ﬂ21) “8xn  An

auta MUM | Page 1

Figure 2: Using the symbolic equal sign.

Customizing the symbolic equal sign

The “-.” takes the left-hand side and places a simplified version of it on the
right-hand side. By default, it simplifies the left-hand side just as if you had cho-
senEvaluate] Symbalically from theSymbolic menu (see page 387).

Of course, exactly what “simplify” means is a matter of opinion. As a result,
you can, to a limited extent, control how the™transforms the expression by
putting one of the following keywords before the expression containing it. For
more comprehensive control over symbolic transformations, you must use the
Symbolic menu.

Keyword Function

simplify Simplifies the expression, performing arithmetic, canceling
common factors and using basic trigonometric and inverse
function identities.

expand Expands all powers and products of sumsin the selected ex-
pression.

series Expands an expression in one or more variables around a
specified point. By default, the expansion is a polynomial
of order six.

factor Factors the selected expression into aproduct, if the entire
expression can be written as a product.
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assune Tells Mathcad to treat the variable which follows as an un-
defined variable even though it may have had anumber as-
signed to it. Also used to specify constraintsto be used in
the evaluation of the expression.

conpl ex Tells Mathcad to carry out symbolic evaluation in the com-
plex domain. Result will usualy bein the form a +iD.

f I oat Tells Mathcad to display afloating point value whenever
possible.

literally Prevents the symboli c processor from attempting to opti-

mize whatever equation immediately follows.

Keywords are case sensitive and must therefore be typed exactly as shown.
They are not, however, font sensitive.

Figure 3 shows some examples of how to use these keywords. Note that a key-
word acts only on the very next occurrence of-d.”

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= wWMKnnImn=e——5
]

By itself, the symbolic equal is equivalent to choosing
Evaluate =+ Symbolically from the Symbolic menu.

3

3
(x+y]7 = (x+y)
But when preceded by an appropriate keyword, the symbolic equal can change its
meaning:
expand
[x + ¥ 33, 3-x2-y + 3-x-y2 + y3
The keyword "expand” makes the symbolic equal equivalent to
choosing Expand from the Symbolic menu.
factor

x2 4 3-x2-y + 3-x-y2 + y3 - (% + y)3

The keyword "factor® makes the symbolic equal equivalent to choosing

Factor from the Symbolic menu.

Note that keywords must be in math regions. Do not precede them with a
double-quote.

Figure 3: Using keywords with a symbolic equal sign.
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When you use the symbolic equal sign to evaluate an expression, Mathcad

checks all the variables and functions making up that expression to seeif

they've been defined earlier in the worksheet. If Mathcad does find a definition,
it uses it. Any other variables and functions are evaluated symbolically.

There are three exceptions to this, all of which are illustrated in Figure 4. In
evaluating an expression made up of previously defined variables and functions,
Mathcadignores prior definitions:

m when the variable is defined as a number containing a decimal point,
m when the keywordssune precedes the definition, or
m when the variable has been defined as a range variable.

You can also use the keywaad sune to assume constraints on the variables in
the expression. The last example in Figure 4 illustrates how an integral can be
made to converge by assuming a variable is positive. Note that in order to spec-
ify more than one condition, you simply separate the conditions with a comma
as shown in the last example in Figure 4.

The keywordassune must precede any other keywords applied to an expres-
sion. This is because a keyword will apply only to the expression immediately
following it. An example is shown in the middle of Figure 4.

| % File Edit Diew Insert Format Math Symbolics Books Window 17|
T M e—e—————ii5|
£
x = 3 z = 2. m:=1.10
expand (x +1)-(z -1) =+ 4.z - 4 <«— Mathcad substitutes the value of 3

for "x" before evaluating this
expression, but not the value of "z"

assume X

2

expand (x + 1)-(x-1) &+ x° -1 «— Although "x" is defined to be 3,
Mathcad ignores that definition
because of the keyword "assume”
followed by the "x".

m —* m <— Since "m" is defined as a range variable, Mathcad

ignores this definition.

assume a> 0. x

<— Since "a" is constrained to be positive, this

J = ot % integral will converge. Since "x" follows the

X e dt - — keyword "assume." the earlier definition for
0 o "x" is ignored.

auta MUM | Page 1

Figure 4: The keyword assume controls whether or not Mathcad substitutes
values for variable and function names into an expression.

The keywordgonpl ex andf | oat provide some additional control over the
form in which Mathcad displays a symbolic result.
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The keyword conpl ex before an expression causes Mathcad to return a result
inthe forma +i[0. This generally yields an unnecessarily complicated expres-
sion when all parameters are red. However when one or more parameters are
complex, the ability to see this more general representation becomes useful. Fig-
ure 5 compares some transformations with and without the conpl ex keyword.

Thef | oat keyword will make the next symbolic result display as afloating
point number whenever possible. Y ou can control the precision of this number
by following f | oat with an appropriate integer as shown in Figure 6. In Figure
6, Mathcad can display the term 172 in floating point. Thef | oat keyword has
no effect on X, however. Since X is not defined, Mathcad cannot display it as
anything but X.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T (WMIMPII=e———15)
47

el ™ exp(i -n &) <— By default. Mathcad leaves

the result in exponential form.

complex
el ™ cos(n-#) +i -sin{n- @) <— Usingthe "complex” keyword
forces Mathcad to return the result
in the form "a+bi".
cos(bi + 2) — cos(2 + bi) «<— Like all keywords, the "complex®
keyword applies only to the
expression immediately following it.
complex
cos( 5 +2) = cos(2) cosh(b) - i -sin{2) sinh(5)

Figure 5: The keyword conpl ex controls whether or not Mathcad triesto re-
turn aresult in theforma + i[b.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
=  MImnm=e——r%
]

Display a result in symbolic form:

X-acos(0) —= %-X-n

Display a result as a floating point number whenever possible:
float
X acos(0) — 1.5707963267948966193 X

Same as abowve, but with only four digits in the number:
float 4
X-acos( D) —= 1571 X

You can evaluate numbers to very high precision using "float.”
float b8
e — 2.718281828459045235360287471352662497757247093699959574967

auta MUM | Page 1

Figure 6: Usethef | oat keyword to display resultsin terms of numbers when-
ever possible.

Theseri es keyword isused to expand an expression around a particular com-
bination of variables. By default, Mathcad expands a series around zero and in-
cludes all terms whose exponents sum to less than six. Y ou can, however,
specify the points around which to expand a series as shown in Figure 7. Thisis
particularly useful when an expression hasa singularity at 0. Y ou can also spec-
ify the order of the expansion as shown in the last example in Figure 7.

Occasiondlly, a series will contain coefficients displayed in rather lengthy sym-
bolic form. Y ou may want to usethe f | oat keyword in conjunction with
seri es asshown in Figure 7. In the expansion shown, you would get an ex-
pression involving exp(1) in the absence of thef | oat keyword.
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| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T M e—r15
Expand around the point x=0 and y=0 s

series X,y

1 2 1 2 1 13 1 1

LI 1. . 1. 1. v LS )

e +H A Y — KT YN+ + =%+ x5+ —
¥ 2 ¥ 2)" 6 ¥ 2)" X+BY+

| =

Expand around the point x=0 and y=1

series  x.y=1 <— use [Ctrl]]= to make the equal sign

float 3 <— display coefficients as 3 digit numbers instead of
in terms of exp(1)

e tY = 272.x 1+ 272y + 136 x2 + 272 (y - 1.)-x + 1.36(y - 1.)%+ 454
¥ iy ) iy )

Expand around the point x=0, y=0 but show only those terms
whose exponents sum to less than 3.

series  x.y.3

e“+y—>1+x+y+%-x2+y-x+%-y2

auto ’W Page 1 .
Figure 7: Usetheseri es keyword to expand an expression around a particu-
lar point.

Using the Symbolic menu

Although the symbolic equal sign discussed in thelast section is convenient to
use, itsrepertoire of symbolic transformationsis limited. The commands on the
Symbolic menu provide considerably more control over the kinds of symbolic
transformation you can do.

The basic steps for using the Symbolic menu are the same for all the menu com-
mands:

m Place whatever you want to transform between the two editing lines.
m Choose the appropriate command from the Symbolic menu.
m Mathcad will place the transformed expression into your document.

There isan important difference between symbolic evaluation using the Sym-
bolic menu and using the symbolic equal sign as described in the previous sec-
tion. Resultsto the right of a symbolic equal sign are re-eva uated whenever you
make a change to your worksheet. A result obtained through the Symbolic
menu, on the other hand, will not update automatically.
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For example, suppose that after selecting an expression you choose Factor from

the Symbolic menu. Mathcad inserts the factored result. If you now edit the

original expression, the symbolic answer won't change. To get a new answer,
you must select the expression you just changed and chac®se from the

menu again. Mathcad inserts a new result and pushes down the old result.

The following sections describe the vari@snbolic menu commands in detail.

Symbolic algebra

Certain commands from ti&mbolic menu allow you to manipulate expres-

sions algebraically. You can simplify, expand, and factor expressions. You can
also collect like terms of an expression, find the coefficients of a polynomial, ex-
pand an expression into a series, or change all occurrences of a variable to what-
ever is on the clipboard.

Symbolic evaluation

In general, to evaluate an expression symbolically follow these steps:
m Enter the expression.

m Place the expression between the two editing lines by prdSgage].
m Pres§Command]Y.

There are two additional ways to evaluate an expression:

m You can choos&valuate[] Complex Evaluation to express results in com-
plex form whenever possible.

m You can choos&valuatel] Floating Point Evaluation to express a result as
a number whenever possible.

When evaluating expressions containing complex humbers, you may want to
chooseEvaluate] Complex Evaluation from theSymbolic menu. This will
force Mathcad to express results in the farmblil Figure 8 shows an example.

Ordinarily, the symbolic processor returns results by rearranging variables.
Thus, when Mathcad evaluates an expression invotvimigg, it will usually re-

turn another expression involvimgor expk). To force Mathcad to return a num-
ber instead, choodevaluatell Floating Point Evaluation from theSymbolic

menu. This brings up a dialog box in which you can specify the number of digits
to the right of the decimal point. By default, this number is set to 20.
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Expressions evaluated using... it

Evaluate Symbolically

e ¢ yields exp( ing) <— Type "1i" to get the imaginary unit "i".

Complex Evaluation

1 ﬂ . .
e'""¥ evaluation over the complex plane yields cos(n-&) + i-sin{n-@)

Floating FPoint Evaluation

[

2
e * dx floating point evaluation yields .8862269254527580136b
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Figure 8: Evaluating expressions symbolically using additional commands from
the Evaluate pull-right menu.

The symbolic processor treats numbers containing adecimal point differently
from numbers without a decimal point. The general rule is as follows:

m  When you send numbers with decimal pointsto the symbolic processor, any
numerical resultsyou get back will be decimal approximations to the exact
answer.

m  When you send numbers without decimal points to the symbolic processor,
any numerical results you get back will be expressed without decimal points
whenever possible.

Figure 9 shows some examples of how the decimal point affects the answers
you get from the symbolic processor. In this example, note how V17 comes
back unchanged since there is no rational square root of 17. But V17.0 comes
back as adecimal approximation to theirrationa number V17.

When a symbolic operation gives an approximate decimal answer, this answer is
aways displayed with 20 significant digits. This display is not affected by Math-
cad’s local or global numerical formats.
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Figure 9: Numerical answersin symbolic calculations.

Simplifying an expression

The Simplify command carries out basic algebrai c and trigonometric simplifica-
tion of the selected expression. Simplify performs arithmetic, cancels common
factors, uses basi ¢ trigonometric and inverse function identities, and smplifies
square roots and powers.

Y ou can simplify parts of expressions (for example, the denominator of afrac-
tion, or one term of a sum) aswell as entire expressions. Y ou can also simplify
expressions involving arrays such as sums or products of matrices. To do so,
place the expression you want to simplify between the two editing lines before
choosing Simplify.

Mathcad may sometimes be able to simplify parts of an expression even when it

cannot simplify the entire expression. If selecting the entire expression and

choosing Simplify doesn't give the answer you want, try selecting and simplify-

ing subexpressions. If Mathcad can’t simplify an expression any further, you'll
just get the original expression back as the answer. Figure 10 illustrates some re-
sults of applying th&mplify command.
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Expanding an

Expanding an

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
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2
X" -3'x-4
—  +2'x-b simplifies to 3-x-4
x-4
e[ Z2:In(a)] simplifies to El:2

sin( x) Z, COS [ X) 2 simplifies to 1

3i 34(1+i 12  simplifiesto  -25 i

.J1125-a2-b simplifies to 15-Jg-a-J;

30!  simplifiesto  265252859812191058636308480000000
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Figure 10: Some results of simplifying.

In general, when you simplify an expression, the simplified result will have the
same numerical behavior as the original expression. However, when the expres-
sion includes functions with more than one branch, such as square root or thein-
verse trigonometric functions, the symbolic answer may differ from a numerical
answer. For example, simplifying asin(sin(8)) yields 6, but this equation holds
true numericadly in Mathcad only when 0 is a number between —172 and 102.

expression

The Expand command from the Symbolic menu expands al powers and prod-
ucts of sumsin the selected expression. If the expression isafraction, the nu-
merator will be expanded and the expression will be written as a sum of
fractions. Sines, cosines and tangents of sums of variables, or integer multiples
of variableswill be expanded as far as possible into expressions involving only
sines and cosines of single variables. See Figure 12 for some examples.

expression to a series

This section describes how to use the Expand command from the Symbolic
menu to expand an expression to a series.

To use the Expand command:

m Sdect avariablein the function or expression for which you want to find a se-
ries expansion.

m Choose Expand. A diaog box will prompt you for the order of the series.
This determines the number of terms, and hence the error in the series.
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Mathcad will then generate the corresponding series. The order isthe order of
the error term in the expansion. For example, if you select the x in sin(x) and ask
for aseries of order 6, you will get an expansion of the sine function in powers
of x in which the highest power is x>. The error is thus O(x 6). The answers you
get from Series show this error term using the O notation. Before you use the se-
riesfor further calculations you will need to delete this error term.

The Expand command is limited to seriesin asingle variable; any other vari-
ables in the expression will be treated as constants. Mathcad will find Taylor se-
ries (series in nonnegative powers of the variable) for functions that are analytic
at 0, and Laurent series for functions that have a pole of finite order a 0. To de-
velop aserieswith a center other than O, you can trandate. For example, to get a
series for the log function around 1:

m Apply Expand toIn(x + 1).
m Use Variable Substitute to substitute x — 1 for x.

Figure 11 shows some examples of series generated with this menu command.

For an alternative method for generating series expansions, see the section on

the series keyword in the section “Live symbolic evaluation” earlier in this chap-
ter.

In using the approximations you get from fgpand command, keep in mind

that the Taylor series for a function may converge only in some small interval
around the center. Furthermore, functions $ikeor exp have series with infi-

nitely many terms, while the polynomials returnecHxpand have only a few
terms (how many depends on the order you select). Thus, when you approxi-
mate a function by the polynomial returnedibgpand, the approximation will

be reasonably accurate close to the center, but may be quite inaccurate for val-
ues far from the center.
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{3
Select the x in sin{x) and choose Variable =Expand to Series
with order 6:
; i 1.3 5 6
SiN(X) converts to the series X - — X~ + KT +O(X)
6 120

To generate a series for log around 1, apply the Expand to Series command
to In(x + 1), then substitute x - 1 for x:
1 1 1
In{x+ 1) converts to the series X—E-xz +§-)(3 —Z-x4 +g-x5 +0(x5)

Copy x -1 to the clipboard, selectx and choose
Substitute for Variable:

auta MUM | Page 1

Figure 11: Generating a series.

Factoring an expression

The Factor command from the Symbolic menu factors the selected expression.
If thisexpression isa single integer, Mathcad will factor it into powers of
primes. Otherwise, Mathcad will attempt to convert the expression into a prod-
uct. Thiscommand will combine a sum of fractionsinto a single fraction and
will often smplify acomplex fraction with more than one fraction bar.

Note that Mathcad factors only what is sel ected when you use this command.
For example, if you select the entire expression

ab+ald+x

and choose Factor, Mathcad will return this expression unchanged asits an-
swer, because the whole expression selected is not factorable. But if you select
just the first two terms, Mathcad will return

al(b +¢) +Xx

When you're simplifying by factoring, you may be able to simplify your expres-
sion quite a bit by selecting and factoring subexpressions even if the expression
taken as a whole can't be factored. Chdémgtor to combine a sum of frac-

tions into a single fraction or to simplify a complex fraction. See the examples

in Figure 12.
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Collecting like terms

The Collect menu command collects terms containing like powers of the subex-
pression you've selected. The result is a polynomial in the subexpression. The
subexpression you select must be a single variable or a built-in function together
with its argument. See Figure 12 for an example.

| % File Edit Diew Insert Format Math Symbolics Books Window 17|

= M =—e—---— 5

1 1 3 2 .2 3_ 1 o

[(X+Y¥) expands to X +4- X7 y+6 X"y +4 -y +y =]
cos(b X} expands to 16-c05(x)5—20-c05(x)3+5-cos(x)

8238913765711 by factoring. yields (73 ) (112861832407 )

—5-){-z-y+2-x-zz—)(2-y—2-)(2-z+3-y2-z+6-y-zz—3-){-y:2

by factoring, yields
(x+3-yp{2-z+yhiz-x)

1 X 2% . . —(2-x2—9-x—6+x3)
+ - by factoring, yields
x-1 X+3 X+2 ((X-1)((x+3)(x+2)))
2 2 2
X" -ayx" +2 ¥y x-X <~ Click on an 'x" and choose 'Collect' from

the Symbolic menu.
by collecting terms, yields

i1 —a-y)-x2+(2-y2—1 X

Figure 12: Expanding to a polynomial, factoring, and collecting terms.

Partial fraction decomposition
To convert an expression to a partial fraction:
m Select a variable in the denominator of the expression.
m ChooseVariabled Convert to Partial Fraction from theSymbolic menu.

The symbolic processor will try to factor the denominator of the expression into
linear or quadratic factors having integer coefficients. If it succeeds, it will ex-
pand the expression into a sum of fractions with these factors as denominators.
All constants in the selected expression must be integers or fractions; Mathcad
will not expand an expression that contains decimal points. See Figure 13 for
some examples.

392 Chapter 17 Symbolic Calculation



| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T M= ¢
4

2-x2—3-x+1
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expands in partial fractions to

1 14 3
+

(8-{x-8)) (8 (x+8)) (x+2)

5
1
M
X+ N
n=1

expands in partial fractions to

1 8 81 128 625

(24-{x+1])) (3-(x+2])) (4-(x+3)) (3-(x+ ))+(24'(X+5))
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Figure 13: Partial fraction decomposition.

Finding coefficients of a polynomial

Many expressions can be rewritten as polynomials, either in aparticular variable
or with respect to a subexpression. To do so:

m Sdect the variable in which you want your expression to be regarded asa
polynomiadl.

m Choose Polynomial Coefficientsfrom the Symbolic menu.

Mathcad returns a vector containing the coefficients of the equivalent polyno-
mial. Thefirst element of the vector isthe constant term. The first expression in
Figure 14 shows an example.

Y ou can aso enclose place the function between the two editing linesif you
want the symbolic processor to regard your expression as a polynomial with re-
spect to afunction. The second expression in Figure 14 shows an example of a
polynomial in the function sin(x).
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{3
. . . -3ab
Click on "x" and choose Polynomial Coefficients
from the Symbolic menu. 2
4 2 2 3
3bx - xX" +—x- .3 ab hascoefficients
3 -x
0
3b

Enclose "sin{x)" in selection box for coefficients
of a polynomial in sin(x).

sin(x) + 2-sin(x) 2 has coefficients 1

auto ’W Page 1
Figure 14: Finding the coefficients of some polynomials.

Substituting an expression for a variable

This command substitutes a sel ected expression for each occurrence of avari-
able. To use this command:

m Sdlect the expression that will replace the variable.
m Copy it to the clipboard by choosing Copy from the Edit menu.

m Sdect an occurrence of the variable you want to replace and choose Vari-
ablel] Substitute from the Symbolic menu.

Mathcad will substitute the expression on the clipboard for the selected variable.
If the variable occurs more than oncein the expression you are transforming,
each occurrence Mathcad replaces each occurrence. Figure 15 shows some ex-
amples.

Note that Variable[] Substitute will not substitute a vector or amatrix for avari-
able. To substitute a scalar expression for a variable that occurs in a matrix, put
the expression in the clipboard with Copy. Then for each matrix element that
contains the variable, click on the element and choose Variable[] Subgtitute.
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To substitute x + 3a for z in the expression below, copy x + 3a to the
clipboard with the Copy command, select z and choose Variable = Substitute.

2 2
X+3-a z%+Z by substitution, yields (X + 3 a) L -
z (x+3-a)

Another example; substituting f{sin{x)) for y:

fisin{x)) cos;(y)+...l1+y:2

by substitution, yields

cos(f(sin{x)}) +..J1 +f({sin{x)) 2
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Figure 15: Qubgtituting an expression for a variable.

Evaluating a summation

To evaluate a sum symbolically, you can use Mathcad's summation operator:

The procedure is the same for a product over a range, except that you type
[Ctrl][Shi ft]3 to get the product operator. If you use numerical limits in a
summation or product range, be sure that the upper limit of the range is greater

Create the summation operator by typiegr | ][Shi f t 4.

Enter the expression you want to sum in the placeholder to the right of the

“ Z".

Enter the index variable and summation range in the placeholders above and

below the %" as shown in Figure 16.

Place the entire expression between the two editing lines and Qoass
mand]Y.

than or equal to the lower limit.

Note that as with all symbolic operations, the symbolic processor doesn’t know
about any variable definitions in your worksheet. Thus if you've defined a 10

element vectov, symbolic summation of over the range i =0 . . 9 will just
give you the formal sum, +v; +. .. + v, If all you want is a numerical an-
swer, use the sum and product operators described in Chapter 11.
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Evaluating other functions and operators

In general, you can symbolically evaluate any of the Mathcad built-in functions
described in the previous section. If the result can be computed exactly (sin()

for example), you'll see an exact answer. Otherwise Mathcad will return the
original expression as the answer. Figure 16 illustrates various results of sym-
bolic evaluation.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
A QLWL m|
&
1 3 2 1
i lds —-(n+1)" - n+1)"+—-n+—
Z vields ( ) ( ) 5
i=
10
1 . 809269325641
l_[ 1 - — yields ———————
K3 99532800000
k=2
_—

sin[[x yz H [sin(x) sin(yzj]
Z X+Y yields sin(z] sin(x+y)

m0d(6-x2+18-x—13,5) yields x2+3 x+2

auto ’W Page 1
Figure 16: Symbalic evaluation of sums, products, and functions.

Symbolic calculus

Derivatives

This section describes how evaluate definite and indefinite integrals, how to
evaluate derivatives and how to take limits.

To evaluate a derivative symbolically, you can use Mathcad’s derivative opera-
tor as shown in Figure 17:

m Type? to create the derivative operator or ty@er | ]? to create the higher
order derivative operator.

m In the placeholders, enter the expression you want to differentiate and the
variable with respect to which you are differentiating.

m PresgComand]y.
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Some integrals calculated using Evaluate Symbolically:
[c

X3 dx yields <— Press & for definite integral.

o | =

e dx  yields J; <— Press [Ctrl]Z for'a .

a Xz dx yields l xa- a <— Press [Ctrl]i for indefinite integral.
3

A second derivative found with Evaluate Symbolically:
Press [Ctrl]? to create the n'h order derivative.

2 2

d )
— z-atan{z) vyields -2
dz? (1+2

Figure 17: Evaluating integrals and derivatives symbolically.

Figure 18 shows you how to differentiate an expression without using the deriva-
tive operator. The menu command Variabled Differentiate differentiates an ex-
pression with respect to aselected variable. For example, to differentiate

2% 2 + y with respect to x:

m Sdect thex

m Choose Variableld Differentiate from the Symbolic menu. Mathcad will dis-
play the derivative, 4X.

If you selected the variable y instead of x, you would get the answer 1. Mathcad
treats all variables except the one you've selected as constants.

If you've selected neithecnory the menu command will be gray. Mathcad
can't differentiate the expression because you haven't specified a differentiation
variable.

If the expression in which you've selected a variable is one element of an array,
Mathcad will differentiate only that array element. To differentiate an entire ar-
ray, differentiate each element individually by selecting a variable in that ele-
ment and choosingariablel] Differentiate.

The symbolic processor treats functions that are not on the list of built-in func-
tions as unknown. When you differentiate such a function, the symbolic proces-
sor will usually express the answer in terms of derivative operators.
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Indefinite integrals

Mathcad provides the symbolic indefinite integral operator shown in Figure 17.
To use this operator:

m Type[Ctr] ]l toinsert theindefiniteintegral operator and its placeholders.
m Fill in the placeholder for the integrand.

m Place the integration variable in the placeholder next todhdhis can be
any variable name.

m Place the entire expression between the two editing lines by pressing
[Space] one or more times.

m Pres§Comand]Y.

Figure 18 shows how to integrate an expression without using the indefinite inte-
gral operator. The menu commavidriablel] | ntegrate integrates an expres-

sion with respect to a selected variable. For example, to inte@ate R with

respect toc

m Select the.

m ChooseVariabled I ntegrate from theSymbolic menu. Mathcad will display
the integral.

TheVariablell Integrate command integrates an expression with respect to a
selected variable. If you don’t have a variable selected, this command will be
gray. Mathcad cannot integrate without knowing the variable of integration.

If the symbolic processor can't find a closed-form indefinite integral, you'll see

an appropriate error message. Keep in mind that many simple expressions don’t
have a closed-form indefinite integral that can be written in terms of polyno-
mials or elementary functions. For examem\ﬁ)3 has no elementary integral. If

the integral is too big to display, Mathcad puts the answer, in text form, on the
clipboard. See the section “Long answers” on page 420 to learn what to do when
this happens.

When evaluating an indefinite integral, remember that the answer to an integra-
tion problem is not unique. 1{x) is an integral of a given function, sdg) + C

for any constant. Thus, the answer you get from Mathcad may differ by a con-
stant from the answer you find in tables. If you differentiate a function and then
integrate the result, you won't necessarily get the original function back as your
answer.
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Click on "x" and choose Yariable = Differentiate from the Symbolic menu.
2 Xz +¥ by differentiation, yields 4 X

X by differentiation, yields 1 - X sinh {x)

cosh ( x) cosh(x) cosh(x)

Click on "x" and choose VYariable = Integrate from the Symbolic menu.

xz -e® by integration, yields xz TeXpiX) -2 X eXp(X)+2 exp(X)

X+a i ion, yi 1 a
by integration. yields ° In(Xz +b) + > atan

auto ’W Page 1 .
Figure 18: Differentiating and integrating expressions.

Definite integrals
To symbolically evaluate a definiteintegral:
m Type & to create the integral operator with its empty placeholders.

m Fill in the placeholdersfor the limits of integration. These can be variables,
constants, or expressions.

m Fill in the placeholder for the integrand.
m Fill in the placeholder next to the “d.” This is the variable of integration.

m Place the entire expression between the two editing lines by pressing
[Space] one or more times.

m PresgCommand]y.

The symbolic processor will attempt to find an indefinite integral of your inte-
grand before substituting the limits you specified. If the symbolic processor
can't find a closed form for the integral, you'll see an appropriate error message.

If the symbolic integration succeeds and the limits of integration are integers,
fractions, or exact constants likeyou’ll get an exact value for your integral. If
the integrand or one of the limits contains a decimal point, the symbolic answer
will be a number displayed with twenty significant digits.

Symbolic calculus 399



Thisanswer will in general agree with the answer you get by eva uating the
same integral numericaly. The symbolic and numerical answers are, however,
obtained in very different ways. Mathcad’s symbolic processor:

m Finds an indefinite integral.

m Subtracts its value at the lower limit of integration from its value at the upper
limit.

The numerical integration routine, on the other hand:

m Samples the integrand at many points in the interval of integration.

m Uses these samples to approximate the integral.

The accuracy of this numerical integration depends on the value you set for the
variableTOL and on the smoothness of the function you are integrating.

Of course, many functions do not have a closed form integral, and definite inte-
grals involving these functions canly be calculated numerically. Integrals for
which the integrand is not smooth (has a discontinuous derivative) might not be
evaluated correctly by the symbolic processor. See Chapter 11 for more on
Mathcad’s numerical integration.
Limits

MathcadPLUS provides three limit operators. These can only be evaluated sym-
bolically. They cannot be evaluated numerically. To use the limit operators:

m PresdCtr | ]L to create the limit operator. To create operators for limits
from the left or right, preq<t r 1 ]1Bor[Ct r | A

m Enter the expression in the placeholder to the right of the “lim.”
m Enter the limiting variable in the left-hand placeholder below the “lim.”
m Enter the limiting value in the right-hand placeholder below the “lim.”

m Place the entire expression between the two editing lines by pressing
[Space] one or more times.

m PresgCommand]yY.

Mathcad will return a result for the limit. If the limit does not exist, Mathcad re-
turns an error message. Figure 19 shows some examples of evaluating limits.
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Using the limit operators and the Evaluate Symbolically command to

evaluate limits:
M2 1
lim yields _ <— Press [CHrl]Z for 'o".
3

¥s>o 3X+6

A limit from the right:

lim 3x+b yields (3a+b)
X—"El+ 2 2
® d

A limit from the left:
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Figure 19: Evaluating limits.

Solving equations symbolically

This section discusses how to symbolically solve an equation for avariable, find
the symbolic roots of an expression, and solve a system of equations symboli-
cally. The Variable Solve command from the Symbolic menu lets you solve
an eguation for avariable and find the roots of an expression.

Solving equations symbolicaly is far more difficult than solving them numeri-

cally. You may find that the symbolic solver does not give a solution. This may

happen for a variety of reasons discussed in the section “Limitations of symbolic
solving” on page 420.

Solving an equation for a variable
To solve an equation for a variable:
m Type the equation. Make sure you {8er | ]=to create the equals sign.
m Select the variable you want to solve for by clicking on it.
m ChooseVariable] Solve from theSymbolic menu.

Mathcad will solve for the variable and paste the result into your worksheet.
Note that if the variable was squared in the original equation, you méyayet
answers back when you solve. Mathcad displays these in a vector. Figure 20
shows an example.
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To rearrange this formula for A into a formula for r, select r and choose
Yariable =>Solve from the Symbolic menu.

(use [Ctrl]= to type
; 1
the equal sign.) L
| I

L A-2-C
A=—+2-C  has solution(s)

r:2 -1 JT_

Now to define rin terms of A .C. and L. copy and paste the first solution
into the right-hand side of the expression:

rfA.C. L) = 174,(1

A-2-C

auto ’W Page 1
Figure 20: Rearranging an expression to solve for a variable.

Y ou can aso solve an inequality entered using the symbols <, >, <, and =. Solu-
tionsto inequalities will be displayed in terms of Mathcad boolean expressions.

If there is more than one solution, Mathcad places them in a vector. A Mathcad
boolean expression such asx < 2 hasthevalue 1 if itistrueand O if itisfalse.
Thus the solutionXis less than 2 and greater th&ti would be represented by
the expressiofx < 2) [{-2<X).

Finding the roots of an expression

The procedure for finding the roots of an expression is analogous to the more
general problem of solving an equation for a variable. To find the roots of an ex-
pression:

m Type the expression.
m Select any occurrence of the variable for which you are solving.
m ChooseVariabled Solve from theSymbolic menu.

Note that there is no need to set the expression equal to zero. When Mathcad
doesn’t find an equals sign, it assumes you mean to set the expression equal to
Zero.
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-1+ nﬁ
-1 - nﬁ

—- Xz +X+2  has solution(s)

2

1 -1.+1.732050807568877293bi
— X" +X+20 has solution(s)

-1.-1.7320560807568877293bi

e*--1 has solution(s) i <— Use [Ctrl]= to type the equals sign.
0
- 1
sin(x)=— tan(x] has solution(s) 1
3 acos| —

(x<2)-(—2<XJJ

X3 -5 'Xz -4 x+20>0 has solution(s)
bax
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Figure 21: Examples of finding roots and solving inequalities.
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o f+1 - . .
— =g <— Click on "f* and choose Variable =5olve
f-8 Use [Ctrl]= to type the equal sign.

has solution(s)

-(1+expl-a)-B) <— Solution for "f*
(@-oxp(-a)]

X4 -3 -)(3 +17.2 -)(2 -3 x+605 <— Fourth order polynomial will
yield four solutions.
has solution(s)

1.8446429879763482326 - 3.542191582b432999264i
1.8446429879763482324 + 3.5421915825432999264i
-.344642987976348232b4 - 1.916863410677542363i
-.34464298797634823246 + 1.916863410677542363i
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Figure 22: Some uses for symbolic solving.
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Solving a system of equations symbolically

In Chapter 15, “Solving Equations,” you learned how to use a solve block to
solve a system of equations. Using Eied function gave you numerical values
for the unknowns in a system of equations. In this section, you'll learn a similar
technique for findingymbolic answers for the unknowns in a system of equa-
tions.

To solve a system of equations symbolically:

m Type the wordsiven. This tells Mathcad that what follows is a system of
equations. You can tyggiven in any combination of upper and lower case
letters, and in any font. Just be sure you don't type it while in a text region or
paragraph.

m Now type the equations in any order below the wairgn. Make sure you
presgCt r | ]= to type “=."

m Type theFind function as appropriate for your system of equations. This func-
tion is described on page 340. The arguments of the function are the variables
for which you are solving.

m PresqCtrl]. (the control key followed by a period). Mathcad displays the
symbolic equal sign.

m Click outside thd=ind function.

Mathcad displays the solutions to the system of equations to the right of the ar-
row. If theFind function has one argument, Mathcad returns one result. If the

Find has more than one argument, Mathcad returns a vector of results. For exam-
ple, Findg, y) returns a vector containing the expressions famdy that solve

the system of equations. Note that if your system is an overdetermined non-lin-
ear system, theind function will not return a solution. Use tMinerr function

instead ofind. Minerr will return an answer that minimizes the errors in the
constraints.

Most of the guidelines for solve blocks described in Chapter 15 apply to the
symbolic solution of systems of equations. The main difference is that when you
solve equations symbolically, you need not enter guess values for the solutions.

Figure 23 shows an example of a solve block used to solve a system of equa-
tions symbolically. For more information on solve blocks, see Chapter 15, “Solv-
ing Equations.”
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Solving the intersection of two lines symbolically:

Given
X+ 2xy=a <— Use [Ctrl]= to type the equals
sign.
4x +y=b
-fa-2bx)
) (-1 +8x)
Find{x.y) —
(-b + 4-a)
(-1 +8x)

Figure 23: Solving a system of equations symbolically.

Symbolic matrix manipulation

When you choose M atrices from the Symbolic menu, you'll see four com-
mands on a pull-right menu. This section describes how to use these commands
to find the symbolic transpose, inverse, and determinant of a matrix.

Before using these commands, make sure that the entire matrix is between the
two editing lines. Click anywhere in the matrix and pi&gsmce] to lengthen
the editing lines until they enclose the matrix.

Finding the symbolic transpose
To find the symbolic transpose of a matrix:

m Place the entire matrix between the two editing lines by clidi8pgce]
one or more times.

m ChooseMatrix Operationsc] Transpose Matrix from theSymbolic menu.

Mathcad returns the matrix with its rows and columns swapped.

Finding the symbolic inverse
To find the symbolic inverse of a square matrix:

m Place the entire matrix between the two editing lines by clidi8pgce]
one or more times.
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m Choose Matrix OperationsC] I nvert Matrix from the Symbolic menu.

Mathcad will return a symbolic representation for the inverse of the selected ma-
trix.

Finding the symbolic determinant
To find the symbolic determinant of a square matrix:

m Place the entire matrix between the two editing lines by clicking [Space]
one or more times.

m Choose Matrix OperationsC] Deter minant of Matrix from the Symbolic
menul.

Mathcad will return a symbolic representation for the determinant of the se-
lected matrix. Keep in mind that thisis usually alengthy expression.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T swMs=e ¢
i
X 1 a X -b 1
2 . . ) 2
-b x* -a by matrix transposition, yields 1 x b
1 b x a -a x3
X 1 a
-b xz -a has determinant )(ﬁ+)(-a-b+b-)(3—a-bz—a—a-x:2
1 b x
A2 1-X A 2A -5 +A
-1
0 1 -2 by matrix inversion, yields =l - Al 2.4
A
0 0 -Xx 0 0 A

Figure 24: Symbolic matrix operations.
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Symbolic transforms

This section describes how to use the Transfor ms commands from the Sym-
bolic menu command to perform the Fourier, Laplace, and z-transforms, and
their inverses.

Figure 25 shows some examples on how to use Mathcad'’s symbolic transforma-
tions. Note that the result may contain functions that are recognized by Math-
cad’s symbolic processor but not by its numeric processor. An example is the
functionDirac at the bottom of Figure 25. You'll find numerical definitions for

this and other such functions at the end of this chapter.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= mINIR=e———————~7|
. - £

exp(-a-t) 1. Click on the transform variable "t*

has Laplace transform 2. Choose Transforms = Laplace
from the Symbolic menu.

s +a 3. Mathcad returns the Laplace transform using
s" as complex frequency.

5 <— Click on "s" and choose Transforms = Inverse Laplace
s +a from the Symbolic menu

has inverse Laplace transform

-a-expi-at) + Dirac(t) <— Dirac{) is an impulse at t=0. Although not
numerically defined, Mathcad's symbolic
processor recognizes this function.

Dirac( t) <— Click on"t" and choose Transforms = Fourier
from the Symbolic menu
has Fourier transform

1 <— As expected, this returns a constant in frequency.

auta MUM | Page 1

Figure 25: Performing symbolic transforms.

Fourier and inverse Fourier transformations
To evaluate the Fourier transform of a function:
m Enter the expression to be transformed.
m Click on the transform variable.
m ChooseTransforms Fourier from theSymbolic menu.

Mathcad returns a function af given by:

+ oo

J’_ f(t) et it

wheref(t) is the expression to be transformed.
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Mathcad returns a function in the variable w when you perform a Fourier trans-
form since thisis a commonly used variable namein this context. If the expres-
sion you are transforming already contains an w, Mathcad avoids ambiguity by
returning a function of the variable ww instead.

Y ou can substitute a different variable or expression for w by placing the vari-
able or expression on the clipboard, clicking on the w and choosing Vari-
abled Substitute from the Symbolic menu.

To evduate the inverse Fourier transform of afunction:

m Enter the expression to be transformed.

m Click on the transform varigble.

m Choose Transforms Inverse Fourier from the Symbolic menu.

Mathcad returns a function of t given by:
1 + o ot
ZTJ— 00F(oa) g%t deo

where F(w) isthe expression to be transformed.

Mathcad returns a function in the variable t when you perform an inverse
Fourier transform since thisis a commonly used variable name in this context. If
the expression you are transforming already contains at, Mathcad avoids ambi-
guity by returning afunction of the variable tt instead.

Y ou can substitute a different variable or expression for t by placing the variable
or expression on the clipboard, clicking on the t and choosing Variable[l Substi-
tute from the Symbolic menu.

Laplace and inverse Laplace transformations

To evauate the Laplace transform of afunction:

m Enter the expression to be transformed.
m Click on the transform varigble.
m Choose Transfor ms] L aplace from the Symbolic menu.

Mathcad returns a function of sgiven by:
+ oo
I f(t) et ot
0

where f(t) is the expression to be transformed.

Mathcad returns a function in the variable swhen you perform a L aplace trans-
form since thisis a commonly used variable namein this context. If the expres-
sion you are transforming already contains an s, Mathcad avoids ambiguity by
returning a function of the variable ss instead.
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Y ou can substitute a different variable or expression for s by placing the vari-
able or expression on the clipboard, clicking on the sand choosing Vari-
ableld Substitute from the Symbolic menu.

To evaluate the inverse Laplace transform of a function:

m Enter the expression to be transformed.

m Click on the transform varigble.

m Choose Transforms] I nver se Laplace from the Symbolic menu.

Mathcad returns a function of t given by:

1 O+ic eﬁ
21 Jg- iooF(S) ds
where F(9s) is the expression to be transformed and all singularities of F(s) are to
the |eft of theline Re(s) = o.

Mathcad returns afunction in the variable t when you perform an inverse
Laplace transform since thisisacommonly used variable namein this context.
If the expression you are transforming already containsat, Mathcad avoids am-
biguity by returning a function of the variable tt instead.

Y ou can substitute a different variable or expression for t by placing the variable
or expression on the clipboard, clicking on the t and choosing Variable[] Substi-
tute from the Symbolic menu.

zand inverse z-transformations
To evduate the z-transform of a function:
m Enter the expression to be transformed.
m Click on the transform varigble.
m Choose Transforms] Z from the Symbolic menu.

Mathcad returns a function of z given by:

+ oo

Z f(nyz™"
n=0

where f(n) is the expression to be transformed.

Mathcad returns a function in the variable zwhen you perform a z-transform
since thisisa commonly used variable namein this context. If the expression
you are transforming already contains a z, Mathcad avoids ambiguity by return-
ing afunction of the variable zz instead.

Y ou can substitute a different variable or expression for z by placing the vari-
able or expression on the clipboard, clicking on the zand choosing Vari-
ableld Substitute from the Symbolic menu.
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To evduate the inverse ztransform of afunction:

m Enter the expression to be transformed.

m Click on the transform varigble.

m Choose Transformsl Inverse Z from the Symbolic menu.

Mathcad returns a function of n given by a contour integral around the origin:
1 n-1
ZWICF(Z) 2"~ ldz

where F(2) is the expression to be transformed and C is a contour enclosing al
singularities of the integrand.

Mathcad returns a function in the variable n when you perform an inverse z-
transform since thisis acommonly used variable name in this context. If the ex-
pression you are transforming already contains an n, Mathcad avoids ambiguity
by returning a function of the variable nn instead.

Y ou can substitute a different variable or expression for n by placing the vari-
able or expression on the clipboard, clicking on the n and choosing Vari-
ableld Substitute from the Symbolic menu.

Displaying symbolic results

Two commands from the Symbolic menu can be used to determine how sym-
bolic results are presented. Before performing any symbolic math you might
want to use these commands.

Evaluation Style

If you're using the symbolic equal sign.»”, the result of a symbolic transfor-
mation will always go to the right of the-”. However, when you use ti&ym-
bolic menu, you can tell Mathcad to place the symbolic reults in one of the
following ways:

m The symbolic result can go below the original expression.
m The symbolic result can go to the right of the original expression.
m The symbolic result can simply replace the original expression.

In addition, you can also choose whether or not you want Mathcad to generate
text describing what had to be done to get from the original expression to the
symbolic result. This text would go between the original expression and the sym-
bolic result, in effect creating a narrative for the symbolic evaluation. These text
regions are referred to as “evaluation comments.”

410

Chapter 17 Symbolic Calculation



To control both the placement of the symbolic result and the presence of narra-
tive text, choose Evaluation Style from the Symbolic menu. This brings up the
following diaog box.

Evaluation Style

O show evaluation steps:
Show evaluation
@ vertically, inserting lines
O vertically, without inserting
O horizontally

[ ok ] [ cancel ]

The check box at the top of the dialog box shows whether Mathcad will automat-
ically generate eva uation comments at each step of the evaluation. Click in this
box to toggle these comments on or off.

The three option buttons control where symbolic results are placed. These op-
tions do the following:

m “Show evaluation steps vertically, without inserting lines” is useful when you
want to show two parallel derivations side by side. In this mode, you can posi-
tion expressions arbitrarily. New answers may, however, overwrite old ones.

m “Show derivation steps vertically, inserting lines” is useful when you expect
lengthy intermediate results and you want to reserve an entire line for them.

m “Show derivation steps horizontally” is useful if you want to place the sym-
bolic result to the right of the expression being transformed, click on the op-
tion button See Figure 26 for some examples.

Evaluate in Place

Sometimes you don’t care about saving the steps of a derivation. You may just
want to transform an expression in place, for example to make a substitution, or
to factor the numerator of a fraction. In this case you can clitxadeate in

Place from theSymbolic menu. This tells Mathcad to replace the old expression
with the new one. Under these circumstances, evaluation comments are inappro-
priate and therefore omitted altogether.
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vertically, inserting lines, without evaluation steps . . .
(X+2) - (x-1)

xz +¥ -2 choose

vertically, without inserting lines, with evaluation steps . . .

(X+2) - (x-1) (Xx-7) (x+3)
expands to expands to
xZ+x-2 xZ -4 x-21

horizontally. with evaluation steps . ..

[(X+2)(x-1) expandsto xZ4x-2

When you choose Evaluate in Place, the expanded result reg/sces the product . ..

x2+x—2

auta ’W Fage 1
Figure 26: Placement of symbolic results and comments.

Symbolic optimization

In general, Mathcad’s symbolic processor and Mathcad’s numerical processor
don’t communicate with one another. Because of this, it's possible to set up a
complicated numerical calculation without knowing that you could have re-
duced it to an equivalent but much simpler problem by judicious use of the sym-
bolic processor.

You can, however, make the numerical processor ask the symbolic processor for
advice before starting what could be a needlessly complex calculation. In effect,
the symbolic processor acts like the numerical processor’s consultant, examin-
ing each expression and recommending a better way to evaluate it whenever pos-
sible. It does this for each expression in the worksheet except for those you
specificaly tell it to ignore.

For example, if you were to evaluate an expression such as:
J'UIVIV;Z +y2 + 72 dx dy dz
07070
Mathcad would undertake the laborious task of evaluating a numerical approxi-

mation of the triple integral even though one could arrive at an exact solution by
first performing a few elementary calculus operations.
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This happens because by itself, Mathcad’s numerical processor does not know
enough to simplify before plunging ahead into the calculation. Although Math-
cad’s symbolic processor knows all about simplifying complicated expressions,
these two processors do not consult with each other. To make these two proces-
sors talk to each other by choosi@gtimization from theM ath menu.

Once you've done this, Mathcad’s live symbolic processor steps in and simpli-
fies all expressions to the right of a “:b&ore the numerical processor gets a
chance to begin its calculations. It will continue to do so until you chopte
mization from theM ath menu once more to remove the checkmark.

If Mathcad finds a simpler form for the expression, it responds by doing the fol-
lowing:

m It marks the region with a red asterisk.

m [t internally replaces what you've typed with a simplified form. The expres-

sion you typed is left unchanged; Mathcad simply works with an equivalent
expression that happens to be better suited for numerical analysis.

m Mathcad evaluates this equivalent expression instead of the expression you
specified. To see this equivalent expression, double-click on the red asterisk
beside the region.

In the previous example, the symbolic processor would examine the triple inte-
gral and return the equivalent, but much simpler expression:

é(w3vu +wv3u + wvud)

To see this expression in a pop-up window double-click on the red asterisk (see
Figure 27). To dismiss the pop-up, click anywhere in your worksheet.
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Choose Optimization from the Math menu

u =1 v o= 1 w o= 1

urv w
. 2 2 2
A= J J J xT+ yT+ 2 dxdydz o <— The asterisk indicates Mathcad's

0-0 symbolic processor found a
simpler form for this integral.

f0E==——— Optimization <— Double-click on the asterisk
to open a window showing
Optimizing expr ion for ical evaluati the simplified form.

Found closed form of integral
Note how simplifying saves time:
there's no longer an integral to
Found closed form of integral evaluate.

Found closed form of integral

3 3

A=-_w -v-u+%-w-v U+

w| =

1
3

auta MUM | Page 1

Figure 27: A pop-up window showing the equivalent expression that Mathcad
actually evaluates.

Since this simplified form contains no integral, Mathcad’s numerical processor
no longer needs to use a lengthy numerical algorithm to evaluate the integral.
This offers two advantages:

m By avoiding time-consuming integration, Mathcad'’s numerical processor can
evaluate the expression far more quickly.

m Mathcad avoids all the computation issues inherent in numerical integration.

There may be times when you don’t want Mathcad's symbolic processor to ex-
amine a particular equation. You may want to evaluate an expression exactly as
you've typed it. To do so, precede the expression with the keywdrdr -

al | y. When the symbolic processor encounters this keyword, it makes no at-
tempt to simplify the expression immediately following it.

Using functions and variables

Mathcad’s symbolic processor does not treat functions and variables in exactly
the same way as its numerical processor. These differences revolve around the
answers to the following question:

m Does the symbolic processor “know” that a function or variable is defined
elsewhere?
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The answer to this depends on two things:

m |sthefunction or variable built-in or isit defined somewhere on the work-
sheet?

m Areyou using the symbolic equal sign or amenu command?

The next two sections describe what Mathcad does with variables and functions
in asymbolic transformation.

A related question is the converse. Symbolic transformations can sometimes re-
turn functions and constants which do not exist in Mathcad’s list of built-in func-
tions and constants. These are described in the last section, “Special functions”.

Built-in functions and variables

As a general rule, built-in functions retain their meanings when used in sym-

bolic transformations provided that it makes sense for them to do so. For exam-
ple, functions likesin andlog keep their meanings because these have a
commonly accepted mathematical meaning. Other function§tileep or rnd

lack any commonly accepted meaning so Mathcad doesn't attempt to assign one.

Built-in functions that do retain their meanings when used in symbolic calcula-
tions include: trigonometric and hyperbolic functions and their inverses; logarith-
mic and exponential functions; tRe andlm functions; theerf function; thel”
function; themod function; ® (the Heaviside step functionyjax andmin; and
theidentity andeigenvals functions for matrices..

In general, these functions mean the same thing for both numerical evaluations
and symbolic transformations. There are three subtle differences:

m Unlike the numericatnod function, the symbolienod function requires an in-
teger modulus, and can accept a polynomial as its first argument (see Figure
16).

m Certain of the inverse trigonometric functions use different branches in the
complex plane.

m Theegenvals function will work symbolically for complex as well as real
matrices; numerical evaluation @fenvals works only for real matrices.

As a general rule, built-in constants also retain their meanings when used in sym-
bolic transformations provided that it makes sense for them to do so. The sym-
bolic processor will recognize e andeo. Moreover, these will have their exact
meanings when used symbolically. When symbolic transformations are in-
volved, there is no need to limitto 1% or to limit1tto only fifteen digits of
precision.

Built-in constants lacking an intuitive mathematical meaning are not recognized
by the symbolic processor. For exampiel. andORIGIN will not have their

usual meanings in symbolic transformations. They will be treated like any other
undefined variable.
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Figure 28 shows the difference in the way Mathcad treats functionsin symbolic
transformations. Note that the symbolic processor will recognize and evaluate
the sin function, but when asked to evaluate rnd(3) the symbolic processor sim-

ply returns rnd(3).

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
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The symbolic processor recognizes many of Mathcad's built-in functions
and constants...

EIn[x] = x

x 1
in[=] = — .2
S|n(4> > J_
Ez-x-i = 1

...but not the ones that don't have a commonly accepted meaning.

md({x) = rmd(x)

fit(v) —= fit(v)

..... auta MUM | Page 1
Figure 28: Some functionsretain their numerical meanings while otherslose

them.

User-defined functions and variables

Functions and variables you define yoursalf are recognized by the symbolic
processor when you use the symbolic equa sign discussed in the next section.
They are not, however, recognized when you use menu commands. Figure 29
showsthe difference.
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Both "F(x)" and "a" are recognized when the symbolic equal sign is used....

eFl¥ s aZ sin(a) —> 9-sin(3)

But neither "F(x)" nor "a”" is recognized when you choose Simplify from the
Symbolic menu.

eflxl az-sin(a)
simplifies to simplifies to
exp(F(x)) az-sin(a)

auta MUM | Page 1

Figure 29: Functions and variables you define yourself are only recognized
when you use the symbolic equal sign.

Special functions

A symbolic transformation sometimes comes back in terms of afunction which

isn’'t part of Mathcad'’s list of built-in functions. The list below gives definitions
for those special functions. Except féir erf, andZeta, all of which involve infi-
nite sums, antlV, you can use these definitions to calculate numerical values.

yis Euler’'s constant, approximately 0.5772156649.

cosf(t) 1

Chi(x) =y + In(x) +I dt

cos(t) 1

Ci(x) =y + In(X) +I dt

csgn2 =1 if Rg2) > 0 or (R€2) =0 and Infz) = 0); —1 otherwise. De-
fine in Mathcad as: {(Reg(2) # 0, 2b(Reg(2)) — 1, 2b(Im(2)) - 1)

dilog(x) = I In(t) dt

Dirag(x) = o if x = 0 and 0 otherwise.

B0 =y+In0) + 5 nX! (x> 0)
n=1
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2 * (_1) nzy2n+1
erf(2) = V’Tngo ol 20+ 1) (for complex 2)

X
FresnelC(x) = Io cos@T t 2Edt
0

X
FresnelS(x) = Iosingtzgdt

X — K2 |jj2
LegendreE(x, k):I0 éil _ktgf? E dt

LegendreEc(k) = LegendreE(1, K)
LegendreEc1(K) = LegendreEcy1 — k2 H

_ 1
LegendreF(x, K) —Io TS I—e®) dt

LegendreK ¢c(k) = LegendreF(1, k)
LegendreK c1(k) = LegendrekcH/1—k2 H

. X 1
LegendrePi(x, n, k) —Io (1 - PR A ) dt

LegendrePic(n, K) = LegendrePi(1, n, k)
LegendrePicl(n, k) = Legendrqu'CHL Yi—K2 H

P = 4" P30
Psi(x) = d In((j;(x))

S’II(X) :I: Sln?(t) dt

X
S = Io sﬂ:(t) ot

signum(x) = 1if x =0, X/|x| otherwise; caculate in Mathcad as

(x=0) +x/|x

W(X) = the principal branch of afunction satisfying W(X)exp(W(x)) = x.
W(n, x) = the nt" branch of W(X).

418 Chapter 17 Symbolic Calculation



Zeta(9) = 5 nls (5> 1)
n=1

The functions arcsec, arccsc, arccot, arcsech, arcscsh, arccoth can be calcu-
lated by taking reciprocals and using the Mathcad built-in functions acos, asin,
etc. For example:

. g
ar csec(x) .—acos%g

The Psi function and I appear frequently in the results of indefinite sums and
products. If you use a single variable name rather than afull range in the index
placeholder of a summation or product, and you choose Evaluate Symbolically
or one of the other symbolic evaluation commands, Mathcad will attempt to cal-
culate an indefinite sum or product of the expression in the main placeholder.
The indefinite sum of (i) is an expression (i) for which

S(i +1) - (i) =1(i)
The indefinite product of f(i) is an expression P(i) for which

P(i+1) _,,.
pi) )

Limits to symbolic processing

Asyou work with the symbolic processor, you will undoubtedly discover two
things:

= many problems can only be solved numerically, and

= many more problems yield such lengthy expressions that you'll wishagbu
solved them numerically.

For a computer, symbolic operations are, in general, much more difficult than
the corresponding numerical operations. In fact, if you write down a compli-
cated function at random, the chance is very small that either its roots or its inte-
gral can be expressed in a simple closed form. For example, there is no formula
for the roots of a general polynomial of degree 5 or higher, even though exact
roots can be found for some special cases.

Many deceptively simple-looking functions made up of elementary pieces like
powers and roots, exponentials, logs, and trigonometric functions, have no
closed-form integral that can be expressed in terms of these same functions.
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Limitations of symbolic solving

Long answers

Asyou use the symbolic solver, remember that symbolic solutionisavery dif-
ferent operation from numerical solution. The symboalic solver may not find an
solution even if one exists. Thisis because many equationsthat can easily be
solved numericaly have no exact symbolic solution. For example, thereisno
formulalike the quadratic formulathat gives the roots of a polynomial of degree

5 or higher. Even some simple equations like x = cos(x) can’t be solved symboli-
cally.

When an equation has several solutions, Mathcad sometimes returns only a par-
tial solution and asks if you want this result placed in the clipboard. If you click
“OK,” Mathcad shows a vector containing the solutions found and the word
“Root”. In the clipboard, in place of the word “Root” you will see an expression

of the form “RootOf (function_of Z)”. The roots of the indicated function are
solutions of the original equation.

As with other symbolic operations, the answers you get depend on whether the
constants in your equation contain decimal points. If your constants are pure ra-
tional numbers like 1/2 or 4, the symbolic solver will try to findegact solu-

tion. For example, the solution to the first quadratic equation in Figure 21 is
exact; in fact it’s just the quadratic formula. But if you had typed “.5” instead of
“1/2”, Mathcad would have given approximate numerical values for the roots.

Symbolic calculations can easily produce answers so long that they don't fit con-
veniently in your window. If the answer consists of the sum of several terms,

you can reformat such an answer by using Mathcad'’s “Break with Plus” opera-
tor.

To break an expression with plus signs:
m Select the leftmost term.

m PresgSpace] until the plus sign you want to break on and the term follow-
ing it are held between the two editing lines.

m PresgBkSp]. The last plus sign held between the two editing lines will be re-
placed with an operand placeholder.

m Now type[Ct r | ][] to insert the plus with break.
You can repeat this process if there are several terms connected by plus signs.

Sometimes, a symbolic answer will be so long that you can’t conveniently dis-
play it in your worksheet. When this happens, Mathcad will ask if you want the
answer placed in the clipboard. If you click “OK,” Mathcad places a string repre-
senting the answer on the clipboard. To see this string:

m Open the Main group in the Program Manager window.

m Double-click on the Clipboard icon.
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You'll see an answer written in a Fortran-like syntax as shown in Figure 30.
This syntax uses the following conventions:

m The symbols +, *, and / stand for the basic arithmetic operations. Exponen-
tiation is denoted by “**”.

= The derivative of(x) with respect ta is written “diff( f(x), X)”. Thenth de-
rivative is “diff( f(x), x$n)”.

= A “D” also stands for the partial derivative operator. ilfederivative is
“(D, n)". The partial derivative of a function with respect tonit8 argument
is“(D[n])"

m The integral of(x) with respect tx is written “int( f(x), X)".
m The summation and product operators appear as “sum()” and “product( ).

m The operator “@” denotes function composition. For example, (Sin@g&xp)(
is the same as sin(ex). A “@@" represents repeated composition, so (
f@@2)§) is the same & f(x)).

m “RootOf(equation)” stands for any root of an algebraic equation. (For exam-
ple, “RootOf(Z**2 + 1)" represents eitheor —i.)

= You may see embedded font codes (like “MFNT_03_") preceding the vari-
able name to indicate the font in which the variable name is to appear.

To insert the answer as text into your Mathcad worksheet:
m Click in an empty area.
m ChoosePaste from theEdit menu.

To save a long clipboard answer as a separate text file, cBaasAs from the
Clipboard’'sFile menu.

Limits to symbolic processing 421



| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= wmhr—xr—————— =
]

12
(— + —) =a+ 3b Choose Variable = Solve from the Symbolic menu
X H to solve for 'x".

= (ppal =———— 1

RootOf([-1 +a%y"1 2+3*b*y*1 2]*_Z*12-12%_Z*11%y-66%_Z*10%y"2-220%_ Z*
9y 3-495%_ Z BRy A-T9P%_Z TRy 59245 Z6M6-792% Z°5%y'7-495% 7
R B-220%_Z 30665 22 10-12% 2y 114412

auta MUM | Page 1

Figure 30: Along symbolic answer in the clipboard.
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Chapter 18

Data Files

Mathcad reads and writes data files — ascii text files containing
numerical data. By reading data files, you can pull in data from
other sources and analyze it in Mathcad. By writing data files, you
can export Mathcad’s results to word processors, spreadsheets, and
other applications.

Mathcad includes two sets of functions for reading and writing
data.ReaD, WRITE, andAPPEND read or write a single value at a
time. READPRN, WRITEPRN, andAPPENDPRN read a whole matrix from
a file with rows and columns of data or write such a file from a
matrix in Mathcad.

This chapter contains the following sections:
Data files and filefunctions
Format of datafiles, description of file-access functions.

Importing data from other directories

Using the Associate command to specify which file to read from or
write to.

Unstructured files
How to use READ, WRITE, and APPEND.

Structured files

Reading and writing arrays with READPRN, WRITEPRN, and APPENDPRN.
Graphicsfiles

Reading and writing images with READRGB and WRITERGB.



Data files and file functions

A Mathcad data file must be atext filein plain ASCII format. Mathcad reads
files that consist of numbers separated by commas, spaces, or carriage returns.
The following are some examples of filesthat Mathcad can read, assuming they
arein ASCII format:

m A file containing experimental data captured with data-acquisition hardware
and software.

m A file created by printing from a spreadsheet program to the disk.

m A column of numbers typed into aword processor and saved in plain ASCII
format.

m Output from aBASIC program.
m Data downloaded from a mainframe database.

The numbersin the data files can be integerslike 3 or —1, floating-point num-
berslike 2. 54, or E-format numberslike 4. 51E-4 (for 4.510107%).

For example, thislist of numbers would be avalid linein a Mathcad datafile:
200, 50 25.1256, 16E-2, —16.125E15

Mathcad also saves datain ASCII files. Data files saved by Mathcad contain
numbers separated by spaces and carriage returns.

Note: Mathcad documents themselves are not valid datafiles. The only way to
create adata file from Mathcad is by using file-access functions as described in
this chapter.

File-access functions

Mathcad includes six functionsfor accessing numerical data stored in afile:
READ, WRITE, APPEND, READPRN, WRITEPRN, and APPENDPRN. They share
the following properties:

= You must type the function name all in uppercase. Alternatively, you may in-
sert the function into your document by choosing Function from the I nsert
menu and doubl e-clicking on the function name.

m The argument of these functions must be asingle variable name. To read
from data filesin other folders, or from files having names that are not valid
Mathcad variable names, use file association as described in the next section.

m |f Mathcad cannot find adatafile, it marks the fil e-access function with an er-
ror message indicating that it could not find the file you specified. If Mathcad
triesto read afile and the format isincorrect, it marks the function with an er-

ror message.

m The WRITE, APPEND, WRITEPRN, and APPENDPRN functions must appear
aone on the left side of a definition.



m Each new equation reopensthe data file. When you read data, for example,
each new eguation starts reading at the beginning of thefile.

m A file can only be opened once per equation. This meansthat if you use
READ on the same argument twice in the same equation, the second READ
will begin reading where thefirst |eft off. Since READPRN reads the entirefile
at once, this means you can't lR&ADPRN on the same file more than once
in an equation; there will be nothing left for the secBBADPRN to read.

m [f two equations in the same document WRETE or WRITEPRN with the
same file variable, the data from the second equation will overwrite the data
from the first. UseAPPEND or APPENDPRN when you don’t want to over-
write data. These functions add to an existing file instead of overwriting it.

The table below describes these six functions. In this table:

A represents an array, either vector or matrix.

v, represent the individual elements of vestor

fileis any valid filename on your file system.
m iis arange variable.

The functionsREAD, WRITE andAPPEND can be used with range variables. The
remaining functions never use range variables.

Function Meaning

READ( file) Read avaue from adatafile. Returnsa scalar. Usually
used asfollows:
v, :=READ( file)

WRITE( file) Write avalueto adatafile. If file aready exists, replaceit
with new file. Must be used in a definition of the following
form:

WRITE(file) == v,

APPEND( fil€) Append avalue to an exigting file. Must be used in a defini-
tion of the following form:
APPEND( file) == v,

READPRN( file) Read a structured data file. Returns amatrix. Each linein
the data file becomes a row in the matrix. The number of
elements in each row must be the same. Usually used asfol-
lows:

A := READPRN( file)

WRITEPRN( file) Write amatrix into a data file. Each row becomesalinein
thefile. Must be used in a definition of theform:
WRITEPRN( file) := A



APPENDPRN( file) Append amatrix to an existing file. Each row in the matrix
becomes a new linein the datafile. Must be used in a defi-
nition of the following form:

APPENDPRN( file) := A
Exigting data must have as many columns as A.

Arguments to file access functions

The arguments of al functionsin the previoustable are called file variabl es.

When evaluated, a file variable doesn’t return a number like most variables, it re-
turns the name of a file. By default, the name of the file returned is the same as
the file variable.

If the file you want to read from or write to:

m is located in a folder other than the default folder, or

m has a name containing spaces, or

m has a name containing characters which Mathcad interprets as operators,

you must associate that file with the file variable in much the same you have
been associating a number with a variable all along. This procedure is discussed
in the next section.

Importing data from other directories

Mathcad's file access functions read from and write to the current folder. The de-
fault filename is the file variable. Thus, if you RBADPRN( Papageno), Math-
cad searches for “Papageno” in your default folder.

You can make a file-access function read from or write to a file other than the
one that matches its argument in the current folder. The following example
shows how to access a file called “Papageno” in the “Big Birds” folder :

m ChooseAssociate from theFile menu. A file dialog box appears, as shown
below.



= Big Birds - |

O Papageno — Dev
0O Pegasus _
O Phoenix Reet
D Roc Desktop
O Smaug

File Name: Dariable name:

Papageno || Aviarium |

= In the text box under “Mathcad Variable,” type the file variable. If, for exam-
ple, you us€READPRN(Aviarium) to access the data, the file variabléigar-
ium. Keep in mind that Mathcad variable names are case-sensitive. You must
type the variable name just as it appears in your document.

m Use the scrolling list of files to find and open the “Big Birds” folder. Then
double click on the name “Papageno” in the scrolling list.

m Click the “Associate” button. Mathcad will now access the file named “Pa-
pageno” in the “Big Birds” folder whenever it encounters a file access func-
tion with the file variabléAviarium.

m ChooseCalculate Document from theMath menu to update your document.

Equations involving file access functions are not automatically updated like

other equations. If you make a change to a data file or change a filename associa-
tion, it will not affect calculations until you click in the equation and ch@ade

culate Document from theM ath menu. Think of file access functions as

always being in manual mode.

Since Mathcad can have only a finite number of files open at once, you may
want to sever the link between a variable and its associated file when it is no
longer needed. This may be necessary if you see an error message indicating
that too many files are open. To do so, chdesseciate from theFile menu

and type the name of the variable you want to disassociate from a file on your
disk. Then click the “Dissociate” button.



Unstructured files

This section discusses how to use READ, WRITE, and APPEND to read and write
datain unstructured files. An unstructured datafile is afile that contains num-
bers, but not necessarily in rows and columns.

Reading data with the READ function

Figure 1 showstwo ways to use READ to read data from afile.

| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
B Jf =

N = READ{ sizefile ) ... Read one value: the

size of the data

N = 100

1 =0._N-1

Xi =1

¥; = READ{ papageno ) .. . Read data from

papageno.dat

Compute statistics for experimental data

mean(y) = 276.187 corr(x. y) = 0.986
stdev(y) = 955637 slope(x.y) = 3.265
intercept{x. y] = 114692

Figure 1: The READ function.

Thefirst READ equation defines N asthefirst value in the data file Szfile. The
second READ equation fillsthe array y with thefirst 100 numbersin the datafile
Papageno.

When Mathcad reads data with the READ function:

m Each new equation reopens the file and starts reading from the beginning.
Y ou cannot read two successive sets of datafrom the same file by using two
separate READ equations.

m |nan equation with READ and a range variable, Mathcad reads one value for
each value of the range variable. If the data runs out before the range vari-
able, Mathcad just stops looking for more data. If the range variable ends be-
fore the end of the data, Mathcad ignores the extra datain thefile.

m An eguation cannot include more than one READ function.



m Toread from afile other than the one that matches the variable namein paren-
theses, choose Associate from the File menu. Also choose Associate to read
from a file that is not in your Mathcad folder. See the section “Importing data
from other directories” earlier in this chapter for more information.

Writing data with the WRITE and APPEND functions

Figure 2 shows how to use &I TE function to write data to a data file.

| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
e hn=e— o

This document writes the data used
by the " Read Data " document.

N = 100
WRITE ( sizefile ] .= N

1 =0._N-1
¥; =275 i+116+md(i)

WRITE{ papageno ) = y;
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Figure 2: Writing data with the WRITE function.

The firstWRITE equation writes a single number to the dataSitefile. The sec-
ondWRITE equation writetN numbers to the data filRapageno, one number
for each value of the range variable

When Mathcad writes data to a file, it separates successive numbers with spaces.
Mathcad also inserts line breaks to keep the lines shorter than 80 characters.
When you us8\RITE, all values are saved to the file with maximum precision,
regardless of the global format of the document.

Mathcad ignores units when it writes data to a data file.

Like theREAD function, theARITE function reopens the file and starts at the be-
ginning for each new equation. If you want to write data to a file from several
different equations, use tWPEND function instead of th&/RITE function in

the second and subsequent equations.

Warning: If you use theVRITE function on the same file in two separate equa-
tions, the data from the second equation will overwrite the data from the first
equation.



Figure 3 shows a document that reads data from afile, performs some computa-
tions, and writes the results out to another file.

| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
B I =
N = 30
j=0.N
¥ = READ {in) -- - read values from an existing data
file "in.dat"
m = mean(x) ... sample mean
5 = stdev(x ) ... sample standard deviation
(Xi -m) write normalized values to
WRITE (out ) = ! . g
5 a data file named "out.dat
auta MUM | Page 1

Figure 3: Reading and writing data files.

Structured files

This section discusses how to use READPRN, WRITEPRN, and APPENDPRN to
read and write datain structured files. A structured datafileisadatafile with a
fixed number of values per line. For example, if you print arectangular area
from a spreadsheet into afile, the resulting rows and columns of numbers will
be astructured file.

Reading a matrix with the READPRN function

Suppose you have an ASCI| text file containing the data shown below. These
numbers could come from a spreadsheet or from any other source.

| % File Edit Bl
|§D§77 spread.prn %ﬁ%
0.25 0.91 0.72 18
0.77 2.18 1.63 44

2.74 8.08 5.46 16.63
3.94 16.33 7.92 33.63
3.82 13.82 7.52 28.5

2.79 8.09 5.58 16.73
6.84 24.04 13.86 49.63
4.68 12.68 9.76 26.06

Figure 4 shows a Mathcad document that reads these numbers into a matrix.




EN

| & File Edit Uiew Insert Format Math Symbolics Books Window (Bl

[FlE—  *rf

Reading a file into a matrix

M = READPRN( spread )

Figure 4: Reading spreadsheet datainto a matrix.

The READPRN function reads the entire data file, determines the number of rows
and columns, and creates a matrix out of the data.

When Mathcad reads data with the READPRN function:

Each instance of the READPRN function reads an entire data file.

All lines in the data file must have the same number of vaues. (Lines contain-
ing no values are ignored.) If the linesin the file have differing numbers of
values, Mathcad marks the READPRN equation with an error message.

The READPRN function ignorestext in the data file.

The result of reading the data file is an m-by-n matrix, where mis the number
of lines containing datain thefile and n isthe number of values per line. To
define amatrix out of the numbersin adatafile, use an equation like

M := READPRN( file). Do not use subscripts on M. READPRN returns ama:
trix, so no subscripts are necessary.

To read from afile other than the one that matches the argument of READPRN

or to read from afile that is not in your Mathcad folder, use the Associate
command on the File menu. See the section “Changing file associations,” ear-
lier in this chapter.

Warning: Each line in the data file must contain the same number of values. If

yo

u leave gaps where Mathcad expects number=4&@PRN function will not

be able to read the file. Mathcad determines where one number ends and the
next begins by looking for spaces or commas.



Sometimes each column of values in adatafile represents a different variable.
Figure 5 shows how to use superscripts to create a vector from each columnin
the datafile.

| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
B [ § =
M = READPRN { spread ) Assign columns to vectors
<0
026 091 072 138 v = M
077 218 163 44 oM
274 805 bH46 1663 Vo M<2>
M = 394 1633 792 3363 <3
382 1382 7b2 285 ¥3 = M
279 809 bHb8 1673
684 2404 13.86 4963
468 1268 976 2606

[ ate [ Hurt [Pager
Figure5: Assigning a variable to each column of data from a datafile.




Writing data with the WRITEPRN and APPENDPRN functions
Figure 6 shows how to use the WRITEPRN function to write data to a structured

datafile.
| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
V00— 5|
i:=0.5
j=0.7
A, .= i-sin(jb)

0 0 0 0 0 0 0 0

0 -09589 -0b44 06503 09129 0.1324 0988 -0.4282
0 -19178 -1.088 13006 1.82b69 -0.2647 -1.9761 -0.8564
0 -2.8768 -1.6321 19509 27388 -0.3971 -2.9641 -1.284b
0 -3.8357 -2.1761 26012 36518 05294 39621 -1.7127
0 -47946 -2.7201 3.2514 45647 06618 -49402 -2.1409

WRITEPRN (sines) = A

auta MUM | Page 1

Figure 6: Writing data to a structured datafile.

When you cal culate the document in Figure 6, Mathcad creates adata file con-
taining the following numbers:

| & File Edit 12 |

et ee——-————

0 0 0 0 0 0 0
0.9589 0,544 06503 09129 0134 0.988 0.4282
1918 1.088 1.301 1.826  0.2647 -1.976  0.8564
2877 1632 195 2739 03N 2.964 1285
3.836 2176 2.601 3.652  D.5294 3.952 1.713
4795 272 325 4565  D.6618 494 2141

coooooo

Unlike the WRITE function, the WRITEPRN function writes out the datain col-
umns. Note that since the PRNPRECISION is set to four, the numbers are shown
to four decimal places. Since PRNCOLWIDTH is set to eight, each column has
space for eight characters. Since PRNPRECISON and PRNCOLWIDTH can be var-
ied independently, you must take care to choose them in such away that the col-
umn width can accommodate all the digits, together with a space to separate the
columns.



When you use WRITEPRN:

m Equations using WRITEPRN must be in a specified form asfollows: On the
left should be WRITEPRN( file), wherefile is a variable name. Thisisfollowed
by a definition symbol (:=) and amatrix expression. Do not use range vari-
ables or subscripts with WRITEPRN.

m Each new equation writesanew file. If two equations write to the samefile,
the data written by the second equation will overwrite the data written by the
first. Use APPENDPRN if you want to append valuesto afile instead of over-
writing thefile.

m Thebuilt-in variables PRNCOLWIDTH and PRNPRECISION determine the for-
mat of the datafile that Mathcad creates. The current value of PRNCOL-
WIDTH specifies the width of the columns (in characters). The current value
of PRNPRECISION specifies the number of significant digits used. By default,
PRNCOLWIDTH = 8 and PRNPRECISION = 4. To change these values, choose
Options O Built-In Variables from the Math menu, or enter definitionsin
your Mathcad document above the WRITEPRN function, as shown in Figure 7.

m |f thearray you are writing is either anested array (an array whose elements
arethemselves arrays) or acomplex array (an array whose €lements are com-
plex) then WRITEPRN will not create asimple ASCII file. Instead, WRI TEPRN
creates afile using a special format unlikely to be readabl e by other applica-
tions. This file can, however, be read by Mathc&taDPRN function.

| & File Edit Uiew Insert Format Math Symbolics Books Window (Bl
i =—e/)7Y—— |

i=0.5
j=0.7

o |.o=
Agj jy = 1-sin 1-5

00 0 0 0 00 0

0 0588 0951 0951 0588 0 -0.588 -0.951
0 1.176 1902 1902 1.176 0 -1.176 -1.902
0 1.763 2.8b3 2863 1.763 0 -1.763 -2.8b63
0 2351 3.804 3.804 2351 0 -2.3b1 -3.804
0 2939 4755 47656 2939 0 -2.939 -4.76b

PRNPRECISION = b
PRNCOLWIDTH = 10
WRITEPRN (sinevals) :

Figure 7: A document that creates a data file with columns 10 characterswide
containing numberswith 5 significant digits.



By using the augment function, you can concatenate several variables and write
them all to adatafile. Figure 8 demonstrates how to do this.

| % File Edit Diew Insert Format Math Symbolics Books Window 12 |
B Jjf =

i:=0.99

ool el ol

Now write them out to a three-column file

WRITEPRN { Trigs ) := augment( augment(x. y). z)

auta MUM | Page 1

Figure 8: Writing several concatenated vectors.

Advantages of using READPRN and WRITEPRN

READPRN is generally preferable to READ. When the data values are regularly
listed out in columns, READPRN brings the data into Mathcad in areadily acces-
sibleform.

If some linesin adata file have more data val ues than others, data values may
be missing. Use atext editor to replace the missing values with zeros before you
use READPRN.

READ isrequired for filesin which numbersfor asingle variable are scattered
across severa linesin the file. Thisincludes files created by the WRITE function,
in which there are as many numbers on each line as will fit.

Remember: use arange variable subscript to read with READ; do not use a sub-
script to read with READPRN.

WRITEPRN generally produces more readable files than WRITE because the data
values are neatly lined up in rows and columns. However, WRITE produces

smaller filesthan WRITEPRN because it doesn’t have to add spaces to line up the
numbers.

UseWRITE instead ofMRITEPRN when you want to crowd as many values as
possible into a small data fil&RITE creates a data file with only one space be-
tween each value and the next.



Graphics files

To import afile as datainto Mathcad, use one of these functions:

m READBMP(fil€) to create amatrix containing a grayscale representation of the
bitmap image in file. Each element in the matrix correspondsto apixel. The
value of amatrix element determines the shade of gray associated with the
corresponding pixel. Each element is an integer between 0 (black) and 255
(white).

m READRGB(fil€e) to create a matrix in which the color informationin fileis rep-
resented by the appropriate values of red, green, and blue. This matrix con-
sists of three submatrices, each with the same number of columns and rows.
Three matrix elements, rather than one, correspond to each pixel. Each ele-
ment is an integer between 0 and 255. The three corresponding elements,
when taken together, establish the color of the pixel.

Each of these functions takes the single argument file, the name of the file con-
taining the image. Each function returns a matrix of numbers used to represent
theimage.

To create the matrix, type either M =READBMP( f i | enane) or
M =READRGB(fi | enane) .

To read from afile other than the one that matches the argument of READBMP or
READRGB or to read from afile that isnot in your Mathcad folder, use the Asso-
ciate command on the File menu. See the section Importing files from other di-
rectories,” earlier in this chapter.

To divide the matrix for a color image into its three components, you can use the
formulas shown in Figure 9.



| & File Edit Uiew Insert Format Math Symbolics Books Window (Bl
SI=—————————— PACKEDRG Eﬁ%

packed := READ_RGB(color)

cols [ packed )

r = rows( packed) - 1 c = 3

red = submatrix( packed. 0.r.0.c - 1)

green = submatrix( packed. 0.r.c.2.c - 1)

blue := submatrix( packed, 0.r, 2 c,3 c - 1)

auto ’W Page 1
Figure 9: Breaking an RGB matrix into three submatrices.

The processing in Figure 9 converts the color.bmp bitmap file into three subma-
trices: red, green, and blue.

Once you have read the file into Mathcad, you can use the picture operator to
view it. Choose Pictur e from the I nsert menu. Type the name of the matrix in
the placeholder. If necessary use the Associate command on the File menu.

To display animage in color, you must provide the three matrices containing the
red, green and blue color values of the image. Otherwise, the displayed image
will bein grayscale. For example, to display the image in Figure 9, you would
choose Picture from the I nsert menu and typer ed, gr een, bl ue intothe
placeholder. If you want to display only the red components of the image that
was used for Figure 9, you still must include the green and blue submatrices, but
they both should contain only zeros.

Keep in mind that the colors of the image that you ultimately see may be dis-
torted to the extent that you don’t display 256 colors on your monitor.

If you have been working with submatrices for a color file, you can recombine
them by using by defining an augmeX3Y, Z) function:

augment 3( X, Y, Z) : =augnent ( X, augnent (Y, Z))

X, Y, andZ are the names of the submatrices and must have the same number of
rows. The resulting matrix has the same number of rows as X but three times the
number of columns.

Once you finish processing a matrix,you may want to save it to disk for later
use. To do this, use one of the following functions:



m WRITEBMP(file) to create agrayscae BMP file out of the matrix.

m WRITERGB(file) to create acolored BMP file out of a matrix in which theim-
ageisstored in RGB format.

Y ou can use the augment function to combine submatrices at the time you are
saving afile to your disk. For example, the following function saves the subma-
trices that were created in Figure 9 as one 24-bit color image called “new-
color.bomp™:

VRl TERGB( newcol or): =augnent (red, aug-
ment (gr een, bl ue))



Graphics Features
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Chapter 19

Graphs

Mathcad graphs are both versatile and easy to use. To creste a
graph, click where you want to insert the graph, choose
Graphl X-Y Plot from the Insert menu, and fill in the
placeholders. Y ou can modify the format extensively, including
reformatting the axes and curves and using avariety of different
types of labels.

The following sections describe the use of Mathcad graphs:
Creating agraph

Basic stepsin creating a graph.
Graphing functions

Procedures for graphing functions.
Graphing a vector

Procedures for graphing vectors.
Graphing mor e than one expression

Procedures for creating graphs with multiple traces.
Formatting the axes

Procedures for modifying the formats of the x- and y-axes.
Formatting individual curves

Procedures for modifying the formats of curves or traces in a graph.
Setting and restoring default formats

Procedures for using default format settings.
Labeling your graph

Procedures for working with titles, axis labels, and other labels.
Modifying the graph’s perspective

Procedures for changing the size of the graph, zooming in on a portion
of the graph, and finding coordinatesin it.

Gallery of graphs
A set of sample graphsillustrating the options for creating graphs.
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Creating a graph

To create agraph:

m Click wherever you want the graph to appear.

m Choose Graph( X-Y Plot from the I nsert menu. Mathcad creates an empty
graph with six placeholders, three on each axis.

To see the graph, fill in the placeholders:

m The placeholder at the middle of the horizontal axis holds the variable to
graph against. Enter arange variable, a subscripted variable, or any other ex-
pression involving arange variablein this placehol der.

m The placeholder at the middle of the vertical axis holds an expression to
graph. Enter arange variable, subscripted variable, or any other expression in-
volving the range variable on the horizontal axis.

m The other four placeholders can be used to override Mathcad’s automatic
choices of axis limits. For more information about axis limits, see the section
“Setting limits for axes” on page 451.

Graphs typically have one or more expressions involving range variables on
each axis. Mathcad graphs one point for each value of the range variable. Range
variables are discussed in Chapter 10.

Be aware that it's usually an error to use two different range variables in the
same curve, drace, on a graph. If you use two range variables in the same
trace, Mathcad tries to graph one point for each value of each range variable.
For example, if ranges through 20 points antthrough 30, and you try to plot

Y, againsixj, Mathcad tries to graph a total of 600 points. It is, however, permis-
sible to use different range variables in different traces on the same graph.

Just as with an equation, Mathcad does not process a graph until you click out-
side the graph region. When Mathcad processes the graph, it draws one point for
each value of each range variable inxtoe y axis expressions and, unless you
specify otherwise, connects them with straight lines.
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Figure 1 shows atypical graph with the placeholdersfilled in. Note the line that
appears under the Y- Thisindicates the trace type and color used to display the
curve. See the section “Formatting individual curves” later in this chapter to
learn how to control this.
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Figure 1: Mathcad graphsa Lissajousfigure.

If an expression is complex, Mathcad graphs only the real part. The imaginary
part is ignored. Note that no error message will be displayed.

Graphing functions

Each trace on a graph depends on a range variable. This range variable must ap-
pear in both the-axis expression and tlyeaxis expression. Mathcad graphs
one point for each value of the range variable.

Graphing a function

The easiest graph to create shows values of a function over a range. The first
graph in Figure 2, below, illustrates this type of plot. To create this graph, do the
following:

m Define a range variabbethat ranges over the values you want to graph.

m Type the expression you want to plot in the middle placeholder gfdkis
and typex in the middle placeholder of tieaxis.

m ChooseCalculate from theMath menu to see the graph.
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Figure2: Graphing anexpression againstarangevariable.

Y ou can aso define a function f(x) and place it in the middle placeholder of the
y-axis. Thisis particularly useful when the expression you want to plot becomes
large and unwieldy. The second graph in Figure 2, above, shows the same plot
asthefirst graphin the figure, except that it is made with a function definition.

Y ou can drag, cut, copy and paste a graph just as you would an equation. See
Chapter 2,“Editing Equations,” for detalils.

To delete a graph from your worksheet:
m Press and hold down the mouse button just outside the plot.

m With the button still pressed, drag the mouse cursor so as to enclose the graph-
ics region in the dashed selection rectangle.

m ChooseCut from theEdit menu.

To move a graph, follow the instructions above for deleting it. Then click the
mouse wherever you want the graph and chBasie from theEdit menu. Al-
ternatively, you can drag a plot as you would an equation. See Chapter 2 for de-
tails.
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Using functions for polar plots

By creatively using the tools presented in this chapter, you can plot awide vari-
ety of closed curves. The examplein Figure 3 illustrates how to transform polar
into rectangular coordinates. Thistechnique lets you create polar plots, or even
pathsin the complex plane. In Figure 3, the equation for the cardioid in polar co-
ordinatesis given by r(6). The equations for x(8) and y(8) are the usua transfor-
mation from polar to rectangular coordinates. See Chapter 20,“Polar Plots,” for
a description of Mathcad’s built-in polar plotting capabilities.
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Figure 3: Two functions computed independently.

Graphing a vector

You can also graph the elements of a vector. Such a graph is shown in Figure 4
on the following page. To create this graph, do the following:

m Define a range variablehat references the subscript of each element you
want to plot.

m Define a vectoy.. Use the left bracket key, [, to create the subscript.
m Press@to create an empty plot region.

m Placey; in the middle placeholder of the vertical axis aimdthe middle
placeholder of the horizontal axis.

m ChooseCalculate from theMath menu to see the graph.
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Figure4: Graphinga vector.

Subscripts must be non-negative integers (or integers greater than or equa to
ORIGIN, if ORIGIN # 0.) This means that the x-axis variable used in agraph like
Figure 4 can run through whole-number values only. If you want to graph frac-
tional or negative values on the x-axis, graph afunction asin Figure 2, or graph
two vectors as described in the next section.

If you have a handful of data points that don’t have a convenient functional rela-
tionship as in Figure 4 but there are too few of them for you to use data files,
you might want to use an input table to create a vector. For more information,
see “Entering a table of numbers” on page 224.

Graphing one vector against another

Figure 5 shows how to graph two vectors against each other. The vectors need
not be the same length. The only requirements are:

m The two vectors must share the same subscript. For example, you cannot plot
X againstyj becauseé andj are not the same subscript.

m Each value of the subscript must correspond to an element in each vector. For
example, ifx has only two elements agdas eight elements, and the range
variable goes from O through 7, you will get an error indicating that the index
is out of bounds.

To create the plot shown in Figure 5, do the following:

m Define a range variablehat references on the subscript of each element you
want to plot.

444 Chapter 19 Graphs



m Definethearrays x, and y;. Use the left bracket key, [ , to create the subscript.
m Press @to create an empty graph region.

m Placey; in the middle placeholder of the y-axis and x; in the middle place-
holder of the x-axis.

m Choose Calculate from the Math menu to see the graph.
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Figure5: Graphing two vectors.

Although the x vector in Figure 5 isalist of evenly spaced values, this need not
be the case. Only the i values are required to be evenly spaced integers. No such
restriction exists for the x;. This allows you to plot something besides integers
on the x-axis while still satisfying the requirement for integers as subscripts.

InFigure 5, the y; came directly from the x;. Other applications might compute x
and y independently from athird variable. Aslong as the two vectors use the
same range variable, you can graph them on the same graph. Figure 6 showsa
polar graph in which both x and y depend on the variablesr and 6. Figure 6 uses
vectors to do what was done with functions in Figure 3.
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Figure 6: Two vectors computed independently.

Note that in Figure 6, the range variablei must have integer values and must be
used to define a vector, namely 6, of equally spaced non-integer values. In Fig-
ure 3, however, we could define 6 directly as arange variable. Thisis because
functions do not requireinteger arguments the way vectors require integer sub-
scripts.

Graphing data files

You don’t have to use Mathcad to generate the vectors that you plot as shown in
Figure 1. You can also use MathcaBEsAD andREADPRN functions to import

data fromASCII text files generated from any spreadsheet, database, or word
processing program capable of exporting dat3@ll format. Once imported,
Mathcad plots the data just as it would data created in Mathcad.

For example, you can plot data from a spreadsheet by doing the following:
m Save the spreadsheet asp®all text file, with the extensionpr n.

m Use theREADPRN function to import the pr n file into Mathcad as a matrix.
See the section “Reading a matrix with READPRN function” in Chapter 18.

m Figure 7 shows the process for plotting vectors from the data imported from a
. prn file.
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Figure 7: Plotting vectorsfromimported data.

See Chapter 18, “Data Files,” for a detailed discussion of importing data files.

Graphing other expressions

Figures 2 through 6 show some of the most common types of graphs. However,
graphs are not limited to following these examples. You can graph any expres-
sion against any other expression, as long as they share the same range vari-
ables. For example, see Figure 12 for an example of graphing a constant to be
used as a marker on the graph of another function.

Graphing more than one expression

You can graph several traces on the same graph. A graph can showyseveral
axis expressions against the sa@axis expression, or it can match up several
axis expressions with correspondingxis expressions.

To graph severalaxis expressions versus anaxis expression, enter the first
y-axis expression followed by a comma. You'll see a placeholder immediately
below this first expression. Enter the second expression here, followed by an-
other comma to get another empty placeholder. Enter the next expression. All
the expressions should use the same range variable (Figure 8).
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Figure 8: Graph with multiple y-axis expressions.

To graph several independent curves on the same set of axes, enter two or more
expressions separated by commas on the x-axis and the same number of expres-

sions on the y-axis. Mathcad matches up the expressions in pairs x-{ésis
expression with firsy-axis expression, the second with the second, and so on. It
then draws a trace for each pair. Each matching pair of expressions should use
the same range variable. The range variable for one pair need not match the
range variables for the other pairs.

You can plot up to 16 arguments on yhaxis against 1 argument on th@xis.
However, if you have the same numbexk @rguments ag arguments, you can
only plot up to 10 traces.

Figure 9 shows an example in which the range variables differ for each pair.
Note however, that all traces on a graph share the same axis limits. For each
axis, all expressions and limits on that axis must have compatible units.
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Figure 9: Graph with multiple expressions on both axes.

Formatting the axes

You can reformat your graph’s axes, using the X-Y Axes page of the Formatting
Currently Selected X-Y Plot dialog box.

To change a graph’s format:

Click in the graph to select it.

Double-click in the graph. Alternatively, chooSeaphd X-Y Plot from the
Format menu. You'll see the dialog box for formatting X-Y plots.

If necessary, click the X-Y Axes tab to display the X-Y Axes page, shown be-
low.

There is a complete group of settings for each axis. Change the appropriate
settings.

Click “OK” to accept your changes and close the dialog box. Mathcad re-
draws the graph with the new settings in effect. Alternatively, click “Apply”
to see the graph redrawn without closing the dialog box. Click “Close” to
close the dialog box.
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Formatting Currently Selected H-¥ Plot

H-Y Anes |Traces Il.ahels ll]efaults}

H-Axis: []Log Scale Y-Axis: []Log Scale
[ Grid Lines [ Grid Lines
[0 Numbered [0 Numbered
[ Autoscale [ Autoscale
[ show Markers [ show Markers
] Auto Grid & Auto Grid

Number of Grids Number of Grids

Anes Style

@ Boxed () Crossed ) None

[ Help ] [ Cancel ] [ Apply ][[ 0K ]]

If you initiate this process by double-clicking on an axis, you'll see an equiva-
lent dialog box for that axis alone.

The rest of this section describes the settings on the X-Y Axes page of the dia-
log box for formatting X-Y Plots. It then provides detailed discussions about op-
tions for setting axis limits and for adding horizontal and vertical reference lines
to your graph.

AXis settings
Each axis has the following settings associated with it:

L og Scale
When this box is checked, the selected axis is logarithmic and the axis limits
must be positive. The bottom-right-hand graph in Figure 16 on page 467 il-
lustrates a graph with a logarithmic axis.

Grid Lines
When this box is checked, the tick marks on the selected axis are replaced by
grid lines. The top-right-hand graph in Figure 16 on page 467 illustrates a
graph that uses grid lines rather than tick marks.

Numbered
When this box is checked, the tick marks on the selected axis are numbered.

Autoscale
This controls axis limits that you don't otherwise specify. When this box is
checked, Mathcad rounds the axis limit to the next major tick mark. When
unchecked, Mathcad sets the axis limit to the data limit. For a discussion of
Autoscale and the other ways to set axis limits, see “Setting limits for axes”
later in this section.
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Show Markers
When this box is checked, you can add reference lines to your graph. For a
discussion of Show Markers and another way to create horizontal and verti-
cal reference lines, see “Adding horizontal and vertical lines” later in this
section.

Auto Grid
When this box is checked, Mathcad automatically selects the number of grid
intervals created by tick marks or grid lines on the axes. When the box is un-
checked, you choose the number of grid intervals by typing in the box la-
beled “No. of Grids”. Enter a number from 2 to 99. You can specify the
number of grid intervals only when Log Scale is unchecked. Figure 20 on
page 469 illustrates the effect of Auto Grid.

In addition to these check boxes, the X-Y Axes page contains the following:

No. of Grids
When available, this text box indicates the number of grid intervals on the as-
sociated axis. You can enter a number between 2 and 99, inclusive. This box
is only available when Auto Grid and Log Scale are unchecked.

Axes Style
These buttons define the style in which the graph will show the axes. Boxed
axes are crossed in the bottom left corner of the graph. Crossed axes are
crossed in the center of the graph. If you select None, no axes will be dis-
played on the graph. Figure 21 on page 469 illustrates the use of crossed
axes.

See the section “Setting default formats,” on page 457 to learn how to:
m Quickly restore the graph to its default format settings.

m Use a particular graph as a model for all future graphs.

Setting limits for axes
Mathcad provides the following ways to set limits for axes:
= Automatically, with Autoscale turned on.
m Automatically, with Autoscale turned off.
m Manually, by entering the limits directly on the graph.

m Manually, by entering the limits in the Axis Format dialog box.

Formatting the axes 451



By default, aplot you create in Mathcad is autoscaled. With Autoscale on, Math-
cad automatically sets each axislimit to the first major tick mark beyond the end
of the data. Thiswill be areasonably round number large enough to display
every point being graphed. With Autoscd e off, Mathcad automatically setsthe
axislimits exactly at the data limits.

Figure 10 shows how turning Autoscale on and then off changes the way the

graph looks.
| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
T MIKI e ——+——5|
&
_— - _a. L = y..si
j = 0. 80 X = 17 + 0 i ¥i = X sm(xi)

10 T T T

-20 10 0 10 20

% %
Autoscale on x-axis and y-axis is OFF. Autoscale on x-axis and y-axis is ON.
Data limits are used as x-axis and y-axis Axis limits are chosen to be round number:

limits.

Figure 10: The effects of having Autoscale turned on and off.

To turn Autoscale off and have the axis limits automatically coincide with the
end of the data:

m Click on the graph to select it and then choose Graphd X-Y Plot from the
Format menu. Mathcad displays the dialog box for formatting X-Y graphs,
shown on page 450. Click the X-Y Axestab if the X-Y Axespageisnot dis-
played. (You can aso double-click on the axisitself to see asimilar dialog
box.)

m Click on Autoscale for the appropriate axis to remove the check and to toggle
Autoscale off.

Y ou may want to use axis limits other than those set by Mathcad. Y ou can over-
ride Mathcad's automatic limits by entering limits directly on the graph. To do
so:

m Click the graph to select it. Mathcad displays four additional numbers, one by
each axis limit. These numbers are enclosed within corner symbols, as illus-
trated in the selected plot in Figure 11.
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m To set theaxislimit on the horizontal axis, click on the number underneath
the appropriate x-axis limit and type the number at which you want the axisto
end. To set an axislimit for the vertical axis, do the same thing to the number
to the left of the appropriate y-axislimit.

m Click outside the graph. Mathcad redraws it using the axis limits you speci-
fied. Figure 11 showsthe effect of manually setting limits on a graph.
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Figure 11: Datalimits set manually and automatically.

Adding horizontal and vertical lines

Mathcad places linearly or logarithmically spaced tick marks or grid lineson a
graph. The spaces between these markings are relatively round numbers that
span the range of values on each axis. There may, however, be occasions when
you need to place aline somewhere other than where Mathcad would normally
place agridline.

To add ahorizontal or vertical line to aplot:
m Click inthe plot to select it.

m Choose Graph( X-Y Plot from the For mat menu or double-click on the
graph to bring up the dialog box for formatting X-Y graphs.

m |f necessary, click on the X-Y Axestab to display the X-Y Axes page, as
shown on page 450.
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m For averticd line, click on Show Markersin the X-axis column to add a
check; for a horizontal line, click on Show Markersin the Y-axis column to
add a check. Click “OK”. Mathcad shows two additional placeholders on
each axis for which you have Show Markers checked.

m To add a vertical line, click on one of the placeholders underaés and
type in a value at which you want a line drawn. For a horizontal line, do the
same thing in one of the placeholders undeythxs.

When you click outside the graph, Mathcad draws a dashed line at each number
you specify. The number you type appears at the end of the line. To move the
dashed line, click on the number in the placeholder and change it. To delete the
line, delete this number or click on Show Markers for the appropriate axis to
uncheck it.

By using the Show Markers function, you can add to each axis one or two
dashed lines stretching across the plot. When you need to place more than two
lines or you need more control over the appearance of a line, you can add lines
by plotting a constant expression.

m To create a horizontal line, place a range variable on the the middle place-
holder of thex-axis and the constant expression ormythgis. Mathcad will
plot a horizontal line across the plot at whatever value the constant value hap-
pens to be. The expression you place orytes need not depend on the
range variable you place on tkaxis.

m To create a vertical reference line, reverse the roles af tiredy-axes. Place
a range variable on the middle placeholder ofythgis and the constant ex-
pression on thg-axis.

Figure 12 compares graphs having reference lines created by plotting constant
expressions and by using the Show Markers option.
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Figure 12: Graphswith referencelines.

Formatting individual curves

Y ou can reformat the traces on your graph, using the Traces page of the dialog
box for formatting X-Y graphs.

To reformat a graph’s traces:
m Click in the graph to select it.

m Double-click in the graph. Alternatively, chodSeaph X-Y Plot from the
Format menu. Mathcad displays the dialog box for formatting X-Y graphs.

m If necessary, click the Traces tab to display the Traces page.

m Click on the line in the scrolling list box for that trace. To change the name of
the trace, type the new name in the text box under the “Legend Label” col-
umn. To change the symbol or marker, line type, color, trace type, or line
weight of this trace, click on the arrow beside each text box to see a drop-
down list of options, and then click on the option you want. See the next sec-
tion, “Trace settings,” for complete explanations of the various options in
these lists.

m Click “OK” to accept your changes and close the dialog box. Mathcad re-
draws the graph with the new settings in effect. Alternatively, click “Apply”
to preview your changes without closing the dialog box.
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Trace settings

Formatting Currently Selected H-¥ Plot

H-Y¥ Anes | Traces [Labels |Defaults |
Legend Label Symbol  Line Color Type Weight

1 [
trace 2 none dot blu lines 1 |]
trace 3 none dash qgrn lines 1
trace 4 none dadot mag lines 1
trace 5 none solid cya lines 1 5
trace 6 none dot brn lines 1 [
[trace 1 ][ none v ][ solid v |[red v|[ lines w|[__~

[JHide Arguments [JHide Legend

[ Help ] [ Cancel ] [ Apply ] [[ 0K ]]

A graph can have up to sixteen individual traces. Each traceis described by a
linein the scrolling list. Mathcad uses these lines as heeded, assigning one for
each trace in your graph. Each line has six fields:

Legend Labd
Thisisthe name of the trace as it would appear in the legend beneath the
plot. See the section “Displaying or hiding arguments and legends” on page
462 for more information about legends.

Symbol
This controls whether each point on the curve is marked with a symbol. You
can mark each point with either axi’;'a “+”, a hollow box, a hollow dia-
mond, a circle, or no symbol at all. If you have a lot of points packed closely
together, you should probably select “none.” Figure 18 on page 468 shows
an example in which each data point is marked by with<an “

Line
This controls whether the line is solid, dotted, dashed, or whether it consists
of alternating dashes and dots. This feature provides a useful way to distin-
guish unmarked curves in black and white printouts.

Color
This controls whether the selected trace is red, blue, green, magenta, cyan (a
light blue), brown, black, or white. Mathcad ignores this on monochrome ter-
minals.
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Type
yF')I'his controls the type of trace that will be displayed. Mathcad can generate

the following types of plots: curves, bar charts, stepped curves, error bars,
and points. For an example of a bar chart, see the bottom left-hand graph in
Figure 16, on page 467. Figure 17 on page 467 has examples of step graphs
and error bars.

Weight
This controls the weight or thickness of the trace. Select from 1 to 9 (thin-
nest to thickest). Select “p” for a trace that is one device pixel wide. Al-
though this may look like weight 1 on your screen, a high resolution printer
will print it as a very fine line. This field also controls the size of the sym-
bols marking data points, if you have selected a symbol other than “none”. If
you have selected trace type points, this field sets the weight of the dot plot-
ted at each data point.

See the “Setting default formats” section on page 457 to learn how to:
m Quickly restore the graph to its default format settings.
m Use a particular graph as a model for all future graphs.

In addition to the scrolling list and its associated text box and lists, the Trace
page has two check boxes: Hide Arguments and Hide Legend. These are ex-
plained fully in the “Displaying or hiding arguments and legends” section on
page 462.

Setting default formats

Mathcad uses default settings to format the axes and traces of new graphs as you
create them. You can change these defaults in two ways:

m By saving as defaults the settings of your current graph.

m By using the Setting Default Formats for X-Y Plots dialog box, if you don’t
want to use an existing graph.

Changing defaults only affects new graphs; previously existing graphs are unaf-
fected.
Copying defaults from an existing graph

One way to create a new set of defaults is to use the format settings of an exist-
ing graph. The advantage of this method is that you can actually see how the for-
mat settings look as you define them.

To use the format of a particular graph as the default graph format:

m Click in the graph to select it.
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m Choose Graph[ X-Y Plot from the Format menu or double-click on the se-
lected graph. Mathcad displays the dialog box for formatting X-Y graphs. If
necessary, click on the Defaults tab to see the Defaults page.

m [f the Use for Defaults check box doesn’t contain a check, click on it to add
one. When you close the dialog box, Mathcad saves these settings as your de-
fault settings.

Formatting Currently Selected H-¥ Plot

[H—V HHesITraces Il.ahels ‘ Defaults ]

Changes all plot settings to

Change to Defaults the default settings for this

document.

Use the current plot
settings as the default
settings for this document.

[J use for Defaults

[ Help ] [ Cancel ] [ Apply ][[ 0K ]]

Setting defaults without using a graph

You don't have to use an existing graph to create or revise default formats. In-
stead, you can use the X-Y Axes page on the dialog box for setting X-Y plot de-
faults. To set defaults this way:

m Make sure that you don’t have any graphs selected.

m ChooseGraph X-Y Plot from theFormat menu. You'll see the dialog box
for setting X-Y graph defaults. The following figure shows an example of this
dialog box with the X-Y Axes page displayed.

m Change the appropriate settings on the X-Y Axes and Traces pages.

m Click “OK” to accept your changes and close the dialog box.
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Setting Default Formats for H-Y Plots

H-Y Rxes |Traces

H-Axis: []Log Scale Y-Axis: []Log Scale
[ Grid Lines [ Grid Lines
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[ show Markers [ show Markers
] Auto Grid & Auto Grid

Number of Grids Number of Grids

Anes Style
@ Boxed () Crossed ) None

[ Help ] [ Cancel ] [ Apply ][[ 0K ]]

Using default graph settings

If you want to reverse the format changes that have been made to a graph since
it was created, you can restoreits original default settings. To restore the origi-
nal defaults:

m Click the Defaults tab on the dialog box for formatting X-Y graphs. (Seethe
figure on page 458.)

m Click “Change to Defaults.”
m Click “OK” to close the dialog box.

Mathcad redraws the graph, using the default format settings that were in place
when the graph was first created. Mathcad does not use any defaults you might
have set using the Use for Defaults check box at any time after the creation of
this graph.

Labeling your graph

Mathcad provides several ways to help you to identify what it is that you've plot-
ted. You can choose to display:

m Atitle, either above or below the graph.

m Axislabelsto describe what's plotted on each axis.

m Legendsto identify the individual traces.

m Arguments showing what you typed into tke andy-axis place holders.

Figure 13 shows the relative locations of each of these types of labels on a
boxed axes graph and on a crossed axes graph.
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Figure 13: Graphswith different labels.

Y ou can usethese labels al together or in any combination. By default, Math-
cad shows neither title nor axis labels, displays the arguments, and hides legends.

Working with titles

To add atitle to agraph, follow these steps:
m Click in the graph to select it.

m Choose Graph[ X-Y Plot from the Format menu or double-click on the se-
lected graph. Mathcad displays the dialog box for formatting X-Y graphs. If
necessary, click on the Labelstab.

m Typeatitle for your graph into the Title text box.

m Click on either the Above or Below button, depending upon where you want
to put the title. Note, however, that Mathcad doesn'’t display the title until you
click “Apply” or close the dialog box.

m Make sure that the Show Title check box is checked. If it isn't, Mathcad still
remembers the title but won't display it.

m Click “OK” to accept your changes. Mathcad redraws the graph with the title
in place. Alternatively, click “Apply” to preview your title without closing
the dialog box.
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To edit a graph'’s title, follow these steps:

Click in the graph to select it.

ChooseGraphd X-Y Plot from theFormat menu or double-click on the se-
lected graph. Mathcad displays the dialog box for formatting X-Y graphs. If
necessary, click the Labels page. (You can also double-click on the title itself
to display an equivalent dialog box.)

Edit the information for the title as appropriate.
Backspace over the title to delete it.
Click “OK” to close the dialog box.

Labeling axes on a graph

You can also label one or both axes of a graph in much the same way as you add
a title to a graph. Theaxis label appears directly below tkexis, and thg-

axis label appears just to the left of fhaxis. To label an axis, follow these

steps:

Click in the graph to select it.

ChooseGraphd X-Y Plot from theFormat menu or double-click on the se-
lected graph. Mathcad displays the dialog box for formatting X-Y graphs. If
necessary, click on the Labels tab to see that page, as shown in the preceding
section.

Type the axis labels into the appropriate text boxes.

To save the label name without having it appear on the graph, click X-Axis or
Y-AXxis to remove the check.
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m Click “OK” to accept your changes and close the dialog box. Mathcad re-
draws the graph with the new settings in effect. Alternatively, click “Apply”
to preview your changes without closing the dialog box.

To edit an axis label, follow these steps:
m Click in the graph to select it.

m ChooseGraph X-Y Plot from theFormat menu or double-click on the se-
lected graph. Mathcad displays the dialog box for formatting X-Y graphs. If
necessary, click the Labels page. (You can also double-click on the label it-
self to display an equivalent dialog box.)

m Edit the information for the title as appropriate.
m Toremove a label, delete it from the text box.

m Click “OK” to close the dialog box.

Displaying or hiding arguments and legends

Mathcad provides both arguments and legends for identifying specific traces on
a graph:

m Arguments are the expressions that you typed into the placeholderscof the
andy-axes to create the graph. By default, Mathcad displays arguments.

m Legends are labels that appear underneath the graph containing a name and
an example of the line and symbols used to draw the trace. By default, leg-
ends are hidden.

To display or hide arguments and legends:
m Click on the graph to select it.

m ChooseGraph(d X-Y Plot from theFormat menu or double-click on the
graph. Mathcad displays the dialog box for formatting X-Y graphs, as shown
below. If necessary, click on the Traces tab.

m To suppress the display of the arguments, click on Hide Arguments to add a
check.

m To show the legend, click on Hide Legend to remove the check.

Modifying your graph’s perspective

Mathcad provides options for manipulating the presentation of your graph:

m You can resize the graph, making it proportionally larger or smaller or stretch-
ing the x-axis or y-axisfor emphasis.

m Y ou can zoom in on aportion of the graph.
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m You can get the coordinates for any point that was plotted to construct the
graph.
m Y ou can get the coordinates for any location within the graph.

Therest of this section shows how to use these features.
Resizing a graph

Resizing agraph isvery much like resizing a window:

m Click in the graph to select it.

m Move the mouse pointer to one of the three handles along the edge of the
graph. The pointer will change to a double-headed arrow.

10

fix) o |

m Press and hold down the mouse button and move the mouse in the direction
that you want the graph’s dimension to change.

m Once the graph is the right size, let go of the mouse button.
m Click outside the graph to deselect it.

Note that when you change the size of a graph for which the Auto Grid is set,
Mathcad may add or delete tick marks or grid lines to maintain the default spac-

ing.
Zooming in on agraph

Mathcad allows you to select a region of a graph and magnify it. To zoom in on
a portion of a graph, follow these steps:

m Click in the graph to select it.

m ChooseGraph] Zoom from theFormat menu. The X-Y Zoom dialog box
appears.

Modifying your graph’s perspective 463



H-¥ Zoom
H ¥
Min: | | | |
MaH: | | | |
[ Zoom ] [Unzoom ] [Full View]
| Accept | ([ cancer ]

m |f necessary, reposition the X-Y Zoom dialog box so that you can see the en-
tire region of the graph you want to zoom.

m |nthegraph region, click the mouse at one corner of the region you want to
magnify.

m Pressand hold down the mouse button and drag the mouse. A dashed selec-
tion rectangle emerges from the anchor point.

m When the selection rectangle just encloses the region you want to magnify,
let go of the mouse button.

m The coordinates of the selected region are listed in the Min: and Max: text
boxes of the X-Y Zoom dialog box. Click the “Zoom” button to redraw the
graph. The axis limits are temporarily set to the coordinates specified in the
X-Y Zoom dialog box. To make these axis limits permanent, click “Accept.”

Before you make these axis limits permanent, you can select another region to
zoom by enclosing another selection rectangle around a new region. Press “Un-
zoom” to undo the zoom you've just made. If you're working with a graph that
has already been zoomed, you may want to view the original graph as it was be-
fore any zooming took place. To do so, click on “Full View.”

Figure 14 shows the effects of zooming in on a portion of a graph.
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Figure 14: A zoomed-in region of a graph.

Getting a readout of graph coordinates

To see areadout of graph coordinates of the specific points that make up atrace,
follow these steps:

m Click in the graph to select it.

m Choose Graph Trace from the the For mat menu to show the X-Y Trace
didog box. Note that the Track Data Points check box is checked.

H-¥ Trace

H-lalue Y-lalue

| | |

[ Track Data Points

m |f necessary, reposition the X-Y Trace dialog box so that you can see the en-
tire region of the graph.

m Inthe graph region, click and drag the mouse along the trace whose coordi-
nates you want to see. A dotted crosshair jumps from one point to the next as
you move the pointer along the trace.

m |f you release the mouse button, you can now use the left and right arrows to
move to the previous and next data points. Use the up and down arrows to
move to other traces.

Modifying your graph’s perspective 465



Asthe pointer reaches each point on the trace, Mathcad displaysthex and y
values of that point in the X-Vaueand Y-Vaue boxes.

The x and y values of thelast point selected are shown in the X-Valueand Y -
Vaue boxes. The crosshair remains until you click outside the graph.

To copy acoordinate to the clipboard,

Click “Copy X” or “Copy Y”". You can then paste that value into a math re-
gion or a text region on your Mathcad worksheet, into a spreadsheet, or into
any other application that allows pasting from the clipboard.

Double-click on the control box in the upper-left-hand corner to close the X-
Y Trace dialog box. The crosshair will remain on your graph until you click
anywhere outside the graph.

To see a readout of graph coordinates for any location in a graph:

Follow the above procedures to call up the X-Y Trace dialog box.
Click on Track Data Points to uncheck it.

In the graph region, click and drag the mouse pointer over the points whose
coordinates you want to see. A dotted crosshair follows the pointer as you
drag it over the graph. Mathcad displays the coordinates of the pointer in the
X-Value and Y-Value boxes. Theandy values change continuously to re-
flect the current pointer position.

When you release the mouse button XHéalue and Y-Value boxes show
thex andy values of the last pixel selected.
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Figure 15: Reading coordinatesfromagraph.
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Gallery of graphs
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Figure 16: Different graph formatson the same graph.
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Figure 17: Step graphs and error bars from the scrolling list under “Trace type.”
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Figure 18: Choosing from the scrolling lists under “Line” and “Symbol.”

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
e |
{3
400 | —
o Using legends:
d, 200 - 0. -
o 0o P The first graph shows the
f(x) 0k"a - arguments on both axes.
---- o
-200 ' ;
1] 5 10 15
k. x
400 T —
9’/ This graph was created from
200 Ehig | the one above by checking
P Hide Arguments and unchecking
o e Hide Legend. The labels for
0 s ° B Trace 1 and Trace 2 were
edited to read "data points"®
200 L | and *fitted curve.®
1] 5 10 15
data points
. fitted curve
auta MUM | Page 1

Figure 19: Hiding and showing the legend on the same graph.
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Figure 20: Unchecking Auto Grid option to vary the number of tick marks.
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Figure 21: Using the “Crossed Axes” option to cross axes in the center of the
plot.
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Chapter 20

Polar Plots

In addition to Cartesian plots, Mathcad worksheets can contain
polar plots. Using polar coordinates, you can quickly and easily
display angle-dependent data.

The following sections describe how to create, use, and format
polar plots:
Creating a polar plot
Basic stepsin creating a polar plot.
Plotting mor e than one expression
Procedures for creating polar plots with multiple traces.
Formatting the axes
Procedures for modifying the radial and angular axes.
Formatting individual curves
Procedures for modifying curves or tracesin apolar plot.
Setting and restoring default formats
Procedures for using default format settings for polar plots.
L abeling your polar plot
Procedures for working with titles, legends, and other 1abels.
Modifying the polar plot’'s perspective
Procedures for changing the size of the plot, zooming in on a portion of
the plot, and finding coordinatesin it.
Gallery of polar plots

A set of sample polar plotsillustrating the options for creating polar
plots.
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Creating a polar plot

Y ou can easily use Mathcad to plot functions that do not lend themselves well to
Cartesian coordinates. For example, you could plot circular antenna patterns or
electric field intensities around an object.

To create a polar plot:
m Click where you want the polar plot to appear.

m Choose Graph Polar Plot from the I nsert menu. Mathcad shows acircle
with four placeholders as shown in Figure 1.

m Above the plot region, define an angle 8 and a function of the angle, r(0).

m The bottom placeholder holds the angle variable to plot against. Enter arange
variable or any expression involving arange variable in this placehol der.

m Theleft placeholder holds aradial expression to plot.

m Thetwo placeholdersto the right hold the upper and lower radial limits.
Mathcad fills in these placehol ders by default. If you want, you can modify
these limits. See the section “Formatting the axes.”

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
== mm=e—%
]

aute ’W Page 1
Figure 1: Empty placeholdersina polar plot region.

Just as with an equation, Mathcad will not process the polar plot until you click
outside the plot.

In Mathcad, polar plots are drawn by mappiregnd®d ontox andy using the
standard transformatioms=r cog8) andy =r sin(6). r and® can assume posi-
tive or negative values.
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Y ou can specify many of the characteristics of the polar plot including the size,
the number of grid lines and the upper and lower radia axislimits. The proce-
dures for specifying these characteristics are later in this chapter.

A typical polar plot shows the value of aradial expression versus an angular ex-
pression. To see such aplot, you must first create afunction, then create a polar

plot of that function. Here are the typical stepsin plotting afunction like the one
shown in Figure 2:

m Definearange.

m Define anincrement for 6.
m Definer(0), afunction of 6.
m Show r(B) in apolar plot.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
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Figure 2: Polar plot of a function of 6.

Graphing more than one expression

Just as you can graph several expressions on a Cartesian plot, you can graph sev-
eral expressions on the same polar plot. Each expression generates atrace. A po-
lar plot can show several r expressions against the same 6 expression, or it can
match up several r expressions with corresponding 8 expressions.
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To graph several r expressions versus one 0 expression, enter the first r expres-

sion followed by a comma. You'll see a placeholder immediately below this

first expression. Enter the second expression here, followed by another comma
to get another empty placeholder. All the expressions should use the same range
variable, as shown in Figure 3. Figure 3 also shows how to define an angle

range in degrees.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
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Figure 3: Polar plot with multiple expressions.

To graph several independent curves on the same polar plot, enter two or more
expressions separated by commas in the bottom placeholder and the same num-
ber of expressions in the left placeholder. For example, ta(f)ahgains® and

s(¢p) againstp you could type (08), s(q)” in one placeholder an®; @’ in the

other. Mathcad matches the expressions in paif@-with 6 ands(g) with @. It

then draws a trace for each pair. Each matching pair of expressions should use
the same range variable. The range variable for one pair need not match the
range variables for the other pairs.
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Aswith x-y plots, you can plot one vector of values against another, using a
range variable to index the two vectors. Thisisillustrated in Figure 4.
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Figure4: Plotting one vector against another.

Formatting the axes

You can reformat your polar plot's axes, using the Polar Axes page of the dialog
box for formatting polar plots.

To change a polar plot's format:
m Click in the polar plot to select it.

m Double-click in the polar plot. Alternatively, chooSeaph Polar Plot
from theFormat menu. You'll see the dialog box for formatting polar plots.

m If necessary, click the Polar Axes tab.

m There is a complete group of settings for each axis. Change the appropriate
settings.

m Click “OK” to accept your changes and close the dialog box. Mathcad re-
draws the polar plot with the new settings in effect. Alternatively, click “Ap-
ply” to see the plot redrawn without closing the dialog box.
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Formatting Currently Selected Polar Plot
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AXis settings
Each axis has the following settings associated with it:

L og Scale
When this box is checked, the radial axisislogarithmic. Axislimits must be
positive. This setting is available only for the radial axis. Figure 13 on page
492 illustrates a polar plot with alogarithmic axis.

Grid Lines
When this box is checked, the tick marks on the selected axis are replaced by
grid lines. If the axis islogarithmic, then logarithmically spaced grid lines
are added if space permits. Radial grid lines are circles of fixed radius; angu-
lar grid lines radiate out from the origin at a fixed angle. Figure 11 on page
491 compares a plot with tick marksto the same plot with grid lines.

Numbered
When this box is checked, the selected grid lines are numbered. Figure 11 on
page 491 illustrates numbers being used with grid lines.

Show Markers
When this box is checked, you can add reference lines to your polar plot. For
a discussion of Show Markers, see “Adding radial reference lines” later in
this section.

Auto Grid
When this box is checked, Mathcad automatically selects the number of grid
markings (tick marks or grid lines). When the box is unchecked, you choose
the number of grid markings (from 2 to 99) by typing a number in the No. of
Grids text box. You can specify the number of grid markings only when Log
Scale is unchecked. Figure 12 on page 491 illustrates the effect of Auto Grid.
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In addition to these check boxes, the dia og boxes contain the following:

No. of Grids
When available, thistext box indicates the number of tick marks or grid lines
on the associated axis. Y ou can enter a number between 2 and 99, inclusive.
Thisbox isonly available when Auto Grid and Log Scale are unchecked.
Figure 12 on page 491 shows the effects of defining the number of grid lines
on both the radial and the angular axes.

Axes Style
These buttons let you choose between crossed axes, no axes a dl, and aplot

enclosed by a circle (perimeter). Figure 14 on page 492 illustrates the differ-
ence between perimeter and crossed axes.

See the section “Setting default formats” on page 481 to learn how to:
m Quickly restore a polar plot to its default format settings.

m Use a particular plot as a model for all future polar plots.

Setting limits for axes

Mathcad sets the upper and lower radial axis limits by default. For a linear scale,
the upper limit is the maximum radial value of whatever is plotted. The lower
limit is zero. For a logarithmic scale, the upper limit is set to the next higher inte-
ger power of ten above the maximum of the data. The lower limit on a logarith-
mic scale is set to the next integer power of ten below the minimum of the data.

You may want to use axis limits other than those set by Mathcad. You can over-
ride Mathcad’s limits by entering limits directly on the graph. To do so:

m Click in the polar plot to select it. Mathcad shows two additional numbers on
the upper right of the polar plot. These numbers are enclosed within corner
symbols, as illustrated by the selected plot in Figure 5, below.

m Mathcad treats a negative radial limit as a positive value. To set the maxi-
mum value of the radial axis, click on the number in the top placeholder and
type in a new number. While there’s rarely a reason to change the minimum
value, you can do this by clicking on the lower number and typing a new
number.

m Click outside the plot, Mathcad immediately redraws it using the axis limits
you specify. Figure 5 shows the effect of manually setting limits on a polar
plot.
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Figure 5: Manually setting axislimits.

Adding radial reference lines

Mathcad places linearly or logarithmically spaced radial grid lines on apolar
plot. The spaces between grid lines are relatively round numbers that span the
range of values on the angular axis. There may, however, be occasions when
you need to place aradial line somewhere other than where Mathcad would nor-
mally place agrid line.

To add aradid reference lineto the polar plot:
m Click in the polar plot to select it.

m Choose Graphl Polar Plot from the For mat menu or double-click on the
plot to display the dialog box for formatting polar plots. If necessary, click on
the Polar Axes page.

m Click the Show Markers check box in the radial axis column to add a check.
Click “OK”. Mathcad shows two additional placeholders on the upper-left
side of the plot.

m Click on one of the placeholders and type in the value at which you want the
radial reference line drawn. Repeat this process with the other placeholder to
add two radial reference lines.
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When you click outside the graph, Mathcad draws a dashed circle at each num-
ber that you specified. The number that you typed appears on this dashed circle.
To move the dashed circle, click on the appropriate number and changeit. To de-
lete the circle, delete this number or click on the Show Markers check box to re-
move the check. Figure 6 illustrates the use of radial referencelines.
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Figure6: Adding radial referencelinesto a polar plot.

Formatting individual curves

Y ou can reformat the traces on your polar plot, using the Traces page of the dia
log box for formatting polar plots.

To reformat a plot’s traces:
m Click in the polar plot to select it.

m Double-click in the polar plot. Alternatively, chooSeaph Polar Plot
from theFormat menu. Mathcad displays the dialog box for formatting polar
plots.

m If necessary, click the Traces tab.
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Trace settings

m Click on the appropriate line in the scrolling list box to select atrace. To

change the name of the trace, type the new name in the text box under the

“Legend Label” column. To assign a symbol or marker, line type, color, trace
type, and line weight to this trace, click on the arrow beside each text box to
see a drop-down list of options, and then click on the option you want. See
the next section, “Trace settings,” for complete explanations of these fields.

Click “OK” to accept your changes and close the dialog box. Mathcad re-
draws the plot with the new settings in effect. Alternatively, click “Apply” to
preview your changes without closing the dialog box.

Formatting Currently Selected Polar Plot
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A graph can have up to sixteen individual traces. Each trace is described by a
line in the scrolling list. Mathcad uses these lines as needed, assigning one for
each trace in your plot. Each line has six fields:

L egend Label

This is the name of the trace as it would appear in the legend beneath the
plot. See the section “Displaying or hiding arguments and legends” on page
485 for more information about legends.

Symbol

This controls whether each point on the curve is marked with a symbol. If y
you choose, you can mark each point with eitherdnd “+”, a hollow

box, or a hollow diamond. If you have a lot of points packed closely to-
gether, you should probably select “none.” Figure 15 on page 493 shows an
example in which each data point is marked by with>dn “

Line

This controls whether the line is solid, dotted, or dashed or whether it con-
sists of alternating dashes and dots. This feature provides a useful way to dis-
tinguish unmarked curves in black and white printouts.

480

Chapter 20 Polar Plots



Color
This controls whether the selected trace isred, blue, green, magenta, cyan (a
light blue), brown, black, or white. Mathcad ignores this on monochrome ter-
minals.

Type
yF')I'hi s controls the type of trace that will be displayed. Mathcad can generate
the following types of plots: curves, bar charts, stepped curves, error bars,
and points. (Y ou must have at |east two tracesto use error bars.) Figure 16
on page 493 illustrates the same polar plot, displayed with avariety of trace
types.

Weight
This controls the weight or thickness of the trace. Select from 1 to 9 (thin-
nest to thickest). Select “p” for the lightest (single-pixel) trace. Although
this may look like weight 1 on your screen, a high resolution printer will
print it as a very fine line. This field also controls the size of the symbols
marking data points, if you have selected a symbol other than “none”. If you
have selected trace type points, this field sets the weight of the dot plotted at
each data point.

See “Setting default formats” on page 481 to learn how to:
m Quickly restore a polar plot to its default format settings.
m Use a particular plot as a model for all future polar plots.

In addition to the scrolling list and its associated text box and lists, the Trace
page has two check boxes: Hide Arguments and Hide Legend. These are ex-
plained fully in the section “Displaying or hiding arguments and legends” on
page 485 .

Setting default formats

Mathcad uses default settings to format the axes and traces of new polar plots as
you create them. You can change these defaults in two ways:

m By saving as defaults the settings of your current plot.

m By using the Setting Default Formats for Polar Plots dialog box to set de-
faults, if you don’t want to use an existing plot.

Changing defaults only affects new polar plots; previously existing plots are un-
affected.
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Copying defaults from an existing plot

One way to create a new set of defaultsis to use the format settings of an exist-
ing polar plot. The advantage of this method is that you can use “Apply” to see
how the format settings look while you define them.

To use the format of a particular polar plot as the default polar plot settings:
m Select the graph by clicking on it.

m Click the Defaults tab on the dialog box for formatting polar plots. The De-
faults page appears, as shown below.

m [f the Use for Defaults check box isn’t checked, click on it to add one. When
you close the dialog box, Mathcad saves these settings as your default set-
tings.

Formatting Currently Selected Polar Plot
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settings as the default
settings for this document.

[J use for Defaults

[ Help ] [ Cancel ] [ Apply ][[ 0K ]]

Setting defaults without using a polar plot

You don’t have to use an existing polar plot to create or revise default formats.
Instead, you can use the dialog box for polar plot defaults. To set defaults this
way:

m Make sure that you don’t have any plots selected.

m ChooseGraph( Polar Plot from theFormat menu. You'll see the dialog
box for polar plot defaults. The following figure shows an example of this dia-
log box with the Polar Axes page displayed.

m Change the appropriate settings on the Polar Axes and Traces pages.

m Click “OK” to accept your changes and close the dialog box.
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Setting Default Formats for Polar Plots

Polar ARes |Traces

Radial: [ Log Scale Angular:
[ Grid Lines [ Grid Lines
[0 Numbered O Numbered

[ Show Markers
[ fusts Hrig ] Auto Grid

EI Number of Grids Number of Grids

Axes Style

@ Perimeter (O Crossed (O None

[ Help ] [ Cancel ] [ Apply ][[ 0K ]]

Using default graph settings

If you don’t want the format changes made to your polar plot since creating the
last set of default settings, you can restore the plot to its current default settings.
To do so:

m Click the Defaults tab on the dialog box for polar plots.
m Click “Change to Defaults”.
m Click “OK” to close the dialog box.

Mathcad redraws the plot, using the most recent set of default format settings.
Mathcad does not use any defaults you might have set using the Use for De-
faults check box at any time after the creation of this plot.

Labeling your polar plot

Mathcad provides several ways to help you to identify what it is you've plotted.
You can display:

m A title centered above or below the polar plot.
m A legend identifying each trace.
m The arguments you used to create the plot.

Figure 7 shows the relative locations of each of these labels on a perimeter
graph and on a crossed axes graph.
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Figure 7: Graphswith different labels.

Y ou can usethese labels al together or in any combination. By default, Math-
cad hidesthe title, displays arguments, and hides the legend.

Working with titles

To add atitle to apolar plot, follow these steps:
m Click in the polar plot to select it.

m Choose Graph( Polar Plot from the For mat menu or double-click on the se-
lected plot. Mathcad displays the dialog box for formatting polar plots. If nec-
essary, click on the Label s tab to see the Labels page, as shown below.

m Typeatitle for your polar plot into the Title text box.

m Click on either the Above or Below button, depending upon where you want
to put thetitle.

m Make sure that the Show Title check box is checked. If it isn't, Mathcad still
remembers the title but won't display it.

m Click “OK” to accept your changes. Mathcad redraws the polar plot with the
title in place. Alternatively, click “Apply” to preview your title without clos-
ing the dialog box.

To change the title’s text or position, edit the information in the Title group as
appropriate. To delete the title, highlight it in the text box and ppes$.
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Formatting Currently Selected Polar Plot

[Pular Axes ITraces Il.ahels | Defaults ]
Changes all plot settings to
Change to Defaults the default settings for this
document.
Use the current plot
Use for Default
[JUse for Defaults settings as the default
settings for this document.
[ Help ] [ Cancel ] [ Apply ] [[ 0K ]]

Displaying or hiding arguments and legends

Mathcad provides both arguments and legends for identifying specific traces on
apolar plot:

m Arguments are the expressions that you typed into the placeholdersto create
the polar plot. By default, Mathcad displays arguments.

m Legends are labels that appear underneath the polar plot. They contain a
name and an example of theline and symbols used to draw the trace. By de-
fault, Mathcad hides legends.

To display or hide arguments and |egends:
m Click in the polar plot to select it.

m Choose Graphl Polar Plot from the For mat menu or double-click on the
graph. Mathcad displays the dialog box for formatting polar plots. If neces-
sary, click on the Traces tab.

m To suppressthe display of the arguments, click on the Hide Arguments check
box to add a check.

m To show the legend, click on the Hide Legend check box to remove the
check.
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Modifying your polar plot's perspective

Mathcad provides options for manipulating the presentation of your polar plot:
m You can make the plot larger or smaller.
m Y ou can zoom in on aportion of the plot.

m You can get the coordinates for any point that was plotted to construct the
plot.

m You can get the coordinates for any location within the plot.

The rest of this section shows how to use these features.

Resizing a polar plot
Resizing apolar plot isvery much likeresizing a window:
m Click in the polar plot to select it.

m Move the mouse pointer to one of the three handles along the edge of the po-
lar plot. The pointer will change to a double-headed arrow.

120 0 gy

150 30

0 s 0 i

210 330

240 270 300

m Press and hold down the mouse button and move the mouse in the direction
in which you want the polar plot’'s dimensions to change.

m Once the polar plot is the right size, let go of the mouse button.

m Click outside the polar plot to deselect it.

Zooming in on a polar plot

Mathcad allows you to select a region of a polar plot and magnify it. To zoom in
on a portion of a plot, follow these steps:

m Click in the polar plot to select it.

m ChooseGraph] Zoom from theFormat menu. The Polar Zoom dialog box
appears.

486 Chapter 20 Polar Plots



Polar Zoom

Radius: | |

[ Zoom ] [Unzoom ] [Full Diew ]

| Accept I Cancel

m |f necessary, reposition the Polar Zoom dialog box so that you can see the en-
tire region of the graph you want to zoom.

m Click in the polar plot region and drag the mouse while holding down the
mouse button. A dashed selection circleis centered in the plot.

m When the selection circle just encloses the region you want to magnify, let go
of the mouse button.

m Theradius of the selected region is shown in the Radius box of the Polar Plot
Zoom dialog box. Click the “Zoom” button to redraw the plot. The axis limits
are temporarily set to the coordinates specified in the Polar Plot Zoom dialog
box.

Before you make these axis limits permanent, you can select another region to
zoom by enclosing another selection circle around the new region. Click “Un-
zoom” to start the zooming process over. If you're working with a plot that has
already been zoomed, you may want to view the original plot as it looked before
any zooming took place. To do so, click on “Full View".

Figure 8 shows the effects of zooming in on a portion of a polar plot.
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Figure 8: A zoomed-in region of a polar plot.

Getting a readout of polar plot coordinates

To see areadout of polar plot coordinates of the specific points that make up a
trace, follow these steps:

m Click in the polar plot to select it.

m Choose Graph Trace from the For mat menu to show the Polar Trace dia-
log box.

Polar Trace

Radius Angle

| | |

[ Track Data Points

m |f necessary, reposition the Polar Trace dialog box so that you can see the en-
tire region of the graph.

m Drag the mouse dong the trace whose coordinates you want to see. A dotted
crosshair jumps from one point to the next as you move the pointer along the
trace.

m Usetheleft and right arrows to move to the previous and next data points.
Use the up and down arrows to move to other traces.
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m Asthe pointer reaches each point on the trace, Mathcad displays the coordi-
nates of the pointer location in the Radius and Angle boxes.

m When you release the mouse button, the radius and angle settings of the last
point selected are shown in the Radius and Angle boxes. The crosshair re-
mains until you click outside the polar plot.

m Double-click on the control box in the upper-left-hand corner to close the Po-
lar Trace dialog box. The crosshair will remain on your plot until you click
anywhere outside it.

To copy a coordinate to the clipboard:
m Click “Copy Radius” or “Copy Angle”.

m You can then paste that value into either a math or text region of your Math-
cad worksheet, into a spreadsheet, or into any other application that allows
pasting from the clipboard.

To see a readout of coordinates for any location in a polar plot:
m Follow the above procedures to call up the Polar Trace dialog box.
m Click on Track Data Points to uncheck it.

m In the polar plot region, click and drag the mouse pointer over the points
whose coordinates you want to see. A dotted crosshair follows the pointer as
you drag it over the plot. Mathcad displays the coordinates of the pointer in
the Radius and Angle boxes. The radius and angle values change continu-
ously to reflect the current pointer position.

m When you release the mouse button, the Radius and Angle boxes show the
and® values of the last pixel selected.

Figure 9 shows an example of the Trace option being used.
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Figure 9: Reading coordinatesfroma polar plot using the Polar Trace dialog
box.
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Gallery of polar plots
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These plots are exactly the same except that:

* The plot on the left has been formatted to have no grid lines, numbers on the radial
axis, and no numbers on the angular axis.

* The plot on the right has been formatted to have grid lines, no numbers on the radial
axis, and numbers on the angular axis.
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Figure 10: Different axis formats on the same polar plot.
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Figure 11: Using Auto Grid on the same polar plot.
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Figure 12: Polar plot with alogarithmic axis.

| % File Edit Diew Insert Format Math Symbolics Books Window (Bl
= mmZWWw=F88—————~|
4
=]
(@) = ycosin- 8)-2
N := 200 i=0.N 0", i "
' Zn H-n
Polar Plot with Perimeter Axes Polar Plot with Crossed Axes
90 90
120 60 120 0

[ ate [t [Paget |
Figure 13: Using perimeter and crossed axes styles on the same polar plot.
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Figure 14: Using symbols and lines on the same polar chart.
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Figure 15: Presenting the same plot formatted aslines and symbols and then as
errorbars.
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I
Chapter 21

Surface Plots

Mathcad worksheets can include both two-dimensional plots and
three-dimensional plots. Unlike the two-dimensional plots, which
work with range variables and functions, three-dimensional plots
require a matrix of values. This chapter shows how a matrix can be
represented as a surface plot in which you can see a
three-dimensional illustration of its values.

This chapter describes how to create, use, and format
three-dimensional surface plots. The chapters that follow describe
how to work with the other types of plots.

This chapter contains the following sections:

Creating a surface plot
Basic stepsfor creating surface plots; procedures for creating surface
plots for functions of two variables and for creating parametric surface
plots.

Resizing surface plots
Procedures for changing the size of surface plots.

Formatting surface plots

Procedures for changing surface plots: setting the viewpoint, size, and
magnification; adding labels; and formatting lines, colors, and axes.
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Creating a surface plot

To create a surface plot:

m Define amatrix of valuesto plot. Mathcad will use the rows and column num-
bers of the matrix as x- and y-axes. The matrix elementswill be plotted as
heights above or bel ow the xy plane.

m Choose Graph[ Surface Plot from the I nsert menu. Mathcad shows a box
with asingle placeholder, as shown below in Figure 1.

m Type the name of the matrix in the placeholder. Just as with an equation,
Mathcad will not process the surface plot until you click outside the plat.
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Figure 1: An empty placeholder in a surface plot region awaits the name of a
matrix.

What you seeisavisud representation of the matrix. Mathcad draws a perspec-
tive view of the matrix as atwo-dimensional grid lying flat in three-dimensional
space. Each matrix element is represented as a point at a specified height above
or below this grid. The height is proportional to the value of the matrix element.
In the default perspective, the first row of the matrix extends from the back |eft
corner of the grid to the right, while the first column extends from the back left
corner out toward the viewer.

Mathcad draws lines to connect the pointsin the plot. These lines define the sur-

face. The perspective for this rendering of the surface depends on the location of

the viewer with respect to the surface. Y ou can specify this view by changing

the plot’s tilt or rotation, as described in the subsection “Changing your view of
the surface plot,” later in this chapter.

496 Chapter 21 Surface Plots




Plotting a function of two variables

A typical surface plot showsthe vaues of afunction of two variables. To see
such aplot, you must first create amatrix that holds the values of the function,
then create a surface plot of that matrix. Here are the typical stepsin plotting a
function of two variables such asthat shown in Figure 2:

m Define afunction of two variables.

m Decide how many points you want to plot in the x and y directions. Set up
range variablesi and j to index these points. For example, if you want to plot
10 pointsin each direction, enter:

i:=0.9 |:=0.9
m Definex; and 7 as evenly spaced points on the x- and y-axes.
m Fill the matrix M with the values of f(x , yj).
m Choose Graph[ Surface Plot from the I nsert menu.

m TypeM in the placeholder and click outside the region.
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Figure 2: Surface plot of a function of two variables.
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Creating parametric surface plots
To use Mathcad’s surface plot operator to draw parametric surface plots:

m Type the names of three matrices having the same number of rows and col-
umns into the placeholders at the bottom of the surface plot.

m Mathcad interprets these three matrices ag-the, andz-coordinates of
points on a surface and draws this surface from the viewing angle prescribed
by the Rotation and Tilt settings.

The underlying parameter space is a rectangular sheet covered by a uniform
mesh. In effect, the three matrices map this sheet into three-dimensional space.
For example, the matricés Y, andZ defined in Figure 3 carry out a mapping

that rolls the sheet into a tube and then joins the ends of the tube to form a torus.
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» Choose Create Surface Plot from the
Graphics menu.

» Type the matrix names separated by
commas (X, Y. £) into the placeholder.

® Stretch the plot horizontally slightly.

Figure3: Parametricsurfaceplots.

You can’t convert parametric surface plots into any other type of 3D plot.
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Resizing surface plots

To changethe size of asurface plot, follow these steps:
m Click inthe surface plot to select it.

m Move the mouse pointer to one of the three handles along the edge of the sur-
face plot. The pointer will change to a double-headed arrow.

m Pressand hold down the mouse button. While holding down the button, move
the mouse. The surface plot region will stretch in the direction of motion.

m Oncethe surface plot istheright size, let go of the mouse button.

m Click outside the surface plot to deselect it.

Formatting surface plots

Mathcad provides many ways to change the way a surface plot looks. These can
be categorized in four groups:

m Viewing characteristics: the type of plot being displayed; the perspective or
point of view from which you see the surface; how “bumpy” the surface
looks; and the presence or absence of borders, enclosing boxes, axes, and co-
ordinate planes.

m Color and line formatting: whether tkecoordinates of the surface are indi-
cated by shades of gray or by color; whether the surface is opaque or transpar-
ent; and whether the surface patches form a smooth surface or form parallel
patches.

m Axis formatting: whether to show tick marks or grid marks on each axis.

m Title characteristics: how the surface plot will display titles.
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To change any of these plot characteristics, start with the 3D Plot Format dialog
box:

m Choose Graph( 3D Plot from the For mat menu. Alternatively, double-click
on the plot itself. Mathcad brings up the 3D Plot Format diaog box. The
View Page of this dialog box is shown below. The remaining three tabs take
you to three additional pages.

m |f necessary, click the tab for the page you want to work with.
m Make the appropriate changesin the dialog box.

m To seethe effect of your changes without closing the dialog box, click “Ap-
ply”. When you're satisfied, click “Close”.

m When you're finished, close the dialog by clicking “OK” or “Close”.

=———————— I Phothrmat =—————""——

Diew ‘Hues ]Culurt‘rLines]Title ]
[ View: Axes: Back Planes:
Ratation:[10_] 0 to 360" O Perimeter [ Show

Ti[35 | 010 360° & Comer Fill Color. .
Vert. Scale:[30_| 110 100% O None Edge Color

Display As: —————— ] Frames:
® Surface Plot < Data Points = Shaw Border
¥ Contour Plot  { 3D Bar Chart ] Show Box
[ Help ] [ Cancel ] [ Apply ] l[ 0K ]l

Changing your view of the surface plot

The View page of the 3D Plot Format dialog box lets you modify the general
presentation of your plot.

To change your plot from a surface plot to another type of 3D plot, click on the
appropriate button in the Display As group. You can convert any surface plot
(except for parametric plots) into a contour plot or a 3D bar chart. These plot
types are fully discussed in the corresponding chapters dfskiss Guide

Y ou can aso display just the points making up the surface without displaying

the surface itself. To do so, click on Data Points. Y ou can change how the points

look by using the Colors and Linestab of this dialog box. For more information,

see Chapter 24, “Surface plots.”
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To change the perspective, or point of view, from which you see the surface of
your plot, adjust the figuresin the Rotation and Tilt text boxes. Use an integer
between 0 to 360 degrees. Figure 4 shows the effects of varying the rotation and
tilt (aswell asthe scale) of a surface plot.

m |ncreasing the rotation turns the plot clockwise. When the rotation is set to O,
you look straight down the first column of the matrix. The first row of the ma-
trix pointsto the right. When the rotation is set to 90, you look straight down
the first row of the matrix. Thefirst column pointsto the left.

m Increasing the tilt raises you higher above the plot's surface. When the tilt is
set to 0, you look edge on at the plane of the matrix. When the tilt is set to 90,
you look straight down on the surface. Think of how a mountain range looks
when you’re on the ground (tilt equals 0) and when you're flying directly
above (tilt equals 90).
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Figure 4: Different views of a surface.

To control how bumpy the plot looks, adjust the magnification of the vertical
scale by changing the number in the Vert. Scale text box. This is an integer be-
tween 1 and 100. When the vertical scale is small, the variations in height of the
surface will be barely perceptible. At 100, the variations are shown at full scale.
Figure 4 shows the effects of varying the scale (as well as the rotation and tilt)
of a surface plot.

To add or remove a border around the surface plot region, click on Show Border
in the Frames group to add or remove a check. The border is a two-dimensional
frame around the surface plot region.
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To enclose the surface and and the axes within a three-dimensional bounding
box, click on Show Box in the Frames group to add a check.

Y ou can add back planesto your surface plots:

m Toshow the xy, xz, and yz back planes, click on Show in the Back Planes
group.

m To color the surface of the back planes, click on “Fill Color”.

m To outline the edges of the back planes in a particular color, click on “Edge
Color”.

Figure 5 shows a surface plot with a border around it and with back planes show-
ing and the same plot enclosed within a box without showing back planes.
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Figure5: Using a border or a bounding box on a surface plot.
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Changing the shading of the surface

Y ou can often make a surface plot communicate more effectively by using dif-
ferent colors to represent different values of z. Alternatively, if you intend to
print on ablack and white printer, you can achieve a similar effect by using dif-
ferent shades of gray to represent the different values of z. Use the Color and
Lines page of the 3D Plot Format dialog box.

30 Plot Format

[view |Axes |color &Lines [Title

" Shading:
7 Color
@ None
o] Grayscale

[ Fill Style:
[ Hidden Lines

[ Patch Plot B snctor Taniena

So od Uaontours

[ Help ] [ Cancel ] [ fopiy ]l[ 0K ]l

To specify the shading of your plot, click the appropriate button in the Shading
group:
m None: The surface won't have any shading, regardless of where it is.

m Grayscale: The largest values of the matrix will be in white and the smallest
values will be in black. Intermediate values will be in shades of gray.

m Color: The largest values of the matrix will be in red and the smallest values
will be in blue. Intermediate values will range from yellow through green.

Formatting surface plots 503



Figure 6 shows the same surface plot displayed without shading and in grayscale.
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Figure 6: Surface plots showing display options for lines and meshes.

If you've chosen to leave the surface without shading (“None”), you'll be able
to see through the surface as if it were transparent. Depending on the surface
and on your viewpoint, you may find it distracting to see through the surface.
When this happens, you may want to render the surface opaque. Note that this
option is unnecessary when a surface is rendered in color or in shades of gray.
Such surfaces are inherently opaque.

m To make the surface opaque, click Hidden Lines to add a check. Mathcad
hides any lines that are behind the surface. Such a plot takes longer to draw
since Mathcad has to determine which parts of the surface are concealed.

m To make the surface transparent, click Hidden Lines to remove the check. If
you uncheck Hidden Lines, the surface shows lines that are behind it. Such a
plot will draw more quickly than if lines were hidden, but it may be more dif-
ficult to interpret.

The upper two surface plots in Figure 6 show the same surface with and without
lines showing.

By default, Mathcad overlays a mesh on colored and grayscale surfaces. The in-
tersections of the lines making up this mesh correspond to the elements of the
underlying matrix. Each patch created by this mesh gets a color corresponding
to the value of the underlying matrix element.
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Asthe number of matrix elementsincreases, this mesh can become so dense that
it beginsto obscure the colors. When this happens you may want to hide the
mesh. To do o, click Hide Mesh in the Fill Style group to add a check.

Note that Hide Mesh isonly available for colored and grayscale plots. Hiding

the mesh of a plot that doesn’t have any shading would make that plot invisible.
The lower two surface plots in Figure 6 show the same surface plot with the
mesh showing and with it hidden.

By default, the patches making up the surface are free to tilt in whatever direc-
tion necessary to connect them to their neighboring patches. The result is a con-
tinuous surface. In this case, each point at which grid lines intersect is associated
with a matrix element. This means that fomar n matrix, there will be

(m-1)(n - 1) patches.

To constrain these patches to be horizontal, click Patch Plot in the Fill Style
group for regular surface plots and Alternative Mesh for parametric surface

plots to add a check. The resultant discontinuous surface shows a patch for each
matrix element. This means that forrarx n matrix, there will benn patches.

Figure 7 shows an example of the same matrix being plotted with Patch Plot
checked and not checked.
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Figure7: Patchplots.
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Formatting the axes

The Axes page of the 3D Plot Format dialog box lets you modify the format of
the axes of your plot. Each axisis described by its own set of check boxes and
text boxes.
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Mathcad generates grid lines for surface plots by extending tick marks up and
down the two back planes adjacent to a given axis. Thus, x-axis grid lines repre-
sent lines of constant x drawn on the xz plane and the xy plane, the two orthogo-
nd planes whose intersections form the x-axis. The y-axis grid lines and z-axis
grid lines are defined similarly.

Note that this makes it impossible to draw lines of constant x on only the xz
plane. Clicking Grid Lines alwaysresultsin grid lines being drawn on two of
the three back planes.

To choose between using tick marks or grid lines on a selected axis, use the Grid
Lines check box for that axis. When Grid Linesis checked, Mathcad will extend

the tick marks on the selected axisinto grid lines on each adjacent back plane.

For example, checking this on the z-axis will result in lines of constant z on both

the yz and the xz back planes. If you are showing grid lines, you should seriousy
consider showing back planes as well. See “Changing your view of the surface
plot” on page 500. Figure 8 shows an example of a surface plot that uses grid
lines rather than tick marks.
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Figure 8: Using the different options for tick marks.

To add or remove numbers for the tick marks on an axis, use the Numbered
check box for that axis. Figure 8 shows the differences between having numbers
on the tick marks and not having numbers.

Y ou can have Mathcad automatically select the number of grid intervalson an
axis or you can specify the number yourself. Grid intervals are the spaces be-
tween tick marks or grid lines.

To have Mathcad sdlect the number of grid intervas, use the Auto Grid check
box. When Auto Grid is checked, Mathcad will automatically select the num-
ber of grid intervals on the specified axis.

To specify the number of grid intervas on an axis yourself, enter an integer
from 1 to 99 in the No. of Gridstext box. Thistext box is only available when
Auto Grid is unchecked.

By default, Mathcad autoscal es the z-axis according to the range of valuesin the
matrix you are plotting. Sometimes you will want to fix the scaling yoursdlf, for
example, if you are comparing views of related data or setting up a surface ani-
mation sequence. To set the z-axis limits manually, click on the Autoscale box
in the z-axis column of the Axes page to uncheck it. Then enter the maximum
and minimum valuesin the Max. Val. and Min. V. text boxes.
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Since asurface plot is made by plotting the elements of a matrix, Mathcad can-

not “know” anything about andy coordinates. By default, the coordinates on
thex- andy-axes of a surface plot will simply be rows and columns. To change
the numbers used to label theandy-axis, enter the new limits in the Max. Val.

and Min. Val. text boxes. If you've made a parametric surface plot, you won't

be able to use these text boxes. This is becauseatiaty values are themselves
passed in as the first two matrices of the three matrices required for a parametric
surface plot.

Labeling the surface plot

The Title page of the 3D Plot Format dialog box, shown below, lets you add and
modify a title for your surface plot.

30 Plot Format

[view [Axes Jcolor & Lines| Title l

Title
\ |

@ Above ) Below [ Show Title

[ Help ] [ Cancel ] [ fopiy ]l[ 0K ]l

To add or edit a title for your surface plot:
m Type the title for your plot into the Title text box.

m To display the title, click on Show Title to insert a check. To conceal the title
without deleting it, click on Show Title to remove the check.

m To position the title, click on either the Above or Below button. Mathcad
places the title either directly above or below your plot. Figure 9 shows the
options for positioning labels on your plot.

m To change the title’s text or position, edit the information in the Title group as
appropriate.

m Click “OK” to close the dialog box when you have finished.
m To delete the title, highlight it in the Title text box and p[&&d ].

If you initiate this process by double-clicking on the title itself, you'll see an
equivalent dialog box.
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Figure 9: Positioning atitle on a surface plot.
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Chapter 22

Contour Plots

A contour plot lets you quickly visualize level curves. These are
curves along which a particular quantity is constant. Using
Mathcad, you make a contour plot in the same way you make a
surface plot: by passing amatrix of z-values in which each row
and column corresponds to a particular x and y value. This chapter
describes how amatrix can be represented as a contour plot.

This chapter contains the following sections:
Creating a contour plot
Basic stepsin creating a contour plot; what the plot actually shows.
Resizing a contour plot
Procedures for changing the size of contour plots.
Formatting contour plots

Procedures for changing contour plots: formatting contours and axes
and adding labels.
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Creating a contour plot

To create a contour plot:

m Define amatrix of valuesto plot. Mathcad will assume that the rows and col-
umns represent equally spaced intervals on the axes. Mathcad then linearly in-
terpolates the values of this matrix to form level curves. Such level curves
can represent isotherms, isobars, equipotentials, streamlines, and many other
physical phenomena.

m Choose Graph( Contour Plot from the I nsert menu. Mathcad shows a box
with asingle placeholder as shown in Figure 1.

m Type the name of the matrix in the placeholder. Just as with an equation,
Mathcad will not process the contour plot until you click outside the region.
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Figure 1: An empty placeholder in a contour plot region awaitsthe name of a
matrix.

What you see is a visual representation of the matrix’s level curves. Each level
curve, or contour, is formed in such a way that no two cross. By default, the con-
tours are labeled with their height above or belowxghplane. Mathcad plots

the matrix by rotating it so that the (0,0) element is at the lower-left corner. Thus
the rows of the matrix correspond to values orxthgis, increasing to the right,

and the columns correspond to values alongy #rds, increasing toward the

top.

512 Chapter 22 Contour Plots



Y ou can specify whether or not the contours are to be numbered, how many con-
toursthere are, and what labels and grid lines appear on the axes by formatting
the contour plot. This is described in the section “Formatting contour plots,”
later in this chapter.

Level curves of afunction of two variables

A typical contour plot shows the level curves of a function of two variables. To
see such a plot, you must first create a matrix that holds the values of the func-
tion, then create a contour plot of that matrix. Here are the typical steps in plot-
ting a function of two variables such as that shown in Figure 2:

m Define a function of two variables.

m Decide how many points you want to plot in #h@ndy directions. Set up
range variablesandj to index these points. For example, if you want to plot
10 points in each direction, enter:

i=0..9 j:=0.9
m Definex; andyj as evenly spaced points on #h@ndy-axes.
m Fill the matrixM with the values of(x;.y,).

m ShowM in a contour plot.
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Figure 2: Contour plot of a function of two variables.
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Note that if you plot a function as described here, the positive x-axis of the plot
extends to the right and the positive y-axis extends toward the top of the win-
dow. Since the contour plot is created by putting the heights above the xy plane
into a matrix, Mathcad has no way of knowing the actual values of the x and y
axes. For thisreason, the axes on contour plots are by default normalized to ex-
tend from 1 to —1. Y ou can manually change the axis limits from these default
values by choosing Graph(d 3D Plot from the Format menu with the contour
plot selected or by double-clicking on the plot. Then set the values you want in
the Min. Va. and Max. Val. text boxes on the Axes page.

Resizing a contour plot

To change the size of a contour plot, follow these steps:
m Click in the contour plot to select it.

m Move the mouse pointer to one of the three handles along the edge of the
plot. The pointer will change to a double-headed arrow.
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m Pressand hold down the mouse button. While holding down the button, move
the mouse. The contour plot will stretch in the direction of motion.

m  Once the contour plot istheright size, let go of the mouse button.

m Click outside the contour plot to deselect it.
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Formatting contour plots

Mathcad gives you control over many of the visual characteristics of contour
plots. These can be categorized in four groups:

m Viewing characterigtics: the type of plot being displayed.
m Axisformatting: whether to show tick marks or grid lines on each axis.

m Color and line formatting: whether the plot uses grayscale or color to show
the height of a section and how the plot shows contours.

m Title characteristics. how the plot will display titles.

To change any of these plot characteristics, start with the 3-D Plot Format dialog
box:

m Click on the plot to select it.

m Choose Graph( 3D Plot from the For mat menu. Alternatively, double-click
on the plot itself. Mathcad brings up the 3D Plot Format dia og box. The
View Page of this dialog box is shown below. The remaining three tabs take
you to three additional pages.

m |f necessary, click thetab for the page you want to work with.
m Change the appropriate characteristics in the dia og box.

m To seetheeffect of your changes without closing the dialog box, click “Ap-
plyl!.
m When you're finished, close the dialog by clicking “OK” or “Close”.

30 Plot Format
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Changing your view of the contour plot

The View page of the 3D Plot Format dia og box lets you modify the general
presentation of your plot.

To change your plot from a contour plot to another type of 3-D plat, click on the
appropriate button in the Display As group. Y ou can convert a contour plot into
a Surface Plot or a3D Bar Chart. These plot types are fully discussed in the cor-
responding chaptersin this User's Guide Y ou can also display just the points
making up the contours without displaying the contours themselves. To do so,
click on Data Points. Y ou can then change how the pointslook by using the Col-
ors& Linestab of thisdialog box. For moreinformation, see Chapter 24, “3D
Scatter Plots.”

Figure 3 shows the same matrix being plotted as a surface plot and as a contour
plot.
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Figure 3: Matrix shown as both a surface plot and asa contour plot.
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Changing the shading of the contours

Y ou can often make a contour plot communicate more effectively by using dif-
ferent colors to represent different values of z. Alternatively, if you intend to
print on ablack and white printer, you can achieve a similar effect by using dif-
ferent shades of gray to represent different values of z Use the Color and Lines
page of the 3D Plot Format dia og box.
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[ Contours

[ contour Lines
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[ Auto Contour

Mo. of Contours

[ Help ] [ Cancel ] [ fopiy ]l[ 0K ]l

To specify the shading of your plot, click the appropriate button in the Shading
group:

m Color: The bands between contour lines are colored. The largest values of the
matrix will bein red and the smallest values will be in blue. Intermediate val-
ues will range from yellow through green.

m None: The bands between contour lines don’t have any shading. Be sure the
Contour Lines check box is checked or you won't see any contours at all.

m Grayscale: The bands between contour lines are in shades of gray. The largest
values of the matrix will be in white and the smallest values will be in black.
Intermediate values will be in shades of gray.
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Figure 4 shows the same contour plot displayed without shading and in
grayscale.
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Figure 4: No shading and grayscal e versions of a contour plot.

Besides varying the colors of acontour plot, you can aso choose to hide the con-
tours themselves. If you've chosen to leave the surface without shading

(“None”), you should have the contour lines showing. If the plot is colored or
grayscale, you can hide the contour lines and let the colors or gray shades show
the contours. To show or hide the contour lines, click Contour Lines to add or re-
move the checkmark. Figure 4 shows the same contour plot with the contour

lines hidden and showing.

Contours can be numbered to indicate the value associated with that contour. To
add or remove numbers on most contours, use the Numbered check box. Figure
5 shows the same contour plot with numbered and unnumbered contour lines.
Note that Mathcad doesn’t number every contour when to do so would result in

overcrowding.
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Figure 5: Changing the number of contoursand turning off contour labeling.

To have Mathcad automatically select the number of contours to display, use the
Auto Contour check box. When checked, Mathcad will automatically select the
number of contours. When unchecked, you select the number of contours.

To specify the number of contours, enter an integer into the No. of Contours text
box. Thistext box is only available when Auto Contour isunchecked. Figure 5
shows the same contour plot with contours automatically selected by Mathcad
and with a specified number of contours.
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Formatting the axes

The Axes page of the 3D Plot Format dialog box, shown below, lets you modify
the format of the x- and y-axis of your plot. Each axisis described by its own set
of check boxes and text boxes.

30 Plot Format

[view | Mses  [color & Lines|Title |
X-Axiz -huig
[ Grid Lines O Grid Lines
B Numbered [ Numbered
[ Auto Grid [ Auto Grid
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[ Help ] [ Cancel ] [ Apply ] l[ 0K ]l

Mathcad generates grid lines on the plot a the same positions as the tick marks.
To choose between seeing tick marks or grid lines on a selected axis, usethe
Grid Lines check box. When Grid Lines is checked, Mathcad adds grid lines to
the plot. Figure 6 shows the same contour plot with and without grid lines.
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Figure 6: Effect of using the different options for tick marks.
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To add or remove numbers for the tick marks on an axis, use the Numbered
check box for that axis. The plot with grid lines in Figure 6 doesn’t have num-
bers on the axes while the plot without grid lines does have them.

You can have Mathcad automatically select the number of grid intervals on an
axis or you can specify the number yourself. Grid intervals are the spaces be-
tween tick marks or grid lines.

m To have Mathcad select the number of grid intervals, use the Auto Grid check
box. When Auto Grid is checked, Mathcad will automatically select the num-
ber of grid intervals on the specified axis.

m To specify the number of grid intervals on an gmigrself, enter an integer
from 1 to 99 in the No. of Grids text box. This text box is only available when
Auto Grid is unchecked.

To set limits on the maximum or minimum values ofxher y-axis, enter the

limit in the Max. Val. or Min. Val. text box. However, since the surface of the
plot is stored as rows and columns in a matrix, these numbers have no signifi-
cance as coordinates. They affect the display only. By default, Min and Max are
setto-1 and 1 respectively.

Labeling the contour plot

The Title page of the 3D Plot Format dialog box, shown below, lets you add and
modify labels on your contour plot.
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To add or edit a title for your contour plot:
m Type the title for your plot into the Title text box.

m To display the title, click on Show Title to insert a check. To conceal the title
without deleting it, click on Show Title to remove the check.

m To position the title, click on either the Above or Below button. Mathcad
places the title either directly above or below your plot.

m Click “OK” or “Close” to close the dialog box when you have finished.
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To change the title’s text or position, edit the information in the Title group as
appropriate. To delete the title, highlight it in the text box and pBesq.

Figure 7 shows how Mathcad positions a title on a contour plot.
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Figure 7: Atitle on a contour plot.
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Chapter 23

3D Bar Charts

Three-dimensional bar charts offer you additional flexibility when
displaying data. Y ou can use them to visualize amatrix not asa
surface plot but as bars of varying heights. Y ou can show the bars
either where they are in the matrix, stacked one on top of another,
or laid out side-by-side.

This chapter contains the following sections:

Creating a 3D bar chart

Basic stepsfor creating bar charts and for creating bar charts for func-
tions of two variables.

Resizing 3D bar charts
Procedures for changing the size of bar charts.
Formatting 3D bar charts

Procedures for changing bar charts: setting the viewpoint, size, and
magnification; adding titles; and formatting lines, colors, and axes.
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Creating a 3D bar chart

To create a bar chart:

m Define amatrix of valuesto display. Mathcad will use the rows and column
numbers of the matrix as x- and y-axes. The matrix elementswill be shown as
columns extending from the xy plane to the appropriate height.

m Choose Graph( 3D Bar Chart from the Insert menu. Mathcad shows a box
with asingle placeholder, as shown below in Figure 1.

m Typethe name of the matrix in the placeholder. Just as with an equation,
Mathcad will not display anything until you click outside the plot region.
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Figure 1: An empty placeholder in a bar chart region awaits the name of a ma-
trix.

What you seeisavisud representation of the matrix. Mathcad draws a perspec-
tive view of the matrix as atwo-dimensional grid lying flat in three-dimensional
space. Each matrix element is represented as a column extending above or be-
low this grid by an amount proportional to the value of the matrix element. In
the default perspective, the first row of the matrix extends from the back left cor-
ner of the grid to the right, while the first column extends from the back left cor-
ner out toward the viewer.

The perspective on the bar chart depends on the location of the viewer with re-

spect to the surface. You can specify this view by changing the chart’s tilt or ro-
tation, as described in the subsection “Changing your view of the 3D bar chart,”
later in this chapter.
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Displaying a function of two variables

A typical 3D bar chart shows the values of afunction of two variables. To see
such achart, you must first create a matrix that holds the values of the function,
then create a bar chart of that matrix. Here are the typical stepsin plotting afunc-
tion of two variables such asthat shown in Figure 2:

m Define afunction of two variables.

m Decide how many points you want to display in the x and y directions. Set up
range variablesi and j to index these points. For example, if you want to dis-
play 10 points in each direction, enter:

i=0.9 j:=0.9
m Definex; and y, as evenly spaced points on the x- and y-axes.
m Fill the matrix M with the values of f(x , 7 )
m Choose Graph(d 3D Bar Chart from the For mat menu.
m TypeM inthe placeholder. Then click outside the plot region.
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Figure 2: 3D bar chart of a function of two variables.
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Resizing 3D bar charts

To changethe size of abar chart, follow these steps:
m Click in the bar chart to select it.

m Move the mouse pointer to one of the three handles along the edge of the bar
chart. The pointer will change to a double-headed arrow.

m Pressand hold down the mouse button. While holding down the button, move
the mouse. The bar chart will stretch in the direction of motion.

m Oncethe bar chart isthe right size, let go of the mouse button.
m Click outside the bar chart to deselect it.

Formatting 3D bar charts

Mathcad provides many ways to change the way a bar chart looks. These can be
categorized in four groups:

m Viewing characteristics: the type of plot being displayed; the perspective or
point of view; how tall the tallest bars are; and the presence or absence of bor-
ders, enclosing boxes, axes, and coordinate planes.

m Color and line formatting: how the bars are colored; how the bars are laid out;
spacing between the bars.

m Axisformatting: whether to show tick marks or grid lines on each axis.

m Title characteristics: how the bar chart will display titles.

To change any of these characteristics, start with the 3D Plot Format dialog box:
m Click on abar chart to select it.
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m Choose Graph( 3D Plot from the For mat menu. Alternatively, double-click
on the chart itself. Mathcad brings up the 3D Plot Format dialog box. The
View Page of this dialog box is shown below. The remaining three tabs take
you to three additional pages.

m |f necessary, click the tab for the page you want to work with.
m Make the appropriate changesin the dialog box.

m To seethe effect of your changes without closing the dialog box, click “Ap-
plyl!.
m When you're finished, close the dialog by clicking “OK” or “Close”.

30 Plot Format

Diew ‘Hues ]Culurt‘rLines]Title ]

View: — Axes: Back Planes:
Rotatlnn:El 0 to 360" ) Perimeter [ Show
Tie[7 | 010 360° <3 Comer Fill Color...

Vert. Scale:[35_| 1o 100% ® None Edge Color..

Display As: ————— | Frames: — |

@ Surface Plot ) Data Points 5 Show Border

) Contour Plot  } 3D Bar Chart [ Show Box

[ Help ] [ Cancel ] [ Apply ] l[ 0K ]l

Changing your view of the 3D bar chart

The View page of the 3D Plot Format dialog box lets you modify the general
presentation of your bar chart.

To change from a bar chart to another type of 3D plot, click on the appropriate
button in the Display As group. You can convert a bar chart into a surface plot

or a contour plot. These plot types are fully discussed in the corresponding chap-
ters of thidUser’'s Guide Y ou can also display just the points at the top of the

bars. To do so, click on Data Points. Y ou can change how the pointslook by us-

ing the Colors & Linestab of this dialog box. For more information, see Chapter

24, “3D Scatter Plots.”

To change the perspective, or point of view, from which you see the bars on
your chart, adjust the figures in the Rotation and Tilt text boxes. Use an integer
between 0 to 360 degrees. Figure 4 shows the effects of varying the rotation and
tilt (as well as the vertical scale) of a bar chart.

m Increasing the vertical rotation turns the chart clockwise. When the rotation is
set to 0, you look straight down the first column of the matrix. The first row
of the matrix points to the right. When the rotation is set to 90, you look
straight down the first row of the matrix. The first column points to the left.
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m Increasing the tilt raises you higher above the chart’s surface. When the tilt is
set to 0, you look edge on at the plane of the matrix. When the tilt is set to 90,
you look straight down on the tops of the bars. Think of how tall buildings
look when you're on the ground (tilt equals 0) and when you're flying di-
rectly above (tilt equals 90).
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Figure 4: Different views of a bar chart.

To control how tall the tallest bars look, adjust the vertical scale by changing the
number in the Vert. Scale text box. This is an integer between 1 and 100. When
the vertical scale is small, the variations among the bars will barely be percepti-
ble. At 100, the variations are such that the chart fills almost the entire frame.
Figure 4 shows the effects of varying the scale (as well as the rotation and tilt)
of a bar chart.

To add or remove a border around the bar chart, click on Show Border in the
Frames group. The border is a two-dimensional frame around the bar chart.

To enclose the surface and and the axes within a three-dimensional bounding
box, click on Show Box in the Frames group.

To show thexy, xz, andyz back planes:
m Click on Show in the Back Planes group.
m To color the surface of the back planes, click on “Fill Color”.

m To outline the edges of the back planes in a particular color, click on “Edge
Color”.

528

Chapter 23 3D Bar Charts



Figure 5 shows the same bar chart with back planes, with aborder, and with a
bounding box.
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Figure5: Using a border or abounding box on abar chart.
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Changing the color and layout of the bars

Y ou can often make a 3D bar chart communi cate more effectively by using dif-
ferent colors. In addition, you can switch among severd layouts of the barsto
show your data most effectively. Use the Color & Lines page of the 3D Plot For-
mat dialog box.
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To specify the color of your chart, click the appropriate button in the Color Spec-
trum group:

m None: The bar chart doesn't show any colors.

m Increasing X: The largest values alongxkexis will be in red and the small-
est values will be in blue. Intermediate values will range from yellow through
green.

m Increasing Y: The largest values along ykexis will be in red and the small-
est values will be in blue. Intermediate values will range from yellow through
green.

m Increasing Z: The largest values along#ais will be in red and the small-
est values will be in blue. Intermediate values will range from yellow through
green.

Use the Spacing text box to increase the space between adjacent bars on your
plot. This text box measures spacing as the percentage of the size of the grid on
which the bars are placed. The default spacing is 20%; the maximum spacing is
99%. As you increase the percentage, Mathcad makes the bars progressively
skinnier. Figure 6 shows different spacing for plots of the same matrix.
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Figure 6 shows the same bar chart using each of the Color Spectrum options.
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Figure 6: Color and spacing optionsfor bar plots.

Y ou can aso control the placement of the bars relative to one another using the
Bar Layout buttons. Thethree options are:

m Matrix: The bars are arranged exactly as the corresponding numbers in the un-
derlying matrix.

m Stacked: All the bars coming from the same column of the matrix are stacked
one on top of another. An mx n matrix would therefore appear asn bar clus-
ters, each formed by stacking m bars one on top of another.

m Side by Side: All the bars coming from the same column of the matrix are
clustered together side-by-side. An m x n matrix would therefore appear asn
bar clusters, each of which contains m bars.

Figure 7 showsam x n matrix being displayed using each of these three layout
options. Note that if you want to swap rows and columns, you can simply plot
the transpose of the matrix.
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Figure 7: Different bar layouts with the same bar chart matrix.

Formatting the axes

The Axes page of the 3D Plot Format dialog box lets you modify the format of
the axes of your plot. Each axisis described by its own set of check boxes and
text boxes.
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Mathcad generates grid lines for bar charts by extending tick marks up and

down the two back planes adjacent to a given axis. Thus, x-axis grid lines repre-
sent lines of constant x drawn on the xz plane and the xy plane, the two orthogo-
nd planes whose intersections form the x-axis. The y-axis grid lines and z-axis
grid lines are defined similarly.
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To choose between using tick marks or grid lines on a selected axis, use the Grid

Lines check box for that axis. When Grid Linesis checked, Mathcad will extend

the tick marks on the selected axisinto grid lines on each adjacent back plane.

For example, checking this on the z-axis will result in lines of constant z on both

the yz and the xz back planes. If you are showing grid lines, you should serioudy
consider showing back planes as well. See “Changing your view of the 3D bar
chart.” Figure 8 shows an example of a bar chart that uses grid lines rather than
tick marks.
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Figure 8: Using the different options for tick marks.

To add or remove numbers for the tick marks on an axis, use the Numbered
check box for that axis. Figure 8 shows the differences between having numbers
on the tick marks and not having numbers.

For bar charts, you can have Mathcad automatically select the number of grid in-
tervals on the-axis. The grid intervals on theandy axes always match the
rows and columns of the matrix whose elements constitute the bars being plotted.

m To have Mathcad select the number of grid intervals or-#xés, use the
Auto Grid check box. When Auto Grid is checked, Mathcad will automat-
ically select the number of grid intervals on the specified axis.
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m To specify the number of grid intervas on an axis yourself, enter an integer
from 1 to 99 in the No. of Gridstext box. Thistext box is only available when
Auto Grid is unchecked.

By default, Mathcad autoscal es the z-axis according to the range of valuesin the
matrix you are plotting. Sometimes you will want to fix the scaling yoursdlf, for
example, if you are comparing views of related data or setting up a surface ani-
mation sequence. To set the z-axis limits manually, click on the Autoscale box
in the z-axis column of the Axes page to uncheck it. Then enter the maximum
and minimum valuesin the Max. Val. and Min. V. text boxes.

Labeling 3D bar charts

The Title page of the 3D Plot Format dialog box, shown below, lets you add and
modify the title on your bar chart.
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To add or edit atitle for your bar chart:
m Typethetitlefor your plot into the Title text box.

m Todisplay thetitle, click on Show Title to insert a check. To conceal thetitle
without deleting it, click on Show Title to remove the check.

m To position thetitle, click on either the Above or Below button. Mathcad
places thetitle either directly above or below your plot.

m To change the title’s text or position, edit the information in the Title group as
appropriate.

m Click “OK” to close the dialog box when you have finished.
m To delete the title, highlight it in the Title text box and p[&&d ].

If you initiate this process by double-clicking on the title itself, you'll see an
equivalent dialog box.
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Figure9: Titleson abar chart.
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I
Chapter 24

3D Scatter Plots

When using other types of 3D plots, you need to make a matrix in
which rows and columns correspond to x and y values and the
value of the matrix element is the z value. Scatter plots, on the
other hand, let you specify X, y, and z coordinates directly. This
makes them useful for drawing parametric curves or for observing
clusters of datain a3D space. This chapter shows how three
vectors can be used to build a scatter plot.

This chapter contains the following sections:
Creating a 3D scatter plot

Basic stepsin creating a scatter plot.
Resizing scatter plots

Procedures for changing the size of scatter plots.

Formatting scatter plots

Procedures for changing scatter plots: setting the viewpoint and the
presentation; adding labels; and formatting markers, lines, and axes.
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Creating a 3D scatter plot

Scatter plots allow you to plot an arbitrary collection of pointsin athree-dimen-
sional space. Thisis particularly useful for such tasks asidentifying data clusters
or tracing atrajectory of apoint. Scatter plots differ from dl other 3D plotsas
follows:

m |ndl other 3D plots, you create a matrix in which the rows and columns cor-
respond to x and y coordinates and the value of the matrix element is the cor-
responding z coordinate.

m |n scatter plots, you create three vectors with as many elements asthere are
pointsto plot. The, y, and z coordinates of a point go into the three elements
of the corresponding vectors.

Unlike other 3D plots, you can easily have several z vaues corresponding to the
same x and y value. Thisis often necessary in statistical applicationsin which
you take the same measurement more than once. Y ou can also easily create para
metric curves through athree-dimensional space since the indices of the vectors
are themselves natura parametersto use.

To create a 3D scatter plot:

m Definethree vectors, each having as many e ements as you have pointsto
plot. Each vector contains either the X, y, or z coordinates of al the points.

m Choose Graph(J 3D Scatter Plot from the I nsert menu. Mathcad shows a
box with a single placeholder as shown in Figure 1.

m Typethe names of the vectors, separated by commas, in the placeholder. Just
as with an eguation, Mathcad will not process the scatter plot until you click
outside the region.

If you have amatrix of rows and columns corresponding to the x and y coordi-
nates that you want to show as a set of points, create a surface plot and select
Data Points in the Display As group on the View page. For more information,
see page 500.
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Figure 1: An empty placeholder in a scatter plot region awaits the name of a ma-
trix.
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Resizing scatter plots

To change the size of a scatter plot, follow these steps:
m Click in the scatter plot to select it.

m Move the mouse pointer to one of the three handles along the edge of the scat-
ter plot. The pointer will change to a double-headed arrow.

m Pressand hold down the mouse button. While holding down the button, move
the mouse. The scatter plot will stretch in the direction of motion.

m Oncethe scatter plot istheright size, let go of the mouse button.
m Click outside the scatter plot to deselect it.

Formatting scatter plots

Mathcad gives you control over many of the visual characteristics of scatter
plots. These can be categorized in four groups:

m Viewing characteristics: the type of plot being displayed, the perspective or
point of view from which you see the plot, and the presence or absence of bor-
ders, enclosing boxes, axes, and back planes.

m Color and line formatting: how the plot will mark points; how markerswill
be connected; and the format of any lines connecting markers.

m Axisformatting: whether to show tick marks or grid lines on each axis.
m Title characteristics. how the plot will display titles.

To change any of these plot characteristics, start with the 3D Plot Format dialog
box:

m Click on the plot to select it.
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m Choose Graph( 3D Plot from the For mat menu. Alternatively, double-click
on the plot itself. Mathcad brings up the 3D Plot Format dia og box. The
View Page of this dialog box is shown below. The remaining three tabs take
you to three additional pages.

m |f necessary, click the tab for the page you want to work with.
m Make the appropriate changesin the dialog box.

m To seethe effect of your changes without closing the dialog box, click “Ap-
plyl!.
m When you're finished, close the dialog by clicking “OK” or “Close”.
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Changing your view of the scatter plot

The View page of the 3D Plot Format dialog box lets you modify the general
presentation of your 3D scatter plot.

To change your plot from a scatter plot to another type of 3D plot, click on the
appropriate button in the Display As group. You can convert a scatter plot into a
Surface Plot, Contour Plot, or a 3D Bar Chart. These plot types are fully dis-
cussed in the corresponding chapters inlisisr's Guide

When you view a scatter plot as a surface or contour plot or a 3D bar chart,
Mathcad actually interpolatesa surface that approximates your scatter data, us-
ing a21 by 21 mesh by default. To change the density of this mesh, click on the
Color & Linestab and edit the number of rows and columnsin the Interpol ated
Mesh group. If your datais not well approximated by a surface, Mathcad may
be unable to compile a useful interpolation. If this occurs, Mathcad will signal
thisfact with amessage in the statusline.
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Asyou view your scatter plot, you may not be able to perceive any patternsin
your data. However, by examining the plot from another perspective, you may
be able to isolate clusters of data. To change the perspective, or point of view,
from which you see the scatter plot, change the numbers in the Rotation and Tilt
text boxes. Use an integer between 0 to 360 degrees. Figure 2 shows the effects
of varying the rotation and tilt (aswell as the scale) of a scatter plot.

m Increasing the rotation turns the plot clockwise.

m Tilt controls whether you see the data edge on or whether you look down
from directly overhead.
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Figure 2: Changing therotation andtilt.

To add or remove a border around the scatter plot region, click on Show Border.
The border is atwo-dimensiona frame around the scatter plot region.

To enclose the plot and the axes within a three-dimensional bounding box, click
on Show Box in the Frames group to add a check.

To show the xy, xz, and yz back planes:
m Click on Show in the Back Planes group.
m To color the surface of the back planes, click on “Fill Color”.

m To outline the edges of the back planes in a particular color, click on “Edge
Color”.
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Figure 3 shows a scatter plot with aborder around it and with back planes show-
ing together with the same plot enclosed within abox without showing back

planes.
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Figure 3: Using aborder or an enclosing box on a scatter plot.

Changing the format of the markers

Y ou can often make your scatter plot communicate more effectively by chang-
ing one of the following:

m Y ou can mark the points with asymbol.
m Y ou can connect the points with aline.

To do either of these, use the Color & Lines page of the 3D Plot Format dialog
box.
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To specify the type of marker your plot will use, select an option from each of
the following drop-down lists:

m Symbol: Each point in the scatter plot is marked by a symbol. Select among
0's, X’s, +'s, boxes, and diamonds. You can also select “none”; however, if
you do and you aren’t using a connecting line, your plot will be blank.

m Color: The markers can be any of the colors listed on the drop-down list, for
example, red, blue, green, magenta, cyan, brown, black, and white.

m Size: Markers can range in size from 1 (thinnest) to 10 (thickest).

Figure 4 shows the same plot with markers formatted in several ways.
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Figure 4: Sdecting different formatting options for the markers.
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If you are plotting data that shows progressive movement in adirection (for ex-
ample, pointsin atrgjectory), you may want to connect the data points with a
line. Mathcad provides several options for connecting the data points:

m Noline

The order in which the points occur in the matrix (row order)

Increasing x values

Increasing y values

Increasing z vaues

Use the buttons in the Connectivity group to choose which of these options
Mathcad should use to connect the data points.

Once you've decided on the order for connecting the points, you can specify the
way the line connecting them will look. Use the buttons in the Line group to
choose:

m Style: The connecting line can be solid, dashed, dotted, or alternatingly
dashed and dotted. You can also select “none”; however, if you do so and
aren’t using markers, your plot will be blank.

m Color: The lines can be any of the colors on the drop-down list.
m Weight: Lines can range in size from 1 (lightest) to 10 (the heaviest).

Figure 5 shows the same plot connected in different orders.
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Figure5: Passing alinethrough pointson a scatter plot.
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Formatting the axes

The Axes page of the 3D Plot Format dialog box lets you modify the format of
the x, y, and z axes of your plot. Each axisis described by its own set of check
boxes and text boxes.
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Mathcad generates grid lines on the plot a the same positions as the tick marks.
To choose between using tick marks or grid lines on a selected axis, use the Grid
Lines check box. When Grid Linesis checked, Mathcad adds grid lines to the
plot. Figure 6 shows the same scatter plot with and without grid lines.
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Figure 6: Using the different options for axes.
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To add or remove numbers for the tick marks on an axis, use the Numbered
check box for that axis. The plot with grid lines in Figure 6 doesn’t have num-
bers on the axes while the plot without grid lines does have them.

You can have Mathcad automatically select the number of grid intervals on an
axis or you can specify the number yourself. Grid intervals are the spaces be-
tween tick marks or grid lines.

m To have Mathcad select the number of grid intervals, use the Auto Grid check
box. When Auto Grid is checked, Mathcad will automatically select the num-
ber of grid intervals on the specified axis.

m To specify the number of grid intervals on an gmigrself, enter an integer
from 1 to 99 in the No. of Grids text box. This text box is only available when
Auto Grid is unchecked.

By default, Mathcad sets the axis limits according to the data ranges in the three
input vectors. However, you can set these limits by hand as follows:

m Click on the Autoscale box in the appropriate axis columns of the Axes page
to uncheck it.

m Enter the maximum and minimum values in the Max. Val. and Min. Val. text
boxes.

Fixing the axis limits in this way is useful when you are comparing plots of re-
lated data sets or setting up an animation sequence.

Labeling the scatter plot

The Title page of the 3D Plot Format dialog box, shown below, lets you add and
modify labels on your scatter plot.
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To add or edit a title for your scatter plot:

m Type the title for your plot into the Title text box.
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m Todisplay thetitle, click on Show Title to insert a check. To conceal thetitle
without deleting it, click on Show Title to remove the check.

m To position thetitle, click on either the Above or Below button. Mathcad
places thetitle either directly above or below your plot.

m To change the title’s text, edit the information in the Title group as appropri-
ate.

m Click “OK" to close the dialog box when you have finished.
m To delete the title, highlight it and prd&se| ].

If you initiate this process by double-clicking on the title itself, you'll see an
equivalent dialog box.

Figure 7 shows how Mathcad positions titles on a scatter plot.
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Figure7: Titleson a scatter plot.
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I
Chapter 25

Vector Field Plots

This chapter describes how to plot atwo-dimensional vector field
by representing x and y components of a vector as complex
numbers.

This chapter contains the following sections:
Creating a vector field plot

Basic stepsin creating a vector field plot.
Resizing vector field plots

Procedure for changing the size of vector field plots.

Formatting vector field plots

Procedures for changing vector field plots: formatting the vector fields
and axes and adding labels.
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Creating a vector field plot

In avector field plot, each point in the xy plane is assigned atwo-dimensional
vector. To create a vector field plot, you must define arectangular array of
points and assigh a vector to each point. Y ou can do this by creating a matrix of
complex numbersin which:

m Therowsand columns represent x and y coordinates.

m Thered part of each matrix element isthe x component of the vector associ-
ated with that row and column.

m Theimaginary part of each element is the y component of the vector associ-
ated with that row and column.

To create a vector field plot:
m Create amatrix as described above.

m Choose Graph( Vector Field Plot from the I nsert menu. Mathcad shows a
box with a single placeholder as shown in Figure 1.

m Typethe name of the matrix in the placeholder.

Just as with an equation, Mathcad will not process the vector field plot until you
click outside of it.
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Figure 1: An empty placeholder in a vector field plot region awaits the name of

amatrix.
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Mathcad plots the matrix by rotating it so that the (0,0) element is at the lower-
|eft corner. Thus the rows of the matrix correspond to values on the x axis, in-
creasing to the right, and the columns correspond to values along the y axis,
increasing toward the top.

What you'll see is a collection ofii vectors as shown in Figure 2. The base of
each vector sits on theandy values corresponding to its row and column. The
magnitude and direction of each vector are derived from the real and imaginary
parts of the matrix element.
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Figure 2: A sample vector plot froma complex matrix.

You can also create a vector field plot by using two matrices of real numbers
rather than a single matrix of complex members. The two matrices must have
the same number of rows and columns. The first matrix should haxedne-
ponents of the vectors; the second should have ¢benponents. Figure 3

shows the same vector field as that shown in Figure 2, but it is plotted using two
real matrices rather than a single complex matrix.
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Figure 3: A sample vector plot fromtwo matrices of real numbers.

Y ou can specify what labels and grid lines appear on the axes by formatting the
vector field plot. This is described in the section “Formatting vector field plots,”
later in this chapter.

Resizing vector field plots

To change the size of a vector field plot, follow these steps:
m Click in the vector field plot to select it.

m Move the mouse pointer to one of the three handles along the edge of the
plot. The pointer will change to a double-headed arrow.
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m Press and hold down the mouse button. While holding down the button, move
the mouse. The plot will stretch in the direction of motion.
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m Oncethe plot istheright size, let go of the mouse button.

m Click outside the vector field plot to deselect it.

Formatting vector field plots

Mathcad gives you control over many of the visual characteristics of vector field
plots. These can be categorized in three groups:

m Axisformatting: whether to show tick marks or grid lines on each axis.
m Title characteristics. how the plot will display titles.

To change any of these plot characteristics, start with the 3D Plot Format dialog
box:

m Click on the plot to select it.

m Choose Graph( 3D Plot from the For mat menu. Alternatively, double-click
on the plot itself. Mathcad brings up the 3D Plot Format diaog box. The
Axes Page of thisdialog box is shown below. The remaining tab takes you to
the Title page. The View and the Color & Lines pages are not used for these
plots.

m |f necessary, click thetab for the page you want to work with.
m Change the appropriate characteristics in the dia og box.

m To seetheeffect of your changes without closing the dialog box, click “Ap-
plyl!.
m When you're finished, close the dialog by clicking “OK” or “Close”.
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Formatting the axes

The Axes page of the 3D Plot Format dialog box, shown below, lets you modify
the format of the x- and y-axis of your plot. Each axisis described by its own set
of check boxes and text boxes.
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Mathcad generates grid lines on the plot a the same positions as the tick marks.
To choose between using tick marks or grid lines on a selected axis, use the Grid
Lines check box. When Grid Linesis checked, Mathcad adds grid lines to the
plot. Figure 4 shows the same vector field plot with and without grid lines.
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Figure 4: Using grid lines and tick marks.
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To add or remove numbersfor the tick marks on an axis, use the Numbered
check box for that axis. The plot with grid lines in Figure 4 doesn’'t have num-
bers on the axes while the plot without grid lines does have them.

You can have Mathcad automatically select the number of grid intervals on an
axis or you can specify the number yourself. Grid intervals are the spaces be-
tween tick marks or grid lines.

m To have Mathcad select the number of grid intervals, use the Auto Grid check
box. When Auto Grid is checked, Mathcad will automatically select the num-
ber of grid intervals on the specified axis.

m To specify the number of grid intervals on an gmigrself, enter an integer
from 1 to 99 in the No. of Grids text box. This text box is only available when
Auto Grid is unchecked.

Since a vector field plot is made by plotting the elements of a matrix, Mathcad
cannot “know” anything aboutandy coordinates. All it knows is the vector as-
sociated with a particular row and column. By default, the coordinates &n the
andy-axes of a vector field plot will simply be rows and columns.

To change the limits on the maximum or minimum values to be plotted &n the
andy-axis, enter the new limit in the Max. Val. or Min. Val. text box.

Labeling the vector field plot

The Title page of the 3D Plot Format dialog box lets you add and modify a title
on your vector field plot.

30 Plot Format

Title
|

@ Above ) Below [] Show Title

[ Hemp ] [ cancer ] [(Caepy 1 ok

To add or edit a title for your vector field plot:
m Type the title for your plot into the Title text box.

m To display the title, click on Show Title to insert a check. To conceal the title
without deleting it, click on Show Title to remove the check.

m To position the title, click on either the Above or Below button. Mathcad
places the title either directly above or below your plot.
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m Click “OK" to close the dialog box when you have finished.

To change the title’s text or position, edit the information in the Title group as
appropriate. To delete the title, highlight it in the text box and pBesq.

If you initiate this process by double-clicking on the title itself, you'll see an
equivalent dialog box.

Figure 5 shows how Mathcad positions a title on a vector field plot.
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Figure 5: Titleson a vector field plot.
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I
Chapter 26

Animation

This chapter describes how to use Mathcad PLUS to creste and
play short animation clips by using the built-in variable FRAME.
Anything that can be made to depend on this variable can be
animated. Thisincludes not only plots but numerical results as
well. You can play back the animation clips at different speeds or
save them for use by other applications.

The following sections make up this chapter:

Creating an animation clip

How to use the FRAME variable to create a sequence of images and how
to gtring this sequence together into a movie.

Playing an animation clip
Using the animation player to play back your movie.
Gallery of animations
A collection of examples showing what you can do with animation.
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Creating an animation clip

Mathcad comes with a predefined constant called FRAME whose sole purposeis
to drive animations. The stepsin creating any animation are as follows:

m Create an expression or plot whose appearance ultimately depends on the
value of FRAME as shown in Figure 1. This expression need not be a graph as
shown. It can be anything at all.

m Choose Animate from the View menu to bring up the following dialog box.

Create Animation

For FRAME

from:[g ]
Cancel

To: Save As...
it FRAME=

Frames/Sec

m Sdect the portion of your worksheet you want to animate as shown in Figure
2.

= Inthediaog box, set the upper and lower limits for FRAME. The FRAME vari-
able will increment by one asit proceeds from the lower limit to the upper
limit.

m Inthe Frames/Sec. text box, enter the playback speed.

m Click the “Animate” button in the dialog box. You'll see a miniature rendi-
tion of your selection inside the dialog box as shown in Figure 3. Mathcad re-
draws this once for each valueFRAME. This won’t necessarily match the
playback speed since at this point, you're guséting the animation, you're
not yet playing it back.

At this point, an animation has been created. You can now do one of two things

with it:

m You can save it as a QuickTime movie for use by other Macintosh applica-
tions.

m You can play it back immediately.

To save your animation clip as a QuickTime movie, click the Save As button in
the dialog box. You'll see the usual Save As dialog box. Since animation clips
tend to take considerable disk space, Mathcad saves them in compressed format.
Before creating the animation, you may want to choose what compression
method to use or whether to compress at all. To do so, click on the Options but-
ton.
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To play the animation sequence back, follow the instructions in the next section.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
g iNMiifi=0=——1—315|

x:=0,.1.30

r(x) := x + FRAME

Note that the upper limit on the
radial axis of this plot has been
fixed at 60.

_,

This prevents the plot from
autoscaling as the animation

% progresses.

auta MUM | Page 1

Figure 1: An expression suitable for animation. Note the dependence of the plot
on FRAME.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
= mWWNMIILE=FV—uUL10r-o5|
&

x:=0,.1.30

r(®) = x + FRAME

Create Animation =="FiFmF—"—

l Animate l
From:[o_|
o

(%)
r_x " To:

For FRAME

At ——

Frames/Sec

Figure 2: Theregion to be animated has been sel ected.
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| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
ERE————

ANIMRIN S ———T5|
etz

Playback
x:=0,1.30

r(®) = x + FRAME

Create Animation
For FRAME
l Animate l
from:{o_]
% o (A ) o
o 10
At -II:.
FRAME= _m
% Frames/Sec

Figure 3: Theanimation clip has been created and isready for playback.

Playing an animation clip

As soon as you've created an animation clip as described in the previous sec-
tion, Mathcad brings up the following window:

Playback
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Note that the first frame of the animation clip you just created is already in the
window. To play back the animation clip, click on the arrow button at the lower
|eft corner of the window. The arrow will turn into a square and the animation
will begin to play. Y ou can control the playback speed by clicking on the button
to theright of the play button, choosing Speed from the menu and adjusting the
dlider contral.

Y ou can aso play back the animation clip on aframe by frame basis, either for-
ward or backward. To do so, drag the dider below the animated picture to the
|ft or right.

Y ou can resize this window the way you would any window, by dragging a cor-
ner in the appropriate direction. Keep in mind, however, that theimagein the
window is a bitmap and therefore subject to distortion when resized. Y ou can
minimize this distortion by keeping the aspect ratio (height to width) constant
when you resize. To do this conveniently, click on the button to the right of the
play button and choose View from the menu.

Playing a previously saved animation

If you have an existing QuickTime movie on your disk, you'll be able to play it
within Mathcad. To do so:

m ChoosePlayback from theView menu to bring up the following dialog box:

Playback

=] B ,

The window is collapsed shut since no animation clip has been opened. To open
one, click on the button to the right of the play button and chopsa from

the menu. You'll see an Open File dialog box which you can use to locate and
open the QuickTime movie you want to play.

Once you've loaded a QuickTime movie, you can proceed as described in the
previous section.
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Gallery of animations

The following figures show some of the things you can do with animation using
Mathcad's different plot types (polaty, 3D scatter, vector field, parametric
surface, bar and contour). Chodgeick Sheets from the? menu and look for

“Animation examples” to see some more.

Note that since Mathcad'’s plots autoscale by default, you'll almost always have
to change the plot format to show the animation you want. For example, when
animating arx-y plot or a polar plot you should enter values into the axis limit
placeholders to fix the extent of each axis and preserve the plot scaling through-
out the course of the animation. Similarly, when an animation involves a 3D
plot, you should fix the axis limits by double-clicking on the plot to bring up the
3D Plot Format dialog box, unchecking Autoscale on the Axes page, and setting
the axis limit on each axis in such a way that all points generated in the course
of the animation are within the axis limits.

In the examples in this chapter, Figure 1 has a maximum radius in the place-
holder for the radial axis limit; Figures 6 and 8 have autoscale turned off on all
axes and appropriate limits entered.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
S=—————————————————— PANIMATE Eﬁ%ﬂ
4
Run FRAME from 0 to 100
n = FRAME .02
X = ﬂ,z—n.. 2-x
100
90
120 60
0.8
150 30
cos[n-x) 0.4

-cosn x) 180 1] 0

Figure4: Growing a four-leaf clover.
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| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |

Run FRAME from 0 to 50

GANIMATE —+~~———5
i

n = FRAME .02
X = I],z—n.. 2'n
100
1 T
gin[ n-x)
cos[ n-x]

Figure5: Roller coaster.

| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |

SINMITE==—————5|

Run FRAME from 0 to 50
i Playback
i = 0. FRAME + 1
g; = i-cos(i)
h; = i-sin(i]
k; = 101
g.h.k
[]E]
n * 3D Scatter plot
* Autogrid off on all axes.
. * Set min and max values as follows:
Min Max
x -h0 50
g.h. k y -h0 50
n z 0 50
auta MUM | Page 1

Figure 6: Tornado.
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Figure 7: Diffusion of onefield across another.
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Figure 8: Nested spheroids.
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| & File Edit Uiew Insert Format Math Symbolics Books Window 7]
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i=0.20 j:=10.20 1= 11.20

a; ;= i a ;= (20 - I) FRAME .05

Run FRAME from 0 to 20

auta MUM | Page 1
Figure9: Barnraising. This one may take a few minutes.
| & File Edit Uiew Insert Format Math Symbolics Books Window (2 |
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A
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Figure 10: Animated contour map. This one may take a few minutes.
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Appendix A

Reference

This appendix lists functions, operators, menu commands, keys
and other reference material. It is made up of the following
sections:

Menu commands

Function keys

Greek letters

Operators

Built-in functions by name

Predefined variables

Suffixesfor numbers

Arrow and movement keys
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Menu commands

New
Open...
Save
SaveAs...

Close
Load from Web...

Internet Setup...

Load Configuration...
Save Configuration...

Associate...

Page Setup...

Print Preview...

Print...
Quit

[Conmand]N
[Comrand]O
[Command]S

[Comrand]W

[Command]P
[Comrand]Q

File menu

Open new worksheet.
Open existing worksheet.
Save current worksheet.

Save current worksheet under new
name.

Close current worksheet.

Open a Mathcad worksheet stored on
the Internet.

Change various settings associ ated
with Internet access.

Execute configuration file.

Save current configuration in a configu-
ration file.

Associ ate selected variable with data
file.

Set margins, suppress printing beyond
right margin.

Show worksheet asit will appear when
printed.

Print worksheet or selected regions.
Quit Mathcad.
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Undo [Comand]z
Redo

Cut [Comand]X
Copy [Conmand]C
Delete

Paste [Command]V
Select All [Comand]A
Find... [Command]F
Replace... [Conmand]H
Goto Page...

Check Spelling...

Undo most recent edit.
Undoes the | ast undo.
Delete sdection.
Copy selection.

Delete sdl ection from the worksheet
and leaves clipboard unaffected.

Insert selection most recently copied or
cut.

Select every region in the workshest.
Search for math or text string.

Search for and replace math or text
string.

Position the top of aspecified page at
the top of your window.

Search text for misspelled words.

View menu

Math Palette

Toolbar

Font Bar

Regions

Zoom...

Refresh [Crl]R
Animate...

Playback...

Hide symbol paette. When paetteis
hidden, this menu item is checked.

Hide toolbar. When toolbar is hidden,
thisitem is checked.

Hide font bar. When font bar is hidden,
this menu item is checked.

Toggle between boxed and unboxed
display of regions.

Zoom in for a close-up or out for an
overal view.

Force screen redraw.
Create an animation clip.
Play an exigting animation clip.

Menu commands
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Insert menu

GraphO
X-Y Plot
Polar Plot

Surface Plot

Contour Plot

3D Scatter Plot
3D Bar Chart
Vector Fidd Plot

Matrix...

Function...

Unit...
Picture...
Math Region

Text Region

Paragraph

Page Break
LinkO
New

Erase

Reference...

Workshest...

@
[Conmrand]7

[Conmrand]2

[Conmand]5

[Comrand]M

[Conmrand]l

[Conmand]U

[Comrand]B

Create two-dimensional Cartesian plot.

Create aplot for plotting radius against
angle.

Create aplot for displaying asurfacein
three dimensions.

Create aplot for displaying the leve
curves of asurface.

Create a three-dimensional scatter plot.
Create a three-dimensional bar chart.

Create avector field plot for two-di-
mensiond vectors.

Create anew matrix or insert and de-
lete rows or columns from an existing
matrix.

Show ascrolling list of available built-
in functions.

Show ascrolling list of available units.
Insert aregion for graphics import.
Create amath region inside atext re-
gion or paragraph.

Start anew text region at the crosshair
location.

Start a paragraph on the line containing
the crosshair.

Insert a hard pagebreak.

Create a hypertext link to another work-
sheet.

Deactivate any hypertext links associ-
ated with the current selection.

Make variable and function definitions
from another worksheet availablein
the current worksheet.

Insert an existing worksheet into the
current one.
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Format menu

Number ...

Equation...

Text...

Paragraph

Colord
Background...
Highlight...
Annotation...

GraphO
X-Y Plot...

Polar Plot...

3D Plot...

Trace...

Zoom...

Picture...

Highlight Equation
Separate Regions
L ock RegionsJ

Set Lock Area

Lock Area...
Unlock Area...
Align Regions[d

Change precision displayed, threshold
for scientific notation, and other similar
characteristics.

Choose font used to display al vari-
ables and constants.

Choose font, size, color, and style of se-
lected text.

Change dignment and left margin for
selected paragraph.

Change color of window background.
Change color of highlighted equations.

Change color of any changes madeto
an Electronic Book.

Change characterigtics for al Cartesian
plotsin current worksheet. If aplot is
selected, changes will affect only the
selected plot.

Change characterigtics for al future po-
lar plotsin current worksheet. If a plot
is selected, changes will affect only the
selected plot.

Change characterigtics for the currently
selected three-dimensional plot.

Read coordinates directly from the cur-
rently selected graph.

Magnify view of a portion of the cur-
rently selected graph.

Change characterigtics of graphicim-
port region.

Highlight selected equation.
Separate overlapping regions.

Define extent of awrite-protected area
on the worksheet.

Write protect selected area
Permit editing in alocked area.

Menu commands

583



Across Align selected regionsto ahorizontal
line midway between the highest and
the lowest region.

Down Align selected regionsto averticd line
midway between the rightmost and the
leftmost region.

Headerg/Footers... Specify headers and footers for print-
outs.
Right MarginO

Set Mark right-hand boundary of printed
page.

Clear Remove right-hand boundary of
printed page.

Calculate [Conmmrand]= Update all results on screen.
Calculate Worksheet Update all resultsin worksheet.
Automatic Calculation Toggle between automatic calculation

mode in which Mathcad updates screen
continuoudy, and manual mode.

Toggle Equation Make Mathcad ignore an equation.
Options O
Built-in Variables... Set vadues of built-in variables.
System of Units... Choose unit system for the default dis-
play of results.
Dimensional Format... Choose the names of the fundamental

dimensions. By default, these are mass,
length, time and temperature.

Randomize... Reset random numbers.

Live Symboalics Turn live symbolicsfeature on or off.
This feature | ets the symbolic equal
sign be used to evaluate any expression
symbolicaly. When the live symbolic
festureison, thismenu itemis checked.

Optimization Turn optimize feature on and off. This
feature causes Mathcad to attempt to
simplify any expression to theright of
“="or “=". When the optimize feature
is on, this menu item is checked.
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Symbolic menu

Evaluate O

Symbolically [Command]W Carry out symbolic evaluation of an ex-
pression.

Complex Carry out symbolic evaluation of a

Evaluation complex expression. The result is ex-
pressed in the form a + blil

Floating Point Return afloating point number for con-

Evaluation... stants rather than a symbolic expres-
sion. A dialog box allows you to
choose the floating point precision.

Simplify Simplify the selected expression, per-
forming arithmetic, canceling common
factors and using basic trigonometric
and inverse function identities.

Expand Expand al powers and products of
sums in the selected expression.

Factor Factor the selected expression into a
product, if the entire expression can be
written as a product. To factor a subex-
pression of alarger expression, select
the subexpression.

Collect Collect terms containing like powers of

the selected subexpression, which may
be asingle variable or a function to-
gether with itsargument. Theresultisa
polynomial in the sel ected expression.

Polynomial Coefficients Find the coefficients of the expression
when written as a polynomial in the se-

lected variable or function.
Variabled

Solve Find the value of the selected variable
that makes the expression containing
the variable equal to zero. If you select
avariablein an equation or inequality,
this command solves the equation or in-

equality for the selected variable.

Substitute the contents of the clipboard
for each occurrence of a selected vari-
ablein an expression. To use this menu
command, first put the expression be-
ing substituted in the clipboard by se-
lecting and choosing Copy or Cut.
Then select an occurrence of the vari-
ableyou are substituting for and
choose this menu command.

Substitute

Menu commands 585



Integrate

Differentiate

Expand to Series...

Convert to Partial Frac-
tion

Matrix Operations
Transpose

Invert

Deter minant

Transforms

Fourier

Inverse Fourier

Laplace

InverseLaplace

InverseZ

Integrate the entire expression contain-
ing the selected variable with respect to
that variable.

Differentiate the entire expression con-
taining the selected variable with re-
spect to that variable. Other variables
are treated as constants.

Derive an expansion series for an ex-
pression with respect to the variable
you have sdlected. A diaog box alows
you to choose the order of the series.

Generate apartia fraction expansion
for an expression by factoring the nu-
merator and denominator with respect
to the selected variable.

Return transpose of the selected matrix.

Return symbolic inverse of the selected
square matrix.

Return symbolic determinant of the se-
lected square matrix.

Evduate Fourier transform of expres-
sion with respect to the selected vari-
able. Resultisin terms of w.

Evauate theinverse Fourier transform
of the expression with respect to the se-
lected variable. Result isin terms of t.

Evduate the Lapl ace transform of the
expression with respect to the selected
variable. Result isin terms of s.

Evduate the inverse Laplace transform
of the expression with respect to the se-
lected varigble. Result isin terms of t.

Evduate the z-transform of the expres-
sion with respect to the selected vari-
able. Resultisin terms of z.

Evauate theinverse z-transform of the
expression with respect to the selected
variable. Result isin terms of n.
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Evaluation Style...

Evaluatein Place

Choose the format for symbolic results.
A dialog box presents the options,
which include vertically stacked dis-
play of results and comments, horizon-
tal display, and display without
evaluation comments.

Causes symbolic resultsto be substi-
tuted directly for the original expres-
sion.

Books menu

Open Book...
History...

Search...

Annotate Book

Annotation OptionsJ
Save Edited Section
Save All Edits
View Original Section
View Edited Section
Restore Original
Section
Restore Original Book

Highlight Edits

List of Books

Show list of available Electronic Books.

List all Books sections looked at since
the Book was opened.

Search through all Electronic Book sec-
tions.

When checked, Mathcad will let you
save an annotated copy of the currently
open Electronic Book.

Save changesin the currently open sec-
tion of the Electronic Book.

Save dl changes made since the last
time the Electronic Book was opened.

Show the original, unedited version of
the currently displayed section.

Show the annotated version of the cur-
rently displayed section.

Permanently delete any annotations
made to the current section.

Permanently delete the annotated copy
of the current Electronic Book.

When checked, Mathcad displays any
changes you've made to an Electronic
Book in a different color.

List any Electronic Books available on
this system.

Menu commands
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Window menu

Cascade

TileHorizontal

TileVertical

Arrangelcons

Stack all worksheet windows nestly,
with title bars showing.

Arrange all worksheet windows hori-
zontally so that they don’t overlap.

Arrange all worksheet windows verti-
cally so that they don'’t overlap.

Arrange worksheet icons neatly along
lower left edge of application window.

? menu

Help Topics...
Keyboard...
Using Help...
QuickShests...

About Mathcad...

[Command]/

Show index for on-line help.
Show help on keyboard.
Show instructions for using Help.

Open a collection of templates for per-
forming routine Mathcad calculations.

Show version number and serial num-
ber.
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Function keys

Keys Actions

[F1] Help.

[Shi ft][F1] Context sensitive help.

[F2] Copy selected region to clipboard.
[F3] Cut selected region to clipboard.
[F4] Paste contents of clipboard.
[Ctrl][F4] Close worksheet.

[F5] Open aworksheet.

[Crl][F5] Search for astring.

[Shi ft][F5] Replace a string.

[F6] Save current worksheet.
[Ctrl][F6] Make next window active.

[F7] Open anew worksheet.

[F9] Recalculate everything on the screen. With READ, WRITE

or other file I/O function selected, forces Mathcad to read
or write to disk.

[Crl][F9] Insert blank line.
[Ctrl][F10] Delete blank line.
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Greek letters
To type a Greek letter into an equation or into text, press the corresponding ro-

man equivalent from the table bel ow, followed by [Ct r | ]G. For uppercase
Greek letters, use the corresponding uppercase roman equivalent.

Name Uppercase Lowercase Roman equivalent

>

apha
beta
chi
ddta

X W Q

epsilon
eta

T m B X W
[92]
@ I m T O @

< =

gamma

iota
kappa
lambda
mu

nu
omega
omicron
phi

pi

ps

rho

Qo€ 46 0 g < T > =X

sigma
tau

theta

< 0o 4 ™M 7T £ 386 00O 2= > X

upsilon

Xi

N X O 4 »w 3 < T TOo s zZ2 ™ KR

N ™M c o A

zeta VA

Note: In eguations, the Greek letter Ttis so commonly used that it hasits own
keyboard shortcut: [Ct r | ]P.
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Operators

u and v represent vectors with real or complex elements.

Xand Y represent variables or expressions of any type.

Description

Grouping operator.
Returnsindicated element of array.
Extracts column n from array A. Returns a vector.

Forces operations in expression X to take place
element by element. All vectors or matricesin X
must bethe same size.

Returns nl(n — 1)[{h — 2)... Theinteger n cannot
be negative.

Inverts the sign of the imaginary part of X.

Returns a matrix whose rows are the columns of
A and whose columns are therows of A. A can
be avector or amatrix.

Raises zto the power w.

n ™ power of square matrix M (using matrix mul-
tiplication). n must be awhole number. M ~1 rep-
resentstheinverse of M. Other negative powers
are powers of the inverse. Returns amatrix.

Multiplies X by —1.

Sums elements of vecter returns a scalar.

Inthistable:
m A and B represent arrays, either vector or matrix.
|
m M represents a square matrix.
m zand w represent red or complex numbers.
m X andy represent real numbers.
= mand n represent integers.
m i representsarange variable.
m trepresents any variable name.
m frepresentsafunction.
|
Operation Appearance Keystroke
Parentheses (X) '
Subscript An [
Superscript ASN> [Ctrl ]6
Vectorize X [Ctrl ]-
Factorial n! !
Complex X "
conjugate
Transpose AT [Ctrl ]1
Power zW "
Powers of A
matrix,
matrix inverse
Negation -X -
Vector sum 2V [Crl]4
Square root Vz \

Returns positive square root for positagrinci-
pal value for negative or complex
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nth root "z
Magnitude ||
Magnitude [v]
of vector
Determinant [M |
Division X

z
Multiplication XY
Cross uxv
product
Summation

n
X
izzm

Product n
|‘|X
i=m

Range sum ZX

i

Range product X
1

Limit lim f(x)
X-a
Left-hand limit lim_ f(x)
X-a
Right-hand limit lim_ f(x)
X+>a
Integral b
I f(t) dt
a

Indefinite Integral I f(t) dt

i

[Ctrl]8

[Ctri]
[Shift]4

[Ctri]
[Shift]3

[Ctrl]L

[Ctrl]B

[Ctrl]A

[ctrii

Returns nth root of z; returns a real valued root
whenever possible.

Returns VRe(2)Z+Im(2)2.
ReturnsVv [V if dl elementsinv arered. Re-
turns Vv [V if any element in v is complex.

Returns the determinant of the square matrix M.

Dividesthe expression X by the non-zero scalar
z If Xisan array, divides each element of the ar-

ray by z

Returns the product of X and Y if both X and Y
are scaars. Multiplies each ement of Y by X if
Yisan array and X isascalar. Returnsthe dot
product (inner product) if X and Y are vectors of
the same size. Performs matrix multiplication if
Xand Y are conformabl e matrices.

Returns cross-product (vector product) for the
three-element vectorsu and v.

Performs summeation of X overi =m, m+l,...n.
X can be any expression. It need not involvei but
it usualy does. mand n must be integers.

Performs iterated product of X for

i =m, m+l, .. .n. Xcan beany expression. It
need not involvei but it usually does. mand n
must beintegers.

Returns a summation of X over the range variable
i. X can beany expression. It need not involvei
but it usualy does.

Returnsthe iterated product of X over therange
variablei. X can beany expression. It need not in-
volvei but it usualy does.

Returnsthe limit of f(x) asx approaches a. Must
be evaluated symbolically.

Returnsthe limit of f(x) as x approaches a from
theleft. Must be evaluated symbolically.

Returnsthe limit of f(x) asx approaches a from
theright. Must be evaluated symbolically.

Returnsthe definite integra of f(t) over theinter-
va [a, b]. aand b must bereal scaars. All vari-
ablesin the expression f(t), except the variable of
integration t, must be defined. The integrand, f(t),
cannot return an array.

Returnsthe indefinite integra of f(t). Must be
evaluated symbolicaly.
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Derivative

n™" Derivative

Addition

Subtraction

Addition with
line break

Greater than
Less than

Greater than
or equal

Less than
or equal

Not equal to

Equal to

d
'O
dn

f(t
" (®)

X+Y

[Ctrl]?

[Ctrl 1[O

[Ctrl 1O

[Ctrl ]9

[Ctrl ]3

[cul 1=

Returnsthe derivative of f(t) evauated at t. All
variablesin the expression f(t) must be defined.
Thevariablet must be ascaar value. The func-
tion f(t) must return ascalar.

Returns the n'" derivative of f(t) evaluated at t.

All variablesin f(t) must be defined. The variable
t must be a scalar value. The function f(t) must re-
turnascalar. nmust be0, 1, 2, 3, 4 or 5for nu-
merical evauation or any positive integer for
symbolic evaluation.

Performs scalar addition if X, Y, or both are sca-
lars. Performs element by element addition if X
and Y are vectors or matrices of the same size. If
Xisanaray and Yisascalar, adds Y to each ele-
ment of X.

Performs scalar subtraction if X, Y, or both are
scalars. Performs element by element subtraction
if X and Y are vectors or matrices of the same
size. If Xisan array and Y isascaar, subtracts Y
from each element of X.

Works exactly like addition. Line break is purely
cosmetic.

Returns 1 if x >y, 0 otherwise. x and y must be
rea scaas.

Returns 1 if x <y, 0 otherwise. x and y must be
rea scaas.

Returns 1if x 2y, 0 otherwise. x and y must be
rea scaas.

Returns 1 if x <y, 0 otherwise. x and y must be
rea scaas.

Returns 1 if z# w, 0 otherwise. zand w must be
scalars.

Returns 1 if z=w, 0 otherwise. z and w must be
scalars. Appears on the screen as abold equals
sign.
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Built-in functions by name

This section lists Mathcad’s built-in functions alphabetically, with a short de-
scription of each one. For more information, see Chapter 12, “Built-in Func-
tions.” For more information on matrix or vector functions, see Chapter 9.
“Vectors and Matrices.” For a complete listing of Mathcad’s differential equa-
tion solvers, see Chapter 16, “Solving Differential Equations.”

In this table,

m X andy represent real numbers.

m zrepresents either a real or a complex number.

m m, n, i, jandk represent integers.

m Vv, U and any hames beginning withrepresent vectors.

m A andB represent matrices or vectors.

m M andN represent square matrices.

m F represents a vector-valued function.

m fileis either a filename or a variable associated with a filename.

Any function that expects an angle as an argument expects that angle in radians.
Similarly, any function that returns an angle as a result, returns the angle in radi-
ans. Complex or multivalued functions always return the principal value.

Function names are case sensitive. You must type them as shown here. Names
of built-in functions are not, however, font sensitive.

Function Returns...

acos(2) Inverse cosine. Result in radians. Principa vaue for com-
plex z

acosh(2) Inverse hyperbalic cosine. Result in radians. Principal
vaue for complex z.

angle(x, y) Angle from x-axisto (X, y). xand y real. Result in radians.

APPEND( file) Single value to append to datafile file.

APPENDPRN( file) Matrix to append to structured datafilefile.

arg(2 Anglein complex plane to number z.

asin(2) Inverse sine. Result in radians. Principal value for complex
z

asinh(2) Inverse hyperbolic sine. Result in radians. Principal value
for complex z.

atan(2) Inverse tangent. Result in radians. Principal value for com-
plex z

atanh(2) Inverse hyperbolic tangent. Principal value for complex z
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augment(A, B)

cail(x)
cfft(A)

CFFT(A)

cholesky(M)

cnorm(x)
cols(A)
cond1(M)
cond2(M)
conde(M)

condi(M)

corr(A, B)

cos@)

coshg)

cot@@

coth@

csc@)

csch@)
CSort@, n)
csplinegx, vy)

csplineMxy, M2)

cvar@, B)

diag(v)

dbeta,s1,s2)

A matrix formed by putting the two argument matrices side
by side. A and B must have the same number of rows.
Either or both arguments may be vectors.

Least integer = X. x must bered.

Fast Fourier transform of complex data. Returns an array of
same size as its argument.

Identical to cfft(A), except uses a different normalizing fac-
tor and sign convention. Returns an array of same size as
itsargument.

A lower triangular matrix L suchthat LILT = M. This func-
tion assumes M is symmetric and uses only the upper trian-
gular part of M.

Cumulative normal distribution.

Number of columnsin array A. Returnsascaar.
Condition number of the matrix M based on the L, norm.
Condition number of the matrix M based on the L, norm.

Condition number of the matrix M based on the Euclidean
norm.

Condition number of the matrix M based on the infinity
norm.

Correlation (Pearsonts) of two arraysA andB having the
same number of rows and columns. Returns a scalar.

Cosine. Argument in radians.

Hyperbolic cosine.

Cotangent. Argument in radians.

Hyperbolic cotangent.

Cosecant. Argument in radians.

Hyperbolic cosecant.

Sort columns so as to put rewn ascending order.

Coefficients of cubic spline with cubic ends.andvy are
real vectors of same size. Elementsyomust be in ascend-
ing order.

Vector of second derivatives for data arrbygy andM z.
This vector becomes the first argument ofititerp func-
tion. The resultant surface is cubic at the edges of the re-
gion spanned biyl xy.

Covariance of elements & andB. A andB must have the
same number of rows and columns.

Diagonal matrix containing on its diagonal the elements of
V.

Probability density for a beta distribution.
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dbinom(k,n,p) Binomial distribution of arandom variable.

dcauchy(x,1,s) Probability density for the Cauchy digtribution.

dchisqg(x,d) Probability density for the chi-squared distribution.

dexp(x,r) Probability density for the exponential distribution.

dF(x,d1,d2) Probability density for the F distribution.

dgamma(x,s) Probability density for the Gammadistribution.

dgeom(k, p) P(X = k) when the random variable X has the geometric dis-
tribution.

dinorm(x, W, o) Probability density for the log normal distribution.

dlogig(x, 1, 9) Probability density for the logistic distribution.

dnbinom(k, n, p) P(X = k) when the random variable X has the negative bino-
mial distribution.

dnorm(x, W, 0) Probability density for the normal distribution.

dpois(k, A) P(X = k) when the random variable X has the Poisson distri-
bution.

dt(x, d) Probability density for the Student’s t distribution.

dunif(x, a, b) Probability density for the uniform distribution.

dweibull(x, ) Probability density for the Weibull distribution.

eigenvalsifl) A vector of eigenvalues for the matik.

eigenvedyl, 2 A vector containing the normalized eigenvector correspond-

ing to the eigenvalueof the square matrid .

eigenvecs() A matrix containing the normalized eigenvectors corre-
sponding to the eigenvalues of the malixThent" col-
umn of the matrix is the eigenvector corresponding to the
nth eigenvalue returned kgjgenvals.

erf(2) Error function.
exp@) Exponentiale?
find(varl, var2, . ..) Values ofvarl,var2, . . . that solve the system of equa-

tions. Returns a scalar if only one argument; otherwise, re-
turns a vector of answers.

fft(v) Fast Fourier transform of real datamust be a real vector
with 2" elements, wheneis an integer. Returns a vector of
size 2-1+1,

FFT(V) Identical to fft{), except uses a different normalizing fac-

tor and sign convention.must be a real vector with"Zle-
ments, whera is an integer. Returns a vector of size
20147,

floor(x) Greatest integet x. X must be real.
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genfit(vx, vy, vg, F)

geninv(A)

genvas(M, N)

genvecs(M, N)

hist(intervals, data)

10(x)
11(x)
In(m, x)
icfft(A)

ICFFT(A)

identity(n)
if(cond, x, y)

ifft(v)

IFFT(V)

Im(2)

A vector containing the parameters that make a function f
of x and n parameters Ug Uyl g best approximate the
datain vx and vy. F isafunction that returnsan n + 1 dle-
ment vector containing f and its partiad derivativeswith re-
spect to its n parameters. vx and vy must be the same size.
vg isan n element vector of guess vaues for the n parame-
ters.

Matrix L, the left inverse of matrix A, suchthat LIA =1,
where | istheidentity matrix having the same sizeasA.
Matrix A isan m x n rea-vaued matrix, wherem= n.

Vector v of computed eigenval ues each of which satisfies
the generdized eigenvalue problem M = v;[N[X. Matrices
M and N contain real vaues. Vector X contains the corre-
sponding eigenvectors.

A matrix containing the normalized e genvectors corre-
sponding to the eigenvalues in v, the vector returned by
genvals. The nt column of this matrix is the e genvector x
satisfying the generaized eigenvalue problem

M@ = v, [NX. MatricesM and N contain real values.
Histogram. intervalsis avector of interval limits, in as-
cending order. data isan array of data. Returns a vector of
size onelessthan the size of intervals, showing how many
points of data fal in each intervd.

Bessd function 1,(x). Argument must bereal.
Bessd function I, (X). Argument must be redl.
Bessdl function I_(x). x must be real; 0 < m<100.

Inverse Fourier transform corresponding to cfft. Returnsan
array of the same size as its argument.

Inverse transform corresponding to CFFT. Returns an array
of the same size asitsargument.

Identity matrix of size n. n must be a positive integer.

Conditiona: returns x or y depending on vaue of cond. If
cond istrue (non-zero), returns x. If cond is false (zero), re-
turnsy.

Inverse Fourier transform corresponding to fft. Takes avec-
tor of size1+ 2"~ 1 wherenisan integer. Returns areal
vector of size2".

Inverse transform corresponding to FFT. Takes a vector of
size1+ 2"~ 1 wherenisan integer. Returns areal vector
of size2".

Imaginary part of complex number z. Also works on vec-
tors and matrix arguments.
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intercept(vx, vy)

interp(vs, vx, vy, X)

interp(vs, Mxy, Mz, v)

iwave(v)

JO(x)
J1(x)
Jn(m, X)
KO(x)
K1(x)
Kn(m, X)

ksmooth(vx,vy, b)

last(v)
length(v)
linfit(vx, vy, F)

linterp(vx, vy, X)

In(2)

loess(vx, vy, span)

Intercept of regression line. Takes two vector arguments vx
and vy of same size. The elements of vx must bein ascend-
ing order. Returnsa scalar: the y-intercept of the regression
line.

Interpolated val ue from spline coefficients. Takes three vec-
tor arguments vs, vx, and vy of same sizeand ascalar x at
which to interpol ate; returns a scaar. The elements of vx
should be in ascending order. vs should be a vector com-
puted with cspline, Ispline, or pspline.

Spline interpolated value of Mz at the x and y coordinates
specifiedin v.

Inverse wavelet transform corresponding to wave. Takesa
2" dement vector of rea data, where nisan integer.

Bessdl function Jy(x). Argument must bereal.

Bessel function J;(X). Argument must bereal.

Bessel function J, (X). xmust bered; 0 < m<100.
Bessdl function K(x). Argument must be positive.
Bessel function K (x). Argument must be positive.
Bessel function K, (X). x must be positive; 0 < m<100.

An n-element vector created by using a Gaussian kernel to
return weighted averages of vy. vy and vx are n-element
vectors of red numbers. The bandwidth b controlsthe
smoothing window and should be set to a few times the
spacing between your x data points.

Index of last element in vector v. Returnsa scaar.
Number of dementsin vector v. Returns a scalar.

A vector containing the coefficients used to creaste alinear
combination of the functionsin F which best gpproximates
thedatain vx and vy. F isafunction that returns a vector.

Linearly interpolated value. Takes two vector arguments vx
and vy of same size and a scalar x a which to interpolate;
returns ascalar. The elements of vx should be in ascending
order.

Naturd logarithm of z (to base €). Returns principa vaue
(imaginary part between Ttand —) for complex z

Vector required by theinterp function to find the set of sec-
ond order polynomials that best fit particular neighbor-
hoods of data points specified in arrays vx and vy. vx isan
m element vector containing X coordinates. vy isan mele-
ment vector containing the y coordinates corresponding to
the m points specified in vx. The argument span (span > 0)
specifies how large aneighborhood loess will consider in
performing thislocal regression.
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loess(Mxy, vz, span)

log(2)
Isolve(M, v)
Ispling(vx, vy)

Ispling(Mxy, Mz)

lu(M)

matrix(m, n, )

max(A)

mean(A)
median(A)
medsmooth(vy,n)

min(A)

minerr(varl, var2, . .

mod(x, modulus)

norm1(M)
norm2(M)
norme(M)
normi(M)

pbeta(x, s;, S,)

)

Vector required by theinterp function to find the set of sec-
ond order polynomials that best fit particular neighbor-
hoods of data points specified in arrays Mxy and vz. Mxy
isan mx2 matrix containing x-y coordinates. vzisan mele-
ment vector containing the z coordinates corresponding to
the m points specified in Mxy. The argument span

(span > 0) specifies how large a neighborhood loess will
consider in performing this local regresson.

Common logarithm of z (to base 10).
Solution vector x such that MX = v.

Coefficients of cubic spline with linear ends. vx and vy are
real vectors of same size. Elements of vx must be in ascend-
ing order.

Vector of second derivativesfor data arrays Mxy and M z.
This vector becomes thefirst argument of the interp func-
tion. The resultant surface is linear at the boundaries of the
region spanned by Mxy.

One matrix containing the three square matrices P, L, and
U, dl having the same sizeas M and joined together side
by side, in that order. These three matri ces satisfy the equa-
tion P = L[W. L and U are lower and upper triangular re-

spectively.
Creates amatrix in which theij element contains
f(i,j) wherei =0, 1,..mandj =0, 1,...n.

Largest dement in A. Returnsascalar. If A iscomplex, re-
turns max(Re(A)) + ilhax(Im(A)).

Mean of dements of an array A. Returnsascaar.
Median of dementsin array A. Returns ascalar.

An m-element vector created by smoothing vy with run-
ning medians. vy isan m-element vector of real numbers.
The smoothing window has size n.

Smallest element in A. Returnsascalar. If A is complex, re-
turns min(Re(A)) + ilhin(Im(A)).

Valuesof varl, var2, . . . coming closest to solving the sys-
tem of equations. Returns ascalar if only one argument;
otherwise, returns a vector of answers.

Remainder on dividing x by modulus. Arguments must be
rea. Result has same sign as x.

TheL, norm of the matrix M.

TheL, norm of the matrix M.

The Euclidean norm of the matrix M.
Theinfinity norm of the matrix M.

Cumulative standard normal distribution function.
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pbinom(k, n, p)
pcauchy(x, I, )

pchisq(x, d)
pexp(x, )
pF(x, d;, d,)
pgamma(x, )
pgeom(k, p)

plnorm(x, |, 0)

plogis(x, I, s)
pnbinom(k, n, p)
pnorm(x, W, o))
polyroots(v)
ppoisk, A)
predict(v, m, n)

pspline(vx, vy)

pspline(Mxy, M 2)

pt(x, d)
punif(x, a, b)

pweibullfx, )

gbetap, s;, s,)

Cumulative binomial distribution for k successesin n trials.

Cumulative Cauchy distribution with scale parameters|
ands.

Cumulative chi-squared distribution in which d > O isthe
degrees of freedom and x > 0.

Cumulative exponentid digtribution in whichr > 0isthe
rate and X > 0.

Cumulative F distribution in which d,,d, > 0 arethe de-
grees of freedom. x> 0.

Cumulative Gamma distribution in which s> 0 is the shape
parameter. x>0.

Cumulative geometric distribution. p is the probability of
success. k=0and0<p<1.

Cumulativelog normal distribution in which p is thelog of
the mean, o > 0 isthelog of the standard deviation, and
x>0.

Cumulativelogistic distribution. | is the location parameter.
s> 0isthescale parameter.

Cumulative negative binomia distribution in whichn>0
andO<p< 1l

Cumulative normal distribution with mean 1 and standard
deviation o.

Roots of the nth degree polynomia whose coeffientsarein
v, avector of lengthn + 1.

Cumulative Poisson distribution. A > 0.

A vector of n predicted values based on m consecutive de-
mentsin v, avector whose values represent sampl es taken
at equal intervas.

Coefficients of cubic spline with parabolic ends. vx and vy
are real vectors of same size. Elements of vx must bein as-
cending order.

Vector of second derivativesfor data arrays Mxy and M z.
This vector becomes thefirst argument of the interp func-
tion. The resultant surface is parabolic at the boundaries of
the region spanned by Mxy.

Cumulative Student’s t distributiod.is the degrees of free-
dom.x>0 andd > 0.

Cumulative uniform distributiorb anda are the endpoints
of the intervala<b.

Cumulative Weibull distributiors > 0.

Inverse beta distribution with shape paramedgesds,.
O<p<lands,s,>0.
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gbinom(p, n, q)

gcauchy(p, I, s)
qehisq(p, d)
aexp(p, )

aF(p, dy, dy)
qgamma(p, s)
ageom(p, a)
glnorm(p, Y, 0)
alogis(p, I, 9)
gnbinom(p, n, Q)
gnorm(p, K, 0)

qpais(p, A)
ar(A)

at(p, d)

qunif(p, a, b)

gweibull(p, s)
rank(A)
rbetafn, s, s,)

rbinomm, n, p)
rcauchy(n, |, )

rchisgm, d)

Number of successesin n trials of the Bernoulli process
such that the probability of that number of successesisp. q
is the probability of successon asingletrial. 0<sq<1and
O<psl

Inverse Cauchy distribution with scale parameters| and s.
s>0and0<p<1.

Inverse chi-squared distribution in which d > 0 isthe de-
grees of freedom. 0<p<1.

Inverse exponential distribution in whichr > Qistherate.
O<p<l

Inverse F digtribution in which d;,d, > O are the degrees of
freedom. 0O<sp<1.

Inverse Gamma distribution in which s> 0 isthe shape pa-
rameter. 0<p<1.

Inverse geometric distribution. g is the probability of suc-
cessonasingletrid. 0O<p<land0<q<1.

Inverselog norma distribution in which p is the log of the
mean, ¢ > 0isthelog of the standard deviation.0<p < 1.

Inverse logigtic distribution. | isthe locetion parameter.
s> 0isthescale parameter. 0<p<1.

Inverse negative binomial distribution with size n and prob-
ability of fallureq.0<gq<landO0<p<1.

Inverse norma distribution with mean p and standard de-
vigtiono.0<p<landoc>0.

Inverse Poisson distribution. A >0and 0< p< 1.

A matrix whose first n columns contain the square, or-
thonormal matrix Q, and whose remaining columns contain
the upper triangular matrix, R. Matrices Q and R satisfy
the equation A = Q[R, where A isareal-valued array.

Inverse Student’s t distributiod.is the degrees of free-
dom.d>0and xp<1.

Inverse uniform distributiorb anda are the endpoints of
the intervala<band Oxp<1.

Inverse Weibull distributiors> 0 and O<p < 1.
The rank of real-valued matrix.

Vector ofm random numbers having the beta distribution.
$, S, >0 are the shape parameters.

Vector ofmrandom numbers having the binomial distribu-
tion. 0<s p< 1.nis an integer satisfying> 0.

Vector ofmrandom numbers having the Cauchy distribu-
tion.| ands> 0 are scale parameters.

Vector ofm random numbers having the schi squared distri-
bution.d > 0 is the degrees of freedom.

Built-in functions by name 601



Re(2)
READ( file)
READBMP( file)

READPRN( file)
READRGB( file)

regress(vx, vy, n)

regress(Mxy,vz, n)

reverse(v)

rexp(m, r)
rF(m, dy, d)
rgamma(m, s)
rgeom(m, p)

rinorm(m, 1, o)

rlogis(m, I, s)

rnbinom(m, n, p)

rnd(x)

rnorm(m, W, o)

root(expr, var)
rows(A)
rpois(m, A)

Red part of complex number z
Single value read from datafile file.

Array containing a grayscal e representation of the bitmap
imagein file.

Matrix read from structured data file file.

Array in which the color information in file is represented
by the appropriate values of red, green, and blue. This array
isformed by combining the three arrays giving thered,
green, and blue components of the image into asingle array
with three times as many columns asthe image.

Vector required by theinterp function to find the nt order
polynomial that best fits dataarraysvx and vy. vx isanm
element vector containing x coordinates. vy isan mele-
ment vector containing the y coordinates corresponding to
the m points specified in vx.

Vector required by theinterp function to find the n order
polynomial that best fits dataarrays M xy and vz. Mxy is
an mx2 matrix containing x-y coordinates. vzisan mele-
ment vector containing the z coordinates corresponding to
the m points specified in Mxy.

Reverse order of elementsinv.

Vector of mrandom numbers having the exponential distri-
bution. r > 0 istherate.

Vector of mrandom numbers having the F distribution.
d,.d, > 0 are the degrees of freedom.

Vector of mrandom numbers having the gamma distribu-
tion. s> 0 is the shape parameter.

Vector of mrandom numbers having the geometric distribu-
tion.O<p<1l

Vector of mrandom numbers having the log normal distri-
bution in which W isthe log of the mean and o > 0 isthe
log of the standard deviation.

Vector of mrandom numbers having the logistic distribu-
tionin which | isthelocation parameter and s> 0 isthe
scale parameter.

Vector of mrandom numbers having the negative binomial
distribution. 0 < p < 1. nisan integer satisfyingn > 0.

Random number between 0 and x. x redl.

Vector of mrandom numbers having the normal distribu-
tion.c>0.

Value of var where expr is zero.
Number of rowsin array A. Returnsascaar.

Vector of mrandom numbers having the Poisson distribu-
tion.A>0.
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rref(A)
rsort(A, n)
rt(m, d)

runif(m, a, b)

rweibull(m, )

secp)
sechp)

sin@

sinh@
slopegx, vy)

sort{)
stack@, B)

stdev@)

submatrix4\, ir, jr, ic, jc)

supsmooth({x,vy)

svd@)

svds@)

tan@
tanh@)
tr(M)
until(x, y)

A matrix representing the row-reduced echelon form of A.
Sort rows so as to put column n in ascending order.

Vector of mrandom numbers having the Student’s t distri-
bution.d > 0.

Vector ofmrandom numbers having the uniform distribu-
tion in whichb anda are the endpoints of the interval and
a<b.

Vector ofmrandom numbers having the Weibull distribu-
tion in whichs> 0 is the shape parameter.

Secant. Argument in radians.
Hyperbolic secant.

Sine. Argument in radians.
Hyperbolic sine.

Slope of regression line. Takes two vector arguments
andvy of the same size. The elementsoinust be in as-
cending order.

Sort elements in vecter

Array formed by placing\ aboveB. The array®\ andB
must have the same number of columns.

Standard deviation of elementsAfUses in the denomi-
nator. Returns a scalar.

Submatrix ofA consisting of all elements common to rows
ir throughjr and columngc throughjc. To maintain order

of rows and/or columns, make sirez jr andic = jc, other-
wise order of rows and/or columns will be reversed.

An n-element vector created by the piecewise use of a sym-
metrick-nearest neighbor linear least square fitting proce-
dure in whichk is adaptively chosery andvx are

n-element vectors of real numbers. The elemenx of

must be in increasing order.

One matrix containing two stacked matritéandV,
whereU is the uppem x n submatrix and/ is the lower
n x n submatrix. Matricet) andV satisfy the equation
A = Udiag9) W7, wheresis a vector containing the firat
elements returned by svédg9( A is anm x n array of real
values, wheren=n.

A vector containing the singular values of the n real-
valued arrayA, wherem= n.

Tangent. Argument in radians.

Hyperbolic tangent.

Trace of square matriM: sum of diagonal elements.
Returnsy until x is negative.
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var(A)

wave(V)

WRITE( file)

WRITEBMP( file)
WRITEPRN( file)
WRITERGB( file)

YO(x)
Y1(x)
Yn(m, X)
3(x, y)

e(i,], k)

r@
d(x)

Variance of e ementsof A. Uses n in the denominator. Re-
turnsascaar.

Discrete wavelet transform of rea data using Daubechies
four-coefficient wavelet filter. Vector v must contain 2"
rea vaues, wherenis an integer.

Single value written to adatafilefile.
Grayscae Bmp file out of amatrix.
Structured data file out of a matrix.

Colored Bmp bitmap file out of an array formed by juxtapos-
ing the three arrays giving the red, green, and blue values
of abitmap image.

Bessdl function Y 4(x). Argument must be positive.
Bessel functionY ;(X). Argument must be positive.
Bessel function Y (X). x must be positive; 0 < m<100.

Kronecker deltafunction. Returns 1 if x = y; otherwise, re-
turns 0. (Totype d, pressd[Ct r | |G

Completely antisymmetric tensor of rank three. i, j, and k

must be integers between 0 and 2 (or between ORIGIN and
ORIGIN+2, if ORIGIN£0). Result is O if any two arethe

same, 1 if the three arguments are an even permutation of

(01 2), and -1 if the three arguments are an odd permuta-
tion of (0 1 2). (To type, prese[Ctrl ]G

Euler's gamma function. (To type pressqCtr 1 ]G

Heaviside step function. Returns Xk & O; otherwise, re-
turns 0. (To typeb, presF[Ct r | ]G
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Predefined variables

Mathcad's predefined variables are listed here, together with their default start-

ing values.

Constant=Value Meaning

1= 3.141509... Pi. Mathcad uses the value of Ttto 15 digits. To type T,
press[Ctrl ]p.

e=271828... The base of natural logarithms. Mathcad uses the value of e
to 15 digits.

00 = 10307 Infinity. This symbol represents valueslarger than the larg-
est real number representable in Mathcad (about 10 307).,
Do not use this variable in place of actual infinitiesin nu-
merica formulas. To type oo, press[Ct r | ]z.

% =0.01 Percent. Usein expressions like 10* %(appears as 10%6) or
asascaling unit at the end of an equation with an equals
sign.

TOL=1073 Tolerance. The tolerance Mathcad usesin numerica ap-
proximation algorithms (integrals, equation solving, etc.).
For more information, see the section on the specific opera
tion in question.

ORIA N=0 Array origin. Specifies the index of thefirst element in ar-
rays.

PRNCOLW DTH=8 Column width used in writing files with WRITEPRN func-
tion.

PRNPRECI SI ON=4 Number of significant digits used when writing files with
the WRITEPRN function.

FRAME=0 Used as a counter for creating animation clips.
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Suffixes for numbers

The table below shows how Mathcad interprets numbers. (A number is any

string beginning with a digit.)
Suffix Examples Meaning
i 4i, 1i Imaginary
i 3+1.5)10 2
H OaH Hexadecimal
h 8BCh
o] 7570 Octd
o} 1000
L 1L Standard length unit
I —2.541
M M Standard mass unit
m 2.2m
T 1T Standard time unit
t 3600t
Q 1Q Standard charge unit
q —100q
K 1K Standard absolute temperature unit
k —273k
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Arrow and movement keys

Keys Actions

[1] Move crosshair up.
In math: move editing lines up.
In text: move insertion point up to previous line.

[4] Move crosshair down.
In math: move editing lines down.
In text: move insertion point down to next line.

[«] Move crosshair |eft.
In math: select left operand.
In text: move insertion point one character to the left.

[-] Move crosshair right.
In math: select right operand.
In text: move insertion point one character to the right.

[Shi ft][1] In math: move crosshair outs de and above equation.
In text: highlight from insertion point up to previousline.
[Shi ft][] In math: move crosshair outside and below equation.
In text: highlight from insertion point down to next line.
[Shift][<] In math: move crosshair outside and to the | eft of equation.
In text: highlight towards the left of the insertion point,
character by character.
[Shift][-] In math: move crosshair outside and to theright of equa-
tion.
In text: highlight towards the right of the insertion point,
character by character.
[Crl][1] In text: move insertion point to the beginning of aline.
[Crl][¢] In text: move insertion point to the beginning of next line.
[Crl][<] In text: move insertion point left to the beginning of aword.
[Crl][-] In text: move insertion point to the beginning of next word.
[Cri]shift][t] In text: highlight from insertion point up to the beginning
of aline.
[Crl][shift][:] In text: highlight from insertion point to end of the current
line.
[Crl][shift]][<] Highlight Ieft from insertion point to the beginning of a
word.
[Crl]shift][-] Highlight from insertion point to beginning of the next
word.
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Keys Actions

[Space] In math: cycles through different states of the editing lines.

[Tab] In text: inserts a five-character space.
In array or plot: move to next placeholder.

[Shi ft][Tab] In array or plot: move to previous placeholder.

[PgUp] Move up 5 lines.

[PgDn] Move down 5 lines.

[Crl][PgUp] Move 80% up the window.

[Ctr]][PgDn] Move 80% down the window.

[Shi ft][PgUp] Move up to previous pagebreak.

[Shi ft][PgDn] Move down to next pagebreak.

[Horre] In equation, move to beginning previous region. In text,
move to beginning of current line.

[End] In egquation, move to next region. In text, move to end of
current line.

[Ctr]][Home] Scroll to beginning of worksheet. In text, move insertion
point to beginning of text region or paragraph.

[Ctr1][End] Scroll to end of worksheet. In text, move insertion point to
end of text region or paragraph.

[0 In text: start new line.

In eguation or plot: move crosshair below region, even
with left edge of region.

[Shi ft][O] In text, move crosshair outside and below region.
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I
Appendix C

Unit Tables

Mathcad comes with three built-in systems of units. You select a
system of units by choosing Options[] System of Units from the
Math menu as discussed in Chapter 8.

Once you make a selection, several dozen variable names are
automatically reserved for unit definitions unique to whatever
system of units you chose. This appendix lists al the unit
definitions associated with each of the three available unit systems.

If you choose a system of units, you should try not to use the
predefined variables listed in this appendix as anything but units.
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MKS units

Base units
m=1L
coul =1Q

Angular measure
rad=1

Length
cm=.01[m
ft =.3048 [im
mi = 5280 [ft

Mass
gm=10" kg
mg = 107 Cgm

_1b

0z 16

Time
min =60 [kec
yr = 365.2422 [tay

Area, Volume
hectare = 10* 0m?
mL = 1072 Oiter

Velocity, Acceleration

mi

mph = hr

Force, Energy, Power
newton = kg O m2
SeC
kgf =g kg
cal =4.1868 [joule

kg=1M
K=1K

_m
deg= 180 [(rad

km=1000 [im
in=254[em

tonne = 1000 [kg
ton =2000 [b

hr = 3600 [sec

acre =4840 IZyvd2
fl_oz=29.57353 [tm°

km

kph = hr

dyne = 107 Chewton

joule = newton [

sec=1T

mm =.001 Cin
yd =3 It

Ib = 45359237 [gm
slug =32.174 b

day =24 [hr

liter = (.1 Cn)°
ga =128 [fl_oz

g=9.806650 ",
SeC

Ibf =g (b

erg=10" Goule
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keal = 1000 [tal
hp = 550 (1t HF
Sec

Pressure, Viscosity

_ newton

m2

Pa
torr = 1.33322 [10° [Pa

poise=.1 [Pa[$ec

Electrical

waett
volt =
am

_coul

anp sec

KA =10° Camp

nF = 10"° Farad

_ 1000 p
oersted = 400 Da::

Frequency

Hz = L
sec

GHz = 10° (Hz

Temperature
R = 0.556[K

BTU = 1.05506 [110° Goule

kW = 1000 [watt

Ibf

psi =
In2

in_Hg = 3.38638 [10° [Pa

mV = 10" Giolt
1
mho = ohm
KQ = 10° [bhm
mH=10" Chenry

MA = 10°® Lamp

farad = coul
volt

uF =107 Garad

weber

m2

tesla=

KHz = 10° (Hz

wett:JOU|e
SeC

am = 1.01325 [10° [Pa

2
stokes = 1074 [
Sec

KV = 10° [olt

semens= L
ohm
MQ = 10° Cohm
MH = 10°® Chenry
mA =10"° Camp

pF = 1072 Farad

weber = volt [sec

MHz = 10° [Hz

MKS units
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Base units
cm=1L
coul =1Q

Angular measure
rad=1

Length
m =100 [tm
ft =30.48 [bm
mi = 5280 [ft

Mass
kg = 1000 [Lgm
mg = 1073 tom

_1b

0z 16

Time
min =60 [kec
yr = 365.2422 [Hay

Area, Volume

hectare = 10* tn?

mL =om®

Velocity, Acceleration
_mi
mph = hr
¢ = 2997925 (10%° (7
Force, Energy, Power

_ cm
dyne=gm Dsecz

gm=1M
K=1K

_m
deg= 180 [(rad

km = 1000 Om
in=2.54[tm

tonne = 1000 [kg
ton =2000 [b

hr = 3600 [sec

acre =4840 IZyvd2
fl_oz = 29.57353 [km>

_km
kph = hr
c =c
- m

newton = 10° [tyne

sec=1T

mm=.1LCEm
yd =3 It

Ib = 45359237 [gm
slug =32.174 b

day =24 [hr

liter = 1000 [Em®
ga =128 [fl_oz

m

g=980.6650°"

SEC

Ibf =g Ob
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kof =g kg
ca = 4.1868 (10’ [Brg

wat:JOU|e

Pressure, Viscosity

Pa=10 Y
cm

in_Hg = 3.38638 [10° [Pa

poise=.1 [Pal%ec

Electrical

These are CGS-esu units, based only on mass, length, and time. The “stat” units are defined in
terms of dyne, cm, and sec.

statamp = dyne'5 fem Ceec
statohm = sec [em *

statweber = dyne'5 [Weigy]

Frequency

Hz= !
Sec

GHz =10° (Hz

Temperature
R = 0.556[K

Conversions to Sl Units
_C_
amp = 10 [statamp
coul =amp [sec

erg = dyne [tm
BTU = 1.05506 (10 [erg

kW = 1000 [Watt
psi = | bf
in’

torr = 1.33322 [10° [Pa

statcoul = dyne'5 em
statsiemens = cm [sec *

sathenry = sec? [km™t

KHz = 10° [Hz

volt = watt

amp
_ coul

farad = volt

joule= 10’ Lérg
kcal = 1000 [tal

hp = 550 ft Obf
sec

am = 1.01325 [10° [Pa

m
stokes = ¢

statvolt = dyne'5

statfarad = cm

satteda= dyne”® Csec [bmi 2

MHz = 10° [Hz
ohm = volt
amp
Sec

henry = volt O
am

CGS units
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U.S. customary units

Base units
ft=1L
coul =1Q

Angular measure
rad=1

Length

ft
T 12

cm=.01Cim
mm =.001 Cin

Mass
slug =32.174 0b

- b
97 45350237
mg = 1073 tom

Time
min = 60 [kec
yr = 365.2422 [Hay
Area, Volume
acre =4840 IZyvd2
liter = (.1 Ch)°

Velocity, Acceleration

mi

mph = hr

Force, Energy, Power

Ibf =g b

kgf =g kg

Ib=1M
K=1K

deg= 180 [(rad

M= 3048

mi = 5280 [t

b
16

tonne = 1000 [kg

0z

hr = 3600 [sec

hectare = 10" [P
mL =107 Diter

km
hr

newton = kg O m2
SecC

joule = newton [

sec=1T

yd =3 It

km = 1000 [Lim

ton =2000 (b

gm =103 kg

day =24 [hr

fl_oz=29.57353 (km°

ga =128 [fl_oz
g=321740 ftz
SeC

dyne = 10" Chewton

erg=10"" Goule
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cal =4.1868 [joule

wat:JOU|e

Pressure, Viscosity
psi = Ibf
in’

torr = 1.33322 [110° [Pa

poise=.1 [Pal$ec

Electrical

volt = watt

amp

ohm = volt

Q =ohm

_ weber
henry = amp

_coul

anp sec

KA =10° Camp

nF = 10"° Farad

_ 1000 p
oersted = 40 Da'r:

Frequency

Hz= !
Sec

GHz=10° [Hz

Temperature
R = 0.556[K

kcal = 1000 [tal

hp = 550 (1t HF
Sec

_ newton

m2

Pa

in_Hg = 3.38638 [10° [Pa

mV = 10" Giolt

1

mho = ohm
KQ = 10° [bhm

mH=10" Chenry
MA = 10°® Lamp

_ coul

farad = volt

pF =107 (farad
weber

m2

tesla=

KHz = 10° (Hz

BTU = 1.05506 [110° Goule
KW = 1000 Civatt

am = 1.01325 [10° [Pa

2
m
stokes = c

KV = 10° [olt

semens=
ohm

MQ = 108 Cohm
pH = 107° Chenry

mA =10"° Camp
pF = 1072 Farad

weber = volt [sec

gauss = 107 esla

MHz = 10° [Hz

U.S. customary units

627



Alphabetical list of units

Unless otherwise specified, al unitsare availablein MKS, CGS, and US systems.

Unit Measures... Available in...
acre area

amp current

atm pressure

BTU energy

c velocity CGS
c_ dimensionless CGS
cal energy

cm length

coul charge

day time

deg angle

dyne force

erg energy

farad capacitance

fl_oz volume

ft length

g acceleration

gal volume

gauss magnetic flux density MKS, US
GHz frequency

gm mass

hectare area

henry inductance

hp power

hr time

Hz frequency

in length

in_Hg pressure

joule energy

KA current

kcal energy

K temperature

kg mass

kgf force
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Unit Measures... Available in...

KHz frequency
km length

kph velocity

KV potential

kW power

Ib mass

Ibf force

liter volume

HA current

UF capacitance
pH inductance
m length

MQ resistance
mA current

mH inductance
mho conductance
MHz frequency

mi length

min time

mg mass

mL volume

mm length

mph velocity

mV potential
newton force

nF capacitance
oersted magnetic field strength MKS, US
ohm resistance
0z mass

Pa pressure

pF capacitance
poise viscosity (dynamic)
psi pressure

R temperature
rad angle

sec time
siemens conductance MKS, US
slug mass
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Unit Measures... Available in...

statamp current CGS
statcoul charge CGS
statfarad capacitance CGS
stathenry inductance CGS
statohm resistance CGS
statsiemens conductance CGS
stattesla magnetic flux density CGS
statvolt potential CGS
statweber magnetic flux CGS
stokes viscosity (kinematic)

tesla magnetic flux density MKS, US
ton mass

tonne mass

torr pressure

volt potential

Q resistance

watt power

weber magnetic flux MKS, US
yd length

yr time
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Appendix D

Numerical Methods

This appendix describes the details of Mathcad’s numerical
algorithms.

The following sections make up this appendix:
A note about numerical methods

The importance of understanding numerical methods.
Zero asafactor or a numerator

Efficiency issues with zero as afactor or a numerator.
Integrals

Mathcad’'s Romberg integration algorithm.
Derivatives

How Mathcad computes numerical derivatives.
Theroot function

Finding roots with the secant method.

Solve blocks

Using the Levenberg-Marquardt algorithm to solve simultaneous equa-
tions and inequalities.

Matrix operations
Methods used for matrix inversion and determinants.

Sorting
Mathcad’s sorting algorithms.
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A note on numerical methods

This appendix describes the numerical methods Mathcad uses for some types of
calculations, including derivatives, integrals, the root function, solve blocks, and
matrix operations.

On a computer, these calculations are inherently limited in accuracy. Since

Mathcad is a general-purpose calculation program, it uses methods that work in
awide variety of different contexts. However, as with any numerical agorithms,

it is always possible to find specific examples for which Mathcad’s methods re-
turn inaccurate or misleading results.

You can verify the accuracy of your results and avoid numerical problems by
following these principles:

m When you use a Mathcad function or operation that involves a numerical ap-
proximation (integrals, derivatives, thaot function, solve blocks, matrix in-
version, or determinants), be sure your results are reasonable. For simple
calculations, just use common sense. For more complicated calculations, in-
clude redundancy checks in your documents to estimate whether results are
approximately correct.

m Read the section in théser's Guideon the operator or function in question.
The sections that describe how to use these features a so mention the types of
problemsthat are likely to yield anomal ous answers or no answer at all. In
cases where you suspect Mathcad’s methods may fail, restate the problem in
a more stable form or use Mathcad's other features (summation, iteration, and
S0 on) to approximate the answer.

m Set the built-in variabl®OL to achieve the desired accuracy and speed for nu-
merically computed answerBOL can take on only values between 0 and 1.
SetTOL to a number closer to zero to attain a higher degree of accuracy. Set
TOL to a number closer to 1 to calculate more quickly, but less accurately.
See the descriptions that follow for information on how Mathcad T@&eén
its estimates.

m Become familiar with the numerical methods described here and their limita-
tions. You can use these descriptions to get a better understanding of the con-
ditions under which numerical methods will fail or return inaccurate answers.
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Zero factor or numerator

For efficiency reasons, Mathcad always assumes that for any expression x:
oxX=0

and
0/x=0

Presented with a calculation of this type, Mathcad will not even evaluate x. This
has the following consequences:

m Mathcad will instantly compute aresult of zero for these expressions, even if
X requires atime-consuming calculation like an integral or a summation.

m |f computing x would result in an error, Mathcad will return zero without de-
tecting the error. In some cases this is desirable; in others, it isn't.

m Mathcad evaluates 0/0 as zero, not as an error.

Integrals

Mathcad computes definite integrals numerically using a Romberg algorithm.

The Romberg method accelerates the convergence of a sequence of simple trape-
zoidal or midpoint approximations to the integral by extrapolating the sequence

of estimates and the corresponding subinterval widths.

This section describes how Mathcad computes the integi(@) dfomatob. In

this descriptionestimate,, estimate;, and so on represent Mathcad’s internal ap-
proximations to the answer. Only the last estimate, the one that passes Math-
cad’s tolerance test, is available to the user.

To compute the integral &fx) from ato b, Mathcad follows these steps:

m Calculate an estimate for the integral using the trapezoidal rule. The first
trapezoidal estimate is:

estimate, = '@ 0 b-a

The second trapezoidal estimate doubles the number of subintervals, using
two subintervals each of width— a/ 2. To begin the algorithm, compute the
first three estimates, subdividing the interval into one, two, and four subinter-
vals, respectively.

m Fit a polynomial to the sequence of trapezoidal estimates computed so far and
the corresponding subinterval widths. Extrapolate this polynomial to width
zero to produce a Romberg estimate for the integral.
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m Compare the two most recent Romberg estimates according to the following
test (wherereltol isthe larger of TOL and TOL [Ehﬂimaten%

Ehstimaten - eﬂimaten_lg< reltol

m |f the two most recent estimates agree according to thistest, check also
whether estimate,, _ ; and estimate, _ , also agreed. If they did, then return the
most recent Romberg estimate as the value of theintegral. If not, double the
number of subintervals and return to the first step.

Mathcad sets alimit on the number of timesit will iterate this procedure. If the
routine reaches this limit without converging, or if the integrand issingular at
one or both of the endpoints of the interval of integration, then Mathcad
switches to an open-ended Romberg method.

In the open-ended method, the preliminary estimates are obtained by using the
midpoints of subintervals, avoiding the necessity to evaluate the function at the
endpoints a and b. (See Handheld Calculator Evaluates Integrals, by William
Kahan, Ph.D., in Hewlett-Packard Journal, August 1980, for afull description.)
The sample points are concentrated near the ends of theinterval of integration,
where integrands that are singular or that have an infinite derivative are likely to
to be changing most rapidly. The number of subintervalsistripled at each step.

For its open-ended Romberg method, Mathcad follows these steps:

m Calculate an open-ended estimate for the integral by summing terms com-
puted by multiplying the function value at the midpoint of a subinterval by
the width of that subinterval. Begin with one interval: the estimateiis:

. [a+ b0
estlmateo:fg 5 E(b—a)

The next estimate uses three points, the next nine points, and so on. Begin by
making the first three estimates.

m At each step, extrapolate the sequence of midpoint estimates to produce a
Romberg estimate.

m Compare the two most recent estimates according to the following test
(wherereltol isthe larger of TOL and TOL [EeaimaI%B

Ehstimaten - esti mate;,_la< reltol

m |f the two most recent estimates agree according to thistest, return the most
recent open-ended estimate as the value of the integral. If not, triple the num-
ber of subintervals and return to the first step.

Again Mathcad sets a limit to the number of steps. If it reaches this limit without
returning an answer, theintegral is marked with an error message indicating that
theintegration is not converging.
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Mathcad can evaluate many integrals for which theintegrand issingular a one
or both of the endpoints of the interva of integration. Evaluation of these inte-
graswill often be dower than for integrands that are well-behaved. For small
values of TOL, the integration may not converge even though the integral hasa
finite value.

Mathcad generally will not be able to integrate functions that have singularities
intheinterior of theinterval of integration. Functions such as step and sawtooth
functions that have alarge numbers of finite discontinuities may also lead to
nonconverging integrals. If you know where the singularities or discontinuities
in the integrand are, you can often obtain a correct numerical evauation by split-
ting the integral into asum of integrals with these points as limits. A plot of the
integrand may help to indicate the troubl e spots.

Derivatives

Mathcad’s derivative operator uses a variation of Ridder’'s method to compute
derivatives of orders between 0 and 5 inclusive. Although Mathcad’s derivative
operator won't compute derivatives of order greater than 5, you can nest deriva-
tive operators within each other to compute higher order derivatives.

The modified Ridder’s method begins with the determination of an initial step-
sizeh and the construction of a triangular array of estimates. This proceeds as
follows:

m Mathcad computes the first estimate in the table usimytah-point divided
difference approximation.

On O O O l]m|
= -pn-kpof —h+k£
€,0 %D]D k=zo( ) %D X n d

m The remaining estimates in the first row of the table are computed using the
divided difference formula but with a decreasing step-size:
D h E
0 [0 ¢ (1.4h0
=] 0 S (pn-k +k0O
i 20 K mkzo K Ef a4y " o
(1.4)H

m The remainlng elements in this table of estimates are computed using
weighted averages of earlier elements:

_ 142
Q,J'_]__42i_:I_D:’ll_lyj 42| Da' 1j-1
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m The error for a particular estimate of the derivative’s value is given by:
ert,j = max{e ;-6 - jHHR j ~ & -1 -1

m Leterrmin be the smallest of ther; ; and letder be the estimate of the de-
rivative’s value corresponding sormin. Then if:

errmin < maxE, E [der),

where E is a small number depending on the order. Mathcad rdéuras the
value of the derivative. Otherwise, Mathcad marks the derivative with the an er-
ror message to indicating that the differentiation is not converging.

Note that any numerical differentiation algorithm can lead to computational
problems associated with round-off and truncation. This is particularly true of
function values lying near a discontinuity or singularity in the function. With
Ridder’s algorithm, you can expect the first derivative to be accurate to within 7
or 8 significant digits, provided that the value at which you evaluate the deriva-
tive is not too close to a singularity of the function. The accuracy of this algo-
rithm tends to decrease by one significant digit for each increase in the order of
the derivative.

The root function

Mathcad’sroot function solves for zeros using the secant method.

This section describes how Mathcad computes f69t(X). In this description,
estimate,, estimate;, and so on represent Mathcad'’s internal approximations to
the answer. Only the last estimate, the one that passes Mathcad’s tolerance test,
is available to the user.

To compute a root dfx) using the initial guess Mathcad follows these steps:

m If F(X)0< TOL, thenx is already a root, so retuxras the value of thioot
function.

m Setn=1. Ifx# 0, seth=TOL X, otherwise, st = TOL. Make the following
initial definitions:
estimate, = X
estimate; =x +h

m Increasen by one. Then compute the straight line connecting the points
(estimate, _ ,, flestimate,, _ ,)) and(estimate,, _ 4, f(estimate,, _ ;)). Setx,, to
the point where this straight line crosses the zero axis.

m If O(estimate,, )CXTOL, returnestimate,, as the value of theot function. Oth-
erwise, go back to step 3.
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There isalimit on the number of calculationsthat Mathcad will performin
search of an answer for the root function. If it exceeds this limit without return-
ing an answer, the root function is marked with an error message indicating that
Mathcad is not converging to a solution.

Solve blocks

Mathcad's solve areas use the iterative Levenberg-Marquardt method to solve
for several constraints simultaneously. Mathcad’s method is taken from the pub-
lic-domainMINPACK algorithms developed and published by the Argonne Na-
tional Laboratory in Argonne, lllinois. For more information, seddbker’s

Guide to Minpack Iby Jorge J. More, Burton S. Garbow, and Kenneth E. Hill-

strom, Argonne National Laboratory publication ANL-80-74, 1980.

The error vector

The MINPACK algorithm attempts to find the zeros of, or at worst minimize the
sum of squares of, the value of avector of functions relative to the values of cer-
tain variables. The vector of functions Mathcad usesis an error vectorwhose
elements represent the errorsin the constraints. The errors are defined as fol-
lows:

m For equality constraints (constraints usinrg)*
error = |eft_side - right_side
m For inequality constraints defined with <,<3,0r=>:
error =0
if inequality is true, otherwise
error =left_ side—right_side

Mathcad treats the Levenberg-Marquardt algorithm as an algorithm on real vari-
ables. When you solve for a complex variable, Mathcad treats the real and imagi-
nary parts as separate variables in the algorithm. When you solve an equality
constraint, Mathcad creates two real constraints for the algorithm, one for the
real part and one for the imaginary part.

Steps in the Levenberg-Marquardt method

The Levenberg-Marquardt method is a quasi-Newton method (a variation on the
gradient method). At each step, Mathcad estimates the first partial derivatives of
the errors with respect to the variables to be solved to crdatetaan matrix.
Ordinarily, Mathcad can determine the next estimate to make by computing the
Gauss-Newton stepfor each variable. In matrix notation, Mathcad solves the
matrix equation:
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J 8= -f(x)

In this equation, J isthe Jacobian matrix, sisthe step to take, and x is the vector
of current estimates for unknown variables. For thefirst step, x isthe vector of
guesses, at each subsequent step, the new x isthe old x plus s, the vector of
steps. Noticethat computing this step involves inverting the Jacobian matrix J.

Computing this step is not always possible. Computing the step fails when the
Jacobian matrix cannot be inverted or when there are more constraints than vari-
ables to be solved. In these cases, Mathcad adds the additiona condition that the
following quantity be reduced to aminimum:

;Dfﬁz

Here D isavector of weight factors computed from the norms of the columns of
the Jacobian matrix. In these cases, sis computed to satisfy this minimization
criteriaas well as solving the Newton equation with the Jacobian.

The Levenberg-Marquardt method does not work when there are fewer con-
straints than variables. In these cases, Mathcad returns the an error message indi-
cating that there are not enough constraints for the given number of unknowns.

Termination criteria

The Levenberg-Marquardt method ends when it reaches one of the following ter-
mination criteria

m Whenitisno longer possible to reduce the norm of the error vector signifi-
cantly. In this context, “significantly” means by more than the largeoof
andTOL [error_vector|. This criterion stops the solver when the errors can-
not be reduced further.

m Whens becomes relatively close to zero. In this method, “relatively close”
means a horm smaller than the largef@f andTOL 1V This criterion
stops the solver when there is no preferred direction to move the guesses.

When it reaches one of these termination conditions, Mathcad checks the magni-
tude of the error vector and returns an answer:

m If the magnitude of the error vector is less than or equedto Mathcad re-
turns the variable values as a solution.

m [f the solve block ends iRind and the magnitude of the error vector is
greater thaimOL, Mathcad marks theind with the an error indicating that it
could not find a solution. If the solve block end$imerr, Mathcad returns
the solution anyway, even though the error vector is not close to zero.
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There isalimit on the number of calculationsthat Mathcad will performin
search of an answer for a solve block. If it exceeds this limit without returning
an answer, the Find or Minerr is marked with an error indicating that Mathcad is
not converging to a solution.

In all cases, when the solver stops, Mathcad sets the value of the variable ERR to
the magnitude of the error vector.

Mathcad’s modifications to the Levenberg-Marquardt method

To make the Levenberg-Marquardt method more effective on actual problems,
Mathcad includes the following modifications to the basic method:

m Thefirst time the solver stops at a point that is not a solution, Mathcad adds a
small random amount to all the variables and tries again. This helps avoid get-
ting stuck in local minima and other points from which there is no preferred
direction. Mathcad does this only once per solve, the first time the solver
stops on apoint that is not a solution.

m |f you include inequality constraints in a solve block, Mathcad solves the sub-
system consisting of only the inequalitiesfirst before adding in the equality
constraints and attempting a full solution. Thisis equivalent to moving the
guesses into an areawhere the inequalities are all satisfied before starting the
solver.

Matrix operations

This section describes Mathcad’s algorithms for computing determinants and in-
verses for square matrices.

To compute the determinant or inverse of a square nMtriMathcad decom-
poses it into a lower-triangular mattixand an upper-triangular mattix such
that:

M=LIU
This is called thé.U decomposition of the matrix.

The LU decomposition makes the solution of a system of equaidns=y
into a matter of simple substitutions with the elements, &f, andy.

Performing the decomposition

Mathcad performs the LU decomposition using Crout's method with partial piv-
oting. This method is not described here. Semerical Recipesin C by Wil-

liam H. Press, Brian P. Flannery, Saul A. Teukolosky and William T. Vetterling
(Cambridge University Press, 1986), pp. 31 to 39, for a complete description.
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Computing the inverse and the determinant

To compute the inverse, Mathcad solvesthe equations M; = e, whereeisa
vector with aonein dement j and a zero in all other elements. The solution vec-
torsv for each j form the columns of the inverse matrix.

The determinant of the original matrix is simply the product of the diagonal ele-
ments of U, the upper-triangular matrix in the LU decomposition.

Mathcad'ssort function sorts a vector into ascending order on the real parts of
the elements. If the array is purely imaginaoyt sorts on the imaginary parts.

The functionscsort andrsort sort a matrix on a given column or row. Tdsert
function puts the elements of the given column in order by rearranging the rows
of the matrix. Thus, rows stay together in the column sortr3nefunction

similarly puts the elements of the given row in order by rearranging the columns
of the matrix.

Mathcad’s sorting routine uses a heapsort algorithmNBeerical Recipesin

C, by William H. Press, Brian P. Flannery, Saul A. Teukolsky, and William T.
Vetterling (Cambridge University Press, 1988) for a description of heapsort algo-
rithms.

The heapsort procedure is not a stable sort. This means that if you sort a matrix
on a column that contaimsual elements, the rows containing these elements
will be adjacent in the sorted array, but will appear in an arbitrary order.
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Appendix F

Creating a User DLL

Extend Mathcad’s power by writing your own customized
functions. Your functions will have the same advanced features as
MathcadrLus built-in functions, such as customized error
messages, interruption, and exception handling in case of overflow
and divide by zero. Your functions will appear in the Insert
Function dialog box like all built-in functions. The functions will
operate on complex scalars and complex arrays. They will return
complex scalars, complex arrays, and error messages.

This appendix describes how to create 32his for Mathcad
PLUS. The following sections make up this appendix:

Creating dynamically linked libraries
An overview of how to write your function and fill out the FUNCTI ON-
I NFO structure.

A sampleDLL
A simple example of auser-created DLL with extensive comments. This
sample can be used as atemplate for your own DLL.

Examining a sample DLL
A detailed examination of asimple example DLL, explaining the COM
PLEXARRAY and COMPLEXSCALAR gtructures, error handling and func-
tion registration.

Handling arrays
Using the COVPLEXARRAY structure to handle arrays.

Allocating memory
Allocating and freeing memory.

Exception handling
How Mathcad traps the floating point exceptions.

Structure and function definitions
A reference guide to the structures and functions used.
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Creating dynamically linked libraries

To create customized functions, you will first need to create source code in C or
C++, then compile the source code with a 32-bit compiler. Next, you will link
the object files together with the MathSoft-provided ntaduser. | i b library to
createaDLL. Finaly, you will place your DLL intotheuser ef i subdirectory.

Writing your DLL source code

Provided below is an overview of the stepsinvolved in creating aDLL. Refer to
the rest of this appendix for specific details on how to do each step.

Writing apLL entry point routine

When you start Mathcad PLUS, it looksin the user ef i directory for library
fileswitha. dl | extension. Mathcad attempts to load al such files. During this
loading process, your DLL must supply Mathcad with information about your li-
brary, including the names of the functionsin the library, the types of arguments
the functions take, the types of vauesthey return, and the text of possible error
messages. To supply thisinformation, your DLL must have an entry point rou-
tine. A DLL entry point routine is called by the operating system when the DLL
isloaded. Because the way to specify the DLL entry point routineis linker spe-
cific, refer to ther eadne. ntd fileintheuser ef i directory for linking instruc-
tions.

Registering your function

For each function in your library, there must be a FUNCTI ONI NFO structure.
The FUNCTI ONI NFOstructure contains the information that Mathcad usesto
register auser function. FUNCTI ONI NFO structure is an argument of

Cr eat eUser Funct i on. A call to O eat eUser Funct i on insidethe DLL entry
point routine registers your function with Mathcad.

Writing your function

Y ou must, of course, write a C or C++ function which implements your Math-
cad user function. The parameters of your C/C++ function are pointersto the re-
turn value and to the arguments. The C/C++ function returns O if successful,
otherwise it returns an error code. The address of the C/C++ function is passed
to Mathcad inside aFUNCTI ONI NFO structure. In thisway, Mathcad knows to
execute your code when the function is called from a Mathcad document. Refer
to the description of MyCFunct i on in the reference section at the end of this ap-
pendix.

Error Handling

C/C++ functions which return error messages require an error message tablein
the DLL code. A cdl to Or eat eUser Er r or MessageTabl e insidethe DLL en-
try point routine informs Mathcad of the meaning of error codes returned by the
C/C++ functions from the DLL.
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Compiling and linking your DLL

To create your DLL you will need a 32-bit compiler such as Microsoft Visua
C++ (32-bit version), Borland C++ version 4.5, or Watcom C++32 version 10.0.
Instructions on compiling and linking your DLL aregivenin ar eadne. ncd file
located inthe user ef i directory. For more specific instructions on how to link
and compile your source code, refer to the user guide provided with your com-
piler.

A Sample DLL

Sample code

To get you started writing DLLs for Mathcad we include a number of code sam-
ples. The example below isthefilenul ti pl y. c located in the
userefi\nicrosoft\sources\sinpl e subdirectory.

The file contains a function which returns the result of multiplying an array by a
scalar. This code implements the Mathcad user function multiply(a, M), which
returns the result of an array M multiplied by a scalar a. The source codeis ex-
plained in detail in later sections.

#i ncl ude "ntadi ncl. h"

#defi ne | NTERRUPTED

#defi ne | NSUFFI CI ENT_VEMORY
#defi ne MJST_BE_REAL

#defi ne NUMBER OF ERRORS

wWwN -

/I red box error messages
/lif your function never returnsan error, you do not need to createthistable
char * nyErrorMessageTabl ef NUMBER_OF ERRORS] =

{
"interrupted",
"insufficient menory",
"must be real"

b

/I this code executes the multiplication

/I see the information on MyCFunct i on to find out more

LRESULT Muiltipl yReal ArrayByReal Scal ar (
COVPLEXARRAY * const Product,
const COWVPLEXSCALAR * const Scal ar,
const COWPLEXARRAY * const Array )

unsigned int row, col;
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I check that the scalar argument isreal
if ( scalar->imag != 0.0 )

I'if not, display "must bereal" under scalar argument
return MAKELRESULT( MUST_BE REAL, 1 );

/I check that the array argument isreal
if ( Array->hlmag != NULL )

/1if not, display "must be real” under array argument
return MAKELRESULT( MUST_BE REAL, 2 );

/I allocate memory for the product

i f( !'MathcadArrayAl | ocate( Product, Array-rows,
Array-col s,

/I allocate memory for the real part
TRUE ,

// do not allocate memory for the imaginary part
FALSE ))

/l'if allocation isnot successful, return with the appropriate error code
return | NSUFFI C ENT_MEMORY;

/lif all iswell so far, performthe multiplication

for ( col =0; col < Product-> cols; col ++ )

{
/I check that a user has not tried to interrupt the calculation
if ( isUserinterrupted() )

I'if user hasinterrupted, free the allocated memory
Mat hcadAr rayFree( Product );

/[ and return with an appropriate error code
return | NTERRUPTED;

}

for ( row = 0; row < Product-> rows; row++ )
Product ->hReal [col ][row] =
Scal ar-> real *Array-> hReal [col ][row];

}
/I normal return
return O;
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/I fill out a Functi onl nf o structure with
/1 the information needed for registering the function with Mathcad
FUNCTIONINFO nul tiply =

I/ name by which Mathcad will recognize the function
"multiply",

/I description of "multiply" parametersfor the Insert Function dial og box
"a, M,

/I description of the function for the Insert Function dial og box
"returns the product of real scalar a and real array M,

/I pointer to the executable code
/'i.e. code that should be executed when a user typesin"nul ti pl y(a, M) ="
(LPCFUNCTI ON) Mul ti pl yReal ArrayByReal Scal ar;

/I multiply(a, M) returns a complex array
COVPLEX_ARRAY,

/I multiply(a,M) takes on two arguments

I thefirst isa complex scalar, the second a complex array
{ COWPLEX_SCALAR, COWLEX_ARRAY}
b

/I all Mathcad pLLs must have a bLL entry point code
/[the CRT I NI T function is needed if you are using Microsoft's 32-bit compiler
BOOL W NAPI _CRT_I NI T(HI NSTANCE hi nst DLL, DWORD dwReason,
LPVA D | pReserved);
BOOL W NAPI D I Ent ryPoi nt (H NSTANCE hDLL, DWORD dwReason,
LPVA D | pReserved)
{
switch (dwReason)
{
case DLL_PRCOCESS ATTACH:
/I bLL is attaching to the address space of the current process.
Il the next two lines are Microsoft-specific
if (! _CRT_INIT(hDLL, dwReason, |pReserved))
return FALSE;

I register the error message table

/I if your function never returns an error,

/[ you don’t need to register an error message table
if ( CreateUserErrorMessageTabl e( hDLL,
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NUVBER_OF _ERRORS , nyError MessageTable ) )
/[l and if the errorsregister OK, register the user function
Creat eUser Functi on( hDLL, &multiply );

br eak;
case DLL_THREAD_ATTACH
case DLL_THREAD_DETACH
case DLL_PROCESS_DETACH:

/I the next two lines are Microsoft-specific

if (! _CRT_INT(hDLL, dwReason, |pReserved))
return FALSE;

break;

return TRUE;

}

#undef | NTERRUPTED

#undef | NSUFFI Cl ENT_MEMORY
#undef MJST_BE REAL

#undef NUMBER_OF_ ERRORS

Compiling and linking the sample DLL

If you are using a Microsoft 32-bit compiler you can compilethisfile with the
following command

cl -c -1..\..\include -DWN32 nultiply.c

This creates an object file MULTI PLY. OBJ. Y ou can use the following command

tolink MULTI PLY. OBJ with the appropriate library and place MULTI PLY. DLL
intheuser ef i directory.

link -out:..\..\..\multiply.dl| -dll
-entry: "Dl EntryPoint" multiply. obj
..\..\lib\ncaduser.lib

Check to make surethe MULTI PLY. DLL fileisintheuser ef i subdirectory.

Start Mathcad and verify that multiply appears in the Insert Function dia og box.
Y ou are now ready to use multiply in Mathcad.
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Examining a sample DLL

MyCFunction

This section will examine the source code of the simple example in the previous
section. Refer to the code in the sample DLL.

The heart of the program isMyCFunct i on, called Mul ti pl yReal Ar r ayByRe-
al Scal ar function. It performsthe actual multiplication. When the user types
mul ti pl y(a, M) =, Mathcad executesthe Mul t i pl yReal Arr ayByReal Sca-

I ar routine. The value of aispassedtothe Ml ti pl yReal ArrayByReal Sca-
I ar functioninthe Scal ar argument. The value of M ispassed inthe Ar r ay
argument. A pointer to the return value Pr oduct isthefirst argument of the
Mul ti pl yReal ArrayByReal Scal ar function.

COMPLEXSCALAR structure

The scalar value ais passed to the Mul t i pl yReal Arr ayByReal Scal ar func-
tion in a COVWPLEXSCALAR structure. The structure has two members, real and
imag. Thered part of aisstoredin Scal ar- > real , theimaginary part in
Scal ar-> i mag.

COMPLEXARRAY structure

The array value M ispassed to the Mul ti pl yReal Arr ayByReal Scal ar func-
tion in a COVPLEXARRAY structure. The COVPLEXARRAY structure has four mem-
bers, rows, cols, hReal, and himag. The number of rowsin M isfound in
Array-> rows, the number of columnsisfoundinArray-> col s. Thered
part of the eement M row,col isfoundinArray-> hReal [col ][row] andthe
imaginary partin Array-> hl mag[ col ] [row] . If noeementof M hasan
imaginary part, Ar ray- > hl mag isequal to NULL. If al elementsof M are
purely imaginary, Arr ay-> hReal isequa to NULL.

The result of the multiplication of M by a is stored by the program in the
COVPLEXARRAY structure pointed to by the argument Pr oduct . Note the mem-
ory for the multiplication result is allocated inside the Mul t i pl yReal Array-
ByReal Scal ar function with acall to the Mat hcadAr r ayAl | ocat e function.

Error Messages

If the multiplication was successful, Mul ti pl yReal ArrayByReal Scal ar
stores the result in the COVMPLEXARRAY structure pointed to by the argument
Product and returns 0. In the case of an error, its return val ue has two compo-
nents. One isthe error code and the other isthe location in which to display the
error message.

Look at the error message table from the top of thefile:

char * nyErrorMessageTabl ef NUMBER_OF ERRORS] =
{
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"interrupted",
"insufficient nmenory",
"must be real"

b

Thefunction Mul ti pl yReal ArrayByReal Scal ar returns MAKEL RE-

SULT( 3, 1) to display string number 3, “must be real,” under the first argument
ofmul tiply(a, M. If Mat hcadArrayAl | ocat e is unable to allocate mem-
ory, Mul ti pl yReal ArrayByReal Scal ar returns 2 to display string number

2, “insufficient memory,” under the function name.

As shown in the sample DLL code, the following steps are involved in produc-
ing an error message:

m creation of an array of error message strings.

m registering the error message strings with Mathcad via a calkttt eUser -
Er r or MessageTabl e. This call is made within the DLL entry point routine.

m returning an appropriate error code from the user function.

DLL entry point function

TheDLL entry point is called by the operating system wheibtheis loaded.
Mathcad requires that you register your user functions and your error message
table while theDLL is being loaded. Note how this is done in the following code
lines.

BOOL WNAPI D | EntryPoint (H NSTANCE hDLL, DWORD dwReason,
LPVA D | pReserved)

{
switch (dwReason)

{
case DLL_PROCESS_ATTACH:

if ( OreateUserErrorMessageTabl e( hDLL,
NUVBER_OF _ERRORS , nyError MessageTable ) )
/lif the errorsregister OK, register user function
Creat eUser Functi on( hDLL, &multiply );

br eak;
case DLL_THREAD_ATTACH
case DLL_THREAD_DETACH
case DLL_PROCESS_DETACH:
br eak;

}
return TRUE;

}

Cr eat eUser Er r or MessageTabl e registers the error messag@seat eUser -
Funct i on registers the function. You can register only one error message table
perDLL, but you can register more than one functionDer.
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FUNCTIONINFO structure

The FUNCTI ONI NFO structure, multiply, is used for registering the DLL function
with Mathcad. It contains information about the name by which Mathcad recog-
nizes the function, the description of the function parameters, its arguments, its
return value, and the pointer to the code which executes the function.

FUNCTI ONI NFO nul tiply =

{

"multiply",

"a, M,

"returns the product of real scalar a and real array M,
(LPCFUNCTI ON) Mul ti pl yReal ArrayByReal Scal ar;
COVPLEX_ARRAY,

2,
{ COVMPLEX_SCALAR, COWVPLEX_ARRAY}
b
Precision
Data s passed between Mathcad and MyCFunct i on in double precision. Use
the appropriate conversion inside MyCFunct i on for different data types.
mcadincl.h

MathSoft providesthe ncadi ncl . h include file. Thisfile contains the proto-
typesfor the following functions: Cr eat eUser Funct i on, Cr eat eUser Er -

r or MessageTabl e, Mat hcadAl | ocat e, Mat hcadFr ee,

Mat hcadAr rayAl | ocat e, My/CFunct i on, Mat hcadArr ayFr ee, i sUser | n-
terrupt ed. ntadi ncl . h asoincludesthe type definitionsfor the structures
COVPLEXSCALAR, COVPLEXARRAY, and FUNCTI ONI NFO.

Handling arrays

If your function takes an array asits argument or returns an array, refer to the
COVPLEXARRAY structure description in the reference section, “Structure and
function definitions.” Note that the arrays are two-dimensional and the structure
contains information about the size of the arrays and the pointers to the real and
imaginary parts of the array. Refer to the next section “Allocating Memory” for
how to allocate memory insidgEOVPLEXARRAY structures.
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Allocating memory

Thefirst argument of MyCFunct i on isapointer to areturn value. If it pointsto
a COMPLEXARRAY structure, you will need to allocate memory for the members
of thisstructure using Mat hcadAr r ayAl | ocat e. If MyCFunct i on isreturning
an error, free the memory alocated for the return value using Mat hcadAr r ay-
Fr ee. In the case of an error-free return, do not free the memory allocated for
the return value.

Usethe Mat hcadAl | ocat e and Mat hcadFr ee functionsto alocate and free
memory inside MyCFunct i on.

Exception handling

Mathcad traps the following floating point exceptions; overflow, divide by zero,
and invalid operation. In the case of these exceptions, Mathcad will display a
floating point error message under the function. Mathcad will also free all the
memory allocated inside MyCFunct i on with Mat hcadAr r ayAl | ocat e and
Mat hcadAl | ocat e.

Structure and function definitions

This section describes in more detail the structures and functions used in creat-
ing your own dynamically linked library.

The COMPLEXSCALAR Structure

typedef struct tagCOVPLEXSCALAR {
doubl e real ;
doubl e i mag;

} COVPLEXSCALAR,;

The COMPLEXSCALAR structure is used to pass scalar data between Mathcad and
auser DLL. Thereal part of ascalar is stored in the real member of a
COVPLEXSCALAR, and theimaginary in theimag member.

Member Description
real Containsthe real part of ascaar.
imag Contains the imaginary part of ascalar.
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The COMPLEXARRAY Structure

The FUNCTIONINFO Structure

typedef struct tagCOWLEXARRAY ({
unsi gned int rows;
unsi gned int cols;
doubl e **hReal ;
doubl e **hl mag;
} COVPLEXARRAY;

The COMPLEXARRAY structureis used to pass array data between Mathcad and a
user DLL. It contains the information about the size of the array and whether any
of the dementsin the array has an imaginary or areal component.

Member Description

rows Number of rowsin the array.

cols Number of columnsin the array.

hReal Points to the real part of acomplex array hReal[i][j] contains
the dement in the ith column and the jth row of the array. hReal
isequal to NULL if the array has no rea component.

himag Points to the imaginary part of a complex array himag[i][j], con-
tains the element in the ith column and the jth row of the array.
himag equals NULL if the array has no imaginary component.

Comments

hReal and himag members of the argument array are indexed as two-dimen-
sional array of the range [0..cols-1][0. rows-1].

typedef struct tagFUNCTI ONI NFO{

char * | pstrNaneg;

char * | pstrParaneters;

char * | pstrDescription;

LPCFUNCTI ON | pf nMyCFuncti on;

| ong unsigned int returnType;

unsi gned int nArgs;

| ong unsi gned int argType[ MAX_ARGS] ;
} FUNCTI ONI NFO

The FUNCTI ONI NFO structure contains the information that Mathcad uses to reg-
ister a user function. Refer below for each member and its description.

Member Description

| pstrName Points to a NULL-terminated string that specifies the name of
the user function.

| pstrParameters Points to a NULL-terminated string that specifies the parameters
of the user function. The string isused by the Insert Function
dialog box.

| pstrDescription Points to a NULL-terminated string that specifies the function

description for the Insert Function dialog box.
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|pfnMyCFunction
returnType

nArgs

argType

Pointer to the code that executes the user function.

Specifies the type of va ue returned by the function. The vaues
are COMPLEX_ARRAY or COVPLEX_SCALAR.

Specifies the number of arguments expected by the function.
Must be between 1 and MAX_ARGS.

Specifies an array of long unsigned integers containing input pa-
rameter types.

CreateUserFunction

CreateUserErrorMessageTable

const void * CreateUserFunction(hDLL, functionlnfo)

HI NSTANCE hDLL;
FUNCTI ONI NFO *

functionlnfo ;

Cr eat eUser Funct i on iscalled when the DLL is attaching to the address space
of the current processin order to register the user function with Mathcad.

Parameter

Description

hDLL
functionlnfo

Handle of the bLL supplied by the bLL entry point routine.
Points to the FUNCTI ONI NFO structure that contains informa:
tion about the function.

The FUNCTI ONI NFO structure has the following form:

typedef struct tagFUNCTI ONI NFO{

char * | pstrNang;

char * | pstrParaneters;

char * | pstrDescription;

LPCFUNCTI ON | pf nMyCFuncti on;

| ong unsigned int returnType;

unsi gned int nArgs;

| ong unsigned int argType[ MAX_ARGS] ;
} FUNCTI ONI NFO,

Return value

Thereturn vaueisanon-NULL handleif the registration is successful. Other-

wise, itiSNULL.

BOOL CreateUser ErrorMessageTabl e( hDLL, n, Err or MessageTabl e)

H NSTANCE hDLL;
unsi gned int n;

char * ErrorhMessageTable [ ];

Cr eat eUser Err or MessageTabl e is called when the DLL is attaching to the
address space of the current processin order to registers the user error message

table with Mathcad.
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Par ameter Description

hDLL Handle of the bLL supplied by the bLL entry point routine.
n Number of error messages in the table.
ErrorMessageTable An array of n stringswith the text of the error messages.

Return value

The return valueis TRUE if theregistration is successful. Otherwise, it is
FALSE.

MathcadAllocate

MathcadFree

char * MathcadAl | ocat e( si ze)
unsi gned int size;

Should be used to allocated memory inside the MyCFunct i on. Allocates a mem-
ory block of agiven size (in bytes) of memory.

Par ameter Description

size Size (in bytes) of memory block to alocate. Should be non-
zero.

Return value

Returns a pointer to the storage space. To get a pointer to atype other than char,
use atype cast on the return value. Returns NULL if the allocation failed or if
sizeisequd to 0.

voi d Mat hcadFr ee( addr ess)
char * address;

Should be used to free memory allocated with Mat hcadAl | ocat e. Theargu-
ment address points to the memory previously alocated with Mat hcadAl | o-
cat e. A NULL pointer argument isignored.

Par ameter Description
address Address of the memory block that isto be freed.
Return value

The function does not return a value.
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MathcadArrayAllocate

BOOL Mat hcadArrayAl | ocate(array, rows, cols, allocateReal,
al | ocat el magi nary)

COVPLEXARRAY* const array,

unsi gned int rowus;

unsi gned int cols;

BOOL al l ocat eReal ;

BOCOL al | ocatel magi nary;

Allocates memory for a COMPLEXARRAY of cols columns and rows rows. Sets
the hReal, himag, rows and cols members of the argument array.

Par ameter Description

array Points to the COVPLEXARRAY gtructure that is to be filled with
theinformation about an array.
The COVPLEXARRAY structure has the following form:

typedef struct tagCOVPLEXARRAY {
unsi gned i nt rows;
unsi gned int cols;
doubl e **hReal ;
doubl e **hl mag;
} COVPLEXARRAY;

rows Row dimension of the array that isbeing alocated. After asuc-
cessful dlocation, the rows member of the argument array is set
to the value of rows.

cols Column dimension of the array that is being allocated. After a
successful allocation, the cols member of the argument array is
set to the value of cols.

allocateReal Boolean flag indicating whether amemory block should be allo-
cated to store thereal part of the array. If allocateReal is FALSE
the function does not alocate storage for the red part of array
and setsthe hReal member toNuLL.

allocatelmag Boolean flag indicating whether amemory block should be allo-
cated to store theimaginary part of the array. If allocatelmag is
FALSE the function does not dlocate storage for the imaginary
part of array and sets the himag member to NULL.

Return value
Returns TRUE if the alocation is successful, FAL SE otherwise.
Comments

hReal and himag members of the argument array are allocated as 2-dimensiona
array of therange [0..cols-1][0. rows-1].
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MyCFunction

LRESULT MyCFuncti on(returnval ue, argunentl,...)
voi d * const returnVal ue;
const void * const argunentl,

MyCFunct i on isthe actual code which executes the user function. Mathcad ar-
guments and a pointer to areturn value are passed to this function. It putsthe re-
sult of the calculation in the return value.

Par ameter Description

returnValue Points to a COVMPLEXARRAY or a COVPLEXSCALAR structure
wherethe function result isto be stored. If you areimplement-
ing a Mathcad user function which returns a scalar, returnValue
isapointer to a COVPLEXSCALAR structure. If you are imple-
menting aMathcad user function that returns an array, return-
Value points to a COVPLEXARRAY structure.

argumentl Points to a read-only COMPLEXARRAY or a COVPLEXSCALAR
structure where thefirst function argument is stored. If you are
implementing a Mathcad user function that has ascalar asits
first argument, argumentl is a pointer to a COVPLEXSCALAR
structure. If you areimplementing a Mathcad user function that
has an array asitsfirst argument, argumentl pointsto a CoOw
PLEXARRAY structure.
If you are implementing a Mathcad user function that has more
than one argument, your MyCFunct i on will have additional ar-
guments. The additiona arguments will be pointers to the read-
only COVPLEXARRAY or a COMPLEXSCALAR structures where the
datafor the corresponding Mathcad user function argument is
stored.

Return value

MyCFunct i on should return O to indicate an error-free return. To indicate an er-
ror MyCFunct i on should return an error code in the low word of the returned
LRESULT, and in the high word the number of the argument under which the er-
ror box should be placed. If the high word is zero the error message box is
placed under the function itself. See the section on error handling to find out
more about error codes.

Comments

MyCFunct i on isaplace-holder for the library-supplied function name. Y ou can
name the function that executes your Mathcad user function anything you would
like, but you must register the address of your executabl e code with Mathcad by
setting the | pf nMyCFunct i on member of the FUNCTI ONI NFO structure.
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MathcadArrayFree

voi d Mat hcadArrayFree(array)
COVPLEXARRAY * const array,

Frees memory that was allocated by the Mat hcadAr r ayAl | ocat e function to
the the hReal and himag members of the argument array.

Par ameter Description

array Points to the COVPLEXARRAY gtructure that is to be filled with
theinformation about an array.
The COVPLEXARRAY structure has the following form:

typedef struct tagCOVPLEXARRAY {
unsi gned i nt rows;
unsi gned int cols;
doubl e **hReal ;
doubl e **hl mag;
} COVPLEXARRAY;

Return value
The function does not return a value.

isUserInterrupted
BOCL isUserlnterrupted(void)

Thei sUser I nt err upt ed function is used to check whether a user has pressed
the[ Esc] key. Include thisfunction if you want to be able to interrupt your
function like other Mathcad functions.

Parameter

The function does not take on any parameters.

Return value
Returns TRUE if the[ Esc] key has been pressed, FAL SE otherwise.

DLL interface specifications, contained in the documentation, may be used for creating
user-written external functions which work with Mathcad for your personal or internal
business use only. These specifications may not be used for creating external func-
tions for commercial resale, without the prior written consent of MathSoft, Inc.
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Index
I

I (factorid) 240

% 165

() (parentheses) 60

+ (with line bresk) 242

+, -, Qand/ 242

3D Plot Format dialog box
Axes page for 3D bar charts 532
Axes page for 3D scatter plots 546
Axes page for contour plots 520
Axes page for surface plots 506
Axes page for vector field plots 554
Color & Lines page for 3D bar charts 530
Color & Lines page for 3D scatter plots 544
Color & Lines page for contour plots 517
Color & Lines page for surface plots 503
Title pagefor 3D bar chart 534
Title page for 3D scatter plots 547
Title page for contour plots 521
Title page for surface plots 508
Title page for vector field plots 555
View page for 3D bar charts 527
View page for 3D scatter plots 541
View page for contour plots 516
View page for surface plots 500

:= (definition) 138

# (not equal to) 242

<, >, <, 2 (inequalities) 242

= (global assgnment) 144

X 169, 240

0 (unit impul se function) 282

"V 241

[ (integral) 242, 252

X (vectorize) 198, 206, 207, 240

| O (determinant) 241

| O (magnitude/absolute value) 241

Y and d /e (derivative and nth derivative) 242,
248, 251

€ function 283

o 160

@ (unit step function 282
1153, 165

> (vector sum) 241

v (square root) 241

x (vector product) 241

— (symbolic equassign) 379
= (boolean equals) 242

= (evaluating expression) 146

aborting calculations in progress 152
absolute value 241
See magnitude
acosh function 269
adaptive smoothing of data 312
addition 242
agorithms
See numerical methods
aigning regions 67
aligning text 110
anchor points 142
angle function 273
Animate command 558
animation
compressing QuickTime movies 558
creating 558
playback 560
saving 558
speed 558, 561
annotations
deleting from Electronic Books 40
highlighting 39
inserting in Electronic Books 39
antisymmetric tensor function 283
APPEND function 424, 425, 429
APPENDPRN function 424, 426, 434
approximations
Mathcad’s numerical methods 632
minerr function 340
root of expression 334
area under a curve
See integrals
arg function 273
argument of complex number 273
arguments

Index
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hiding in graphs 462
hiding in polar plots 485
of functions 139
arrays
as argumentsto user functions 210
calculating with 185, 227
caculations by element 206
creating 184
defining 182, 185, 212
definition of 182
displaying results 192
extracting acolumn 189
extracting asubarray 201, 202
functions for 198
matrices 182
nested 211
operators for 195
ORIGIN used with 190
setting starting index 190
sizelimits 194
subscripts 187
vectors 182
when to use subscripts 235
arrow keys
for editing 607
for scrolling 74
asinh function 269
Associate command 426
assume keyword 381, 382
atanh function 269
augment function 201, 202
used to write severd variablesto file 435
auto (on status bar) 149
Auto Contour
using 519
Auto Grid
contour plots 521
graphs451
polar plots 476
automatic mode 149
Autoscale
3D bar charts 533
3D scatter plots 547
contour plots 521
graphs 450, 452
polar plots 479

surface plots 507

autoscroll 66
average

See mean

Axes page

3D bar charts 532

3D scatter plots 546

contour plots 520

surface plots 506

vector field plots 554

X-Y plot defaults dialog box 458
X-Y plots 449, 452

axes syle

graphs 451
polar plots 477

axes, formatting

3D bar charts 532
3D scatter plots 546
contour plots 520
surface plots 506
vector field plots 554

axislimits 440

back planes

3D bar charts 528
3D scatter plots 543
surface plots 502

bandpassfilter 282, 283
bar charts (2D)

graphs 457
polar plots 481

bar charts (3D) 523

adjusting spacing between bars 531
Autoscale 533

back planes 528

bar configurations 531
borders 528

boxes 528

changing bar colors 530
converting 527

creating 524

formatting 526
formatting axes 532
grid intervals 533
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grid lines 532
of function of two variables 525
perspective 526, 527
resizing 526
setting axis limits 533
tick marks 532
titles 534
vertical scale 528
base of results (decimal/hex/octal) 124
base units 177
Bessd functions 270
beta distribution 290
binomid distribution 290
blank lines, inserting or deleting 69
blank pages in printouts 84
blank space between regions 21
boilerplate math 32
boolean operators 257, 280
borders
3D bar charts 528
3D scatter plots 542
surface plots 501
bottom margin 83
boundary vaue problems 370
boxed axes 451
boxes
3D bar charts 528
3D scatter plots 542
surface plots 502
branching
See conditionals
breaking equations 242, 420
built-in functions 266
alphabetical list 594
listed by type 266
symbolic only 417
built-in variables 165
bulstoer function 365
bvalfit function 372

calc on message line 150
caculation 18, 149

disabling for individua equation 153

equations 18, 146, 412

interrupting 152
locking 79, 81
order in worksheets 142
restarting after interrupting 152
unitsin 173
unlocking 82
caculator, using Mathcad as 16
carriagereturnsin text 101
cauchy distribution 290
cell function 273
centigrade 175
cfft function 273, 274, 275, 277
CGSunits 177
changing size
Seeresizing
character
deleting 54
inserting 54
charts
See plots, graphs
chemica formulas 164
chi function 417
chi-squared digtribution 290
cholesky decomposition function 204
Ci function 417
clipboard 61, 420
cnorm function 290
Collect command 392
colon (:) as definition symbol 17, 138
color
3D bar charts 530
3D scatter plots 544
changes to Electronic Books 39
contour plots 517
equaion highlights 133
graphs 456
in equations 129
in text 109
polar plots 481
surface plots 503
Color & Lines page
3D bar charts 530
3D scatter plots 544
contour plots 517
surface plots 503
colsfunction 199
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column vectors

Seevectors
commentsin Electronic Books 39
comments in worksheet 100
common log 270
complementary error function 272

creating 512

displaying as points 516
formatting 515
formatting axes 520
grid intervals 521
hiding the contours 518

complex numbering the contours 518

conjugate 169, 240 of function of two variables 513

fast Fourier transform 273 resizing 514

keyword 381, 383 setting axis limits 521

tolerance 125 specifying how many contours 519
Complex Evd uation command 386 specifying tick marks and grid lines 520
complex numbers 168 titles 521

conjugate 169 Convert to Partial Fraction command 392

determining angle 169 converting 3D plots

display of 125 from 3D bar charts 527

imaginary unit symbol 125 from 3D scatter plots 541

in graphs 441 from contour plots 516

magnitude of 169

operators and functions for 169, 272

real and imaginary parts 169

vector field plots 549, 550, 551
computing results 18
condition number of matrix 201
conditional

functions 279

statement 319
configuration files 87
conjugate (complex) 169, 240
constants

font tag 130

See also numbers

See also predefined variables
constraints

components of error vector for 637

from surface plots 500
copying
arrays 147
from Electronic Book 36
regions 65
results 147
text 107
to clipboard 61
correlation (corr) function 286
cosecant function 268
cosh function 269
cosine (cos) function 268
cosine integrd 417
cotangent function 268
coth function 269
covariance (cvar) function 286
creating

defined 341 3D bar charts 524
in solve blocks 341 3D scatter plots 538, 539
too few 347 contour plots 512
context sensitive help 34 See also defining
contour integrals 255 graphs 440
contour plots 511 paragraphs 102
Auto Grid 521 polar plots 472
Autoscale 521 surface plots 496
changing the shading 517 text regions 100
converting 516 vector field plots 550, 551
converting plot type 516 cross product 198, 241
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crossed axes 451, 477
csch function 269
csgn function 417
csort function 278
cspline function 300, 303
Ctrl+M

to create matrix 184

to creete vector 182

to edit matrix 184
Ctrl+P for pi 161
cuberoot 170, 241
cubic splineinterpolation 298, 301
cumulative distribution functions 289
cumulative distributions 287
cursor

See crosshair

Seeinsertion point

See sel ection box
curvefitting

functions for 304

linear 305

polynomia 306, 308

using cubic splines 298
curves, finding area under 252
cutting text 107
cvar function 286

d/dx
See derivatives
dashed selection rectangle 64
dataanaysis
See statistics
datafiles 424
column width 434
format for datain 424
graphing 446
PRNCOLWIDTH used with 434
PRNPRECISION used with 434
reading data from 426, 428
reading into a matrix 430
significant figures 434
spreadsheet 424
structured 430, 433
unstructured 428

writing amatrix to afile 433
writing data to 426, 429
writing rows and columns of data 433
Data Points, display as
3D bar plots 527
contour plots 516
surface plots 500
date in headers/footers 86
dbeta function 287
dbinom function 287
dcauchy function 287
dchisqg function 288
decimal places
See precision
decimal points
symbolic calculation 387
decomposition
matrix 204
partia fraction 392
singular value 205
default formats
graphs 457
polar plots 482
Defaults page
polar plots 482
X-Y plots 457
defining
arrays 182
See also creating
functions 139
globd 144
matrices 182
multiple definitions of variable 143
operators 258
programs 316
range variables 218
recursive functions 328
several variables at once 209
units 172, 177
variable in program 316
variables 17, 138
vectors 182
definition symbol (:=) 138
degrees, converting to radians 175
deleting
annotations from Electronic Books 40

Index
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blank lines 69
characters 54
equations 68
filename association 427
graphs 442
line breaks from text 101
lockable area 82
operators 57
pagebreaks 85
parentheses 60
parts of an expression 62
regions 68
text 100, 107
deltafunction 282, 417
density functions 287
derivatives 242, 248
higher order 251
numerical methodsfor 635
symbolic 396
determinant 198, 241
numerical methodsfor 639
Determinant of Matrix command 406
dexp function 283
dF function 288
dgamma function 288
dgeom function 283
diagona matrix (diag) function 200
dictionaries (spell-checker) 117
did not find solution (error)
in solve block 346
differential equations 358
higher order 361
partial 373
second order 360
slowly varying solutions 366
smooth systems 365
speciaized solvers 365
stiff systems 367
systems 362, 363
Differentiate on Variable command 396
differentiation
See derivatives
differentiation variable 248, 251
digamma function 418
dilog function 417
dilogarithm integral 417

dimensions 167, 169
common sources of error 171
consistency 171

Dirac deltafunction 417

disabling equations 105, 153

Display as Matrix 125

displayed precision 125

distribution functions 287

division 241

dils 652

dinorm function 288

dlogis function 288

dnbinom function 289

dnorm function 289

dot product 197

doubleintegrals 255

dpoisfunction 289

dragging regions 65, 66

drawings
Seepictures

dt function 289

dunif function 289

dweibull function 289

dynamic-link libraries for Mathcad 652

e, base of natura logarithms 165

editing equations
annotated example 52
compared to word-processors 52
deleting ()'s from around expression 60
deleting an operator 57
deleting parts of expression 62
existing expressions 53
inserting an operator 54
making expression an argument to a function 59
math 52
moving parts of an expression 61
moving/rearranging equations 64
numbers 54
putting ()'s around an expression 60
variable or function names 54

editing lines 54

Ei function 417

eigenvalues 203, 204, 415
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eigenvectors 203, 204
Electronic Book
annotating 39
copying information from 36
Electronic Books 11, 12, 34, 35, 37, 39
Desktop Reference 35
moving around in 35
searching for information in 36
teble of contents 35
elements, vector and matrix 187
elipticintegral 418
endpoints for ranges 220
epsilon function 283
equality constraints 341
equalssign (-)
symbolic ca culations 379
equalssign (=)
as boolean operator 242
in numerica calculations 146
in solve blocks 339, 341
symbolic ca culations 401
equations
as congraintsin solve blocks 341
breaking 242, 420
calculating results 18, 146, 412
changing font 129
color 129
commenting out 105, 153
definition 138
disabling calculation for 105, 153
effect of range variablesin 220
errorsin 153
font 129
globa definitions 144
highlighting 133
intext 104
locking 79, 81
order of evaluation 142, 149
processing and calculating 18, 149
solving for root 334
solving symbolically 401, 404
solving with solve blocks 339
turning off 105, 153
unlocking 82
using unitsin 170
wrapping 242

erf function 271, 418
ERR variable 354
error bars
graphs 457, 467
polar plots 481
error function 271, 418
error messages
and user functions 156
correcting 155
in equations 153
not detected with O as factor/numerator 155
with units 171
error vector in solve blocks 637
errors
Seeasoindividua error messages
Euler’s constant 417
Euler’s gamma function 271
Evaluate command 386
Evaluate in Place command 411
Evaluate Symbolically command 386
Evaluation Style command 410
exp function 270
Expand command 389
expand keyword 380
Expand to Series command 389
exponent 240
exponential
function 269
notation 167
notation in displayed results 125
threshold 125
exponential distribution 290
exponential integral 417
exporting
worksheets as RTF 79
exporting text 113
expressions
applying a function to 59
correcting errors in 155
deleting parts of 62
See editing
error messages in 153
evaluating 146
finding the coefficients of 393
moving parts of 61
range variables in 220
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sdecting severd 64
simplifying 412

symbolic evaluation of 386
transforming 412

F distribution 290
F keys, table of 589
F1, to show Help 31, 33
Factor Expression command 391
factor keyword 380
factorial (!) 240
fahrenheit 175
fast Fourier transform
dternate forms of 277
See Fourier transforms
FFT
See Fourier transforms
fft function 273, 274, 277
file variable 426
file-access functions 424
filename for reading or writing data 426
filename in headers/f ooters 86
files
compressed 8
reading and writing data files 426
reading data from 424
saving 30
writing datato 424
filters 282, 283
Find function
at end of solve block 340
user functions defined with 349
values returned by 340
first order differential equation 358
fitting a surface
using cubic splines 301
float keyword 381, 383
floating point accelerator 8
Floating Point Evaluation command 386
floor function 273
font
changing in math 129
changing in text 108
default text 109

sengitivity 133
tagging 129
used to display eguations 129

font bar

defined 15

font tags 129

applications 132
saving 133
See also tags

for loop 323
formatting

3D bar charts 526
3D scatter plots 540
contour plots 515
results 124

surface plots 499
symbolic 410

vector field plots 553

Fourier transforms

2 dimensiona 276
aternate form 277
symbolic 407
using fft 273

FRAME for animation 558
Fresnel cosine integrd 418
Fresnel sineintegral 418

functions
applying to an expression 59
boolean 280
built-in 266, 594

See also built-in functions

complex arithmetic 169

defined in terms of solve blocks 349
defining 23, 139

file-access 424

Fourier transform 273

graphing 441

hyperbolic 269

inverse trigonometric 268
piecewise continuous 279, 320
plotting function of two variables 497, 513, 525
plotting in polar plot 477

popul i on statistics 286

prediction 303

probability distribution 287

real and imaginary part 272

676

Index



recursive 328

regresson 304

seriesfor 389

statistical 286

symbolic calculation 417
tensor 283

that take vector arguments 198
to combine arrays 201

to combine vectors or matrices 202
to compute angleto apoint 273
to find roots of expressions 334
trigonometric 268

user function names 160
user-defined 139

vector and matrix 198

gamma (Euler’s constant) 417
gamma distribution 290
gamma function 271
Gaussian distribution 290
generalized
eigenvalues 203
eigenvectors 203
inverse of a matrix 200
genfit function 310
geninv function 200
genvals function 203
geometric distribution 290
Given, keyword in solve blocks 339
global definitions 144, 145
Go to Page command 74
graphs 439
Auto Grid 451
Autoscale 450, 452
axes style 451
axis labels 461
axis limits 440
axis settings in dialog box 450
bar charts (2D) 457
changing perspective 462
color of traces 456
complex numbers 441
copying format from existing plot 457
creating 25, 27, 29, 440

data values 446
deleting 442
error bars 457, 467
formatting 28, 449
formatting traces 455, 456
graphing functions 441
graphing several curves 447
graphing vectors 444
grid lines 450
hiding arguments 462
horizontal and vertical lines 453
labels and titles 459
legends 456, 462, 468
line charts 457
logarithmic axes 450, 467
markers 456
moving 442
polar coordinates 443, 445
read out of coordinates 465
resizing 27, 463
setting axis limits 452
setting defaults with no plot 458
Show Markers 453, 454
step 457, 467
tick marks 450, 451, 469
titles 460
trace settings in dialog box 455
traces on 447
what to graph 441
with dots 457
zooming 463

grayscale
3D bar charts 530
contour plots 517
surface plots 503

greatest integer 273

Greek letters
in equations 160
intext 111
palette 161
table of 161, 590

grid intervals
3D bar charts 533
3D scatter plots 547
contour plots 521
surface plots 507
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vector field plots 555
grid lines

3D bar charts 532

3D scatter plots 546

graphs 450

on contour plots 520

polar plots 476

surface plots 506

vector field plots 554
guess

for root function 334

for solve blocks 339

halting iteration on a condition 281
handbook
See Electronic Book
hard line breaks in text 101
hardware reguirements for Mathcad 8
headers and footers 86
Heaviside step function 282
Help 12, 31, 33
context sensitive 34
QuickSheets 31
hexadecimal numbers 124, 167
highlighting changesin Books 39
highlighting equations 133
highpass filter 282
histogram (hist) function 293

history of browsing in Electronic Book 36

hyperbolic cosineintegra 417
hyperbolic functions 269
hyperbolic sign integra 418

i (imaginary unit) 167

10, 11 and In Bessd functions 271
icfft function 275, 277

identity matrix 200

if function 279, 280

if statement 319

ifft and icfft functions 273, 274
IFFT function 277

Im function 273

imaginary numbers 167, 168
choosing i or j for display 125
symbol for 125

imaginary part 273

importing
text 113

impulse function 282

Include command 77

incompatible units 172

incompatible units error 171

increments for ranges 220

indefinite integral 398

indefinite sum 395

indented paragraphs 110

index variables
Seerange variables

inequalities 242
as congtraintsin solve blocks 341

infinity 165

infinity () 160

inner product 197

input tables 224

Insert Function command 424

Insert Function dialog box 266

insert key 54, 101

Insert Matrix dialog box 182, 184, 185

Insert Unit dialog box 170

Insert Worksheet command 77

inserting
annotations in Electronic Books 39
blank lines 69
characters 54
functions 59
line break in text 101
minus sign in front of expression 58
parentheses around expression 60
text 100
worksheet 77

insertion point 16

installation 8
troubleshooting 8

installing Mathcad 8

integral transforms
Fourier 407
Laplace 408

integrals 242, 252
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contour 255

double 255, 256

indefinite 398

numerical approximations use 254
numerical methodsfor 633
symbolic evaluation of 399

tolerance for numeric approximation 254

variable limits 253
integrand, of definite integral 252
Integrate on Variable command 398

integrating variable, of definite integra 252

integration
Seeintegrals
intercept function 305
Internet 76
interp function 300, 303, 307, 308
interpolation 297
cubic splines 298
for avector of points 301
linear 297
using cubic splines 301
interrupted (error) 152
interrupting calculations in progress 152
inverse
cumulative distributions 291
Fourier transform 273, 407
hyperbolic functions 269
Laplace transform 408
matrix 197, 241, 405
trigonometric functions 268
wavelet transform 277
z-transform 409
inverse video
Seereversevideo
Invert Matrix command 405
iterated product 241, 242, 243
iterated sum 243
iteration 227
See also range variables
faster without subscripts 237
halting 281
on avector 233
over arange 227
program loops 321
recursive 231
with seed value 231

with severa variables 232
iwave function 277

|

j (imaginary unit) 167
JO, J1 and Jn Bessdl functions 271

I

KO, K1 and Kn Bessdl functions 271
keywords 380

Kronecker deltafunction 282
ksmooth function 312

|

labeling axes
graphs 461
labels
graphs 459
polar plots 483
Labels page
polar plots 484
X-Y plots 460
Lambert's W function 418
Laplace transforms 408
Laplace’s equation 373
last function 199
Laurent series 389
least integer 273
left inverse of a matrix 200
left margin 83
legends
graphs 456, 462
polar plots 480, 485
legends in graphs 468
length function 199
level curves 537
Levenberg-Marquardt method 637
Mathcad’s modifications to 639
steps in 637
termination criteria 638
limits (calculus) 400
limits on array sizes 194
line break
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in equation 242

intext 101
line charts 457

polar plots 481
linear

interpolation 297

prediction 303

regression 304, 305

systems of differentia equations 362, 363

systems of equations 205
lines

polar plots 480
linfit function 310
link

to Internet 76

to other worksheets 118

to World Wide Web 76
linterp function 297
Lissgjous figures 441
literal subscripts 163
literaly keyword 381
In (natura log) function 270
Load from Web command 76
locd result format 25, 126
Lock Area command 81
Lock Regions command 80
lockable area 79

deleting 82

specifying 80
locked calculations 79, 81, 82
loess function 307, 308
log function 269, 270
log normal distribution 290
logical operators 280

See boolean operators
logistic distribution 290
looping 321

for loop 323

whileloops 321
loops

See programs

See also range variables
lowpass filter 282, 283
Isolve function 205
Ispline function 300, 303
LU decomposition 639

LU decomposition (lu) function 204

magnitude 241
complex numbers 169
vector 198
mantissa 272
manual mode 150
starting in 152
margins 83
markers
3D scatter plots 543
graphs 456
polar plots 480
marking changesin Books 39
Markov processes 233
Marquardt method
See Levenberg-Marquardt method
Mathcad
hardware/software requirements 8
icon 14
quitting 31
meatrices
adding/deleting rows or columns 184
as argumentsto user functions 210
asarray elements 211
calculations by element 206
combining 201
combining with augment function 202
combining with stack function 202
condition number 201
creating 184
defining 185
defining by formula 229
defining with two range variables 229
definition of 182
determinant 198, 241, 406
displayed as scrolling output tables 192
extracting acolumn 187
extracting asubmatrix 201, 202
extracting dements 187, 211
functions for 198
inverting 197, 241, 405
limit on size 195
limitson size 194
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matrix arithmetic 197
norm 201
numbering e ements 187, 190
numerical methodsfor 639
operators for 195
ORIGIN used with 190
plotting in 3D bar chart 524
plotting in contour plot 512
plotting in surface plot 496
plotting in vector field plots 551
raising to apower 197, 241
rank 201
reading from data files 430
sorting by row or column 278
start with row and column zero 190
subscripts 189
transpose 198, 240, 405
when to use subscripts 235
writing to data files 433
matrix subscript 240
max function 199
mean function 286
median function 286
medsmooth function 311
memory 8
menu commands
See also indiviudal commands
listed by menu 580
min function 199
minerr function
at end of solve block 354
values returned by 340, 354
MINPACK routines 637
minus sign 241
inserting in front of expression 58
MKS units 177
mod function 273
mode

See auto calc mode, manua calc mode

moving
crosshair 607
editing lines 607
graphs 442
insertion point 607
regions 66
scrollbar 74

to bottom of worksheet 74
to top of worksheet 74
multigrid function 374
multipleintegrals 256
multipleroots, finding with solve blocks 344
multi ple summations 244, 246
multiplication 51, 241
multivalued functions 170, 269
multivariate cubic spline interpolation 301

names
font sengitive 133
operatorsin 163
variable and function names 160
vectors and scalars use same names 186
naturd log 270
negating an expression 58, 241
negative binomial distribution 290
nested arrays 211
noisy data 311
non-linear
differential equations 360
regression 309
systems of equations 339
non-scalar value (error message) 219
norm
functions 201
of matrix 201
of vector 198, 241
norm1 and norm?2 functions 201
normal distribution 290
norme and normi functions 201
not converging (error)
integrals 254
root function 335
notation used in manual 13
nth order derivative 251
nth root 170, 241
numbering pages 86
numbers 166
complex 167, 168
dimensiona values 167
displayed as zero 125
exponentid notation for 125, 167
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format for computed results 124
formatting 24, 124
hexadecimal 167
imaginary 167, 168
octal 167
radix (base) for results 124
numeric format
Seeresult format
numerical methods 632
differentiation 248, 251
for derivatives 635
for matrix inversion and determinants 639
for root function 636
for solve blocks 637
integrals 633
integration 252
sorting vectors and matrices 640

octal numbers 124, 167
opening
Electronic Books 37
opening aworksheet 75
operators
as parts of variable name 163
boolean 280
complete list of 591, 593
defined 48
defining 258
derivative 248
for complex numbers 169
for vectors and matrices 195
how to type 240
indefiniteintegral 398
inserting 54
integral 252
iterated product 243
iterated sum 243
limits 400
listed in order of precedence 240
logical 257, 280
nth order derivative 251
palette 12, 15, 240, 243
vector sum 247
Optimize command 413

optimizing expressions 412

order of calculation of equations 149
order of derivative 251

order of evaluation 145

ORIGIN variable 165, 190, 226
output tables 222

overlapping regions 69

overtyping text 101

page
boundary 83
headers and footers 86
numbering 86
Page Setup dialog box 83, 84
pagebreaks, inserting and deleting 84
paette 12, 15, 243
paragraphs 102
changing into text regions 104
compared to text regions 102
creating 102
editing 105
format 110
how to use in worksheets 102
push other regions out of the way 102
wrap margin for 103
parametric surface plots 498
parentheses 60
deleting from expression 60
partial differential equations 373
partial fractions 392
password
locked areas 81
pasting
arrays 147
from clipboard 61
from Electronic Books 37
numerica results 147
text 107
patch plots 505
pbeta function 290
pbinom function 290
pcauchy function 290
pchisqg function 290
pending computations 149, 150
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percent 165
perimeter axes 477
permutations 283
persona dictionary (spell-checker) 117
perspective for 3D bar charts 527
perspective, changing
3D bar charts 526
3D scatter plots 541
surface plots 501
vector field plots 553
pexp function 290
pF function 290
pgamma function 290
pgeom function 290
pi (3.14159...) 53, 165
pi (product symbol) 243
pictures
importing into an array 436
piecewise continuous functions 279, 320
placeholder 16
in graph regions 440
units 174
Playback command 561
plnorm function 290
plogis function 290
plots
3D bar charts 523
3D scatter plots 537
contour plots 511
graphs 439
See also graphs, surface plots
polar plots 471
read out of coordinates 488
surface plots 495
vector field plots 549
pnbinom function 290
pnorm function 290
points, plotting 538
poisson distribution 290
Poisson’s equation 373
Polar Axes page
polar plot defaults 482
polar plots 475
polar coordinates 471
polar plot defaults dialog box 482
polar plot dialog box

Defaults page 482
Labels page 484
Polar Axes page 475
Traces page 479

polar plots 471

Auto Grid 476

Autoscale 479

axes style 477

axis settings in dialog box 476
bar charts 481

changing perspective 486

color of traces 481

copying coordinates to Clipboard 489
copying format from existing plot 482
creating 472

error bars 481

formatting 475

formatting traces 479, 480
graphing several curves 473
grid lines 476

hiding arguments 485
horizontal and vertical lines 478
labels and titles 483

legends 480, 485

line charts 481

lines 480

logarithmic axes 476
logarithmic axis limits 477
markers 480

radial reference lines 478
relation to rectangular plots 443
resizing 486

setting axis limits 477

setting defaults with no plot 482
Show Markers 478

step 481

tick marks 476

titles 484

trace settings in dialog box 479
traces on 473

using default settings 483

with dots 481

zooming 486

Polar Trace dialog box 488
Polar Zoom dialog box 486
polygamma function 418
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polynomial

finding theroots of 338

regression 306, 308
Polynomial Coefficients command 393
polyroots function 338
population statistics 286
power 240
ppoisfunction 290
precedence among operators 240
precision in displayed results 125
predefined variables 165
predict function 303
prediction 297
principa branch of function 170, 269
Print to Right Margin button 84
Print Whole Width button 84
printing 30, 82

blank pagesin 83, 84

calculate worksheet first 151

color 133

current page 82

extra pages 83

print preview 86

sdl ected pages 83

sdlected regions 82

wide worksheets 84
PRN files 430, 433
PRNCOLWIDTH variable 165, 434
PRNPRECISION variable 165, 434
probability density functions 287
probability distribution

beta 290

binomial 290

cauchy 290

chi-squared 290

exponentid 290

F 290

gamma 290

geometric 290

log normal 290

logistic 290

negative binomial 290

normal 290

poisson 290
Sudent's t 290
uniform 291
Weibull 291
probability distributions 287
processing equations 18, 149, 151
results of 149
product 241, 242, 243
cross product 198
dot product 197
over a range 243
symbolic 395
program
defining 316
if statement 319
looping 321
palette for creating 15
recursion 328
statements 316
subroutine 327
proxy server 76
Psi functions 418
pspline function 300, 303
pt function 290
pulse function 282, 283
punif function 291
pweibull function 291

gbeta function 291
gbinom function 291
gcauchy function 291
gchisq function 291
gexp function 291

gF function 291
ggamma function 291
ggeom function 291
glnorm function 291
glogis function 291
gnbinom function 291
gnorm function 292
gpois function 292
QR decomposition function 204
gt function 292
QuickSheets 12, 31
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storing custom operators 262
QuickTime movies
compression 558
playback 561
saving 558
quitting Mathcad 31
qunif function 292
gweibull function 292

radians
converting to degrees 175
trig functions 267
radix of displayed results 124
random number generators 294
Randomize command 295
range variables 22, 218
creating 22
defining 218, 220
fundamental principle for 220
how Mathcad evaluates equations with 220
in expressions 220
setting endpoints and increments 220
using two in one equation 230
rank function 201
rbeta function 294
rbinom function 294
rcauchy function 294
rchisg function 294
Re function 273
READ function 425, 428
READBMP function 436
readout of coordinates
graphs 465
plots 488
READPRN function 425, 430
advantages of 435
READRGB function 436
real part 273
rectangle to indicate disabled equation 153
recursion 231, 328
reduced view 64
reduced-row echelon form 200
reference existing worksheet 77
reference lines in graphs 453

regions 21

3D bar charts 523

3D scatter plots 537

aligning 67

blank space between 21

contour plot 511

copying 65

deleting 68

dragging 65, 66

dragging across documents 66, 67

equation 21

graphs 439

locking 79, 81

moving 66

overlapping 69

polar plots 471

selecting 17

separating 69

surface plot 495

text 100

unlocking 82

vector field plots 549

viewing 21, 69
regress function 307, 308
regression

linear 305

non-linear 309

polynomia 306, 308

using linear combinations of any functions 309
regression functions 304
relational operators 280

See boolean operators
relax function 374
replacing

string 114
resizing

3D bar charts 526

3D scatter plots 540

contour plot 514

graphs 463

polar plots 486

surface plot 499

text regions 101

vector field plots 552
result format 124

globa 124

Index
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locd 126
results
caculating 18
cal culating with equations 146, 412
copying 147
dimensonsin 173
scaling 175
reverse function 278
rexp function 294
rF function 294
rgamma function 294
rgeom function 294
Rich Text Format (RTF) 79, 113
right margin 83
right page boundary 83
rkadapt function 365
rkfixed function 358
rinorm function 294
rlogisfunction 294
rnbinom function 294
rnd function 294, 295
rnorm function 294
Romberg integration 633
root
See also root function
root function 334
defining user function in terms of 337
failure of 335
initial guessfor 334

Save As didog box 30
Save Configuration command
used to save calculation mode 152
saving
annotations in Electronic Books 39
configuration 87
font tags 87
new file 30
worksheets 30, 76
sbval function 371
scalar
addition 197
definition of 182
division 197
multiplication 197
scaling results 175
scatter plots 468, 537
scatter plots (3D)
Autoscale 547
back planes 543
borders 542
boxes 542
changing marker formats 543
connecting by lines 545
converting 541
creating 538, 539

; formatting 540
numerica methodsfor 636 o formatting axes 546
tolerance for numeric approximation 335 grid intervals 547

roc::gs secant method 335 grid lines 546
fogas g5
finding mul.t| ple roots with solve blocks 344 setting axis limits 547
of.polynom|als. 338 tick marks 546
us.ng plotsto find 336 titles 547

roundiing off 272 scientific notation

row vector; 184 See exponentia notation

rovysfunctl.on 199 scrolling 74

rp0|sfun§t| on 294 autoscroll 66

rref functi gn 200 scrolling output table 192

reort fur]ctlon 278 copying values from 148

"t fL_mCt' on.294 setting numerical format for 125

runi f function .295 search

rweibull function 295 Electronic Book 36
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See Find command
in equations 113
intext 113
secant (sec) function 268
secant method 335, 636
sech function 269
second derivative 251
second derivatives
for spline functions 302
second order differential equations 360
seeded iteration 231
with avector 233
with severd variables 232
selecting regions 17
sdlecting several equations 64
sdlection rectangle 64
semicolon, in range variable definitions 218
separating overlapping regions 69
series 389
series keyword 380
Set Lockable Area command 80
shading
contour plots 517
surface plots 503
Shi function 418
Show Markers
graphs 454
polar plots 478
Si function 418
sigma (summation symbol) 243
for vector 198
sign function (complex) 417
sign function (red) 418
signum function 418
Simplify command 388
simplify keyword 380
simultaneous definitions 209
simultaneous equations
solving numerically 339
solving symbolically 404
sinefunction 268
sineintegral 418
singular value decomposition 205
singular values of amatrix 205
singularitiesin trig functions 268
sinh function 269

slope function (linear regression) 305
smooth systems (differential equations) 365
smoothing data 311
software requirements for Mathcad 8
solve blocks 339
cannot be nested 342
constraintsin 341
defining afunction that uses 349
defining variables in terms of 343
definition of 340
did not find solution error 346
displaying results of 342
end with Find or Minerr 354
error vector in 637
expressions alowed in 341
finding multiple solutions 344
finding vector of results 350
Given keyword 339
Levenberg-Marquardt algorithm 637
numerical methodsfor 637
solving for different variables 352
too few congraintsin 347
using effectively 349
using to solve symbolicaly 404
values returned by 340, 354
Solvefor Variable command 401
solving eguations 339
differential equations 359
See also solve blocks
with matrix function 205
with root function 334
with solve blocks 339, 404
with Solve for Variable 401
sort function 278
sorting vectors and matrices 278
algorithm used for 640
spaces, inserting or deleting 69
spellcheck 116
spline functions 298, 301
end conditions for 300, 303
example using 299
multivariate 301
second derivatives for 302
spreadshests 424
reading data from 430
square root 241

Index
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egtimating arithmetically 231
stack function 201, 202
standard deviation (stdev) function 286
standard normal distribution 290
starting Mathcad 8
statigtics
cubic spline interpol ation 298
cumul ative distribution functions 289
density functions 287
functions 286
generalized linear regression 309
histograms 293
interpolation 297
inverse cumul ative distributions 291
linear interpolation 297
linear prediction 297, 303
linear regression 304
multivariate cubic spline 301
multivariate polynomia regression 308
non-linear regression 309
polynomia regression 306
random number generation 294
smoothing data 311
step function 282
step graph
graphs 457, 467
polar plots 481
step-size for iteration 220
stiffb function 365
stiffr function 365
structured data 433
submatrix function 201, 202
subroutines 327
subscripted variables
calculating with 227
entering valuesin input tables 224
subscripts
in text 109
|ast element function 199
|eft bracket used to type 187
literal 163
non-numeric 163
ORIGIN used with 190
start with zero 190
vector and matrix 187, 240
when to use 235

Substitute for Variable command 394
subtraction 242
Sudent’s t distribution 290
summation 241
multiple 244, 246
of vector elements 198
symbolic evaluation of 395
variable upper limit 246
summations, over a range 243
superscript
array 240

example of array superscript in use 233

in text 109
to get column from matrix 189
supsmooth function 312
surface plots 495
Autoscale 507
back planes 502
borders 501
boxes 502
changing the shading 503
controlling how bumpy 501
converting 500
creating 496
discontinuous 505
formatting 499
formatting axes 506
grid intervals 507
grid lines 506
mesh on the surface 504
of function of two variables 497
parametric 498
patch plots 505
perspective 501
resizing 499
setting axis limits 507
tick marks 506
titles 508
vertical scale 501
svd function 205
svds function 205
symbol palette 12, 15, 243
symbolic
equal sign 379
evaluation 379
evaluation returns long answers 420
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optimization 412

transforms 407

updating results of evaluation 386
system requirements for Mathcad 8

tables
input 224
output 222
show only 50 elements 223
tags 129
applications 132
saving 133
tangent (tan) function 268
tanh function 269
Taylor series 389
temperature 175
templates
for math 32
text 99
aignment 110
changing font 108
changing from paragraph to region 104
cut and paste in 107
deleting 107
editing 105
entering 19
exporting to other programs 113
Greek lettersin 111
importing from other programs 113
inserting equations 104
moving 104
moving insertion point in 106
paragraphs 102
regions 100
sdecting 106
selecting aword 106
spdlcheck 116
text box 19, 100
text regions 100
changing width 101
compared to paragraphs 102
creating 19, 100
editing 105
hard line breaks 101

how to exit 20, 100
three-dimensiona plots
See surface plots
tick marks 451
3D bar charts 532
3D scatter plots 546
contour plots 520
graphs 450
polar plots 476
surface plots 506
vector field plots 554
tilde (~), used in global definitions 144
tiling windows 37
timein headers/footers 86
Title page
3D bar chart 534
3D scatter plots 547
contour plots 521
surface plots 508
vector field plots 555
titles
3D bar charts 534
3D scatter plots 547
contour plots 521
graphs 459, 460
polar plots 483, 484
surface plots 508
vector field plots 555
TOL variable 165
used with integras 254
used with root function 336
used with solve blocks 346
tolerance
in integration algorithm 633
in root function 636
Seeaso TOL variable
too few constraints (error) 347
too many files (error) 427
toolbar 15
top margin 83
top-to-bottom evaluation 142
trace (tr) function 201
traces
graphs 447
polar plots 473
Traces page

Index

689



polar plots 479, 482
X-Y plots 455
trailing zeros 125
transcendental functions 267
transforms
Fourier (numerical) 273
Fourier (symbolic) 407
Laplace 408
symbolic 407
wavelet 277
z 409
Trangpose Matrix command 405
transpose of matrix 198, 240, 405
trigonometric functions 267, 268
with degrees and radians 175
troubleshoooting 8
truncetion 272, 273
Seefloor function
two point boundary va ue problems 370
typing over text 101

undefined variables 143, 145
uniform distribution 291
unit impulse function 282
unit step function 282
units 169
base units 177
CGS system 177
changing dimension names 179
common sources of error 171
converting calculated results 174
defining 177
defining your own 172
dimensiona consistency 171
dimensiona values 167
errorsin dimensions 171
in calculated values 173
in equations 170
in tables 223
metric 177
placeholder 173, 174
US Customary 177
Unlock Area command 82
until function 279, 281

update
file access functions 427
results in window 149
window manually 150
worksheet 151
worksheet window 151
URL (for Internet address) 76
US Customary units 177
user functions 139
array arguments 210
defined in terms of root 337
defined in terms of solve blocks 349
errorsin 156
evaluating variablesin 141
valid names 160

vaues
See numbers
variables
complex 168
defining 17, 138
defining severa at once 209
font tag 129
globa definitions of 144
inred 145, 154
matrices 182
names 160
predefined 165
range variables 22, 218
substituting for 394
variable names 160
vectors 182
variance (var) function 286
vector field plots 549
creating 550, 551
formatting 553
formatting axes 554
from complex matrices 550, 551
from real matrices 551
grid interval s 555
grid lines 554
perspective 553
resizing 552
tick marks 554

690

Index



titles 555
vector product 241
vector subscript 240
vector-sum operator 247
vectorize operator 206, 240
effect of 207
how to type 207
properties of 209
when to use 237
vectors
as argumentsto user functions 210
asarray elements 211
caculations by element 206
column vectors 184
combining 201
combining with augment function 202
combining with stack function 202
computing with 185
cross product 198
defining 182, 185
defining severd variables at once 209
definition of 182
displayed as scrolling output tables 192
dot product 197
functions for 198
graphing 444
limit on size 195
magnitude 198, 241
norm 198, 241
numbering el ements 187, 190
operators for 195
ORIGIN used with 190
row vectors 184
solve blocks applied to 350
sorting elements 278
start with element zero 190
subscripts 187
sum elements of 241
sum of elements operator 198
undefined elements filled with zeros 188, 190
vector arithmetic 197
vectorize operator 206
when to use subscripts 235
vertical scae
3D bar charts 528
surface plots 501

View page
3D bar charts 527
3D scatter plots541
contour plots 516
surface plots 500

W function 418
wait message 150
wave function 277
wavelet transforms 277
Weibull distribution 291
while loops 321
windows
generaly 74
multiple 75
scrolling 74
update results automatically 149
update results manudly 150
zooming in and out 64
Worksheet command 77
worksheets
definition of 13
exporting as RTF 79
inserting 77
Internet 76
opening 75
order of evaluation 142
pointer to 77
printing 30
referencing in another worksheet 77
saving 30, 76
World Wide Web 76
wrap margin for paragraphs 103
wrapping equations 242
WRITE function 424, 425, 429
WRITEBMP function 438
WRITEPRN function 424, 425, 433
advantages of 435
WRITERGB function 438

X-Y plot default dialog box 458
X-Y plot dialog box
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Axes page 449, 452
Defaults page 457
Labels page 460
Traces page 455
X-Y Trace diaog box 465
X-Y Zoom dialog box 463

y-intercept 305
YO, Y1and Yn Bess functions 271

z-transform 409
Zero
as denominator 633
as factor or numerator 633
tolerance 125
zeros of expressions or functions
Seeroots
Zetafunction 419
zooming
graphs 463
polar plots 486
windows 64
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