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How to Use the User’s Guide with
Reference Manual

The Mathcad 2001 User’s Guide with Reference Manusabrganized as follows:

¢ The Basics
This section contains a quick introduction to Mathcad’s features and workspace,

including resources available in the product and on the Internet for getting more
out of Mathcad. Be sure to read this section first if you are a new Mathcad user.

¢ Creating Mathcad Worksheets

This section describes in more detail how to create and edit Mathcad worksheets.
It leads you through editing and formatting equations, text, and graphics, as well
as opening, editing, saving, and printing Mathcad worksheets and templates.

¢ Computational Features
This section describes how Mathcad interprets equations and explains Mathcad's
computational features: units of measurement, complex numbers, matrices, built-
in functions, solving equations, programming, and so on. This section also
describes how to do symbolic calculations and how to use Mathcad’s two- and
three-dimensional plotting features.

¢ Reference Manual

This section lists and describes in detail all built-in functions, operators, and
symbolic keywords, emphasizing their mathematical and statistical aspects.

As much as possible, the topics in this guide are described independently of each other.
This means that once you are familiar with the basic workings of Mathcad, you can
simply select a topic of interest and read about it.

Online Resources

The Mathcad Resource Center (choBssour ce Center from theHelp menu in

Mathcad) provides step by step tutorials, examples, and application files that you can
use directly in your own Mathcad worksheets. Mathcad QuickSheets are templates
available in the Resource Center that provide live examples that you can manipulate.

The Author’s Reference (choo&athor’'s ReferencefromtheHelp menuin Mathcad)
providesinformation about creating Electronic Booksin Mathcad. An Electronic Book
isabrowsableset of hyperlinked M athcad worksheetsthat hasitsown Tableof Contents
and index.

The Developer’'s Reference (chod3eveloper’'s Referencérom the Help menuin
Mathcad) provides information about devel oping customized Mathcad components,
specialized OLE objectsin a Mathcad worksheet that allow you to access functions
from other applications and data from remote sources.




The Developer’'s Reference also documents Mathcad’s Object Model, which allows
you to access Mathcad'’s functionality from another application or an OLE container
(see “Online Resources” on page 21 for more details).

Notations and Conventions
This guide uses the following notations and conventions:

Italics represent scalar variable names, function names, and error messages.
Bol d Couri er represents keys you should type.

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

An arrow such as that irGraph X-Y Plot” indicates a submenu command.

Function keys and other special keys are enclosed in brackets. For efamplg,
[~], and[ -] are the arrow keys on the keybod¥il], [F2], etc., are function keys;
[BkSp] is the Backspace key for backspacing over chara¢at] is the Delete key
for deleting characters to the right)ns] is the Insert key for inserting characters to
the left of the insertion poinfTab] is the Tab key; anfSpace] is the space bar.

[Crl], [Shift],and Al t ]are the Control, Shift, and Alt keys. When two keys are
shown together, for examplgGt r | 1V, press and hold down the first key, and then
press the second key.

The symbo[[] and[Ent er ] refer to the same key.

Additionally, in theReference Manual portion of this book, the following specific
notation is used whenever possible:

« xandy represent real numbers.

« zandw represent either real or complex numbers.

e m,n,i,j, andk represent integers.

« Sand any names beginning wiltepresent string expressions.
e Uu,V, and any names beginning withrepresent vectors.

« A andB represent matrices or vectors.

* M andN represent square matrices.

» frepresents a scalar-valued function.

* F represents a vector-valued function.

« fileis a string variable that corresponds to a filename or path.
« XandY represent variables or expressions of any type.

In this guide, when spaces are shown in an equation, you need not type the spaces.
Mathcad automatically spaces equations correctly.

This guide describes a few product features that are available only in add-on packages
for Mathcad. For example, some numerical solving features and functions are provided
only in theSolving and Optimization Extension Pack.
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What Is Mathcad?

Mathcad istheindustry standard technical cal culation tool for professional s, educators,
and collegestudentsworldwide. Mathcad isasversatile and powerful asaprogramming
language, yet it's as easy to learn as a spreadsheet. Plus, it is fully wired to take
advantage of the Internet and other applications you use every day.

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:
+(B1+SQRT(B1*B1-4*A1*Cl) )/ (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
-b +..Jb:2 -4-a-c

it on a blackboard or in a reference book. And there is n
difficult syntax to learn; you simply point and click and yo 2 a
equations appear.

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 numerically. 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 application. Plus, Mathcad takes full advantage
of Microsoft’'s OLE 2 object linking and embedding standard to work with other
applications, supporting drag and drop and in-place activation as both client and server

Mathcad comes with its own online reference system called the Resource Center. It
gives you access to basic and advanced tutorials as well as many useful formulas,
“quicksheet” recipes for using Mathcad functions, example worksheets, and reference
materials at the click of a button.

What Is Mathcad? 3



Mathcad simplifies and streamlines documentation, critical to communicating and to
meeting business and quality assurance standards. By combining equations, text, and
graphicsinasingleworksheet, Mathcad makesit easy to keeptrack of themaost complex
calculations. By printing the worksheet exactly as it appears on the screen, Mathcad
lets you make a permanent and accurate record of your work.

Highlights of the Mathcad 2001 Release

Faster Performance in the Computational Engine

Mathcad 2001 Professional contains an improved computational engine that delivers
faster performance. Additionally, there are other document-specific optionsthat let you
further customize your mode of calculation, like strict matrix singularity checking and
backward compatibility.

New Components and Add-ins

Severa new components, add-ins, and functions help you interface with other applica-
tions, data sources, and file types within your Mathcad worksheet.

ODBC Read component. Enable streamlined connectivity to your databases. The
ODBC Read component allows you read and filter data from any ODBC compliant
database that supports SQL.

Data Acquisition component. Get data from or send data to supported measure-
ment devices. The Data Acquisition component allows you to acquire and send
single point and waveform analog data in “real time.”

MathSoft Controls components. Create custom forms controls such as buttons
and text boxes. MathSoft Controls allow you to customize interactivity in your
worksheets.

New component SDK. Build custom Mathcad components quickly and easily
using the new Mathcad Component Wizard for Visual Studio, which generates the
shell of a component, including documentation and sample source code.

WAV file support. Read, write, and get format information from pulse code
modulated (PCM) Microsoft WAV file using Mathcad’s new WAV funtions.

Customization and redistribution of components. Customize and distribute
Scriptable Object components built in Mathcad using the new Save as Component
feature. Once you have customized a component to your liking, you can share or
reuse your component quickly and easily

New Add-ins. Extend Mathcad'’s feature set to other applications. Visit the
Dowload area of the Mathcad web sitéat p: / / ww. mat hcad. con to get

a complete list of current Mathcad Add-ins and information about how to download
them. Other new Add-ins will be posted from time to time.
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Improved Web Integration
With Mathcad 2001 Professional, you can save your Mathcad worksheets asHTML
documents with embedded Mathematical Markup Language (MathML) and display
them in the browser. Using IBM’s techexpldteHypermedia Browser, a plug-in
application that comes with Mathcad, you can display any Mathcad worksheet saved
in HTML/MathML format. Then, you can read those documents back into Mathcad
with no loss of computational information.

Authoring Tools
Create Electronic Books faster and more easily with new and improved authoring tools.
These tools include:

Other Features

Region-to-region hyperlinking

An automatic index creation mechanism that allows you to tag regions with
keywords

An HBK debugging tool that allows you to check your electronic book for errors

Other new features include:

New capabilitiesin embedded pictures. You can import images to your Mathcad
worksheet from a variety of new formats including JPEG, GIF, and PCX. Once in
your worksheet, these images can be manipulated using the new picture toolbar,
which includes tools for zooming, cropping, and changing orientation, brightness,
contrast, and grayscale mapping of a picture.

More new functions. There are several new ease-of-use functions including
coordinate system transforms to convert between coordinate systems and lookup
functions to streamline searching for values in large matrices.

System Requirements

In order to install and run Mathcad 2001 Professional, the following are recommended
or required:

Pentium 133MHz or compatible CPU.

CD-ROM drive.

Windows 95 or higher or Windows NT 4.0 or higher.

At least 32 megabytes of memory. 64 MB is recommended.

For improved appearance and full functionality of online Help, installation of
Internet Explorer 4.0, Service Pack 2, or higher is recommended. IE does not need
to be your default browser.

System Requirements 5



Installation

Toinstall Mathcad:

1. Insert the CD into your CD-ROM drive. The first time you do this, the CD will
automatically start the installation program. If the installation program does not
start automatically, you can start it by choosing Run from the Start menu and typing
DASETUP (where “D:” is your CD-ROM drive). Click “OK.”

2. Click the Mathcad icon on main installation page.

3. When prompted, enter your product serial number, which is located on the back of
the CD envelope.

4. Follow the remaining on-screen instructions.

To install other items such as SmartSketch LE, VoloView, or online documentation,
click the icon for the item you want to install on the install startup screen.

Contacting MathSoft

Technical Support

MathSoft provides free technical support for individual users of Mathcad. Please visit
the Support area of the Mathcad web sitetdtp: / / wwww. mat hcad. coni .

If you reside outside the U.S. and Canada, please refer to the technical support card in
your Mathcad package to find details for your local support center. You may also
contact:

« Automated solution center and fax-back system: +44 1276 475350
e Fax: +44 1276 451224 (Attn: Tech Support)
e Email: help@mathsoft.co.uk

Contact MathSoft or your local distributor for information about technical support plans
for site licenses.
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Chapter 2
Getting Started with Mathcad

The Mathcad Workspace
Regions

A Simple Calculation
Definitions and Variables
Entering Text

Iterative Calculations
Graphs
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Saving, Printing, and Exiting

The Mathcad Workspace

For information on system requirements and how to install Mathcad on your computer,
refer to Chapter 1, “Welcome to Mathcad.”

When you start Mathcad, you'll see a window like that shown in Figure 2-1. By default
the worksheet area is white. To select a different color, cHool®e] Background
from theFormat menu

< Mgtbcad Piolorienal - |Unstled 1]
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O-=2 &4 Bl - i mos| LA 0@
{Homal i A e sro EmE EE
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Figure 2-1: Mathcad with various toolbars displayed.
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Each button in the M ath toolbar, shown in Figure 2-1, opens another toolbar of
operators or symbols. Y ou can insert many operators, Greek |etters, and plots by
clicking the buttons found on these toolbars:

Button Opens math toolbar...

=] Calculator—Common arithmetic operators.

s Graph—Various two- and three-dimensional plot types and graph tools.

[:::] M atrix—Matrix and vector operators.

e Evaluation—Equal signs for evaluation and definition.

I% Calculus—Derivatives, integrals, limits, and iterated sums and products.
<# Boolean—Comparative and logical operators for Boolean expression.
] Programming—Programming constructs.

e Greek—Greek letters.

- Symbolic—Symbolic keywords.

The Standard toolbar isthe strip of buttons shown just below the main menusin

Figure 2-1:

O3 AT LhBS v "W MND= i-}-ll"_dm'f

Many menu commands can be accessed more quickly by clicking a button on the
Standard toolbar.

The Formatting toolbar is shown immediately below the Standard toolbar in Figure
2-1. This contains scrolling lists and buttons used to specify font characteristicsin
equations and text.

[ =[x == =R NCE E =

Tip Tolearnwhat abutton on any toolbar does, | et the mouse pointer rest on the button momentarily.
You'll see a tooltip beside the pointer giving a brief description.

To conserve screen space, you can show or hide each toolbar individually by choosing

the appropriate command from the View menu. Y ou can al so detach and drag atool bar

around your window. To do so, placethe mouse pointer anywhere other than on abutton

or a text box. Then press and hold down the mouse button and drag. You'll find that
the toolbars rearrange themselves appropriately depending on where you drag them.
And Mathcad remembers where you left your toolbars the next time you open

the application.
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Tip

Y ou can customize the Standard, Formatting, and Math toolbars. To add and remove buttons
from one of these toolbars, right-click on the toolbar and choose Customize from the pop-up
menu to bring up the Customize Toolbar dialog box.

The worksheet ruler is shown towards the top of the screen in Figure 2-1. To hide or
show theruler, choose Ruler from the View menu. To change the measurement system
used intheruler, right-click ontheruler, and choose Inches, Centimeters, Points, or Picas
from the pop-up menu. For more information on using the ruler to format your
worksheet, refer to “Using the worksheet ruler” on page 86.

Working with Windows

Tip

Tip

When you start Mathcad, you open up a window on a Mativoekkheet. You can

have as many worksheets open as your available system resources allow. This allows
you to work on several worksheets at once by simply clicking the mouse in whichever
document window you want to work in.

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:

« Make the window larger as you do in other Windows applications.

e ChooseZoom from theView menu or clicki®™ = on the Standard toolbar and
choose a number smaller than 100%.

You can also use the scroll bars, mouse, and keystrokes to move around the Mathcac
window, as you can in your other Windows applications. When you move the mouse
pointer and click the mouse button, for example, the cursor jumps from wherever it was
to wherever you clicked.

Mathcad supports the Microsoft IntelliM ouse and compatible pointing devices. Turning the
wheel scrolls the window one line vertically for each click of the wheel. When you press
[Shi f t ] and turn the wheel, the window scrolls horizontally.

See “Arrow and Movement Keys” on page 499 in the Appendices for keystrokes to
move the cursor in the worksheet. If you are working with a longer worksheet, choose
Goto Page from theEdit menu and enter the page number you want to go to in the
dialog box. When you click “OK,” Mathcad places the top of the page you specify at
the top of the window.

Mathcad supports standard Windows keystrokes for operations such asfile opening, [Ct r | ]O,

saving, [Ct r | ]S, printing, [Ct r | ]P, copying, [Ct r | ]C, and pasting, [Ct r | ]V. Choose

Prefer encesfromthe View menu and check “Standard Windows shortcut keys” in the Keyboard
Options section of the General tab to enable all Windows shortcuts. Remove the check to use
shortcut keys supported in earlier versions of Mathcad.

The Mathcad Workspace 9



Regions

Mathcad lets you enter equations, text, and plots anywhere in the worksheet. Each
equation, piece of text, or other element isaregion. Mathcad creates an invisible
rectangleto hold each region. A Mathcad worksheet isacollection of such regions. To
start a new region in Mathcad:

1. Clickanywhereinablank areaof theworksheet. Y ouseeasmall crosshair.
Anything you type appears at the crosshair.

2. If theregionyouwantto createisamath region, just start typing anywhere
you put the crosshair. By default Mathcad understands what you type as
mathematics. See “A Simple Calculation” on page 12 for an example.

3. To create a text region, first chodsext Region from thelnsert menu and then
start typing. See “Entering Text” on page 14 for an example.

In addition to equations and text, Mathcad supports a variety of plot regions. See
“Graphs” on page 18 for an example of inserting a two-dimensional plot.

Tip Mathcad displaysabox around any region you are currently working in. When you click outside
the region, the surrounding box disappears. To put a permanent box around aregion, click on it
with the right mouse button and choose Pr oper ties from the pop-up menu. Click on the Display
tab and click the box next to “Show Border.”

Selecting Regions
To select asingleregion, simply click it. Mathcad shows arectangle around theregion.
To select multiple regions:

1. Pressand hold down the left mouse button to anchor one corner of the selection
rectangle.

2. Without letting go of the mouse button, move the mouseto enclose everything you
want to select inside the selection rectangle.

3. Release the mouse button. Mathcad shows dashed rectangles around regions you
have selected.

Tip You can also select multiple regions anywhere in the worksheet by holding doj@ thg
key while clicking. If you click one region afghi f t ]-click another, you select both regions
and all regions in between.

Moving and Copying Regions
Once the regions are selected, you can move or copy them.
Moving regions
Y ou can move regions by dragging with the mouse or by using Cut and Paste.

10 Chapter 2 Getting Started with Mathcad



Note

Tip

To drag regions with the mouse:

1
2.

Select the regions as described in the previous section.

Placethe pointer on the border of any selected region. The pointer turnsinto asmall
hand.

Press and hold down the mouse button.

Without letting go of the button, move the mouse. The rectangular outlines of the
selected regions follow the mouse pointer.

At thispoint, you can either drag the sel ected regions to another spot in the worksheet,
or you can drag them to another worksheet. To move the selected regionsinto another
worksheet, press and hold down the mouse button, drag the rectangular outlines into
the destination worksheet, and release the mouse button.

To move the selected regions by using Cut and Paste:

1

2.

Select the regions as described in the previous section.

Choose Cut from the Edit menu (keystroke: [Ct r | ] X), or click & on the
Standard toolbar. This del etes the sel ected regions and puts them on the Clipboard.

Clickthe 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 worksheet or in a
different worksheet altogether. You should see the crosshair.

ChoosePaste from theEdit menu (keystroke:(t r | ] V), or click on the
Standard toolbar.

Y ou can move one region on top of another. To move a particular region to the top or bottom,
right-click on it and choose Bring to Front or Send to Back from the pop-up menu.

Copying Regions

To copy regions by using tl&opy andPaste commands:

1.

2.

Select the regions as described in “Selecting Regions” on page 10.

ChooseCopy from theEdit menu (keystroke:(t r | ] C), or click on the
Standard toolbar to copy the selected regions to the Clipboard.

Click the mouse wherever you want to place a copy of the regions. You can click
either in your worksheet or in a different worksheet altogether. Make sure you've
clicked in an empty space and that you see the crosshair.

ChooseéPaste from theEdit menu (keystroke:(t r | ] V), or click B on the
Standard toolbar.

If the regions you want to copy are coming from a locked area (see “Safeguarding an Area of the
Worksheet” on page 91) or an Electronic Book, you can copy them simply by dragging them
with the mouse into your worksheet.

Regions 11



Deleting Regions
To delete one or more regions:

1. Select theregions.

2. Choose Cut from the Edit menu (keystroke: [Ct r | ] X), or click # | on the

Standard toolbar.

Choosing Cut removesthe 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, chdddete from theEdit menu (Keystroke:
[Cr]]D)instead.

A Simple Calculation

Although Mathcad can perform sophisticated mathematics, you can just as easily use
it as a simple calculator. To try your first calculation, follow these steps:

1.

Click anywhere in the worksheet. You see a small
crosshair. Anything you type appears at the crosshai +

Typel5- 8/ 104. 5=. When you type the equal sig

e ) 15-—2 14923
or click| = | on the Evaluation toolbar, Mathcad 1045

computes and shows the result. +

This calculation demonstrates the way Mathcad works:

Mathcad shows equations as you might see them in a book or on a blackboard.
Mathcad sizes fraction bars, brackets, and other symbols to display equations the
same way you would write them on paper.

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

As soon as you type the equal signorq = on the Evaluation toolbar, Mathcad
returns the result. Unless you specify otherwise, Mathcad processes each equation
as you enter it. See the section “Controlling Calculation” in Chapter 8 to learn how
to change this.

As you type each operator (in this casand/ ), Mathcad shows a small rectangle
called gplaceholder. Placeholders hold spaces open for numbers or expressions not
yet typed. As soon as you type a number, it replaces the placeholder in the
expression. The placeholder that appears at the end of the expression is used for
unit conversions. Its use is discussed in “Displaying Units of Results” on page 118.

12
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Once an equation is on the screen, you can edit it by clicking in the appropriate spot

and typing new letters, numbers, or operators. Y ou can type many operators and Greek
letters by clicking in the Math toolbars introduced in “The Mathcad Workspace” on
page 7. Chapter 4, “Working with Math,” details how to edit Mathcad equations.

Definitions and Variables

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

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

Defining Variables
To define a variablg follow these steps:

1.

2.

Typet followed by a colon or click on the to=
Calculator toolbar. Mathcad shows the colon as the

definition symbol: =.

TypelO in the empty placeholder to complete the
definition fort. t =10

If you make a mistake, click on the equation and press

[Space] until the entire expression is between the two editing lines, just as you did
earlier. Then delete it by choosi@git from theEdit menu (keystroke(t r | ] X). See
Chapter 4, “Working with Math,” for other ways to correct or edit an expression.

These steps show the form for typing any definition:

1.

2.

Type the variable name to be defined.

Type the colon key or click on the Calculator toolbar to insert the definition
symbol. The examples that follow encourage you to use the colon key, since that
is usually faster.

Type the value to be assigned to the variable. The value can be a single number, a:
in the example shown here, or a more complicated combination of numbers and
previously defined variables.

Mathcad worksheets read from top to bottom and left to right. Once you have defined
avariable like, you can compute with it anywhdydow and to theright of the equation
that defines it.
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Now enter another definition.

1. Press[O]. This movesthe crosshair below the first T
equation.

2. Todefineaccas—9.8, typeacc:—9.8 .Thenpress
[ again. Mathcad shows the crosshair cursor
below the last equation you entered.

Calculating Results
Now that the variables acc and t are defined, you can use them in other expressions.

1. Click the mouse afew lines below the two - 10
definitions.

2. Typeacc/2 [Space]*t"2 .Thecaret symbol (*) et a8
representsraising to a power, the asterisk (*) is L
multiplication, and theslash (/ ) representsdivision. 2

3. Presstheequal sign (=).

This equation calculates the distance traveled by afalling body in timet with
acceleration acc. When you enter the equation and press the equal sign (=), or click

= | on the Evaluation toolbar, Mathcad returns the result.

M athcad updates results as soon as you make changes. For example, if you click onthe
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 handles text as easily asit does equations, so you can make notes about the
calculations you are doing.

Here’s how to enter some text:

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

2. ChooseT ext Region from thelnsert menu, or [
press' (the double-quote key), 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 grows as you enter text.

14 Chapter 2 Getting Started with Mathcad



3. TypeEquati ons of noti on.Mathcad
shows the text in the worksheet, next to the
equations.

E quisdtelivs O diaieh i

Note |f Ruler under theView menuischecked when the cursor isinside atext region, theruler resizes
to indicate the size of your text region. For more information on using the ruler to set tab stops
and indents in a text region, see “Changing Paragraph Properties” on page 61.

Tip If you click in blank space in the worksheet and start typing, which creates a math region,
Mathcad automatically converts the math region to a text region when youSpas®].

To enter a second line of text, just press[] and continue typing:
1. Press[].
2. Thentypefor falling body under gravity.

3. Clickinadifferent spot in the worksheet or press | gquations af motion
[Ctr1][Shi ft ][] to move out of the text tor faling bady Undas grety.
region. The text box disappears and the cursor
appears as asmall crosshair.

Note Use[Ctr | ][Shi ft][[J] to move out of the text region to a blank space in your worksheet. If
you presg]], Mathcad inserts a line break in therent text region instead.

Y ou can set the width of atext region and change the font, size, and style of thetext in
it. For more information, see Chapter 5, “Working with Text.”

Iterative Calculations

Mathcad can do repeated or iterative calculations as easily as individual calculations.
Mathcad uses a special variable calledrae variable to perform iteration.

Range variables take on a range of values, such as all the integers from 0 to 10.
Whenever a range variable appears in a Mathcad equation, Mathcad calculates the
equation not just once, but once for each value of the range variable.

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

Creating a Range Variable
To compute equations for a range of values, first create a range variable. In the problem
shown in “Calculating Results” on page 14, for example, you can compute results for
a range of values affrom 10 to 20 in steps of 1.
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To do so, follow these steps:
1. First, changet into arange variable by editing its

definition. Click onthe 10 inthe equationt : =10. The t:= 10
insertion point should be next to the 10 as shown on the
right.
2. Type, 11.Thistells Mathcad that the next number in
t =10, 11

the range will be 11.

3. Type; for therange variable operator, or click |™-"on ||t = 10, 11 .. 20
the Cal cul ator toolbar, and then typethelast number, 20.
Thistells Mathcad that the last number in the range will be 20. Mathcad shows the

range variable operator as a pair of dots.

4. Now click outsidetheequationfor t. Mathcad beginsto compute =
with t defined as arange variable. Since t now takes on eleven R s
different values, there must also be eleven different answers. T
These are displayed in an output table as shown at right. You L]
may haveto resize your window or scroll down to seethewhole —
table. —
Defining a Function Lok
You can gain additional flexibility by defining functions. Here’s I
how to add a function definition to your worksheet: :* Ly
1. Firstdelete the table. To do so, drag-select the entire region (TG

you've enclosed everything between the two editing lines. Then

chooseCut from theEdit menu (keystroke@ r | ] X) or click # | on the Standard
toolbar.

2. Now define the functiod(t) by typingd(t):

dity = ﬂ

3. Complete the definition by typing this expression:

1600+acc/ 2[Space]*t ~2[0] d(t) = 1600 +%-12
The definition you just typed defines a function. The fun
tion name igl, and the argument of the functioh i¥ou can use this function to evaluate
the above expression for different values. dfo do so, simply repladewith an
appropriate number. For example:
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1. Toevauatethefunctionat aparticular value, suchas3.5, 3
typed( 3. 5) =. Mathcad returns the correct value as d(35)=1564x10
shown at right.

2. Toevaluate the function once for each value of therangevariable | ;¢ _

t you defined earlier, click below the other equations and type EEE
d(t) =. Asbefore, Mathcad shows atable of values, as shown at 1007 |
right. el
I
Formatting a Result '_g‘:

Y ou can set the display format for any number Mathcad cal culates and T ;

displays. This means changing the number of decimal places shown, 1E1g

changing exponential notation to ordinary decimal notation, and so on. _;‘I:

For example, intheexampleabove, thefirst twovalues, 1.11 (1103 and 160 f

1.007 (1103, are in exponential (powers of 10) notation. Here’s how to

change the table produced above so that none of the numbers in it are displayed in
exponential notation:

1. Click anywhere on the table with T |

the mouse. Humisar Foarnsl | Enrpiey Cpisarn | Uind Dioplag | Toberanca |

Wk i discivasd placsst [ |

™ Jhow kalieg omm

2. ChooseResult from theFor mat
menu. You see the Result Forma
dialog box. This box contains
settings that affect how results art
displayed, including the number of
decimal places, the use of
exponential notation, the radix, T ]
and so on. =

™ Gl sapavesni s i megreser] baesl

Domwrid teihai [& =

Cocdd | Hee |

3. The default format scheme is General which has Exponentig 5 -
Threshold set to 3. This means that only numbers greaterthd 57

equal to103 are displayed in exponential notation. Click the ﬁ“
arrows to the right of the 3 to increase the Exponential Thresh I
to 6. KR4

4. Click “OK.” The table changes to reflect the new result forma

For more information on formatting results, refer to “Formatting
Results” on page 115. RTTT]

Note \When you format aresult, only the display of the result is affected. Mathcad maintains full
precision internally (up to 15 digits).
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Graphs

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

Thissection describeshow to createas mpletwo-dimensional graph showingthepoints
calculated in the previous section.

Creating a Graph
To create an X-Y plot in Mathcad, click in blank space where you want the graph to

appear and choose Graphl] X-Y Plot fromthe I nsert menuor click M: ontheGraph
toolbar. An empty graph appears with placehol ders on the x-axis and y-axis for the
expressionsto begraphed. X-Y and polar plotsare ordinarily driven by range variables

you define: Mathcad graphs one point for each value of the range variable used in the
graph. In most cases you enter the range variable, or an expression depending on the

range variable, on the x-axis of the plot. For example, here’s how to create a plot of the
functiond(t) defined in the previous section:

1. Positionthe crosshairin a blank spot and ty
d(t) . Make sure the editing lines remain

displayed on the expression.
2. Now choosé&raphU X-Y Plot from the

dit]

Insert menu, or clic”ﬂ- on the Graph
toolbar. Mathcad displays the frame of thq art)

graph.

3. Typet in the bottom middle placeholder o n
the graph.

4. Click anywhere outside the graph. Mathc 2008
calculates and graphs the points. A samp
line appears under thd(t).” This helps you
identify the different curves when you plot ¥
more than one function. Unless you speci
otherwise, Mathcad draws straight lines oo o T .
between the points and fills in the axis limi i

For detailed information on creating and formatting graphs, see Chapter 12, “2D Plots.”
In particular, refer to Chapter 12 for information abouQQhiekPl ot feature in Mathcad
which lets you plot expressions even when you don't specify the range variable directly
in the plot.
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Resizing a graph

Toresize aplot, click in the plot to select it. Then move the cursor to a handle along

the edge of the plot until the cursor changesto adouble-headed arrow. Hold the mouse
button down and drag the mouse in the direction that you want the plot’'s dimension
to change.

Formatting a Graph
When you first create a graph it hdefault characteristics: numbered linear axes, no
grid lines, and points connected with solid lines. You can change these characteristics
by formatting the graph. To format the graph created previously:

5. Click on the graph and choose Frsmaling Cussrdly Gokcied 57 Pl
GraphU X-Y Plot from theFormat W dtn Trooen | Laebs | Desontts |
menu, or double-click the graph to
bring up the formatting dialog box.
This box contains settings for all

Legead Lobdl Grandal L [okd  Tios lieiphi

w3 A o [T ]
T | BT sk i) -

available plot format options. To leart  [== e R e o

hacwi 3 T CFa L o

more about these settings, see Chap === i ¥
12, “2D Plots.” froce 1 Jremm 8] ! B fred i Y1 )
6. Click the Traces tab. T™ i Eaprmerdy R e Lo

7. Click “trace 1" in the scrolling list
under “Legend Label.” Mathcad
places the current settings for trace 1 T or ]| cace
the boxes under the corresponding J |
columns of the scrolling list.

8. Click the arrow under the “Type” column to see a drop-down list of trace types.
Select “bar” from this drop-down list.

9. Click “OK” to show the result of P,
changing the setting. Mathcad show|
the graph as a bar chart instead of oy -
connecting the points with lines. Not
that the sample line under ttig) now | it Sm - 1

has a bar on top of it.

10. Click outside the graph to deselect i

-}
Le] 15 a0
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Saving, Printing, and Exiting
Once you've created a worksheet, you will probably want to save or print it.

Saving a Worksheet
To save a worksheet:

1. Choosesave from theFile menu (keystroket r | ] S) or click & onthe
Standard toolbar. If the file has never been saved befor8atieeA s dialog box
appears. Otherwise, Mathcad saves the file with no further prompting.

2. Type the name of the file in the text box provided. To save to another folder, locate
the folder using the Save As dialog box.

By default Mathcad saves the file in Mathc&tCO) format, but you have the option
of saving in other formats, such RsF andHTML, as a template for future Mathcad
worksheets, or in a format compatible with earlier Mathcad versions. For more
information, see Chapter 7, “Worksheet Management.”

Printing

To print, choosérint from theFile menu or click = on the Standard toolbar. To

preview the printed page, chod@ent Preview from theFile menu or click [& on
the Standard toolbar.

For more information on printing, see Chapter 7, “Worksheet Management.”

Exiting Mathcad
When you're done using Mathcad, cho&sét from theFile menu. Mathcad closes
down all its windows and returns you to the Desktop. 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. If you have moved any toolbars, Mathcad remembers
their locations for the next time you open the application.

Note To close a particular worksheet while keeping Mathcad open, ckibosefrom the
File menu.
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Chapter 3
Online Resources

Help
Internet Access in Mathcad
The Collaboratory

* & & o o

Other Resources

Resource Center and Electronic Books

Resource Center and Electronic Books

Anéelectronic book isahyperlinked collection of Mathcad worksheets. If you learn best
from examples, want information you can put to work immediately in your Mathcad
worksheets, or wish to access any page on the Web from within Mathcad, choose

Resour ce Center from the Help menu or click

&l

on the Standard toolbar. The

Resource Center is a Mathcad Electronic Book that appearsin a custom window with
its own menus and toolbar, as shown in Figure 3-1.

N Aenepen Cosiey Welose 1o Mathead 70

B == FH [l S

12001 rescuRce cenTER
— - —_ |

@”‘"“ FYEW and TUTORIALS

OUICKSHEETS and
PEFERENCE TABLES

Figure 3-1: Resource Center in Mathcad 2001 Professional.
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Note A number of Electronic Books are available on the MathSoft Web Library which you can access
through the Resource Center. In addition, a variety of Mathcad Electronic Books are available
from MathSoft or your local distributor or software reseller. To open an Electronic Book you
have installed, choose Open Book from the Help menu and browse to find the location of the
appropriate Electronic Book (HBK) file.

The Resource Center offers;

A comprehensive Mathcad Electronic Book containing a collection of tutorials,
QuickSheet templates, examples, reference tables, and samples of Mathcad add-on
products. Simply drag and drop information from the Resource Center into your
own Mathcad worksheets.

Immediate access to Mathcad worksheets and Electronic Books on MathSoft's Web
site and other Internet sites.

Access to the full Web-browsing functionality of Microsoft Internet Explorer from
within the Mathcad environment.

Access to the Collaboratory where you can exchange messages with other
Mathcad users.

Tip To prevent the Resource Center from opening automatically every time you start Mathcad,
choose Pr efer ences from the View menu, and uncheck “Open Resource Center at startup” on
the general tab.

Note You can make your own Mathcad Electronic Book. See “Creating an Electronic Book” on page
97 for more information.

Content in the Resource Center
Here are brief descriptions of the topics available in the Resource Center.

Overview and Tutorials. A description of Mathcad'’s features, tutorials for getting
started with Mathcad, and tutorials for getting more out of Mathcad’s data analysis,
graphing, and worksheet creation features.

QuickSheets and Reference Tables. Over 300 QuickSheets — “recipes” take you
through a wide variety of common mathematical tasks that you can modify for your
own use. Tables for looking up physical constants, chemical and physical data, and
mathematical formulas you can use in your Mathcad worksheets.

Extending Mathcad. Samples showing the use of MathCad components and
Add-ins.

Collaboratory. A connection to MathSoft's free Internet forum lets you consult
with the world-wide community of Mathcad users.

Web Library. A built-in connection to regularly updated content and resources for
Mathcad users.
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e Mathcad.com. MathSoft's Web page with access to Mathcad and mathematical
resources and the latest information from MathSoft.

e Training/Support. Information on Mathcad training and support available from
MathSoft.

*  Web Store. MathSoft's Web store where you can get information on and purchase
Mathcad add-on products and the latest educational and technical professional
software products from MathSoft and other choice vendors.

Finding Information in an Electronic Book
The Resource Center ig/athcad Electronic Book. As in other hypertext systems, you
move around a Mathcad Electronic Book simply by clicking on icons or underlined
text. The mouse pointer automatically changes into the shape of a hand when it hovers
over a hypertext link, and a message in the status bar tells you what will happen when
you click the link. Depending on how the book is organized, the activated link
automatically opens the appropriate section or displays information in a pop-up
window.

You can also use the buttons on the toolbar at the top of the Electronic Book window
to navigate and use content within the Electronic Book:

Button Function

o Links to the Table of Contents or home page, the page that appears when
you first open the Electronic Book.

® Opens a toolbar for entering a Web address.

- Backtracks to whatever document was last viewed.

o Reverses the last backtrack.

(e Goes backward one section in the Electronic Book.

) Goes forward one section in the Electronic Book.

Displays a list of documents most recently viewed.

34 Searches the Electronic Book for a particular term.

Copies selected regions to the Clipboard.

=] Saves current section of the Electronic Book.

=) Prints current section of the Electronic Book.
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Mathcad keeps a record of where you've been in the Electronic Book. When you click

= |, Mathcad backtracks through your navigation history in the Electronic Book .
Backtracking is especially useful when you have left the main navigation sequence of
aworksheet to look at a hyperlinked cross-reference. Use this button to return to a prior
worksheet.

If you don’t want to go back one section at a time, ¢ . This opens a History
window from which you can jump to any section you viewed since you first opened
the Electronic Book.

Full-text search

In addition to using hypertext links to find topics in the Electronic Book, you can search
for topics or phrases. To do so:

: B fowmcsfoms B
1. Click|/@4 | to open the Search dialo e
box. e e s o mamses oo S N

2. Type aword or phrase in the “Seart
for” text box. Select aword or phras
and click “Search” to see a list of
topics containing that entry and the
number of times it occurs in each
topic.

3. Choose a topic and click “Go To.”
Mathcad opens the Electronic Boo
section containing the entry you wa
to search for. Click “Next” or
“Previous” to bring the next or previous occurrence of the entry into the window.

perrmah aerpacy il el e ok baee

o

Found 1 tpoloresls scconecp of repastad et

Annotating an Electronic Book

Tip

A Mathcad Electronic Book is made up of fully interactive Mathcad worksheets. You
can freely edit any math region in an Electronic Book to see the effects of changing a
parameter or modifying an equation. You can also enter text, math, or graphics as
annotations in any section of your Electronic Book, using the menu commands on the
Electronic Book window and the Mathcad toolbars.

By default any changes or annotations you make to the Electronic Book are displayed in an
annotation highlight color. To change this color, choose Color [ Annotation from the Format
menu. To suppress the highlighting of Electronic Book annotations, remove the check from
Highlight Changes on the Electronic Book’'Book menu.
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Saving annotations

Changesyou maketo an Electronic Book aretemporary by default: your editsdisappear
when you close the Electronic Book, and the Electronic Book is restored to its original
appearance the next time you open it. Y ou can choose to save annotationsin an
Electronic Book by checking Annotate Book onthe Book menu or onthe pop-up menu
that appears when you right-click. Once you do so, you have the following annotation
options:
» ChooseSave Section from theBook menu to save annotations you made in the
current section of the Electronic Book, or choBaee All Changes to save alll
changes made since you last opened the Electronic Book.

« ChooseView Original Section to see the Electronic Book section in its original
form. Choose/iew Edited Section to see your annotations again.

* ChooseRestore Section to revert to the original section, or choéssstore All to
delete all annotations and edits you have made to the Electronic Book.

Copying Information from an Electronic Book

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

* You can use the Clipboard. Select text or equations in the Electronic Book using

Web Browsing

one of the methods described in “Selecting Regions” on page 10 55tk on the
Electronic Book toolbar or choo$opy from theEdit menu, click on the
appropriate spot in your worksheet, and chdeaste from theEdit menu.

You can drag regions from the Book window and drop them into your worksheet.
Select the regions as above, then click and hold down the mouse button over one
of the regions while you drag the selected regions into your worksheet. The regions
are copied into the worksheet when you release the mouse button.

If you have Internet access, the Web Library button in the Resource Center connects
you to a collection of Mathcad worksheets and Electronic Books on the Web. You can
also use the Resource Center window to browse to any location on the Web and open
standard Hypertext Markup Langua¢&{1L) and other Web pages, in addition to
Mathcad worksheets. You have the convenience of accessing all of the Internet’s rich
information resources right in the Mathcad environment.

Note When the Resource Center window isin Web-browsing mode, Mathcad is using a Web-
browsing OLE control provided by Microsoft Internet Explorer. Web browsing in Mathcad

requires Microsoft Internet Explorer version 4.0 or higher to beinstalled on your system, but it
does not need to be your default browser. Although Microsoft Internet Explorer is available for
installation when you install Mathcad, refer to Microsoft Corporation’s Web ditetat: / /
www. mi cr osof t. coni for licensing and support information about Microsoft Internet
Explorer and to download the latest version.
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To browse to any Web page from within the Resource Center window:

1. Click & on the Resource Center toolbar. As shown below, an additional toolbar
with an “Address” box appears below the Resource Center toolbar to indicate that
you are now in a Web-browsing mode:

B Nascwrce ente

e (@ ew |resw Fpral Wom Genboicy food [elp
T
50 A | ' =

2. Inthe “Address” box type a Uniform Resource LocatiL() for a document on
the Web. To visit the MathSoft home page, for example, type
http://ww. mat hsoft. com and pressHnt er ]. If you have Internet
access and the server is available, the requested page is loaded in your Resource
Center window. If you do not have a supported version of Microsoft Internet
Explorer installed, you must launch a Web browser.

The remaining buttons on the Web Toolbar have the following functions:
Button Function

Bookmarks current page.
Rel oads the current page.
] Interrupts the current file transfer.

Note \When you arein Web-browsing mode and right-click on the Resource Center window, Mathcad
displays a pop-up menu with commands appropriate for viewing Web pages. Many of the
buttons on the Resource Center toolbar remain active when you are in Web-browsing mode, so
that you can copy, save, or print material you locate on the Web, or backtrack to pages you

previoudly viewed. When you click ﬁ , you return to the Table of Contents for the Resource
Center and disconnect from the Web.

Tip You canusethe Resource Center in Web-browsing modeto open M athcad worksheets anywhere
on the Web. Simply type the URL of a Mathcad worksheet in the “Address” box in the Web
toolbar.
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Help

Note

Note

Mathcad provides several waysto get support on product featuresthrough an extensive
online Help system. To see Mathcad’s online Help at any time, chbatbead Help
from theHelp menu, click ? on the Standard toolbar, or pf€43. Mathcad’s Help
system is delivered in MicrosoftlsTML Help environment, as shown in Figure 3-2.

You can browse the Explorer view in the Contents tab, look up terms or phrases on the
Index tab, or search the entire Help system for a keyword or phrase on the Search tab

q] @ it &5 M
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Figure 3-2: Mathcad online Help is delivered in HTML Help.

ke L

Torunthe Help, you must have Internet Explorer 3.02 or higher installed, but not necessarily set
as your default browser.

You can get context-sensitive help while using Mathcad. For Mathcad menu com-
mands, click on the command and read the status bar at the bottom of your window.
For toolbar buttons, hold the pointer over the button momentarily to see a tool tip.

The status bar in Mathcad is displayed by default. Y ou can hide the status bar by removing the
check from Status Bar on the View menu.

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

1. Click an error message, a built-in function or variable, or an operator.
2. PresgF1] to bring up the relevant Help screen.
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Tip

To get help on menu commands or on any of the toolbar buttons:
1. Press[Shi ft ][F1]. Mathcad changes the pointer into a question mark.
2. Choose acommand from the menu. Mathcad shows the relevant Help screen.

3. Click any toolbar button. Mathcad displays the operator's name and a keyboard
shortcut in the status bar.

To resume editing, pre§Bsc]. The pointer turns back into an arrow.

Choose Tip of the Day from the Help menu for a series of helpful hints on using Mathcad.
Mathcad automatically displays one of these tips whenever you launch the application if “Show
Tips at Startup” is checked.

Special reference areas

There are two special reference areas accessible under the Help menu in Mathcad:
Author's Referenceand Developer’s Reference

* TheAuthor’'s Referencecontains all the information needed to create a Mathcad
Electronic Book. Electronic Books created with Mathcad’s authoring tools are
browsable through the Resource Center window and, therefore, take advantage of
all its navigation tools.

« TheDeveloper's Referencerovides information about all the properties and
methods associated with each of the MathSoft custom Scriptable Object
components, including MathSoft Control components and the Data Acquisition
component. See Chapter 16, “Advanced Computational Features,” for details. It
also guides advanced Mathcad users through Mathcad’s Object Model, which
explains the tools needed to access Mathcad’s feature set from within
another application. Also included are instructions for uSiogC++ to create your
own functions in Mathcad in the form bt.Ls.

Internet Access in Mathcad

Many of the online Mathcad resources described in this chapter are located not on your
own computer or on a local network but on the Internet.

To access these resources on the Internet you need:

« Networking software to support a 32-bit InternECR/IP) application. Such
software is usually part of the networking services of your operating system; see
your operating system documentation for details.

e Adirect or dial-up connection to the Internet, with appropriate hardware and
communications software. Consult your system administrator or Internet access
provider for more information about your Internet connection.
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Before accessing the Internet through Mathcad, you al so need to know whether you

use a proxy server to access the Internet. If you use a proxy, ask your system

administrator for the proxy machine’s name or Internet Protoepafdress, as well

as the port number (socket) you use to connect to it. You may specify separate proxy
servers for each of the three Internet protocols understood by Makicer]:for the

Web; FTP, a file transfer protocol; angorHer, an older protocol for access to
information archives.

Once you have this information, chodaefer ences from theView menu, and click
the Internet tab. Then enter the information in the dialog box.

The Collaboratory

Logging in

If you have a dial-up or direct Internet connection, you can access the MathSoft
Collaboratory server from the Resource Center home page. The Collaboratory is an
interactive Web service that puts you in contact with a community of Mathcad users.
The Collaboratory consists of a group of forums that allow you to contribute Mathcad
or other files, post messages, and download files and read messages contributed by
other Mathcad users. You can also search the Collaboratory for messages containing ¢
key word or phrase, be notified of new messages in forums that interest you, and view
only the messages you haven't read yet. You'll find that the Collaboratory combines
some of the best features of a computer bulletin board or an online news group with
the convenience of sharing worksheets and other files created

using Mathcad.

To open the Collaboratory, chod?esour ce Center from theHelp menu and click on
the Collaboratory icon. Alternatively, you can open an Internet browser and go to the
Collaboratory home page:

http://col | ab. mat hsoft. com ~mat hcad2000/
You'll see the Collaboratory login screen in a browser window:

Welcome! el
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Note

Tip

Note

The first time you come to the login screen of the Collaboratory, click “New User.”
This brings you to a form that you can fill out with your name and other required and
optional information about yourself.

MathSoft does not use this information for any purposes other than for your participation in the
Collaboratory.

Click “Create” when you are finished filling out the form. In a short while, check your
email box for an email message with your login name and password. Go back to the
Collaboratory, enter your login name and password given in the email message and
click “Log In.” You see the main page of the Collaboratory:
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Figure 3-3: Opening the Collaboratory fromthe Resource Center. Available
forums change over time.

A list of forums and messages appears on the left side of the screen. The toolbar at the
top of the window gives you access to features such as search and online Help.

After logging in, you may want to change your password to one you will remember. To do so,
click More Options on the toolbar at the top of the window, click Edit User Profile and enter a
new password in the password fields. Then click “Save.”

MathSoft maintains the Collaboratory server as a free service, open to all in the Mathcad
community. Be sure to read the Agreement posted in the top level of the Collaboratory for
important information and disclaimers.
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Reading Messages
When you enter the Collaboratory, you will see how many messages are new and how
many areaddressed to your attention. Click theselinksto seethese messagesor examine
thelist of messagesin the left part of the screen. To read any message in any forum of
the Collaboratory:

1. Click onthe ¥ next to the forum name or click on the forum name.

2. Click on amessage to read it. Click the # to the left of a messageto see replies
underneath it.

3. The message shows in the right side of the window.

Messages that you have not yet read are shown in italics. You may also see a “new
icon next to the messages.

Posting Messages

After you enter the Collaboratory, you can go to any forum and post a message or a
reply to a message. To post a new message or a reply to an existing one:

1. Click on the forum name to show the messages under it. If you want to reply to a
message, click on the message.

2. ChooséPost from the toolbar at the top of the Collaboratory window to post a new
message. Or, to reply to a message, ¢lieily at the top of the message in the
right side of the window. You'll see the post/reply page in the right side of the
window. For example, if you post a new topic message in the Biology forum,

you see:
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3. Enter thetitle of your message in the Topic field.

4. Click on any of the boxes below the title to specify whether you want to, for
example, preview a message, spell check a message, or attach afile.

5. Type your text in the message field.

Tip You caninclude hyperlinks in your message by entering an entire URL such as
http://www.myserver.com/main.html.

6. Click “Post” after you finish typing. Depending on the options you selected, the
Collaboratory either posts your message immediately or allows you to preview it.
It might also display possible misspellings in red with links to suggested spellings.

7. If you preview the message and the text looks correct, click “Post.”

8. If you are attaching a file, a new page appears. Specify the file type and file on the
next page and click “Upload Now.”

Note For moreinformation on reading, posting messages, and other features of the Collaboratory,
click Help on the Collaboratory toolbar.

To delete a message that you posted, click on it to open it and click Delete in the small
toolbar just above the message on the right side of the window.

Searching

To search the Collaboratory, cli€kar ch on the Collaboratory toolbar. You can search
for messages containing specific words or phrases, messages within a certain date
range, or messages posted by specific Collaboratory users.

You can also search the Collaboratory user database for users who are in a particular
country or have a particular email address, etc. To do so, click Search Users at the top
of the Search page.

Changing Your User Information

When you first logged into the Collaboratory, you filled out a New User Information
form with your name, address, etc. This information is stored as your user profile. To
change any of this information or to make changes to the Collaboratory defaults, you
need to edit your profile.
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To do so:

1. Click More Optionson the toolbar at the top of the window.

2. Click Edit Your Profile.

3. Make changes to the information in the form and click “Save.”

You can change information such as your login name and password. You can also hide
your email address.

Other Features

The Collaboratory has other features which make it easy to find and provide information
to the Mathcad community. To perform activities such as creating an address book,
marking messages as read, viewing certain messages, and requesting automatic ema
announcements when specific forums have new messages, bhare®@ptionsfrom

the Collaboratory toolbar.

The Collaboratory also supports participation via email or a news group. For more
information on these and other features available in the Collaboratory, click
CollaboratoryHelp on the toolbar.

Other Resources

Online Documentation

The following piece of Mathcad documentation is available in PDF form on the
MathcadCD in theDOC folder:

e Mathcad User’'s Guide with Reference Manudihis guide with the latest
information, including updates since the printed edition was created.

Y ou can read this PDF file by installing Adobe Acrobat Reader whichisalso available
on the Mathcad CD in the DOC folder. See the readme file in the DOC folder for more
information about the online documentation.

Samples Folder

The SAMPLES folder, located in your Mathcad folder, contains sample Mathcad and
application files which demonstrate components such as the Axum, Excel, and Smart-
Sketch components. There are also sample Visual Basic applications designed to work

with Mathcad files. Refer to Chapter 16, “Advanced Computational Features,” for more
information on components and other features demonstrated in the samples.
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Release Notes

Release notes are located in the DOC folder located in your Mathcad folder. It contains
the latest information on Mathcad, updates to the documentation, and troubl eshooting
instructions.
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Chapter 4
Working with Math

Inserting Math
Building Expressions
Editing Expressions
Math Styles

* & & o

Inserting Math

Y ou can place math equations and expressions anywhere you want in a Mathcad
worksheet. All you have to dois click in the worksheet and start typing.

1. Click anywherein the worksheet. Y ou see a small
crosshair. Anything you type appears at the crosshair.

2. Typenumbers, letters, and math operators, or insert them s
by clicking buttons on Mathcad’s math toolbars, to cre| 15 - 1045 " 14.923
amath region. ]

You'll notice that unlike a word processor, Mathcad by default understands anything
you type at the crosshair cursor as math. If you want to créateragion instead,
follow the procedures described in Chapter 5, “Working with Text.”

You can also type math expressions in any rplatehol der, which appears when you
insert certain operators. See Chapter 9, “Operators,” for more on Mathcad’s
mathematical operators and the placeholders that appear when you insert them.

The rest of this chapter introduces the elements of math expressions in Mathcad and
describes the techniques you use to build and edit them.

Numbers and Complex Numbers

This section describes the various types of numbers that Mathcad uses and how to ente
them into math expressions. A single number in Mathcad is cadiealam. For

information on entering groups of numbersinays, see “Vectors and Matrices” on

page 37.
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Types of humbers

In math regions, Mathcad interprets anything beginning with one of the digits 0-9 as
a number. A digit can be followed by:

« other digits
e adecimal point
« digits after the decimal point

« or appended as a suffix, one of the letters, oro, for binary, hexadecimal, and
octal numbers, ar orj forimaginary numbers. These are discussed in more detail
below. See “Suffixes for Numbers” on page 497 in the Appendices for additional
suffixes.

Note Mathcad usesthe period (. ) to signify the decimal point. The comma(, ) is used to separate
values in a range variable definition, as described in “Range Variables” on page 106. So when
you enter numbers greater than 999, do not use either a comma or a period to separate digits into
groups of three. Simply type the digits one after another. For example, to enter ten thousand, type
“10000".

Imaginary and complex numbers
To enter an imaginary number, follow it withi or j, asin 1i or 2. 5j .

Note You cannot uséorj alone to represent the imaginary unit. You must alwaystyper 1j . If
you don’t, Mathcad thinks you are referring to a variable named éeihgrWwhen the cursor is
outside an equation that contain®i 1j, however, Mathcad hides the (superfluous) 1.

Although you can enter imaginary numbersfollowed by either i or j, Mathcad normally
displays them followed by i. To have Mathcad display imaginary numbers with j,

choose Result from the Format menu, click on the Display Options tab, and set
“Imaginary value” td' j(J).” See “Formatting Results” on page 115 for a full description
of the result formatting options.

Mathcad accepts complex numbers of the farmbi a(emj ), whharelb are
ordinary numbers.

Binary numbers
To enter a number in binary, follow it with the lowercase ldttdfor example,
11110000b represents 240 in decimal. Binary numbers must be les2#han

Octal numbers
To enter a number in octal, follow it with the lowercase lett&or example256360
represents 11166 in decimal. Octal numbers must be les@than
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Hexadecimal numbers

To enter anumber in hexadecimal, follow it with the lowercase letter h. For example,
2b9eh represents 11166 in decimal. To represent digits above 9, use the upper or
lowercaseletters A through F. To enter a hexadecimal number that beginswith aletter,

you must begin it with a leading zero. If you don’t, Mathcad will think it's a variable
name. For example, ua3h (delete the implied multiplication symbol betwen
anda) rather thara3h to represent the decimal number 163 in hexadecimal.

Hexadecimal numbers must be less tB&h

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 nuBies 3xtypes.

Vectors and Matrices

Tip

A column of numbers is\&ctor, and a rectangular array of numbers is callestaix.
The general term for a vector or matrix isagray.

There are a number of ways to create an array in Mathcad. One of the simplest is by
filling in an array of empty placeholders as discussed in this section. This technique is
useful for arrays that are not too large. See Chapter 11, “Vectors, Matrices, and Data
Arrays,” for additional techniques for creating arrays of arbitrary size.

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. See “Math Styles” on page 54 for a description of how to do this.

Creating a vector or matrix
To create a vector or matrix in Mathcad, follow these steps:

1. Choose Matrix from the Insert menu or click ] e
on the Matrix toolbar. The dialog box shownonthe ~ f== B
right appears. Y R |

Do |
__Conce_|

2. Enter anumber of rows and anumber of columnsin
the appropriate boxes. In thisexample, there are two [ﬂ ' ']
rows and three columns. Then click “OK.” Mathczg

inserts a matrix of placeholders.

3. Fillin the placeholders to complete the matrix. Pr
[Tab] to move from placeholder to placeholder.

2 b 17
3539 -129

You can use this matrix in equations, just as you wo
a number.
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Tip Thelnsert Matrix dialog box aso allows you to insert or del ete a specified number of rows or
columns from an array you have already created. See“Changing the size of a vector or matrix”

on page 204.

Note Throughout thidJser's Guidethe term “vector” refers to @lumn vector. A column vector is
simply a matrix with one column. You can also creatmavector by creating a matrix with one

row and many columns.

Strings

Although in most cases the math expressions or variables you work with in Mathcad

are numbers or arrays, you can aso work with strings (also called string literals or

string variables). Strings can include any character you can type at the keyboard,

including letters, numbers, punctuation, and spacing, as well as a variety of special

symbols as listed in “ASCII codes” on page 501. Strings differ from variable names or

numbers because Mathcad always displays them between double quotes. You can
assign a string to a variable name, use a string as an element of a vector or matrix, or
use a string as the argument to a function.

To create a string:

1. Click on an empty math placeholder in a math
expression, usually on the right-hand side of a ||% = i
variable definition.

2. Type the double-quoté Y key. Mathcad displays @
pair of quotes and an insertion line between the

3. Type any combination of letters, numbers, . ——
punctuation, or spaces. Click outside the expres ‘5 = "The result 5 s valid] ‘
or press the right arrow keys() twice when you are
finished.

To enter a special character corresponding to one #f3tk codes, do the following:

1. Click to position the insertion point in the string.

2. Hold down theAl t ] key, and type the number “0” followed immediately by the
number of theASCII codeusing the numeric keypad at the right of the keyboard in
number-entry mode.

3. Release the) t ] key to see the symbol in the string.

For example, to enter the degree symbdlif a string, press[Alt ] and type “0176”

using the numeric keypad.

Note Thedouble-quotekey (") hasavariety of meaningsin Mathcad, depending on the exact location

of the cursor in your worksheet. When you want to enter astring, you must always have a blank

placehol der selected.
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Names

Tip

Valid strings include expressions such as “The Rain in Spain Falls Mainly on the Plain,”
“Invalid input: try a number less than -5,” and “Meets stress requirements.” A string in
Mathcad, while not limited in size, always appears as a single line of text in your
worksheet. Note that a string such as “123,” created in the way described above, is
understood by Mathcad to be a string of characters rather than the number 123.

Strings are especially useful for generating custom error messages in programs, as described in
Chapter 15, “Programming.” Other string handling functions are listed in “String Functions” on
page 198. Use strings also to specify system paths for arguments to some Mathcad built-in
functions; see “File Access Functions” on page 199.

A namein Mathcad is simply a sequence of characters you type or insert in amath
region. A name usually refersto avariable or function that you use in your
computations. Mathcad distinguishes between two kinds of names:

« Built-in names, which are the names of variables and functions that are always
available in Mathcad and which you can use freely in building up math expressions.

« User-defined names, which are the names of variables and functions you create in
your Mathcad worksheets.

Built-in names

Because Mathcad is an environment for numerical and symbolic computation, a large
number of names are built into the product for use in math expressions. These built-in
names include built-inariables and built-infunctions.

« Mathcad includes several variables that, unlike ordinary variables, are already
defined when you start Mathcad. Thesedefined or built-in variables either have
a conventional value, lika (3.14159...) oe (2.71828...), or are used as system
variables to control how Mathcad performs calculations. See “Built-in Variables”
on page 102 for more information.

« In addition to these predefined variables, Mathcad treats the names of all built-in
units as predefined variables. For example, Mathcad recognizes the name “A” as
the ampere, “m” as the meter, “s” as the second, and so on. Qboidgeom the

Insert menu or click EF on the Standard toolbar to insert one of Mathcad'’s
predefined units. See “Units and Dimensions” on page 112 for more on built-in
units in Mathcad.

e Mathcad includes a large number of built-in functions that handle a range of
computational chores ranging from basic calculation to sophisticated curve fitting,
matrix manipulation, and statistics. To access one of these built-in functions, you
can simply type its name in a math region. For example, Mathcad recognizes the
name “mean” as the name of the builirigan function, which calculates the
arithmetic mean of the elements of an array, and the name “eigenvals” as the name
of the built-ineigenvalsfunction, which returns a vector of eigenvalues for a matrix.
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Y ou can also choose Function from the I nsert menu or click B on the Standard
toolbar to insert one of Mathcad’s built-in functions. See Chapter 10, “Built-in
Functions,” for a broad overview of Mathcad'’s built-in functions.

User-defined variable and function names

Mathcad lets you use a wide variety of expressions as variable or function names.
Names in Mathcad can contain any of the following characters:

« Uppercase and lowercase letters.

e The digits 0 through 9.

e The underscore ().

« The prime symbol’(). Note that this is not the same as an apostrophe. You'll find
the prime symbol on the same key as the tilgeo( press@t r | ][F7] to insert it.

* The percent symbot4.

« Greek letters. To insert a Greek letter, click a button on the Greek toolbar or type
the equivalent roman letter and prgsisr | ]JG. The section “Greek letters” on page
41 gives more details.

« The infinity symbole that you insert by clickin = on the Calculus toolbar or
by typing[Ct r | ][Shi f t]Z.
The following are examples of valid names:
al pha b
xyz700 Al _B2_C3_D4%®%
F1’ a%no

The following restrictions apply to variable names:

* A name cannot start with one of the digits 0 through 9. Mathcad interprets anything
beginning with a digit as either an imaginary numli&r ( 3jor ), a binary, octal,
or hexadecimal number (e.qg., 50, 7h), or as a nutitbes a variable 8 [k ).

« The infinity symbole can only appear as the first character in a name.

e Any characters you type after a periodappear as a subscript. This is discussed
in “Literal subscripts” on page 41.

e All characters in a name must be in the same font, have the same point size, and be
in the same style (italic, bold, etc.). Greek letters can, however, appear in any
variable name. See “Math Styles” on page 54.

e Mathcad does not distinguish between variable names and function names. Thus,
if you definef(x), and later on you define the variaflgou will find that you cannot
usef(x) anywhere below the definition fér

40
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« Although you can redefine Mathcad’s names for built-in functions, constants, and
units, keep in mind that their built-in meanings will no longer exist after the
definition. For example, if you define a variabiean, Mathcad'’s built-in function
mean(v) can no longer be used.

Note Mathcad distinguisheshetween uppercase and lowercase | etters. For example, diamisadifferent

variablefrom DIAM. Mathcad al so distinguishes between namesin different fonts, as discussed
in “Math Styles” on page 54. ThuBjamis also a different variable froDiam.

Tip To type symbols such as $ in a name, préss[][Shi f t ]K, type the symbol(s), and type
[CrI][Shift]Kagan.

Greek letters
There are two ways to enter a Greek variable name in Mathcad:

II:‘E"ﬁ"k

« Click on the appropriate letter on the Greek toolbar. To see this toolba
on the Math toolbar or choo3@olbar s[1 Greek from theView menu.

* Type theRoman equivalent of the Greek symbol and then préSsr | ]G For
example, to entap, pres§d [ Ct r| | G See “Greek Letters” on page 498 in the
Appendices for a table of Greek letters and their Roman equivalents.

Note Although many of the uppercase Greek letterslook like ordinary capital |etters, they are not the
same. Mathcad distinguishes between Greek and Roman letters, even if they appear visually
equivalent.

Tip Becauseitisused so frequently, the Greek letter 1t can also be typed by pressing
[Crl][sShift]P.

Literal subscripts

If you include a period in a variable name, Mathcad displays whatever follows the
period as a subscript. You can use ttidaml subscriptsto create variables with names

like veIinit anduair .

To create a literal subscript, follow these steps:

1. Type the portion of the name that appears before the subscript vol

2. Type a period.() followed by the portion of the name that is to :
become the subscript. Y€l ini

Note Do not confuseliteral subscriptswith array subscripts, which are generated with the | eft bracket

key ([ ) or by clicking "n on the Calculator toolbar. Although they appear similar—a literal

subscript appears below the line, like an array subscript, but with a slight space before the
subscript—they behave quite differently in computations. A literal subscript is simply a
cosmetic part of a variable name. An array subscript represents a reference to an array element
See Chapter 11, “Vectors, Matrices, and Data Arrays,” for a description of how to use subscripts
with arrays.
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Operators

Asdescribed in the previous section, certain characters, like letters and digits, make up
parts of names and numbers. Other characters, like * and +, represent “operators.”

Operators are symbols like “+" ane™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:

axty
the operands for the “+” areandy. The operands for trexponent operator ara and
the expressiox +y

You type the common arithmetic operators using the standard keystrokésalikie
+, used in your spreadsheet and other applications. But all of Mathcad’s operators can
be entered with keystrokes or by clicking buttons in the Math toolbars. For example,

d
CE3S

you insert Mathcad’s derivative operator by typhay by clickin on the Calculus
toolbar. Mathcad’s operators are discussed in Chapter 9, “Operators.” See also
“Operators” on page 447 in the Reference Manual section of this book for a complete
list of operators.

Building Expressions

You can create many mathematical expressions by simply typing in a stream of
characters or by inserting appropriate operators from the Math toolbars.

For example, if you type the characters

3/ 4457 2= = {104

4+5°

you get the result shown at the right.

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-defined 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 denominators,

exponents, and expressions in radicals. For example, when yduadyptick ! on

the Calculator toolbar to create a fraction, Mathcad stays in the denominator until you
presqSpace] to select the entire expression.

42

Chapter 4 Working with Math



Typing in Names and Numbers

When you typein names or numbers, M athcad behaves very much like astandard word
processor. Asyoutype, you seethe charactersyou type appear behind avertical editing
line. The left and right arrow keys move this vertical editing line to the Ieft or to the
right a character at atime, just asthey would in aword processor. There are, however,
two important differences:

* As it moves to the right, the vertical editing line leaves behj :
a trail. This trail is a “horizontal editing line.” Its importance bl
becomes apparent when you begin working with operators:

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

Typing in Operators

The key to working with operators is learning to specify what variable or expression is
to become aoperand. There are two ways to do this:

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

* You can use the editing lines to specify what variable or expression you want to
turn into an operand.

The first method feels more like you're building a skeleton and filling in the details
later. This method may be easier to use when you’re building very complicated
expressions, or when you're working with operators like summation that require many
operands but don’t have 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.

Here’s how to create the expressaft Y using the first method:

Ay
1. Presg to create the exponent operator, or ¢ * on the .
Calculator toolbar. You see two placeholders. The editing linet —

“hold” the exponent placeholder.

2. Click in the lower placeholder and type |:
al

3. Click in the upper placeholder. |:
al

4. Type+. .

5. Click in the remaining placeholders and typandy .
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To use the editing lines to create the expression a** Y proceed as follows:

1. Typea. The editing lines hold the a indicating that a becomes the
first operand of whatever operator you type next. E

2. Press” tocreatethe exponent operator. Aspromised, abecomesthe
first operand of the exponent. The editing lines now hold another E

placeholder.

3. Typex+y in this placeholder to complete the expression.

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 ambiguity. When you
say ‘ato thex plusy” there’s no way to tell if you meaa**yY aX+y . For more
complicated expressions, the number of ambiguities increases dramatically.
Although you can always resolve ambiguities by using parentheses, doing 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 illustrates this by

describing how to create the expressidn+ y insteaaX 6%

1. Entera”x as you did in the previous example. Note how the edif —
lines hold thex between them. If you were to typeat this point, a"

thex would become the first operand of the plus.

2. Pres$Space]. The editing lines now hold the entire expressadn m
i

3. Now type+. Whatever was held between the editing lines now
becomes the first operand of the plus. a® 4 1||

4. In the remaining placeholder, type

Multiplication

A common way to show multiplication between two variables on a piece of paper is to
place them next to each other. For example, expressioraxlikea(x +y) are easily
understood to meara'timesx’ and “a times the quantity plusy,” respectively.

This cannot be done with Mathcad variables for the simple reason that when you type
ax, Mathcad has no way of knowing whether you meatirfiesx” or “the variable

namedax.” Similarly, when you typa( x+y) , Mathcad cannot tell if you meana “
times the quantity plusy” or whether you mean “the functiaapplied to the argument

X+y.”
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To avoid ambiguity in your everyday work, we recommend that you always press *
explicitly to indicate multiplication, as shown in the following example;

1. Typea followed by *. Mathcad inserts a small dot after tla& to
indicate multiplication. a
2. In the placeholder, type the second factor,

Note |nthe specia case when you type a numerical constant followed immediately by avariable
name, such as 4X, Mathcad interprets the expression to mean the constant multiplied by the
variable: 4 0k . Mathcad displays a space between the constant and the variable to indicate that
the multiplication is implied. In thisway, you can produce math notation that closely
approximates the notation you see in textbooks and reference books. However, Mathcad
reserves certain letters, such 846r the imaginary unit andd” for octal, as suffixes for
numbers, and in these cases does not attempt to multiply the number by a variable name but
rather treats the expression as a single number with a suffix.

Tip You can change the display of the multiplication operator to an X, a thin space, or a large dot.
To do so, click on the multiplication operator with the right mouse button and cticaee
Multiplication As... Or to change all the multiplication operators in a worksheet, choose
Options from theM ath menu, click on the Display tab, and choose from the selections next to
“Multiplication.” See “Changing the Display of an Operator” on page 130 for additional
information.

An Annotated Example
When it comes to editing equations, knowing how to use the editing lines assumes an
importance similar to knowing where to put the flashing vertical bar (insertion point)
you seeinmost word processors. A word processor can useasimplevertical bar because
textisinherently one-dimensional, likealine. New letters go either to the left or to the
right of old ones. An equation, on the other hand, isreally two-dimensional, with a
structure more like a tree with branches than like aline of text. Asaresult, Mathcad
has to use atwo-dimensional version of that same vertical 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 expression

x—3 @2

-4+ Jy+1l+m
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Watch what happens to the editing linesin the following steps:

1. Typex-3*a”2. Since the editing lines contain just the “2,{
only the “2” becomes the numerator when you press the | [*x -3-a
Since we want the whole expression; 3 (8?2 , to be the
numerator, we must make the editing lines hold that entire expression.

2. Todo so, predSpace]. Each time you pred$pace], the
editing lines hold more of the expression. You need to prg | X -3 a
[Space] three times to enclose the entire expression.

3. Now presg to create a division bar. Note that the numerd 2
. -, . Xx-3-a
is whatever was enclosed between the editing lines when —
pressed . 4

4. Now type- 4+ and click 1" on the Calculator toolbar. Thei|_*-3-a
typey+1 under the radical to complete the denominator. -4 +Jy +1

5. To add somethingutside the radical sign, pregSpace] 2
twice to make the editing lines hold the radical. For exam

to add the numbet to the denominator, prefSpace] twice. | | 4+ dﬂ

6. Presst. Since the editing lines are holding the entire radid >
it is the entire radical that becomes the first operand when

presst. AR P AR RN

T

7. Click on the Calculator toolbar or press Xx-38-a
[Ctr1][shi ft]P. Thisis one of Mathcad's built-in variable| | 4. [y, 1.

Editing Expressions

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

Changing a Name or Number

To edit a name or number:

1. Click on it with the mouse. This places the vertical editing line where you clicked
the mouse.

2. Move the vertical editing line if necessary by pressing theand[ -] keys.

3. Ifyoutype a character, it appears just to the left of the vertical editing line. Pressing
[Bksp] removes the character to the left of the vertical editing line. Pressing
[Del et e] removes the character to the right of the vertical editing line.

If you need to change several occurrences of the same name or number, you may find
it useful to choosReplace from theEdit menu. To search for a sequence of characters,
chooseFind from theEdit menu. These commands are discussed further in “Text
Tools” on page 67.
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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’s how to insert a plus sign between two
characters:

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

2. Press the key, or click T | on the Calculator toolbar.

Note Y ou never need toinsert aspace when typing an equation. Mathcad inserts spaces automatically
around operators wherever doing so is appropriate. If you do try to insert a space, Mathcad
assumes you meant to type text rather than math and converts your math region into atext region
accordingly.

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

1. Place the editing lines where you want the divide sign to be.

on the Calculator toolbar. Mathcad E
b

2. Press thé key or click /
reformats the expression to accommodate the division.

Some operators require only one operand. Examples are the square root, absolute value
and complex conjugate operators. To insert one of these, place the editing lines on eithe
side of the operand and press the appropriate keystroke. Many of these operators are

available on the Calculator toolbar as well. For example, toxtimo ./x do the
following:

1. Place the editing lines around the'‘either preceding or following

the character.

2. Press toinsert the square root operator, or ¢ I on the
Calculator toolbar.

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 apply an operator
to anentire expression, there are two ways to proceed:

e Surround that expression in parentheses and proceed as described in the previous
section, or

« Use the editing lines to specify the expression to which you want to apply the
operator.
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Although the first method may be more intuitive, it is slower since you need to type a

pair of parentheses. The more efficient, second method is the subject of this section.

The sections “Inserting Parentheses” on page 51 and “Deleting Parentheses” on page
52 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, select the
expression by placing it between the two editing lines. The following examples show
how typing* ¢ results in completely different expressions depending on what

was selected.

* Here, the two editing lines hold only the numerator. This me|

. b]
any operator you type will apply only to the numerator. H
e Typing* c results in this expression. Note how the express (a+b)d
.. . . + .
held between the editing lines became the first operand of .
. . X +
multiplication.
* Here, the editing lines hold the entire fraction. This means| 5
operator you type will apply to the entire fraction. ’ p
+
e Typing* c results in this expression. Note how everything 210
between the editing lines became the first operand of the ” d-9|
+
multiplication.
« Here, the editing lines hold the entire fraction as they did in 5
previous example. However, this time the vertical editing | i 3
is on theeft side instead of on the right side. £
« Typing* c results in this expression. Note how the expressi S
enclosed by the editing lines becamestwend rather than the| |¢f r
first operand of the multiplication. This happened because X

vertical editing line was on theft side rather than the right side.

Controlling the editing lines
You use the following techniques to control what's between the editing lines:

« Click on an operator. Depending on where on the operator you click, you'll find
the vertical editing line either on the left or on the right of the operator, with the
horizontal line selecting an operand of the operator. If you want to move the vertical
editing line from one side to the other of the currently selected expression, press
[ nsert].

« Use the left and right arrow keys to move the vertical editing line one character at
atime. The horizontal editing line selects an operand of the nearest operator. If your
expression contains built-up fractions, you can also use the up and down arrow keys
to move the editing lines.
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Tip

Note

« PresgSpace]to select progressively larger parts of the expression with the editing
lines. Each time you prefSpace], the editing lines enclose more and more of the
expression, until eventually they enclose the entire expression. Prieysatg]
one more time brings the editing lines back to where they were when you started.

You can also drag-select parts of an expression to hold it between the editing lines. When you
dorthis, the selected expression ishighlighted in reverse video. Note that whatever you type next
overwrites the highlighted expression.

The following example walks you through a short cycle of ugpacel]:

1. This is the starting position. The two editing lines hold just tie 210
single variable d.” o+ d
2. PressingSpace] makes the editing lines grow so that they nov S
hold the entire denominator. —
3. PressingSpace] once makes the editing lines grow again so t 2 b
they now hold the entire expression. <+ d
4. Atthis point, the editing lines can’t become any longer. Pres§
[Space] brings the editing lines back to the starting point of Wr ar s|
X +
cycle. =

You'll notice that in stepping through the previous cycle there was never an
intermediate step in which the editing lines held just the numerator. Nor was there ever
a step in which the editing lines held just #gher just theb in the numerator. That's
because the sequence of steps the editing lines go through as yd&paesd

depends on the starting point of the cycle.

To setthe starting point of the cycle, either click on the appropriate part of the expression
as described earlier, or use the arrow keys to move around the expression. The arrow
keys walk the editing lines through the expression in the indicated direction. Keep in
mind, however, that the idea of “up” and “down” or “left” and “right” may not always

be obvious, particularly when the expression becomes very complicated or if itinvolves
summations, integrals, and other advanced operators.

Editing of stringsdiffersfrom editing of other math expressions because you must use the arrow
keys or click outside the string to move out of a string. Pressing [Spac e], which can be used
in other expressions to change the position of the editing lines, isinterpreted as just another
character in astring.

Editing Expressions 49



Deleting an Operator

Tip

To delete an operator connecting two variable names or constants:

1. Placethe vertical editing line after the operator.
d +

2. Press [Bk Sp].
Now you can easily insert anew operator to replace the oneyou deleted
just by typing itin.

Y ou can also delete an operator by placing the editing lines before it and pressing [Del et e].

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 naturally a@yerb,” putting the editing lines “after”

the division bar means putting them just beforédott&milarly, putting the editing lines
“before” the division bar means putting them immediately afteatfide following
example illustrates this:

1. Place the vertical editing linefter the division bar.

2. PresgBkSp].

To delete an operator having only one operand (for examfle]x , x! or ):
1. Position the editing lines just after the operator.

2. PresgBkSp].

For certain operators, it may not be clear where to put the editing lres-

For example, it is not clear when looking|dt xor  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 read x aesrfjugate,” the bar is treated as
beingafter thex.

Replacing an Operator

Toreplace an operator after deleting it between two variables or constants or on a single
variable, as shown in the steps above, simply type the new operator after pressing
[BkSp].

To replace an operator between two expressions: e
1. Position the editing lines just after the operator. b |d
2. PresgBkSp]. An operator placeholder appears. .
b |d
3. Type the new operator. — -
b d
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Inserting a Minus Sign

Note

The minus sign that means “negation” uses the same keystroke as the one that mean
“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 “negation” minus sign. If it's on
the right, Mathcad inserts the “subtract” minus sign. To move the vertical editing line
from one side to the other, ugdensert].

The following example shows how to insert a minus sign in front ofésin(

1. Click on the sird). If necessary, pre¢Space] to select the entire|

expression. sin(a)

2. If necessary, pregbnsert ] to move the vertical editing line all
the way to the left.

3. Type-, or click
sign.

on the Calculator toolbar, to insert a minuj || sin( a}

If what you really want to do is tursin(a) intb—sin(a) , insert another operator
(say, “+") as described in the section “Inserting an Operator” on page 47. Then replace
the operator with a minus sign as described in the section “Deleting an Operator” on

page 50. Notice that in Mathcad the unary negation symbol in the expressi¢a)
appears smaller than the minus sign in expressions such s8(a)

When you are replacing an operator and the operator placeholder is showing, select an
expression, rather than a single variable, to the right of the operator placeholder and type - in
order to put a subtraction minus sign in the placeholder. Otherwise Mathcad inserts a negation
sign.

Inserting Parentheses

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

To enclose an expression with a matched pair of parentheses:

1. Selectthe expression by placing it between the editing lineg
this by clicking on the expression and pres$mace] one or
more times. a- >

2. Type the single-quote key) or click (] on the Calculator (a + b)_ c
toolbar. The selected expression is now enclosed by

parentheses.
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It is sometimes necessary to insert parentheses one at atime using the ( and) keys.
For example, to change a—b + ¢ to a— (b + ¢) do the following:

1. Movethe editing lines just to the left of the b. Make sure the
vertical editing lineison the left as shown. Press[l nsert ] if

a-p+c

necessary to move it over.

2. Type( and click to theright of the c. Make sure the vertical

editing lineisto the right as shown. Press[l nser t ] if a-(b +d
necessary to move it over.
3. Type). a_ (b

Deleting Parentheses

Y ou cannot delete one parenthesis at atime. Whenever you delete one parenthesis,
Mathcad del etesthe matched parenthesisaswell. This preventsyou frominadvertently
creating an expression having unmatched parentheses.

To delete amatched pair of parentheses:

1. Move the editing lines to the right of the “(".

2. PresgBkSp]. Note that you could also begin with the editin
lines to the left of the “)"and pre$Bel et e] instead.

Applying a Function to an Expression
To turn an expression into the argument of a function, follow these steps:

1. Click in the expression and prg¢Space] until the entire
expressionw [1 —k [ , is held between the editing lineg wt- k3

€ ;
—_

I

=~ A
']

2. Type the single-quote key) or click ) onthe Calculator )

toolbar. The selected expression is enclosed by parentheses.

3. Press[Space]. The editing lines how hold the parentheses

aswell. (wt-kz)

4. If necessary, pressthe[Insert ] key so that the vertical
editing lineswitchesto theleft side. If thevertical editingline | [Lw.t - k-z)

Ii

isalready on the left side, skip this step.

5. Now type the name of the function. If the function you wish

o use is abuilt-in function, you can also choose Function | [Se8l ¥t - k2]

from the I nsert menu or click g on the Standard toolbar
and double-click the name of the function.
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Moving Parts of an Expression

The menu commands Cut, Copy, and Paste from the Edit menu are useful for editing
complicated expressions. They function as follows:

e« Cut & on the Standard toolbar @t[r | ]X on the keyboard) deletes whatever
is between the editing lines and copies it to the Clipboard.

B
e Copy on the Standard toolbar dt[r | ]|C on the keyboard) takes whatever
is between the editing lines and copies it to the Clipboard.

e Paste (| @ on the Standard toolbar at[r | ]V on the keyboard) takes whatever
is on the Clipboard and places it into your worksheet, either into a placeholder or
into the blank space between other regions.

TheCopy andPaste commands use the Clipboard to move expressions from one place
to another. You can, however, bypass the Clipboard by using Matleqaettson drag
and drop feature.

Suppose you want to build the expression
cos(wt + X) + sin(wt + x)
1. Drag-select the argument to the cosine
cosl m 1+ min| wl

function so that it is highlighted in reverse
video.

2. Press and hold dowgt r | ] and the mouse R _
button. The pointer changes to indicate tha] “** w"—'v__—“" +Enlal
carries the selected expression with it. It
continues to carry the selected expression until you release the mouse button.

3. With the mouse button still held down, drag

the pointer over the placeholder. cos|w t + x|l - 5""'1[;

4. Release the mouse button. The pointer drd
the expression into the placeholder. It then| cosiw t x| « sin{w 1 + x[)
recovers its original form.

Tip You candrag and drop expressions, or even entire math regions, into placeholdersin 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 expression to wherever you want to drop it. If you're trying to
drop the expression into a placeholder, be sure to position the pointer carefully over the
placeholder.

Deleting Parts of an Expression

Y ou can delete part of an expression by using either the [Del et e] key or the [Bk Sp]
key. If you use this method, whatever you delete is not placed on the Clipboard. This
isuseful when you intend to replace whatever you delete with whatever is currently on
the Clipboard.
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To delete part of an expression without placing it on the Clipboard:

1. Drag-select the part of the expression (in this case, the
numerator) so that it is highlighted in reverse video. cos ( s )

2. Press[Del et e] or [Bk Sp]. Thisremovesthe numerator and
leaves behind a placeholder. cos ()

Note |f you select an expression with the editing lines instead of drag-
selecting as shown above, you must press [Bksp] or [Del et e] twiceto removeit. Inthiscase,
[Bksp] removes the expression to the left of the editing lines, and [Del et e] removesto the
right.

Math Styles

Y ou may already have encountered stylesin your other applications to determine the
appearance of text or other elements. By making changes to text styles rather than to
individual text elementsin aword processing document, you can make sweeping and
strikingly uniform changes in the way that documents looks. (See Chapter 5, “Working
with Text,” for an explanation of Mathcad’s text styles) You can get this same kind of
leverage by usingath styles to assign particular fonts, font sizes, font styles and
effects, and colors to the elements of your math expressions.

Mathcad has predefined math styles that govern the default appearance of all the math
in your worksheet, but you can define and apply additional styles to enhance the
appearance of your equations.

Mathcad’s predefined math styles are:
« Variables, which governs the default appearance of all variables.

» Constants, which governs the default appearance of all numbers you type in math
regions as well as all numbers that appear in results.

Whenever you type a variable name, Mathcad:
e Assigns to it a math style named “Variables.”

» Displays the variable name using the characteristics associated with the style named
“Variables.”

Similarly, when you type a number or when a result is calculated, Mathcad:
e Assigns to it a math style named “Constants.”

« Displays the number using the characteristics associated with the style named
“Constants.”

Editing Math Styles
To change Mathcad'’s default style for all variables and plots:
1. Click on a variable name in your worksheet.
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2. Choose Equation from the Format menu. T =)

The style name “Variables” is selected. i i

ik
3. Click "Modify” to change the font associate %_d Wty |

with the “Variables” style. You'll see a dialog etk e

box for changing fonts. fimutins
4. Make any changes using the dialog boX ar  pess poussn cos > |
click “OK.” Mathcad changes the font of all  fE b= ¥ N ey

variables in the worksheet.

If you change the Variables style, you may also
want to change the style used for numbers so that the two look good together. To do so

1. Click on a number.

2. Chooseequation from theFormat menu to see the Equation Format dialog box.
The style name “Constants” is now selected.

3. Follow the procedure given above for modifying the Variables style.

You can also use the Formatting toolbar to change the font, font size, or font style
associated with a math style. For example, to use the Formatting toolbar to modify some
of the settings for the Variables math style, click on a variable, then click on the
appropriate Formatting toolbar button to make variables bold, italic, or underlined or
to specify the font or point size in the drop-down lists.

=

[ | == =S CRTUCE E IS

Note Mathcad'’s line-and-character grid does not respond automatically to changes in the font sizes
used in text and math. Changing font characteristics, particularly font sizes, may cause regions
to overlap. You can separate these regions by choSepayate Regions from theFormat
menu.

Y ou may wish to have your equationsdisplay in adifferent color than your default text
regionsto avoid confusing the two. To change the default color of all equationsin your
worksheet,

1. Choose Equation from the Format menu.
2. Select a color in the “Default Equation Color” drop-down list.
3. Click “OK.”

Applying Math Styles
The “Variables” and “Constants” styles govern the default appearance of all math in
your worksheet. These two style names cannot be changed. You may, however, create
and apply additional math styles, named as you choose, in your worksheets and
templates.

To see what math style is currently assigned to a name or number, simply click in the
name or number, and look at the style window on the Formatting toolbar.

Math Styles 55



Note

Alternatively, click the name or number and M

choose Equation from the Format menu. The Wit i

math style associated with whatever you clicked e Jitii

on appearsin the drop-down list in the Equation — ]
Format dialog box. T E—

If you click on the button to the right of = ]
“Variables” in either the Formatting toolbar or tr r:‘"" - 7] =
Equation Format dialog box, you'll see a drop- Ltk |

down list of available math styles. If you now
choose “User 1" and click “OK,” a new math style is applied to the selected element
and its appearance changes accordingly.

In this way you can apply any of a variety of math styles to:
« individual variable names in an expression, or

e individual numbers in a math expression (but not in computed results, which always
display in the “Constants” style).

For example, many math books show vectors in a bold, underlined font. If you want to
use this convention, do the following:

1. Chooseéquation from theFormat menu.

2. Click the down arrow beside the name of the current math styles to see a drop-down
list of available math styles.

3. Click on an unused math style name like “User 1" to select it. The name “User 1”
should now appear in the “New Style Name” text box. Click in this text box and
change the name to something like “Vectors.”

4. Click “Modify” to change this style to a bold, underlined font.

This creates a math style called “Vectors” with the desired appearance. When you're
done defining the style, click “OK.”

Now rather than individually changing the font, font size, and font style for names of
vectors, you can simply change their math styles.

All names, whether function names or variable names, are font sensitive. This means that x and

x refer to different variables, and f(x) and f(x) refer to different functions. In deciding whether

two variable names are the same, Mathcad actually checks math styles rather than fonts. To

avoid having distinct variables that look identical, don't create a math style with exactly the
same font, size, and other characteristics as another math style.

Saving Math Styles

Once you've completed a set of math styles that you like, you need not repeat the process
for other worksheets. You can save math style information by saving a worksheet as a
template. Choos8ave As from theFile menu and select Mathcad Template (*.mct)

as the file type in the Save As dialog box.

To apply math style information to another worksheet, open your template from the
Filemenu and copy the contents of the worksheet to the template. For more information
about worksheet templates, see Chapter 7, “Worksheet Management.”
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Chapter 5
Working with Text

Inserting Text

Text and Paragraph Properties
Text Styles

Equations in Text

* & & o o

Text Tools

Inserting Text

This section describes how to create text regions in Mathcad. Text regions are useful
for inserting any kind of text into your worksheets and templates; comments around
the equations and plots in your worksheet, blocks of explanatory text, background
information, instructionsfor the use of the worksheet, and so on. Mathcad ignores text
when it performs calculations, but you can insert working math equations into text
regions as described in “Equations in Text” on page 65.

Creating a Text Region

To create a text region, follow these steps. First, click in a blank space in your worksheet
to position the crosshair where you want the text region to begin. Then:

1. Choose€Text Region from thelnsert menu, or press the ]
double-quote"() key. Mathcad begins a text region. The
crosshair changes into an insertion point and a text box

appears.

2. Now begin typing some text. Mathcad displays the text { [Fiuid flow example]
surrounds it with a text box. As you type, the insertion p
moves and the text box grows.

3. When you finish typing the text, click outside the text regi{ Fiuid flow example
The text box disappears. +

Note You cannot leave atext region simply by pressing [[]]. Y ou must leave the text region by
clicking outside the region, by pressing [Ct r | ][Shi f t ][], or by repeatedly pressing one of
the arrow keys until the cursor leaves the region.
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Tip

To insert text into an existing text region:

e Click anywhere in a text region. A text box now surrounds 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:

1. PresgBkSp] to delete the character to the left of the insertion point, or

2. PresgDel et e] to delete the character to the right of the insertion point.

To overtype text:

1. Place the insertion point to the left of the first character you want to overtype.

2. Presgl nsert] to begin typing irovertype mode. To return to the defaittsert
mode, presfl nsert ] again.

You can also overtype text by first selecting it (see “Selecting Text” on page 59).
Whatever you type next replaces your selection.

To break aline or start anew line in atext region, press [[J]. Mathcad inserts a hard return and
moves theinsertion point down to the next line. Press[Shi f t ][] to start anew linein the same
paragraph. When you rewrap the text by changing the width of the text region, Mathcad
maintains line breaks at these spotsin the text.

Moving the Insertion Point

In general, you move the insertion point within text regions by clicking with the mouse
wherever you want to put the insertion point. However, you can also use the arrow keys
to move the insertion point.

The arrow keys move the insertion point character by character or line by line within
text. PressingCt r | ] and an arrow key moves the insertion point word by word or line
by line. These and other ways of moving the insertion point are summarized below.

Key Action

[-1] Move right one character.

[<] Move left one character.

[1] Move up to the previous line.

[+] Move down to the next line.

[Cri][-] Move to the end of the current word. If the insertion point is already
there, move to the end of the next word.

[Crl][<] Move to the beginning of the current word. If the insertion point is
already there, move to the beginning of the previous word.

[Cri]lt] Move to the beginning of the current line. If the insertion point is
already there, move to the beginning of the previous line.

[Cri][] Move to the end of the current line. If the insertion point is already
there, move to the end of the next line.

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

[End] Move to the end of the current line.
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Selecting Text
Oneway to select text within atext region is:

1. Click inthetext region so that the text box appears.

E paaisors prl meriaon

2. Drag across the text holding the mouse button down. for u faling baddy ander grwiy |
Mathcad highlights the selected text, including any full lines —
between the first and last characters you selected. |ﬂﬂ*‘” ]

On-line Help You can aso select text using arrow keys and multiple clicks of the mouse button, just asyou
can in most word processing applications. For more information, refer to the topic “Selecting
text” in the on-line Help.

Oncetext is selected, you can deleteit, copy it, cut it, check the spelling, or changeits
font, size, style, or color.

Tip Once you've cut or copied text to the Clipboard, you can paste it back into any text region or into
an empty space to create a new text region.

To select and move an entiretext region or group of regions, follow the same stepsthat

you would use with math regions, described on “Moving and Copying Regions” on
page 10. To perform other editing actions, select the regions, and then Clubose
Delete, Paste, or Copy from theEdit menu, or click the corresponding buttons on the
Standard toolbar.

Greek Letters in Text
To type a Greek letter in a text region, use one of these two methods:

(%)
=

« Click on the appropriate letter on the Greek toolbar. To see this toolba ceff
on the Math toolbar, or choo3@olbar s Greek from theView menu, or

« Type theRoman equivalent of the Greek symbol and then prégsr | |G For
example, to entep, presd [Ct r | |G See “Greek Letters” on page 498 in the
Appendices for a table of Greek letters and their Roman equivalents.

Tip Asdiscussed inthe section “Inserting Math” in Chapter 4, tyf@ihg [ ]Gafter a letter in a math
region also converts it to its Greek equivalent. In additionr [ ]G converts a non alphabetic
character to its Greek symbol equivalent. For example, ty@ingf[t ]2[Ct r | ]Gin a text
region produces the¥ character.

To change atext selection into its Greek equivalent, select the text and then:

1. Choose Text from the Format menu.

2. From the Font list select the Symbol font.

Y ou can also change the font of atext selection by using the Formatting toolbar.
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Changing the Width of a Text Region
When you start typing in atext region, the region grows as you type, wrapping only
when you reach the right margin or page boundary. (The location of the right margin
is determined by the settings in the Page Setup dialog box, which you can modify by
choosing Page Setup from the File menu.) Press[] whenever you want to start a new
line. To set awidth for your whole text region and have lines wrap to stay within that
width as you type. To do this:

1. Typenormaly until thefirst line reaches the width you want.

2. Typeaspaceand press[Ct r | ][O].

All other linesbreak to stay within thiswidth. When you add to or edit thetext, Mathcad
rewraps the text according to the width set by the line at the end of which you pressed
[Crl][O.

To change the width of an existing text region, do the following:

1. Click anywherein the text region. A selection box encloses the text region.

2. Movethe pointer to the middle of the right edge of the text region until it hovers
over the “handle” on the selection rectangle. The pointer changes to a double-
headed arrow. You can now change the size of the text region the same way you
change the size of any window—by dragging the mouse.

Tip You can specify that atext region occupies the full page width by clicking on the region and
choosing Properties from the Format menu. Click the Text tab and check “Occupy Page
Width.” As you enter more lines of text into a full-width text region, any regions that are below
are automatically pushed down in the worksheet.

Text and Paragraph Properties

This section describes changing various font properties and changing the alignment
and indenting of paragraphs within atext region.

Changing Text Properties

To change the font, size, style,
position, or color of a portion of Frei Foxi- S Fow
the text within atext region, first & [Frogim i —
select the text. (See “Selecting  [¥ =2 timi b = [ :‘ ...
Text” on page 59.) Then choose I’:“.:.fff::mr | e "
Text from theFormat menu to Beacrd SE ey L dile =l
accessthe Text Format dialog bo Er'“‘ Fanplt

. LT
The Text Format dlalpg bc_)x alsc | - [l | AdBN YT
appears when you click with the  ~ .-
right mouse button on selected | r s T T | T i, ol
text and choosEont from the R tibibmrtomomanm
pop-up menu. 3 o -
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Many of the options of the Text Format dialog box are also available via the buttons
and drop-down lists on the Formatting tool bar:

[Hoaned =] [ == e s opleEREE

When you first insert text, its properties are determined by the worksheet or template

defaults for the style called “Normal.” See “Text Styles” on page 63 to find out about
applying and modifying existing text styles and creating new ones for governing the
default appearance of entire text paragraphs or regions. Any properties that you change
for selected text as described heverride the properties associated with the style for
that text region.

Tip If yousimply place the insertion point in text and then change the text properties through the
Text Format dialog box or the Formatting toolbar, any text you now type at that insertion point
will have the new properties you selected.

You can change the following properties of selected text:

e Font
e Font style
* Font size

« Effects such as subscripts and superscripts
e Color

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. Cho@epar ate Regions from theFormat menu if
necessary.

Tip You can specify that atext region automatically pushes following regions down as it grows by
clicking on the region and choosing Pr oper tiesfrom the For mat menu. Click the “Text” tab and
select “Push Regions Down As You Type.”

Tip As a shortcut for creating subscripts and superscripts in text, uSeltbeipt andSuper script
commands on the pop-up menu that appears when you click with the right mouse button on
selected text.

Changing Paragraph Properties
A paragraphinatext regionisany stream of charactersfollowed by ahard return, which
is created when you type[ 0] . You can assign distinct properties to each paragraphin
atext region, including alignment, indenting for either the first or al linesin the
paragraph, tab stops, and bullets or sequential numbering to begin the paragraph.
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Note

When you first create atext region, its paragraph properties are determined by the
worksheet or template defaults for the style called “Normal.” See “Text Styles” on page
63 to find out about text styles for governing the default appearance of entire text regions
or paragraphs. Any paragraph properties that you change as describedbhéde

the paragraph properties associated with the style for that text region.

Whenyou type[Shi f t ][[J] Mathcad inserts anew line withinthe current paragraph; it does not
create anew paragraph.

You can change the properties for a paragraph within a text region by doing the
following:

1. Select the paragraph by clicking in ij
to place the insertion point, by drag- | e | |
selecting it, or by triple-clicking it. e 0 | St [t ]

2. ChoosdParagraph from theFor mat figee |1 B |

menu, or click with the right mouse
button and choos@ar agraph from | Fss fre=l 1 L]

the pop-up menu. Mathcad displays %=
the Paragraph Format dialog box. i T o | ||[|T) e

3. Change the appropriate properties in
the dialog box and click “OK.”

You can change the following paragraph properties:
Indent

To indent every line in the paragraph the same amount, enter numbers in the “Left” and
“Right” text boxes. To indent thierst line of the paragraph a different amount than the
rest of the lines, as for a conventional or hanging indent, select “First Line” or
“Hanging” from the “Special” drop-down list and enter a value below.

You can also set indents using the text ruler. Click in a paragraph and Ehdese
from theView menu. Move the top or bottom arrow in the ruler to set a different indent
for the first line, or move both arrows to indent all the lines in the paragraph.

Bullets and numbered lists

To begin the paragraph with a bullet, select “Bullets” from the “Bullets” drop-down
list. Select “Numbers” from the drop-down list to have Mathcad number successive

paragraphs in the region automatically. Alternatively, on the
Formatting toolbar.

Alignment

To align the paragraph at either the left or right edge of the text region, or to center the
text within the text region, use the three alignment buttons in the dialog box. Alterna-

tively, click one of the three alignment buttarsthe Formatting toolba = | |= |,

or
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Tab stops

To specify tabs, click the “Tabs” button in the Paragraph Format dialog box to open
the Tabs dialog box. Enter numbers into the “Tab stop position” text box. Click “Set”
for each tab stop then click “OK.”

Alternatively, you can set tab stops using the text ruler. Click in a paragraph and choose
Ruler from theView menu. Click in the ruler where you want a tab stop to be. A tab
stop symbol appears. To remove a tab stop, click on the tab stop symbol, hold the mouse
button down, and drag the cursor away from the ruler.

Tip To changethe measurement system used in the Paragraph Format dialog box or in thetext ruler,
choose Ruler from the View menu to show the text ruler if it is not already showing, click on
the ruler with the right mouse button, and choose | nches, Centimeter s, Points, or Picas from
the pop-up menu.

Text Styles

Mathcad usetext stylesto assign default text and paragraph properties to text regions.
Text styles give you an easy way to create a consistent appearance in your worksheets
Rather than choosing particular text and paragraph properties for each individual
region, you can apply an available text style, setting a range of text and paragraph
properties at once.

Every worksheet has a default “normal” text style with a particular choice of text and
paragraph properties. Depending on your worksheet and the template from which the
worksheet is derived, you may have other predefined text styles to which you can apply
to existing or new text regions. You can also modify existing text styles, create new
ones of your own, and delete ones you no longer need.

This section describes the procedures for applying, modifying, creating, and deleting
text styles. See the previous section, “Text and Paragraph Properties,” for details on
the available text and paragraph properties.

Applying a Text Style to a Paragraph in a Text Region

When you create a text region in your worksheet, the region is tagged by default with
the “Normal” style. You can, however, apply a different style to each paragraph—each
stream of characters followed by a hard return—uwithin the text region:

1. Click in the text region on the paragraph whe = |

you want to change the style. Shien

2. Choosestyle from theFormat menu, or click ﬁ:_
with the right mouse button and cho&gle et sy i .
from the pop-up menu, to see a list of the ave b oy |
able text styles. Available text styles depend fwite |
the worksheet template used. Dot |
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3. Select one of the available text styles and click “Apply.” The default text in your
paragraph acquires the text and paragraph properties associated with that style.

Tip Asan aternativeto choosing Style from the Format menu, you can apply atext styleto atext

paragraph simply by clicking in the paragraph and choosing a style from the left-most drop-
down list in the Formatting toolbar. To apply atext style to an entire text region, first select all
the text in the region. For information on selecting text, refer to “Selecting Text” on page 59.

Modifying an Existing Text Style

You can change the definition of a text style—its text and paragraph properties—at any
time.

To modify a text style:

1. Choosestyle from theFormat menu. Mathcad brings up the Text Styles dialog
box showing the currently available text styles.

2. Select the name of the text style you want to modify and click “Modify.”

3. The Define Style dialog [ |
t_)ox displays the defini- | [ _—
tions of that text style.

_ ) Basd Oin | =] Puspah | Cored |

4. Click “Font” to modify
text formats such as the | s :
font, fONt Size, fONt Styl-  jues B0 ettt R
ing, special effects, and
color. Click “Paragraph”
to modify the indenting
and alignment and other properties for paragraphs. See “Text and Paragraph
Properties” on page 60 for details about the available text and paragraph formatting
options.

5. Click “OK” to save your changes.

Any new text regions to which you apply the modified text style will reflect the new
definition for that text style. In addition, any text regions previously created with the
text style will be modified accordingly.

Creating and Deleting Text Styles

You can modify the list of available text styles in your worksheet by creating new ones
and deleting ones you no longer use; any text style changes are saved with your
worksheet. You can base a new text style on an existing text style, such that it inherits
text or paragraph properties, or you can create an entirely new style. For example, you
may want to base a new “Subheading” style on an existing “Heading” style, but choose
a smaller font size, keeping other text and paragraph properties the same.
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Creating a text style
To create anew text style:

1. Choose Style from the Format menu. Mathcad brings up the Text Styles dialog
box showing the currently available text styles.

2. Click “New” to bring up the Define Style dialog box.

3. Enter a name for the new style in the “Name” text box. If you want to base the new
style on one of the existing styles in the current worksheet or template select a style
from the “Based on” drop-down list.

4. Click the “Font” button to make your choices for text formats for the new style.
Click the “Paragraph” button to choose paragraph formats for the new style.

5. Click “OK” when you have finished defining the new style.

Your new style now appears in the Text Styles dialog box and can be applied to any
text region as described in “Applying a Text Style to a Paragraph in a Text Region” on
page 63. When you save the worksheet, the new text style is saved with it. If you want
to use the new text style in your future worksheets, save your worksheet as a template
as described in Chapter 7, “Worksheet Management.” You may also copy the text style
into another worksheet simply by copying and pasting a styled region into the new
worksheet.

Note |f you base anew text style on an existing text style, any changes you |later make to the original
text style will be reflected in the new text style as well.

Deleting a text style
You may delete a text style at any time. To do so:

1. Choosestyle from theFormat menu. Mathcad brings up the Text Styles dialog
box showing the currently available text styles.

2. Select one of the available text styles from the list.

3. Click “Delete.”

The text style is removed from the list of available text styles. However, any text regions

in your worksheet whose text and paragraph properties were defined in terms of that
text style will continue to display the properties of that style.

Equations in Text

This section describes how to insert equations into your text regions. 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 4, “Working with Math.”
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Inserting an Equation into Text

Place an equation into text either by creating a new equation inside atext region or by
pasting an existing equation into a text region.

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

1. Click inthetext region or paragraph . "
toplacetheinsertion point whereyou u:‘:_'f":":; ‘E:'ngg“:ﬂ;f:g“:;:j:'ﬁ““ .
want the equation to start. accploraion of a ks massive object toward a

. miohe madeive abjocd,

2. Choose Math Region from the The universal graviistlonal constant, G, has i
Insert menu. A placeholder appears. | walue s and can be used 1o determine the

acceleration of a less masshve object 1oward a
maore masshe object

3. Typeinthe equation just asyou

. . Thee unidesraal gravitational consfand, G, has the
would in a math region. ]

value & = 667753 10 and can be used
4. When you've finished typing in the s
equation, click on any text to retur todetermine the acceleration of a less
to the text region. Mathcad adjustd ™2¢<h® efect teward a more massive abject.
the line spacing in the text region to

accommodate the embedded math region.

To paste an existing equation into a text region, follow these steps:
1. Select the equation you want to paste into the text.

2. ChooseCopy from theEdit menu, or click on the Standard toolbar.

3. Clickin the text region to place the insertion point where you want the equation to
start.

4. ChoosePaste from theEdit menu, or clic on the Standard toolbar.

Disabling Embedded Equations

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 disable it so that it no longer calculates. To do so:

1. Click on the equation you want to disable.

2. ChooséProperties from theFormat menu. Click on the Calculation tab.
3. Click the “Disable Evaluation” check box.

4. Click “OK.”

Once you have done so, the equation can neither affect nor be affected by other
equations in the worksheet. To turn it back on, remove the check next to “Disable
Evaluation” in the Properties dialog box.

For a more general discussion of disabling and locking equations, see “Disabling
Equations” on page 124.

66

Chapter 5 Working with Text



Text Tools
Mathcad hastoolsfor finding and replacing text aswell as checking the spelling of text.

Find and Replace

Mathcad’'sFind andReplace commands on thEdit menu are capable of working in
both text and math regions. By default, however, Mathcad finds and replaces text in
text regions only.

Searching for text
To find a sequence of characters:

1. Choosdrind from theEdit menu. RN N AR, - |

Mathcad brings up the Find dialog . i |
box.
™ Hatch shke woad e Cunster, Gl |
2. Enter the sequence of charactersy — M U = fen
want to find. ¥ Fredin {ust agee:

3. Click “Find Next” to find the occur- I FrdinsishSegen
rence of the character sequence int
mediately after the current insertion point location. Use the available options in the
dialog box to search upward or downward in the worksheet, to match whole words
only, to match the case exactly of the characters you entered, and to specify whether
Mathcad should search in text or math regions or both.

On-line Help The Help topic “Characters You Can Find and Replace” details the characters you can find in
math and text regions, including Greek symbols. Many special characters, including punctuation
and spaces, can be located only in text or math strings.

Replacing characters
To search and replace text:

1. Choose Replace from the Edit menu
to bring up the Replace dialog box.

2. Enter the string you want to find (the
target string) in the “Find what” box.

3. Enter the string you want to replace Fu
H H “ H ” thm
withinthe Replace with” box. Check Feelin Tnst
the appropriate boxes to match whol ~ . Lt Fagiors
words only, to match the case exactl
of the characters you entered, and to
specify whether Mathcad should search in text or math regions or both.

P
L]

il

L =8

™ Bgih bk sosd anky

You now have the following options:

« Click “Find Next” to find and select the next instance of your target string.
« Click “Replace” to replace the currently selected instance of the string.

» Click “Replace All" to replace all instances of the string.
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Spell-Checking

Note

Tip

Note

After creating text, Mathcad can search the text for misspelled words and suggest
replacements. Y ou can also add commonly used words to your personal dictionary.

Mathcad spell-checks text regions only, not math or graphics regions.

To begin spell-checking, specify the portion of the worksheet to spell-check:

» Click at the beginning of wherever you want to spell-check. Mathcad spell-checks
starting from this point and continues to the end of the worksheet. You can then
either continue the spell-check from the beginning of the worksheet or quit.

« Alternatively, select the text you want to spell-check.
Once you've defined a range over which to check spelling:

1. Choos&heck Spelling from theEdit [ - |

RE
menu, or cIichJ on the Standard T

toolbar. - = e |
, , _
2. When Mathcad finds a misspelled |

word, it opens the Check Spelling d
alog box. The misspelled word is
shown along with a suggested replac
ment or a list of possible replace-
ments. If Mathcad has no immediate
suggestions, it shows only the misspelled word.

R

To determine whether aword is misspelled, Mathcad compares it with the words in two
dictionaries: agenera dictionary of common English words supplemented by mathematical
terms and a personal dictionary. If Mathcad detects correctly spelled words throughout your
worksheet you can add them to your persona dictionary.

After the Check Spelling dialog box appears, you have several options:

e To change the word to the suggested replacement, or to another word you select
from the list of possible replacements, click “Change.”

« Click“Suggest” to see additional but less likely replacements. If Mathcad can offer
no additional suggestions, “Suggest” is grayed.

* To change the word to one not listed, type the replacement into the “Change to”
box and click “Change.”

e To leave the word as is, click “Ignore” or “Add.” If you click “Ignore,” Mathcad
leaves the word alone, continues spell-checking, and ignores all future occurrences
of the word. If you click “Add,” the word is added to your personal dictionary.

To choose a dialect associated with the English dictionary, choose Pr efer ences from the View
menu, click on the General tab, and choose an option below “Spell Check Dialect.”
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Chapter 6
Working with Graphics
and Other Objects

Overview
Inserting Pictures
Inserting Objects

* & & o

Inserting Graphics Computationally Linked to Your Worksheet

Overview

To illustrate your Mathcad calculations visually, it is often useful to add graphs,
pictures, or other objects. Y ou can include the following in your Mathcad worksheet:

e 2D graphs, including X-Y and polar plots

« 3D graphs, including surface plots, contour plots, three-dimensional scatter plots,
and others

« Pictures based on values in a matrix, copied and pasted from another application,
or based on an image file

» Objects created by another applicatioxM files, .DOC files, MDI files, etc.)
« Graphics computationally linked to your calculations

Forinformation on creating two-dimensional graphs, see Chapter 12, “2D Plots.” Refer
to Chapter 13, “3D Plots,” for information on creating three-dimensional graphs.

The sections in this chapter describe how to insert pictures and objects into a Mathcad
worksheet and format them. The last section of this chapter introduces the process of
inserting a graphic that is computationally linked to your calculations. For a more
detailed discussion of computationally linked applications, see Chapter 16, “Advanced
Computational Features.”

Inserting Pictures

This section describes techniques for creating and formaitihges—static graphic
images—in your Mathcad worksheet.
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Creating a Picture

Note

Y ou can create a picture in aMathcad worksheet in the following ways:

« By creating gictureregion and supplying either the name of a Mathcad matrix (or
matrices) or the name of an external image file.

e By importing an image from another application via the Clipboard.
Creating pictures from a matrices

You can view as a grayscale picture in Mathcad any single matrix by creating a picture
region:

1. Click in a blank space in your Mathcad worksheet.

. [ .
2. ChoosePicture from thelnsert menu or click@&| on the Matrix toolbar.
3. Type the name of a matrix in the placeholder at the bottom of the picture region.

Mathcad creates a 256-shade grayscale representation of the data in the matrix, with
each matrix element corresponding taixel in the picture.

Mathcad’s picture region assumes a 256-color model with the value 0 represented as black and
255 as white. Numbers outside the range 0-255 are reduced modulo 256, and any noninteger
value is treated as if its decimal part has been removed.

To create acolor picturein Mathcad, you must define three matrices of the same size
that describe, respectively, either:

e The red, green, and blue (RGB) components,
e The hue, saturation, and value (Smith’s HSV color model) components, or

e The hue, lightness, and saturation (Otswald’s HLS color model) components of
each pixel in the picture.

To view as a color picture in Mathcad any three same-size matrices:
1. Clickin ablank space in your worksheet, and ch&octerr e from thel nsert menu.

2. Type the names of the three matrices, separated by commas, in the placeholder at
the bottom of the picture region.

By default, Mathcad creates a 3-layer, 256-color, or RGB, representation of the data in
the matrices. This setting can be changed, however, through the Properties dialog box
and the Picture toolbar. See “Modifying a picture” on page 71 for details.

Since the matrices used in picture rendering are usually quite large, this technique of
creating a picture is most useful when you import graphics files into Mathcad as
matrices as described in “File Access Functions” on page 199. For example, you can
use theREADBMP function to read an external graphics file into a matrix, and then
view it as a picture in Mathcad.
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Creating a picture by reference to an image file

Mathcad can create apicturedirectly from an external imagefilein any one of anumber
of imagefile formats, including BMP, JPEG, GIF, TGA, PCX, and more. To do so,
click inablank space in your worksheet and then:

1. Choose Picturefrom the I nsert menu,

= .
or click || on the Matrix tool bar, to
insert apicture.

2. Inthe placeholder, type astring
containing the name of an imagefilein
the current directory, or type afull path
to animagefile. You create astring in
the placeholder by first typing the SR mm———
double-quote (") key.

3. Click outside the picture region. The
bitmap appears in your worksheet. {f .

Each time you open the worksheet or
calculate the workshest, the imagefileis
read into the picture region. +,,

R
1

1
TR 2 & di

oo

Note |f you modify the source image file, you must recal culate your worksheet to see the modified
image. If you move the source image file, Mathcad can no longer display the picture.

Modifying a picture

Y ou can modify the orientation, view (zoom and pan factors),
brightness, contrast, and grayscale mapping of a picturein
Mathcad using the Picture toolbar. To do so:

1. Click on the picture so you see hash marks around the ;
picture’s border, as shown at the right. f

2. The Picture toolbar will pop up. To find out what operatiL.r.
each tool performs, hover over it briefly to see its tooltip.

For example, to zoom in on the picture, cl Q on the Picture toolbar and then
repeatedly click the picture until you reach the desired resolution. To zoom out, zoom

to window, or reset the zoom factor, click the toolbar buIQL ! Q d ,
respectively, to activate those commands.

Note |f you havethe Image Processing Extension Pack or the Communication System Design (CSD)
Pack, then you already have an Image Viewer component that behavesin amanner similar to a
picture region. Both the Image Viewer component and a picture region allow you to import
image files and manipulate them with specialized toolbar options.
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Note

Note

Y ou can change your color model or select an output option under the Propertiesdialog
box. To do so:

1. Right-click on the picture and select Properties from the pop-up menu.

2. Under thelnput and Output tab of the Propertiesdialog box, make your adjustments
in the Input and Output panels, and then click “OK.”

For example, you can send the color map information for a selected rectangle of the
picture to a variable in your Mathcad worksheet. You might do this if you want to create
another picture that only captures part of the whole image. In the Properties dialog box,
check “Output Selected Rectangle” in the output pane and select a color map option.
Once you click “OK,” you need to type a variable name in the placeholder at the left
of the picture region.

Creating a picture by importing from the Clipboard

You can copy an image from another application to the Clipboard and paste it into
Mathcad in one of the formats put on the Clipboard at the time of copying. This section
describes using theaste Special command on thEdit menu to paste a graphic image

into a Mathcad worksheet from the Clipboard in a noneditable format: as a metafile or
bitmap. A metafile, which is strictly a Windows graphic format, can be resized in
Mathcad without undue loss of resolution, whereas a bitmap is usually viewed best only
at its original size. A device-independent bitmaIi®, is stored in a bitmap format

that is portable to other operating systems.

If you use the Paste command on MathcadE&dit menu to paste in an image from the Clipboard

(or use drag-and-drop from another application), you typically paste a linkedI§dE into

your Mathcad worksheet, as discussed in “Inserting Objects” on page 74. When you double-
click a linked OLE object, you activate the application that created the object and are able to edit
the object in your Mathcad worksheet.

To paste a graphics image from another application into Mathcad, do the following:

1. Open the application and place the graphics image on the Clipboard, usually viaa
Copy command on the Edit menu. Many Windows applications have this feature.

2. Click the mouse wherever you want the image in your Mathcad worksheet.

3. Choose Paste Special from the Edit menu, and choose “Picture (metafile)” or
“Device Independent Bitmap.”

4. Click "OK.” Mathcad creates a picture region and puts into it the image stored on
the clipboard.

The format choicesin the Paste Specia dialog box will vary, depending on the application from
which you originally copied a picture.
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Note

Note

Mathcad stores the color depth—the number of colors in the image—at the time you
paste it into a worksheet. This means that you can safely resave any worksheets that
contain color images on systems that have different color displays, either fewer or more
colors. The images continue to display at the proper color depth on the systems that
created the worksheets.

When you import directly from the Clipboard, the picture information is stored as part of the
Mathcad worksheet. This makesthe file size larger. It also means that when you copy the
worksheet, the picture information travels along with it.

Toavoid making your Mathcad filetoo large, paste bitmapsthat have been saved in asfew colors
as possible such as 16 or 256 colors.

Formatting a Picture

Tip

This section describes your options for formatting a picture once you've created it.
Resizing a picture

To resize a picture region, do the following:

1. Click the mouse inside the picture region to select it.

2. Move the mouse pointer to one of the handles along the edge of region. The pointer
changes to a double-headed arrow.

3. Pressand hold down the left mouse button. With the button still held, drag the mouse
in the direction you want the picture region to be stretched.

When you change the size of the pictureregion, the pictureinside may be distorted. If you resize

the picture by dragging diagonally on the handle in the lower right corner, you preserve the
aspect ratio—the ratio of height to width—of the original picture. To restore a picture to its
original size, click on the picture and cho®&seperties from theFormat menu. On the display
tab of the Properties dialog box, check “Display at Original Size.”

Framing a picture
Mathcad allows you to place a border all the way around a picture region. To do so:

1. Double-click the pictureitself, or choose Propertiesfrom the For mat menu. This
brings up the Properties dialog box.
2. Click “Show Border.”

3. Click “OK.” Mathcad draws a border around the picture region.

Controlling color palettes

If you are using a 256-color display and have color bitmaps in your Mathcad
worksheets, Mathcad by default uses a single 256-color palette to display all the bitmaps
in your worksheets. This is the same default color palette Mathcad uses for displaying
the rest of the Mathcad screen and is suitable for most pictures.
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Note

This default color palette, however, may not be the exact one that any color bitmapsin
aworksheet were designed to use. To improve the appearance of bitmapsin your
worksheet, you can tell Mathcad to optimizeits default color palette so that it chooses
the best possible 256 colorsto display bitmapsin the worksheet. To do so:

1. Choose Color 0 Optimize Palette from the For mat menu. Mathcad surveysthe
pictures in the worksheet and generates an optimal 256-color palette to use for all
of them.

2. Makesurethat Color 0 Use Default Palettein the For mat menu ischecked. Then
Mathcad uses the new default palette it generates.

If your display driver supports more than 256 colors, the pal ette-setting options on the For mat
menu are grayed.

Inserting Objects

Tip

This section describes techniques for inserting and editing objects created by other
applications in your Mathcad worksheets. OLE (Object Linking and Embedding)
technology in Microsoft Windows makes it possible not only to insert static pictures
of such objectsinto your applications (or of Mathcad objects into other applications),
but to insert the objects in such away that they can be fully edited in their originating
applications.

An object can be either embedded in or linked to a Mathcad worksheet. An object that
islinked must exist in an external saved file. An object that you embed may be created
at the time of insertion. When you edit alinked object, any changes you make to the

object also update the original file containing the object. When you edit an embedded
object, any changes you make to the object affect it only in the context of the Mathcad
worksheet. The original object in the source application, if thereis one, is unchanged.

For information about using specialized objects called componentsto import and export data, as
well as establish dynamic connections between Mathcad and other applications, see Chapter 11,
“Vectors, Matrices, and Data Arrays,” and Chapter 16, “Advanced Computational Features.”

Inserting an Object into a Worksheet

Tip

Y ouinsert an object into Mathcad, whichisan OLE 2-compatible application, by using

the Object command from thénsert menu, by copying and pasting, or by dragging

and dropping. The method you choose depends on whether you want to create the object
on the fly, whether the object has already been created, or whether you want the object
to be an entire file. You can edit objects in a Mathcad worksheet simply by double-
clicking them, causing-place activation of the originating application in most cases.

In general, you use the same methodsto insert aMathcad object into another application and edit

it inside that application as you do to insert objectsinto a Mathcad worksheet. However, the
details depend on the extent to which the application receiving a Mathcad object supports OLE

2. Once you've inserted a Mathcad object into a compatible application, you can edit it by
double-clicking it. If the application supports in-place activation, as current releases of
Microsoft Office applications do, the menus and toolbars will change to Mathcad'’s.
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Insert Object command

When you use the Object command from the Insert menu, you can insert an object
that you create at the time you are inserting it, or you can insert an entire file you've
already created.

To insert an object or a saved file:

1. First click in your worksheet where you want to insert the object. Make sure you
see the crosshair.

2. ChooseDbj ect from the e

Insert menu to bring up

it Tupe
the Insert Object dialog = & cissie s 3
box. By default “Create = o inme  |aions e = B
New” is selected: o gl
[
3. Check “Display As Icon” Cabormicr Lo et

if you want an icon, rather

than the actual object, to =~ =
appear in your worksheet E"E'l
The icon is typically the
icon of the application that
created the object.

|rdeas g e 123 WWhorl sheed a0l kol jad
il

To create a new object:

1. Selectan application from the “Object Type” list. The available object types depend
on the applications you have installed on your system.

2. Click “OK.”

The source application opens so that you can create the object. When you are finishec

working to create the object, exit the source application. The object you created is then
embedded in your Mathcad worksheet.

If youwant toinserta [ 1|
previously created file: |I|
T Crvasls How

1. Click “Create from File” P Cwcdd |
inthe Insert Object dialog * D bl |
box. The dialog box then [fmes | T e

changes appearance.

2. Type the path to the ik

object file or click Ity e armeniy of Fos Ba g b obgeal i
“ » . o distamend w3 thal o iy aotvale I )
Browse” to locate it. (]| B g whh oo

3. Check “Link” to insert a
linked object. Otherwise,
the object is embedded.

4. Click “OK.”
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Pasting an object into a worksheet

Y ou can copy an object from a source application to the Clipboard and pasteit directly
into Mathcad. This method is particularly useful when you've already created the object
in another application and you don’t want to insert an entire file.

To insert an embedded or linked object into a worksheet via the Clipboard:
1. Open the source application containing the object.

2. Copy the object from the source application to the Clipboard. You typically do this
by choosingCopy from theEdit menu or by pressingf r | ]C.

3. Click in the Mathcad worksheet where you'd like to place the object.
4. ChoosePaste or Paste Special from Mathcad'sEdit menu.

If you choosePaste, the object is pasted in your Mathcad worksheet in a format that
depends on what the source application has placed on the Clipboard. The behavior
differs depending on whether you have selected a math placeholder or are pasting into
a blank space in the worksheet. Mathcad creates one of the following:

e A matrix, if you are pasting numeric data from the clipboard into an empty math
placeholder.

« Atextregion, if you are pasting text that does not contain numeric data exclusively.
« A bitmap or picture (metafile), if the originating application generates graphics.
e An embedded object, if the originating application suppor&.

If you choosePaste Special, you have the option of pasting the object in one of the
available formats placed on the Clipboard. Typically you can choose to paste the object
as an embedded or linketl E object (if the object was stored in a saved file i®BB-
compatible source application), a picture (metafile), or a bitmap. See “Creating a picture
by importing from the Clipboard” on page 72 for more information on pasting metafiles
and bitmaps.

Dragging and dropping an object into a worksheet

A third way to insert a@LE object into a Mathcad worksheet is to drag it from the
source application and drop it into the worksheet. This is very similar to copying and
pasting, but does not allow you to create a link to an object. To do so, open both Mathcad
and the source application and arrange the two windows side by side on the screen.
Then select the object in the source application and drag it with the mouse into your
Mathcad worksheet. The object appears when you release the mouse button.
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Editing an Object
To editan embedded object in a Mathcad worksheet, double-click the object. Mathcad’s
menus and toolbars change to those of the source application, and a hatched border
surrounds the object so that you can edit it. Thig editing mechanism is called-
place activation. For example, you can use in-place activation to edit objects created
by Microsoft Office applications such as Excel and Word inside Mathcad.

If the source application does not support in-place activation inside Mathcad or the
object is linked, the behavior is different. In the case of an embedded object, a copy of
the object is placed into a window from the other application. If the object is linked,
the source application opens the file containing the object.

Editing a Link
If you've inserted a linked object into a Mathcad worksheet, you can update the link,
eliminate it, or change the source file to which the object is linked. To do so, choose
Links from theEdit menu.

Choose the link you  [F N | =]

want to edit from the list

of links. Then make S o L e T |

changes using the L piae P

available options. OpnSounce |
On-line Help Seetheon-line Help topic e

“Links dialog box” for Beesh Link

information on each option fpace  EMECFFICT Y WORD stiey ocilILE_LINKD

in the dialog box. e Mmool o Cocurwe

Lipeisis = S borue T Easl

Inserting Graphics Computationally Linked to Your Worksheet

If you want to insert adrawing or other kind of graphic that is computationally linked

to your Mathcad worksheet, you can insert acomponent. A component isaspecialized
OLE object. Unlike other kinds of OLE objects you can insert into a worksheet, as
described in “Inserting Objects” on page 74, a component can receive data from
Mathcad, return data to Mathcad, or both, linking the object dynamically to your
Mathcad computations.
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The SmartSketch component, for example, allowsyou to insert SmartSketch drawings
whose dimensions are computationally linked to your Mathcad calculations.

Dapih = 6 Anound af wabai in the sk Houghmsss = 0013 Fesghnim corficiant
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E
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Figure 6-1: The SmartSketch component inserted into a Mathcad worksheet.

An exampl e using the SmartSketch component is shown in Figure 6-1. In addition to
the SmartSketch component, Mathcad includes several components for exchanging
data with applications such as Excel, MATLAB, and ODBC databases. For more
information on these and other components, refer to Chapter 16, “Advanced
Computational Features.”

78

Chapter 6 Working with Graphics and Other Objects



Chapter 7
Worksheet Management

Worksheets and Templates
Rearranging Your Worksheet

Layout

Safeguarding an Area of the Worksheet
Worksheet References

Hyperlinks

Creating an Electronic Book

® & & & O o o o

Printing and Mailing

Worksheets and Templates

Asyou use Mathcad you typically create aworksheet that contains unique text, math,
and graphic regions. Mathcad uses MCD as the file extension for worksheets.

When you create a new worksheet in Mathcad, you can start with Mathcad’s default
choices for formats and layout, or you can usanmplate that contains customized
information for laying out and formatting the worksheet. When you create a worksheet
based on a template, all of the formatting information and any text, math, and graphic
regions from the template are copied to the new worksheet. Templates allow you to
maintain consistency across multiple worksheets.

Mathcad comes with a variety of predefined templates for you to use as you create new
worksheets. You can extend the collection of templates by saving any of your Mathcad
worksheets as a template. Mathcad Ws€s as the file extension for templates.

Other saving options are available in Mathcad. You can save a worksheet in Hypertext
Markup LanguageHTML), so that the file can be viewed through a Web browser, or

in rich-text format RTF), so that it can be opened by most word processors. You can
also save a worksheet in a format that can be read by earlier versions of Mathcad.
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Creating a New Worksheet

When you first open Mathcad or click [ | on the Standard toolbar, you see an empty
worksheet based on aworksheet template (NORMAL.MCT). Y ou can enter and format
equations, graphs, text, and graphicsin this space, as well as modify worksheet
attributes such asthe page margins, numerical format, headersand footers, and text and
math styles. The normal templateis only one of the built-in templates Mathcad
provides. There is atemplate for Electronic Books, one for engineering reports, and
one for specification forms.

To create a new worksheet based on atemplate:

1. Choose New from the File menu. Mathcad T O - |

displays alist of available worksheet adesh b Tarwplsiet
templates. The exact templates available
differ depending on the templates you have
developed.

2. Choose a template other than “Blank
Worksheet.” By default Mathcad displays
worksheet templates saved in the
TEMPLATE folder of the directory you usec
to install Mathcad. Click “Browse” to find a
template in another directory or on another drive.

3. Click “OK.”

Saving Your Worksheet

When you want to save the worksheet, choose ednaror Save As... from theFile
menu and enter a file name with the extensi@b. After the first time you save the

worksheet, simply chooSavefrom theFilemenu or clich = on the Standard toolbar
to update the saved copy of the worksheet.

'}

Tip Towork on aworksheet you saved before, choose Open from the File menu or click L= on
the Standard toolbar. Mathcad prompts you for aname by displaying the Open dialog box. Y ou
can locate and open a Mathcad worksheet from other directories or drivesjust asyou would in
any other Windows application. At the bottom of the File menu, Mathcad maintains alist of the
most recently used worksheets, from which you can choose directly, if you wish.

Saving your worksheet in HTML format

There are two ways to save a Mathcad worksheet in HTML format. One way creates a
standard HTML document in which Mathcad text regions are saved as HTML and all
other regions are saved as JPEG files linked to the document.
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Note

New to Mathcad 2001 is the ahility to save your Mathcad worksheet as HTML with
embedded M athematical Markup Language (MathML). In order toview anHTML file

that contains MathML, you must install IBM’s techexpl@rgfypermedia Browser, a
MathML renderer that works as a plug-in for your browser application. Your Mathcad
2001 package includes a specialized version of techexplaneyou can download a
free viewer-only version of techexploréifrom IBM’s web site.

When you save your Mathcad worksheets in HTML/MathML format, you can read
them back into Mathcad with no loss of information. All regions are displayed and
calculate in Mathcad as they would if the document was saved in MCD format.

When you save a Mathcad worksheet in HTML or HTML/MathML format, an HTM fileis

created and a subdirectory with the name “(filename)_images” is also created to contain all the
associated JPEG files. Another subdirectory with the name “(filename)_data” contains the
information needed to perserve the functionality of Mathcad regions that cannot be rendered in
HTML or MathML.

To save aworksheet in either HTML or HTML/MathML format:
1. Choose Save As... from the File menu.

2. Inthe Save As dialog box, choog¢TML File” or “HTML/MathML File” from
the “Save as type” drop-down list.

3. Enter a file name and then click “Save.” The document is saved with the HTM
extension.

Figure 7-1 shows a Mathcad worksheet viewed in a browser enabled with IBM’s
techexplore™ Hypermedia Browser.
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Figure 7-1: Mathcad wor ksheet saved in HTML/MathML format, viewedina
browser enabled with IBM’s techexploféHypermedia Browser.

Note Not al regionsin Mathcad that contain numerical expressions or calculations can berenderedin
MathML. For example, there are no markup tags that allow you to display a2D or 3D graph.
Y ou may find that your HTML/MathML document still has many JPEG files associated with it,
which display those regions that have no MathML equivalents. In Figure 7-1, the equations,
rangevariable, and resultsarerendered in MathML, whilethe graph isdisplayed through a JPEG
file.

Using Microsoft’s Internet Explorer, you can activate Mathcad to edit worksheets that
have been saved in HTML/MathML format.

To edit your Mathcad worksheets through an Internet Explorer browser:

1. Load your Mathcad worksheet that has been saved in HTML/MathML format into
Internet Explorer.

2. Selectdit with Mathcad Application under theFile menu.

Edit your file as usual and then save it using the Save button on Standard toolbar or
with theSave command from th&ile menu. In either case, the file will be saved in
HTML/MathML format.
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Tip

Tip

Note

To publish your HTML files on the web, you can use Windows Web Folders or the Web
Publishing Wizard. These utilities help you establish a direct connection to your web server in
order to publish or update your web files.

Saving your worksheet in RTF format

To save aworksheet so you can open it in aword processor capable of reading an RTF
file with embedded graphics:

1. Scroll to the bottom of your worksheet to update all calculated results.
2. Choose Save Asfrom the File menu.

3. Inthe Save As dialog box, choose “Rich Text Format File” from the “Save as type”
drop-down list.

4. Enter a file name and then click “Save.”

When you open aRTF file with a word processor such as Microsoft Word, you'll find

all the Mathcad regions lined up one above the other at the left edge of the document.
You may have to move regions in the word processor to make them look like your
original Mathcad worksheet. Once the Mathcad regions have been loaded into a word
processor, you will be able to edit the text. However, you'll no longer be able to edit
math regions and graphs, which have become embedded graphics. To embed Mathca
worksheets or regions in a word processing document in a form that allows you to
continue to edit the original Mathcad worksheets, see “Inserting Objects” on page 74.

Mathcad’s text supports Microsoft's “Rich Text Format” (RTF) specification. This means you
can easily export text from Mathcad text regions to most word processing programs via the
Clipboard. Simply select text in a Mathcad text regions, copy the text to the Clipboard by

choosingCopy from theEdit menu or clicking on the Standard toagltend choosPaste
from theEdit menu in your word processing application.

Saving your worksheet in an earlier format

In general, worksheets created in an earlier version of Mathcad open in the current
version, but files created in the current version of Mathcad do not open in earlier
versions. Mathcad 2001, however, allows you to save aworksheet asa M athcad 2000,
8, 7, or 6 worksheet.

Features in your worksheet available only in Mathcad 2001 will not be recognized in earlier
versions of Mathcad. Regions or features that won’t work in an earlier version are rendered as
bitmaps.
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To save aworksheet in aform that can be read by an earlier version of Mathcad:
1. Choose Save or Save Asfrom the File menu.

2. Inthe “Save as type” drop-down list, select “Mathcad 2000 Worksheet,” or one of
the earlier formats listed, and provide a file name.

3. Click “Save.” A message appears warning you that certain features available only
in Mathcad 2001 will not work in earlier versions.

Creating a New Template

You can extend the collection of templates by creating your own. A template you create
can have equations, text, and graphics in places you determine, as well as customized
information in the headers and footers (see “Layout” on page 89).

The template also specifies:

« Definitions of all math styles (Chapter 4).

« Definitions of all text styles (Chapter 5).

« Margins for printing (see “Layout” on page 89).

* Numerical result formats and values for Mathcad’s built-in variables (Chapter 8).
* Names of Mathcad'’s basic units and the default unit system (Chapter 8).

« The default calculation mode (Chapter 8).

* Ruler visibility and measurement system (see “Aligning Regions” on page 85).

To create a new template, first create a new worksheet having the options listed above
set the way you want. The worksheet can also contain any equations, text, and graphics
that you want in the template. The next step is to save this worksheet as a template. To
do so:

1. ChooseSave As from theFile menu.

Double-click theTEMPLATE folder in the Save As dialog.

In the “Save as type” drop-down list, select “Mathcad Templates (*.mct).”
Type a name for the template in the “File name” box.

Click “Save.”

Your template is now added to the list of templates available in the dialog box that
appears when you choolew from theFile menu. To make a new worksheet based
on a template you've created, simply chodge/ from theFile menu and select your
template from the list. If you did not save your template tGEMPLATE folder, you
need to browse to find the template.

a b D
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Modifying a Template
To modify an existing worksheet template:

T

1. Choose Open from the File menu or click |2 | on the Standard toolbar.
In the “Files of type” drop-down list, select “All Files.”

3. Type the name of the template in the “File name” box, or browse to locate it in the
dialog box. Worksheet templates are saved by default inEkeLATE folder.

4. Click “Open.” The template opens in the Mathcad window.

You may now edit the template as you would modify any Mathcad worksheet. To save
your changes under the current template name, clSageé&om theFilemenu or click

= on the Standard toolbar. If you want to give a new name to the modified template,
chooseSave As from theFile menu and enter a new name for the template.

Tip Tomodify thedefault template for ablank worksheet, modify thetemplate file NORMAL.MCT.

Note When you modify atemplate, your changes affect only new files created from the modified
template. The changes do not affect any worksheets created with the template before the
template was modified.

Rearranging Your Worksheet

This section describes how to rearrange math, graphics, and text in your worksheets.
See the section “Regions” on page 10 for the basics on selecting, copying, moving, and
deleting regions.

Note You can get an overall view of how your worksheet looks by choosing Zoom from the View

menu or clicking @ on the Standard toolbar and choosing a magnification. Choose a
magnification less than 100% to zoom out of the worksheet, or use amagnification greater than
100% to zoom in. Alternatively, use the Print Preview command as described under “Print
Preview” on page 99.

Aligning Regions
Once you've inserted regions into your worksheet, you can align them vertically or
horizontally using menu commands or you can align them using the worksheet ruler.

Using commands
To align regions horizontally or vertically using commands:
1. Select regions as described on page 10.

2. Chooseilign Regions] Across (to align horizontally) oAlign RegionsC] Down
(to align vertically) from the Format menu. Or choose these commands by clicking
| u]

and & | on the Standard toolbar.
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Note

Note

Tip

When you choose Align Regions] Down from the pull-right menu or click |& |on
the Standard toolbar, Mathcad does the following:

« 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 region.

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

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

EI]D

ChoosingAlign Regions] Across or clicking on the Standard toolbar works in
much the same way. Mathcad draws an invisible horizontal line halfway between the
top edge of the uppermost 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.

Aligning regions may inadvertently cause regionsto overlap. Mathcad warns you when thiswill
occur, but you can separate overlapping regions as described in “Separating Regions” below.

Using the worksheet ruler

When you choose Ruler from the View menu while the cursor isin ablank spot or in
amath region, you see the worksheet ruler at the top of the window. Y ou can use
alignment guidelineson theruler to align regions at particular measurements along the
worksheet.

To set an alignment guideline on the ruler:

1. Click ontheruler wherever you want the alignment guidelineto appear. A tab stop
symbol appears on the ruler.

2. Click on the tab stop symbol with the right mouse button and choose Show
Guideline from the pop-up menu. A check appears next to the command.

The alignment guideline appears as a green vertical line. Select and move regionsto
the guideline. Figure 7-2 shows how you can use an alignment guideline to align math
regions.

The tab stops you insert on the ruler specify where the cursor should move when you press the
[TAB] key. To remove a tab stop, click on its symbol, hold the mouse button down, and drag the
cursor away from the ruler.

Toremovean alignment guideline, click on the ruler with the right mouse button where
the guideline is located and choose Show Guideline from the menu to uncheck it.

You can change the measurement system used in the ruler by clicking on the ruler with the right
mouse button, and choosihgches, Centimeters, Points, or Picas from the pop-up menu. To
change the ruler measurement for all documents, make this change to NORMAL.MCT.
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Figure 7-2: Using an alignment guideline to align regions vertically.

Inserting or Deleting Blank Lines

Y ou can easily insert one or more blank lines into your worksheet:

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

2. Press[Ent er ] toinsert ablank line and movethe cursor to theleft margin. Do this
as many times as you want to insert lines.

To delete one or more blank lines from your workshest:

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

2. Press[Del et e] asmany times as there are lines you want to delete. Mathcad
deletesblank linesbelow your cursor. Alternatively, press[Bk Sp] to remove blank
lines above your cursor.

If you press either [Del et e] or [Bk Sp] and nothing seems to be happening, check to
makesurethat thecursor isonalineall by itself. If any regioninyour worksheet extends
into the line you are trying to delete, Mathcad won't be able to delete that line.

Tip Toquickly insert or del ete a specific number of linesfrom your worksheet, right-click in ablank
part of the worksheet, choose Insert Linesor Delete Lines from the pop-up menu, and enter the
number of linesin the dialog box.
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Separating Regions

Note

Asyoumoveand edit theregionsin aM athcad worksheet, they may end up overlapping
one another. Overlapping regions don't interfere with each other’s calculations, but
they may make your worksheet hard to read.

A good way to determine whether regio

overlap is to choodeegionsfrom theView
menu. As shown at right, Mathcad displa -

blank space in gray and leaves the regiqe. Lsn th Musdy muthurd 1 comgetn o
in your default background color. To retu gwod "“’I’ aeo reximation to the
to the default background color, choose

Regions from theView menu again.

Re = 143 p0416 v
To separate all overlapping regions, choq i aic yisse meuss
Separ ate Regionsfrom theFor mat menu.
Wherever regions overlap, this comman . B T
moves the regions in such a way as to avfiiiets D ey i egente

overlaps. good first sgprosmehion s the
Hizpmiodd & sambesr

Be careful with the Separ ate Regions command since not only can it have far-reaching effects,
it also cannot be undone. Regions are moved around and the order of calculation can change.
You can also drag regionsindividually, add lines by pressing [Ent er ], or cut and paste the
regions so they don't overlap.

Highlighting Regions

Mathcad allows you to highlight regions so that they stand out from the rest of the
equations and text in your worksheet:

To apply a background highlight color to a region:
1. Click intheregion you want to highlight.

2. Choose Propertiesfrom the Format menu.

3. Click the Display tab.
4

. Check “Highlight Region.” Click “Choose Color” to choose a highlight color other
than the default choice.

5. Click “OK.”

Mathcad fills a box around the equation with either the default background highlight
color or the color you chose. This is a purely cosmetic change with no effect on the
equation other than making it more conspicuous.
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Note The appearance of a highlighted region on printing depends on the capabilities of your printer
and the choice of highlight color. Some black and white printers render a color as black,
obscuring the equation or text. Othersrender just the right gray to highlight the equation without
obscuring it. Still other printers will disregard the background highlight color entirely.

To change the default background color of highlighted regions:
1. Choose Color from the Format menu.

2. Pull right and choose Highlight to bring up a dialog box containing a palette of
colors. Click the appropriate color.

3. Click “OK.”

Changing the worksheet background color
To change the color of the background of your worksheet:

1. ChooseColor from theFormat menu.

2. Pullright and choodgackground to bring up a dialog box containing a palette of
colors. Click the appropriate color.

3. Click “OK.”

Layout

Before printing a worksheet, you may need to adjust the margins, paper options, page
breaks, and headers and footers so that pages of the worksheet are printed appropriatel!

Setting Margins, Paper Size, Source, and Orientation

Mathcad worksheets have User- [ 1)

specifiable margins at the left, right, toj

and bottom of the worksheet. To set ==
these margins, chooBage Setup from e
g Bag p =

theFile menu. e

Use the four text boxes in the lower rigt =
of the Page Setup to specify the distanc
from the margin to the corresponding
edge of the actual sheet of paper on
which you are printing.

You can also use settings in the Page
Setup dialog box to change the size,
source, or orientation of the paper on
which you print your worksheet. See
“Printing and Mailing” on page 98 for
more about printing your Mathcad
worksheets.
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Tip If youwant the margin and other page setup settingsin the current worksheet to be used in other
worksheets, save the worksheet as a template as described in “Creating a New Template” on
page 84.

Page Breaks
Mathcad provides two kinds of page breaks:
« Soft page breaks. Mathcad uses your default printer settings and your top and
bottom margins to insert these page breaks automatically. These show up as dotted

horizontal lines, which you see as you scroll down in your worksheet. You cannot
add or remove soft page breaks.

« Hard page breaks: You can insert a hard page break by placing the cursor at a
place in your worksheet and choosiPage Break from thelnsert menu. Hard
pagebreaks display as solid horizontal lines in your worksheets.

When Mathcad prints your worksheet, it begins printing on a new page whenever it
encounters either a soft or a hard page break.

To delete a hard page break:

1. Drag-select the hard page break as you would select any other region in your
Mathcad worksheet. A dashed selection box appears around the page break.

2. Chooséeélete from theEdit menu.

Tip Because Mathcad isaWY SIWY G environment, any region that overlaps a soft or hard page
break prints by default in pieces on successive pages. To separate aregion from a hard page
break, choose Separ ate Regions from the For mat menu. However, this command does not
separate regions from any overlapping soft page breaks. Choose Repaginate Now from the
Format menu to force Mathcad to insert a soft page break above any region that otherwise
would print in pieces on successive pages.

Headers and Footers

To add a header or a footer to every printed page, to create a different header or footer
for the first page of a worksheet, or to modify an existing header or footer, choose
Header s/Footer s from theFormat menu. The Header/Footer dialog box appears:

™ Ll full veidth foa sach neciion

Taale Opéau Fuarss
9@ 8 6] e | essnes[Td Cee
- . Headu
B9 B o] e | T Dnmeedm g
| OF | Carcal
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To add or edit a header or footer:

1. Click the Header or Footer tab to modify the header or footer for the worksheet. To
create a different header or footer for the first page of your worksheet, check the
“Different header and footer on first page” option and click the Header—Page 1 or
Footer—Page 1 tab.

2. Type the header or footer information into one or more of the text boxes. Whatever
you type into the Left, Center, and Right text boxes will appear in these positions
on the page. Click “Format” in the Tools group to change the header or footer font,
font style, size, or alignment. Click “Use full width for each section” if you want
text in any of the boxes to extend beyond the width of the text box.

3. Click one or more of the buttons in the Tools group to insert items such as the file
name, page number, current date, or time automatically wherever the insertion point
is. To insert an image, click “Image” in the Tools group and browse to locate a
bitmap (BMP format) file.

Tip Mathcad by default begins numbering at page 1. Y ou can set a different starting page number in
the Options group in the Header/Footer dialog box.

Safeguarding an Area of the Worksheet

The ease with which you can alter a Mathcad worksheet can present a problem. It is 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 readers of your worksheet from tampering with them. To avoid
unintended edits to your worksheet, you can safeguard an area of your worksheet by
locking it such that you can still edit it even though nobody else can.

To lock an area of your worksheet:

1. Create amreain your worksheet to contain the regions to be protected.

2. Place the regions that you want to safeguard into that area.

3. Lock the area. Optionally you can password protect and collapse the area.

Once aregion is safely inside a locked area, nobody can edit it. Any math regions inside
a locked area continue, however, to affect other equations in the document. For
example, if you define a function inside a locked area, you can still use that function
anywhere below and to the right of its definition. You cannot, however, change the
function’s definition itself unless you unlock the area first.

Inserting an Area
To insert a lockable area into your worksheet:

1. ChooséArea from thelnsert menu. -
Mathcad inserts a pair of lines into the |
worksheet. These mark the boundaries|;
the lockable area. ¥
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Tip

2. Select either of these boundary lines just as you'd select any region: by dragging
the mouse across the line or by clicking the line itself.

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

You should position the boundaries so that there’s enough space between them for
whatever regions 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.

To name an areain your worksheet, click on an area boundary, choose Properties from the
Format menu, and enter aname on the Areatab. The Areatab al so lets you modify other display
attributes of an area, such as whether a border or icon appears.

Locking and Collapsing an Area

Note

Once you've placed whatever regions you want inside an area, you can lock the area.
You can choose to lock an area with a password to prevent unauthorized editing of the
regions in it. You can also collapse the area, either with or without locking it, so that
the regions are hidden from view.

To lock an area:

1. Clickin the area. oo _______________H]
2. ChooseAreall Lock from theFormat Eatoscad fophond 2|

menu. ]
Beerfo parramd il

3. Inthe Lock Area dialog box, enter a
password if you want to lock the area wit
a password. Type any combination of
letters, numbers, and other characters.
You must re-enter the password to
confirm it.

4. Check “Collapse when locked” to hide the locked regions from view. Check “Show
lock timestamp” to display the date and time the area was last locked above and
below the boundary lines.

T Collapas sahen bk sl
R Ehas bk bnsilarg

5. Click “OK.” I e T T
The areais now locked and by default shows padid
on the boundaries and a timestamp. Bl dm Apr 37 94417 47 1968

If you chooseto password protect an area, make sure you remember your password. If you forget
it, you will find yourself permanently locked out of that area. Keep in mind also that the
password is case sensitive.

To collapse an area without locking it first:

1. Clickin the area.

2. ChooseAreall Collapse from theFormat menu.

A collapsed area appears by default as a single line in your worksheet.
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Unlocking and Expanding an Area

Tip

If you want to make changesto aregion inside alocked area, you haveto unlock it. If
the areaiis collapsed, you must also expand it.

To unlock alocked area:

1. Click inthe areayou want to unlock.

2. Choose Areall Unlock from the Format menu.

3. If apassword isrequired, you are prompted for the password.
To expand a collapsed area:

1. Click on the boundary line.

2. Choose Areall Expand from the For mat menu.

Once an areais unlocked and expanded, you can make whatever changes you want to
just as freely as you would elsewhere in your worksheet.

When you lock an area without a password, anyone can unlock it by simply choosing
Areald Unlock from the For mat menu.

Deleting an Area

Y ou can delete alockable area just as you would any other region. To do so:
1. Make suretheareaisunlocked. You cannot delete alocked area.

2. Select either of the two linesindicating the extent of the locked area by dragging
the mouse acrossit.

3. Choose Cut from the Edit menu or click | db | on the Standard toolbar.

Worksheet References

Tip

There may betimeswhen you want to use formulas and cal cul ations from one Mathcad
worksheet inside another. Y ou may also have calculations and definitions that you re-
use frequently in your work. Y ou can, of course, simply use Copy and Paste from the
Edit menu to move whatever you need to move, or drag regions from one worksheet

and drop them in another. However, when entire worksheets are involved, this method
can be cumbersome or may obscure the main computations of your worksheet.

Mathcad therefore allows you to reference one worksheet from another—that is, to
access the computations in the other worksheet without opening it or typing its
equations or definitions directly in the current worksheet. When you insert a reference
to a worksheet, you won't see the formulas of the referenced worksheet, but the current
worksheet behaves as if you could.

An alternative described in “Safeguarding an Area of the Worksheet” on page 91 is to create a
collapsiblearea to hide calculations in your worksheet. This method, while it does not let you
re-use calculations in the same way as a worksheet reference, does give you the option of
password protecting or locking an area of calculations.
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Note

Toinsert areference to aworksheet:

1. Click the mouse wherever you want to insert the reference. Make sureyou click in
empty space and not in an existing region. The cursor should look like a crosshair.

2. Choose Reference [y
from the I nsert
Irget wdeeigs ki @ e
menu. |

|B|:-|H'|

3. Click “Browse” to i o s th sl s £ oyl s el 10 sipaenace: This G B o doianes on
locate and select a i b e, o i n s PR | et

worksheet. Alterna- [ s st sisscs

tively, enter the path . | rweel |
to a worksheet. You
can also enter an In-
ternet addressJRL) to insert a reference to a Mathcad file that is located on the
World Wide Web.

4. Click “OK" to insert the reference into your worksheet.

To indicate that a reference has_been i T — mmud“hq
serted, Mathcad pastes a small icon whe
ever you had the crosshair. The path to the referenced worksheet is to the right of the
icon. All definitions in the referenced worksheet are available below or to the right of
this icon. If you double-click this icon, Mathcad opens the referenced worksheet in its
own window for editing. You can move or delete this icon just as you would any other
Mathcad region.

By default, the location of the referenced file is stored in the worksheet as an absolute system

path (or URL). This meansthat if you move the main worksheet and the referenced worksheet

to adifferent file system with a different directory structure, Mathcad cannot locate the

referenced file. If you want the location of the referenced file on adrive to be stored relative to

the Mathcad worksheet containing the reference, click “Use relative path for reference” in the
Insert Reference dialog box. The reference is then valid even if you move the referenced file and
the main worksheet to a different drive but keepréhative directory structure intact. To use a
relative path, you must first save the file containing the reference.

If you edit the contents of areferenced file so that any cal culations change, you must
re-open any worksheets that contain references to that file for calculations to update.
The calculations in those worksheets do not update automatically.

Chapter 7 Worksheet Management



Hyperlinks

Mathcad allows you to create hyperlinksin your Mathcad worksheets that, when
double-clicked, open Mathcad worksheets, jump to other regions of a Mathcad
worksheet, or link to other files.

Creating Hyperlinks Between Worksheets

Tip

Y ou can create a hyperlink from any Mathcad region, such asatext region or agraphic

element, to any other Mathcad region, either within the same worksheet or in another
worksheet. When you double-click the hyperlink, Mathcad opens the worksheet

designated by the hyperlink, and if aregion is specified it jumpsto that region. In this

way you can connect groups of related worksheets in a form similar to Mathcad’s
Electronic Books, or simply cross-reference related areas of a worksheet or worksheets
Creating hyperlinks from worksheet to worksheet

When you create a hyperlink from one worksheet to another you have two options for
the appearance of the target worksheet:

* The target worksheet can open in a full-sized Mathcad worksheet window that
overlays the current worksheet window and allows you to edit its contents.

« The target worksheet can open in a sip@tup window that displays the contents
of the worksheet, but does not allow you to edit its contents.

Mathcad can follow a hyperlink to any worksheet, whether it is stored on a local drive,
a network file system, or the World Wide Web.

To create a hyperlink from one worksheet to another, first specify the hyperlink by:
1. Selecting a piece of text, or

2. Clicking anywhere in an equation or graphics region, or

3. Placing the insertion point anywhere within an entire text region.

There are two ways to link text to atarget file or destination. Y ou can select aword or phrase,
or you can click an entire text region. When you use sel ected text, Mathcad underlines the word
or phrase and the mouse pointer changes to a hand cursor when you hover over it. In general,
either selected text or an embedded graphic works best as a hyperlink to another worksheet.

The next step is to specify the target worksheet. To do so:

1. ChooseHyperlink Irrvesk Hpoer b =]
fromthelnsert menu. o mum
Mathcad opens the | froens |
Insert Hyperlink 10 ke o o ut P s b s cicurmand o aan 11 bk B, Tt csn bes an Inkwrel sddres
dialog box. MIRALL & o nst can i B divees. o @ cROCLANEST 0 00l POrefdng'y T

. “ ” [T s oo path i legasid. 1™ [iapley sz
2. Click “Browse” to -

locate and select the
target worksheet. _
Alternatively, enter -
the complete path to a
worksheet in the empty text box at the top of the dialog box, or enter an Internet

e ot s W el B vl s s e Brd
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Note

address (URL) to create a hyperlink to afile on the World Wide Web.

3. Check“Use relative path for hyperlink” to store the location of the target worksheet
relative to the Mathcad worksheet containing the hyperlink. This allows the
hyperlink to be valid even if you move the target file and the worksheet containing
the hyperlink, but keep the relative directory structure between the two the same.

In order for “Use relative path for hyperlink” to be available, you must first save the worksheet
in which you are inserting the hyperlink.

4. Check “Display as pop-up document” if you want the target worksheet to open in
a small pop-up window.

5. Ifyouwant a message to appear on the status line at the bottom of the window when
the mouse hovers over the hyperlink, type the message in the text box at the bottom
of the dialog box.

6. Click “OK.”

To change any aspects of a hyperlink—for example, if you move the target worksheet
and still want the hyperlink to work—click the hyperlink and chddgperlink from
thelnsert menu. Make any changes you wish in the Edit Hyperlink dialog box.

To remove a hyperlink, click the hyperlink and chobiggerlink from thel nsert
menu. Click “Remove Link” in the dialog box. Mathcad removes all traces of the link.

Creating hyperlinks from region to region

Before you can link to a specific region in a worksheet, you must mark it teith A
tag uniquely identifies a region in a worksheet, allowing you to jump directly to that
region. A tag can be any collection of words, numbers, or spaces, but no symbols.

To create a region tag:

1. Right-click on any region in your worksheet for which you would like to create a
region tag.

2. SelectProperties from the pop-up menu.

3. Inthe Properties dialog box, under the Display tab, type a tag in the text box
provided and click “OK.”

Now, you will be able to link to that region from within the worksheet or from any
other worksheet.

To create a hyperlink to a region that has hagged:
1. Click a region in your worksheet, and choblsgerlink from thelnsert menu.

2. Click “Browse” to locate and select the target worksheet, or type the complete path
to a worksheet, or enter an Internet addre&s ). You must enter the name of the
target worksheet even if you are creating a hyperlink to a region within the same
worksheet.

3. Atthe end of the worksheet path type “#” followed by the region tag. The complete
path for your target region will look something like th@stfilename#region tag

96

Chapter 7 Worksheet Management



Note

4. Make further desired specifications in the Hyperlink dialog box and click “OK.”

When you link from region to region within or between M athcad worksheets, you cannot use the
pop-up window option.

Creating Hyperlinks to Other Files

Note

You can use the methods described in the previous section to create a hyperlink not
only from one Mathcad worksheet to another, but also from a Mathcad worksheet to
any other file type, either on a local or network file system or on the Web. Use this
feature to create Electronic Books, as described in “Creating an Electronic Book,” or
compound documents that contain not only Mathcad worksheets but word processing
files, animation files, web pages—any file type that you want.

When you double-click ahyperlink to afile other than a Mathcad worksheet, you launch either
the application that created the file or an application associated with afile of that typein the
Windows Registry. Y ou cannot display such hyperlinked files within a pop-up window.

Creating an Electronic Book

As described in Chapter 3, “Online Resources,” an Electronic Book is a hyperlinked
collection of Mathcad worksheets. When you open an Electronic Book in Mathcad, it
opens in its own window. The Electronic Book has a table of contents and an index as
well as other browsing features which you can access using the buttons on the toolbar
inthe window. The worksheets in an Electronic Book are live so areader can experiment
directly within the book.

If you have several Mathcad worksheets that you want to collect together, you can
create your own Electronic Book. There are several steps to creating an Electronic
Book, and they include:

1. Creating individual Mathcad files

Preparing a Table of Contents

Adding hyperlinks between appropriate files

Creating an HBK file to specify the order of the files in the book
Developing an index (optional)

6. Checking the index, HBK file, and worksheets for errors

o b~ DN

For more details about each step of this process, sAeatiher's Referenceunder the
Help menuin Mathcad. Thereyou will find tipsand techniquesfor creating Electronic
Books, aswell as other details associated with turning a collection of worksheetsinto
a havigable handbook of information.

Itisrecommended that you read all stepsof the process beforeyou undertakethe project
of creating an Electronic Book. After you have created an Electronic Book, you or
others can open it in Mathcad and navigate through it using the toolbar buttons of the
Electronic Book window. For moreinformation on Electronic Booksand thenavigation
tools, refer to Chapter 3, “Online Resources.”
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Printing and Mailing

To print aMathcad worksheet, I E—— =]

choose Print from the File
menu. The Print dialog box lets
you control whether to print the
entire worksheet, selected

pages, or selected regions; what
printer to print on; and the
number of copiesto print. The
particular dialog box you see
depends on the printer you've
selected. A typical dialog box is
shown at right.
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Printing Wide Worksheets

Mathcad worksheets can be wider than a sheet of paper, since you can scroll as far to
the right as you like in a Mathcad worksheet and place equations, text, and graphics
wherever you like. As you scroll horizontally, however, you see dashed vertical lines
appearing to indicate the right margins of successive “pages” corresponding to the
settings for your printer. The sections of the worksheet separated by the dashed vertical
lines 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.

Tip

You can think of the
worksheet as being
divided into vertical
strips. Mathcad
begins printing at the
top of each strip and
continues until it
reachesthelastregiol

Alsts—a

PRINTS AS ...

in this strip. It prints W e

successive strips left s
to right. Note that

s

(a+b)

certain layouts will
produce one or more
blank pages.

Y ou can control whether awide worksheet isprinted in its entirety or in asingle page width. To
do so, choose Page Setup from the File menu to open the Page Setup dialog box. Then, to
suppress printing of anything to the right of the right margin, check “Print single page width.”
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Tip

Y ou can ask Mathcad to print arange of pagesintheworksheet by using the Print dialog
box. The pagenumbersinthedial og box refer only to horizontal divisions. For example,
if your worksheet |ooks like that shown above, and you ask Mathcad to print page 2,
you will see two sheets of paper corresponding to the lower-left and lower-right
quadrants.

Mathcad allows you to change the display of some operatorsincluding the : =, the bold equals,
the derivative operator, and the multiplication operator. Before you print, you can choose
Optionsfrom the M ath menu and click on the Display tab to change the appearance of these
operators. This can make your printout clearer to someone unfamiliar with Mathcad notation.

Print Preview

Mailing

To check your worksheet's layout before printing, chdset Preview from theFile

menu or click [ on the Standard toolbar. The Mathcad window shows the current
section of your worksheet in miniature, as it will appear when printed, with a strip of
buttons across the top of the window:

Mest Page | Prew Page | Two Page Zoom |n Zoom Dut Cloze

Tip

Note

Tip

To print your worksheet from this screen, click “Print.” Click “Close” to go back to the
main worksheet screen. The remaining buttons give you more control over the preview.

Although you can use the “Zoom In” and “Zoom Out” buttons to magnify the worksheet, you
can also magnify the worksheet by moving the cursor onto the previewed page so that the cursor
changes to a magnifying glass. Then click the mouse. Click again to magnify your worksheet
even more. Once you're at the maximum magnification, clicking on the page de-magnifies it.

You cannot edit the current page or change its format in the Print Preview screen. To edit the
page or change its format, return to the normal worksheet view by clicking “Close.”

If you're connected to a mail system that's compatible with Microsoft's Mail API
(MAPI), you can use Mathcad to direct that system to send an electronic mail message
and your current Mathcad worksheet. When you use Mathcad to send a worksheet by
electronic mail, the recipient receives the worksheet as a file attached to an ordinary e-
mail message, provided that the recipient’s mail system uses the same encoding
technique as yours.

The settingsin your mail system determine how Mathcad worksheets are attached to or encoded
in the mail message. We recommend that you use a compression or encoding method such as
ZIP, MIME, or UUENCODE, if available, to attach Mathcad worksheets to mail messages.
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To send a Mathcad worksheet by electronic mail:
1. Open the worksheet you want to send.
2. Choose Send from the File menu.

Once you do so, your mail system launches and creates a new message with your
worksheet as an attachment. Y ou should then enter the text of your mail message, the
address of the recipient, and any other information allowed by your mail system.
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Chapter 8
Calculating in Mathcad

Defining and Evaluating Variables
Defining and Evaluating Functions
Units and Dimensions

Working with Results

Controlling Calculation

Animation

® & & & o o o

Error Messages

Defining and Evaluating Variables

When you type an expression into aworksheet, you are usually doing one of two things:

* You could be typing a variable or function name and assigning some value to it.
* You could be typing an equation and asking Mathcad to give you the answer.
We introduce these topics in this and the following section. See “Evaluating Expres-
sions Numerically” on page 103 for details on numerical evaluation.

Defining a Variable
A variable definition defines the value of a variable everywhere below and to the right
of the definition. To define a variable, follow these three steps:

1. Typethe variable name to be defined. Chapter 4, “Working ke
Math,” contains a description of valid variable names. —

2. Press the colon J key, or click *= | on the Calculator toolba( |KE = i
The definition symbol:E) appears with a blank placeholder t©o

the right.

3. Type an expression to complete the definition. This expres
can include numbers and any previously defined variables|| K := R 0.982

functions.
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The left-hand side of a=” can contain any of the following:
e A simple variable name like

* A subscripted variable name like

* A matrixwhose elements are either of the above. For exa{wﬂe, . This technique
Y1
allows you to define several variables at once: each element on the right-hand side
is assigned simultaneously to the corresponding element on the left-hand side.

» A function name with an argument list of simple variable names. For example,
f(x,y, 2) . This is described further in the next section.

e A superscripted variable name likg -

Built-in Variables
Mathcad includegredefined or built-in variables. Predefined variables can have a
conventional value, likeande, or be used as system variables to control how Mathcad
works. See “Predefined Variables” on page 496 in the Appendices for a list of built-in
variables in Mathcad.

Note |naddition to the built-in variables described here, Mathcad treats the names of al built-in units
as predefined variables. See “Units and Dimensions” on page 112.

Although Mathcad'’s predefined variables already have values when you start Mathcad,
you can still redefine them. For example, if you want to use a variable ealitiu a

value other than the one Mathcad provides, enter a new definitior k2. The

variablee takes on the new value everywhere in the worksheet below and to the right
of the new definition. Alternatively, create a global definition for the variable as
described in “Global Definitions” on page 104.

Note Mathcad’s predefined variables are defined for all fonts, sizes, and styles. This means that if you
redefinee as described above, you can still estor example, as the base for natural logarithms.
Note, however, that Greek letters are not included.
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You can modify many of Mathcad's )

built-in variables without having to ex il Vineblee | i |- By | ik S| 5 I
plicitly define them in your worksheet

To do so, choos®ptions from the """W'BE'" = |_uu. ERL
Math menu, and click the Built-In : e ——— —

. . . Corghuri Tolares LF0 |.' |
Variables tab on the Math Options dii 0 - il
Eeedvahe by redon agsbet [l n
log box.
PR File g
To set new starting values for any of | Pz EHMIECEDH| = W

these variables, enteranewvalue int | cosewos Feumuans - [ 3 @
appropriate text box and click “OK.”

Then choos€alculate Wor ksheet B Dt |
from theM ath menu to ensure that al
existing equations take the new value o ] _comst | b |

into account.

The numbers in brackets to the right of the variable names represent the default values
for those variables. To restore these default values for the built-in variables listed in
the dialog box, click “Restore Defaults” and then click “OK.”

Evaluating Expressions Numerically
To evaluate an expression numerically, follow these steps:

1. Type an expression containing any valid combinatior
numbers, variables, and functions. Any variables or fu LI
tions in this expression should be defined earlier in tl 2
worksheet.

on the Calculator toolbar %_m_\,zl - 567.108

2. Pressthe="key, or click
Mathcad computes the value of the expression and sh

it after the equal sign.

Tip Whenever you evaluate an expression, Mathcad shows afina placeholder at the end of the
equation. You can use this placeholder for unit conversions, as explained in “Working with
Results” on page 115. As soon as you click outside the region, Mathcad hides the placeholder.

Figure 8-1 shows some results calculated from preceding variable definitions.

How Mathcad Scans a Worksheet

Mathcad scans a worksheet the same way you read it: left to right and top to bottom.
This means that a variable or function definition involving a™affects everything
below and to the right of it.

To see the placement of regions more clearly in your worksheet, dRegisas from
theView menu. Mathcad displays blank space in gray and leaves regions in your
background color.
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Figure 8-1: Calculations based on simple variable definitions.

Figure 8-2 shows examples of how placement of equationsin aworksheet affects the
evaluation of results. In the first evaluation, both x and y are highlighted (Mathcad
shows them in red on screen) to indicate that they are undefined. Thisis because the
definitionsfor x and y lie below where they are used. Because Mathcad scans from top
to bottom, when it gets to the first equation, it doesn’t know the valuearafy.

The second evaluation, on the other hand, is below the definitiorenaly. By the
time Mathcad gets to this equation, it has already assigned values toanotj

¥ ou musl define
warizhlas alesyic e
place in e warkshees
wham yau use Tham,

E=215 R

K=y = 0B

Figure 8-2: Mathcad evaluates equations from top to bottomin a worksheet.
Undefined variables are highlighted.

Note Y ou can define avariable more than once in the same worksheet. Mathcad simply uses thefirst
definition for all expressions below the first definition and above the second. For expressions
bel ow the second definition and above the third, Mathcad uses the second definition, and so on.

Global Definitions
Global definitionsare exactly like local definitions except that they are evaluated before
any local definitions. If you define a variable or function with a global definition, that
variable or function is available to all local definitions in your worksheet, regardless
of whether the local definition appears above or below the global definition.
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To type aglobal definition, follow these steps:

1. Type avariable name or function to be defined.

2. Pressthetilde (~) key, or click E on the Evaluation toolbar. R=d

The global definition symbol appears.

3. Typean expression. Theexpression caninvolve numbersor other
globally defined variables and functions. -0820562|

Y ou can use global definitions for functions, subscripted variables, and anything else
that normally uses the definition symbot™.

This is the algorithm that Mathcad uses to evaluate all definitions, global and otherwise:

« First, Mathcad takes one pass through the entire worksheet from top to bottom.
During this first pass, Mathcad evaluates global definitions only.

« Mathcad then makes a second pass through the worksheet from top to bottom. This
time, Mathcad evaluates all definitions made with'‘as well as all equations
containing =" and “=". Note that during this pass, global definitions do not use
any local definitions.

Note A global definition of avariable can be overridden by alocal definition of the same variable
name with the definition symbol “:=".

Figure 8-3 shows the results of a global definition for the variable R which appears at
the bottom of the figure.

i with theen dehmbinas aad caloslsisons

¥ = 1000 n=3 T = 373
p.MRT
5 F o= 008

Merw chnmge the dedmitions of ¥ and T

v - 50D T - 323
ponBT P - 0159
v

sines H e dehned ginkalby, e dehashos sppliss sesnachions m the
[LATRE T 2

F o BH20LG2

Figure 8-3: Using the global definition symbol.
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Tip

Although global definitions are evaluated before any local definitions, Mathcad eval-
uates 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 righgtf a “

« that variable must also have been defined with,agnd
» the variable must have been defimbdve the place where you are trying to use it.
Otherwise, the variable is marked in red to indicate that it is undefined.

Itis good practice to allow only one definition for each global variable. Although you can do
thingslike define avariablewith two different global definitions or with one global and onelocal
definition, this may make your worksheet difficult for others to understand.

Range Variables

Iterative processes in Mathcad worksheets depemdnge variables. Except for the

way itis defined, a range variable looks just like a conventional variable. The difference
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 example, 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 expression 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. For a
description of more advanced iterative operations made possible by the programming
operators in Mathcad Professional, turn to Chapter 15, “Programming.”

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 variataaging from 0 to 15 in steps
of 1:

1. Typej and then press the colon key,(or click| *= | on the j=a
Calculator toolbar. The empty placeholder indicates that Mathcaa
expects a definition fgr At this point, Mathcad does not know whetherto be

a conventional variable or a range variable.

m..n

2. TypeO. Then press the semicolon key),(or click on the j=0.19
Calculator toolbar. This tells Mathcad that you are defining a range

variable. Mathcad displays the semicolon as two periods “..” to indicate a range.
Complete the range variable definition by typltfin the remaining placeholder.

This definition indicates thatnow takes on the valu€s 1, 2...15 . To define a range
variable that changes in steps other than 1, see the section “Types of ranges” on page
108.
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Note

Once you define arange variable, it takes on its complete range of values every time
you useit. If you use arange variable in an equation, for example, Mathcad evaluates
that equation once for each value of the range variable.

Y ou must define arange variable exactly as shown above. There must be;
e avariable name on the left,

wn

+ eijthera “:=" or a £ in the middle, and

« avalid range on the right.

Y ou cannot define avariable in terms of arange variable. For example, if after having defined |
as shown you now define i :=j + 1, Mathcad assumes you are trying to set ascalar variable
equal to arange variable and marks the equation with an appropriate error message.

One application of range variables is to fill up the elements of a vector or matrix. You
can define vector elements by using a range variable as a subscript. For example, to

define X, for each value ¢f

e Typex[j:j"2[Space]+1.

Figure 8-4 shows the vector of values computed by this equation.jS&neeange

variable, the entire equation is evaluated once for each vaju&ro$ defineS(j for

each value of from 0 to 15.

j =a0.1%
‘! 1

!l.l i |
|
-I——
7
E Mg = 1
o " -2
i7
B My = 10
87 Ky = B0
o) =
= My = 122
B2 _ Myp = 2P0
(10
Lk
145
i

Figure 8-4: Using a range variable to define the values of a vector.
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Tip

Note

To understand how Mathcad computes with range variables, keep in mind this funda-
mental principle:

If you use a range variable in an expression, Mathcad eval uates the expression once
for each value of the 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.

Mathcad takes longer to compute equations with ranged expressions since there may be many
computations for each equation. While Mathcad is computing, the mouse pointer changesits
appearance. To learn how to interrupt a calculation in progress, see “Interrupting Calculations”
on page 124.

Types of ranges

The definition of j in the previous section, ranging from 0 to 15, is an example of the
simplest type of range definition. But Mathcad permits range variables with values
ranging from any valueto any other value, using any constant increment or decrement.

To define arange variable with a step size other than 1, type an equation of thisform:
k:1,1.1;2

This appears in your worksheet window as:
k:=1,11.2

In this range definition:
« The variablek is the name of the range variable itself.
e The number 1 is the first value taken by the range varkable

e The number 1.1 is the second value in the raNgethat thisis not the step size.
The step size 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 whatever direction
(up or down) is appropriate.

e The number 2 is the last value in the range. In this example, the range values are
constantly increasing. If instead you had defiked 10.. 1 , keould count
down from 10 to 1. 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 definek := 10, 20 .. 65 therk takes values 10, 20, 30, . . ., 60.

Y ou can use arbitrary scalar expressionsin range definitions. However, these values must
alwaysbereal numbers. Also notethat if you use afractional increment for arangevariable, you
will not be able to use that range variable as a subscript because subscripts must be integers.
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Defining and Evaluating Functions

Note

Note

As described in Chapter 10, “Built-in Functions,” Mathcad has an extensive built-in
function set. You can augment Mathcad’s built-in function set by defining your own
functions.

You define a function in much the same way you define a variable. The name goes on
the left, a definition symbol goes in the middle, and an expression goes on the right.
The main difference is that the name includeargnment list. The example below

shows how to define a function calldidt(x, y) that returns the distance between the
point (x, y) and the origin.

To type such a function definition:

1. Type the function name. dis

2. Type a left parenthesis followed by one or more names separat|

dist( x.
commas. Complete this argument list by typing a right parenth st y)

It makes no difference whether or not the names in the argument list have been defined or used
elsewhere in the worksheet. What isimportant is that these arguments must be names. They
cannot be more complicated expressions.

« Pressthe colon { key, or click *= | onthe Calculato(|dist(x.y) = i
toolbar. You see the definition symbok].

« Type an expression to define the function. In this
example, the expression involves only the names| dist(x, y) = Jx +y
the argument list. In general though, the expressiom
can contain any previously defined functions and variables as well.

2

Once you have defined a function, you can use it anywhere below and to the right of
the definition, just as you would use a variable.

When you evaluate an expression containing a function, as shown in Figure 8-5,
Mathcad:

1. evaluates the arguments you place between the parentheses,

2. replaces the dummy arguments in the function definition with the actual arguments
you place between the parentheses,

3. performs whatever arithmetic is specified by the function definition,
4. returns the result as the value of the function.

Asshownin Figure 8-5jf you type only the name of afunction without its arguments, M athcad
returns the word “function.”
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dist[x3, v3] = 1.414

dist = function

Figure 8-5: A user-defined function to compute the distance to the origin.

The arguments of a user-defined function can represent scalars, vectors, or matrices.

For example, you could define the distance function as dist(v) := 1502+ v12. Thisis

an exampl e of afunction that acceptsavector asan argument and returnsascal ar result.
See Chapter 11, “Vectors, Matrices, and Data Arrays,” for more information.

Note User-defined function names are font and case sensitive. The function f(x) is different from the
function f(x) and SIN(X) is different from sin(x). Mathcad'’s built-in functions, however, are
defined for all fonts (except the Symbol font), sizes, and styles. This measds Rgatsin(x),
andsi n(x) all refer to the same function.

Variables in User-Defined Functions
When you define a function, you don’t have to define any of the names in the argument
list since you are telling Mathcaehat to do with the arguments, not what they are.
When you define a function, Mathcad doesn’t even have to know the types of the
arguments—whether the arguments are scalars, vectors, matrices, and so on. Itis only
when Mathcaavaluates a function that it needs to know the argument types.

However, if in defining a function you use a variable namei#ivat 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 definition then becomes a permanent part
of the function. This is illustrated in Figure 8-6.

If you want a function to depend on the value of a variable, you must include that
variable as an argument. If not, Mathcad just uses that variable’s fixed value at the point
in the worksheet where the function is defined.
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Figure 8-6: The value of a user function depends on its arguments.

Recursive Function Definitions

Mathcad supports recursive function definitions—you may define the value of a
function in terms of a previous value of the function. As shown in Figure 8-7, recursive
functions are useful for defining arbitrary periodic functions, as well as elegantly
implementing numerical functions like the factorial function

Note that a recursive function definition should always have at least two parts:
« Aninitial condition that prevents the recursion from going forever.
« A definition of the function in terms of some previous value(s) of the function.

A& impln recoenes jusstice dolimson

lacionalin) = din=0. 1. » fecoralis - 1))

lacional ' 5 = 15

LUhmig ncursion e duling n panodic sawdanth wmnem

Fiai) = 2n ponod = 2

Giw) = @l x+ pogiod, Fil x), G x - pasiod] )

Figure 8-7: Mathcad allows recursive function definitions.
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Note If you do not specify an initial condition that stops the recursion, Mathcad generates a “stack

overflow” error message when you try to evaluate the function.

The programming operators in Mathcad Professional also support recursion. See the
section “Programs Within Programs” in Chapter 15 for examples.

Units and Dimensions

Tip

When you first start Mathcad, a complete set of units is available for your calculations.
You can treat these units just like built-in variables. To assign units to a number or
expression, just multiply it by the name of the unit.

Mathcad recognizes most units by their common abbreviations. Lists of all of Math-
cad’s built-in units in several systems of units are in the Appendices. By default
Mathcad uses units from tiseunit system (also known as the International System of
Units) in theresults of any calculations, but you may use any supported units you wish
in creating your expressions. See “Displaying Units of Results” on page 118 for more
information about selecting a unit system for results.

For example, type expressions like the following:
mass: 75*kg
acc: 100*nf s"2
acc_g:9.8*m s"2
F: mass*(acc + acc_g)

Figure 8-8 shows how these equations appear in a worksheet.

mass = 75 kg

(L]
e = 100D F

m
ace_g = 98—,
F = miss Qoo « aoc_g )

F-B823-10°N

mass = Thkg <..Hathcad toas #a mubiglicaion as mplicd whes e ngs
an expressdan like fmaas - TSkg

mass = 16 kg

Figure 8-8: Equations using units.

If you define a variable which consists of a number followed immediately by a unit name, you
can omit the multiplication symbol; Mathcad inserts a very small space and treats the
multiplication asimplied. See the definition of mass at the bottom of Figure 8-8.
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You can also use the Insert Unit dialog box to insert one of Mathcad'’s built-in units
into any placeholder.

To use the Insert Unit dialog box:

1. Clickinthe empty placeholder and chobsét from thel nsert menu, or clich EY
on the Standard toolbar. Mathcad opens the Insert Unit dialog box.

2. The list at the bottom shows built-in _

units, along with their Mathcad names s

corresponding to whatever physical —|EEEET_———| El [ |
I0_|uant|ty |s“se_lecteo! inthe t”o_p scrolling Ak ot |
ist. When D|_men5|onles_s is sele_ct_ed - o —
at the top, a list of all available built-in
X i
units shows on the bottom. eea dutegrar d E
3. If necessary, use the top scrolling lisi -_;::J-I-;h:l
to display only those units correspond ;-wmﬁur {
ing to a particular physical quantity. w - T4 EEUT) =l

This makes it easier to find a particulal
unit or to see what choices are appro-
priate.

4. In the bottom list, double-click the unit you want to insert, or click the unit you
want and then click “Insert.” Mathcad inserts that unit into the empty placeholder.

Note Mathcad performssomedimensiona analysisby trying to match the dimensions of your selected
result with one of the common physical quantities in the top scrolling list. If it finds a match,
you'll see all the built-in units corresponding to the highlighted physical quantity in the bottom
scrolling list. If nothing matches, Mathcad simply lists all available built-in units on the bottom.

Dimensional Checking
Whenever you enter an expression involving units, Mathcad checksit for dimensional
consistency. If you add or subtract values with incompatible units, or violate other
principles of dimensional analysis, Mathcad displays an appropriate error message.

For exampl e, supposeyou had defined acc

as 100 [/'s instead of 100 (/' s? as
shown at right. Since acc isin units of acc = 100
velocity and acc_gisin units of accelera- m
tion, itisinappropriateto add themtogeth- | %9 = 98
er. When you attempt to do so, Mathcad
displays an error message.

mass = & kg

[14]

F'ha uriy i e e
da o eatch
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Tip

Other unit errors are usually caused by one of the following
* Anincorrect unit conversion.
e Avariable with the wrong units.

 Units in exponents or subscripts (for example,, .,

29t ).

« Units as arguments to inappropriate functions (for exangné€p Chenry) ).

If you want to temporarily remove units from an argument, X, divide x by UnitsOf(x). For

example, if pisdefined as 2 ft then sin(p) givesan error but sin

oL b  O-
LUnitsOf(p)U 0.573.

Defining Your Own Units
Although Mathcad recognizes many common units, you may need to define your own

Note

Note

unit if that unit isn’t one of Mathcad'’s built-in units or if
abbreviation instead of Mathcad's abbreviation.

you prefer to use your own

Although absolute temperature units are built into Mathcad, the Fahrenheit and Celsius
temperature units are not. See the QuickSheet “Temperature Conversions” in the on-line
Resource Center for samples of defining these temperature scales and converting between them.

Y ou defineyour own unitsinterms of existing unitsin exactly the sameway youwould

defineavariablein terms of an existing variable. Figure 8-9
units as well as how to redefine existing units.

shows how to define new

o100 "m ws = 1075 g

wask = day  kilo = 1 kg

Resibs amg ilisplyyped by delaul in ioms ol fha hase enlis
al the curreat uni sywiem, hul you can fype sfhar uniis ks
thia wiwits placaholded 16 ssa thi deelt in diflides anib.

Eotxto wook - G045 - 107 s
weak = 0019 yr = = TBET = 10 min
kila = Tkg

Figure 8-9: Defining your own units.

Since units behave just like variables, you may run into unexpected conflicts. For example, if
you define the variable in your worksheet, you won't be able to use the built-in mrfibr

meters anywhere below that definition. However, Mathcad automatically displays theiminit
any results involving meters, as described in “Displaying Units of Results” on page 118.
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Working with Results

Formatting Results

Note

Theway that Mathcad displays numbers (the number of decimal places, whether to use
i or j for imaginary numbers, and so on) is called the result format. Y ou can set the
result format for asingle calculated result or for an entire worksheet.

Setting the format of a single resuit

When you evaluate expressions numerically in Mathcad, results are formatted in the
worksheet according to the worksheet default result format. Y ou can modify theformat
for asingleresult asfollows:

1. Click anywhere in the equation whose result you
want to format.

2. Choose Result from the Formal oy ]

menu. Alternatively, double-click
Humisas Fownsl | Exapiy Cptoni | LUt Dicplay | Tobsrunca |

‘n- 10% - [3.142 x10% 4

the equation itself. The Result For-

mat dialog box appears. Hersbe of cecirud s [7 ]
3. Changethedesired settings. See be- e 9 e e

low to learn about the various set- Fractes gttt cninduina siza oo

tingsinthedialogbox. Todisplay a Porwridtteit [ 3

result with six decimal places, you

wouldincrease “Number of decima
places” from 3 to 6.

4. Click “OK.” Mathcad redisplays
the result using the new format.

m-10% - 3141593 x10° 4

To redisplay a result using the worksheet default result

format settings, click on the result to enclose the result between the editing lines, delete
the equal sign, and presdo replace the equal sign. The result is now restored to the
default worksheet settings.

When the format of aresult is changed, only the appearance of the result changesin the
worksheet. Mathcad continues to maintain full precision internally for that result. To seea
number asit is stored internally, click on the result, press[Ct r | ][Shi f t ]N, and look at the
message line at the bottom of the Mathcad window. If you copy aresult, however, Mathcad
copies the number only to the precision displayed.

Setting worksheet default format

To change the default display of numerical results in your worksheet:
1. Click in a blank part of your worksheet.

2. ChooseResult from theFormat menu.
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3. Change the desired settings in the Result Format dialog box.

4. Click “OK."

Mathcad changes the display of all results whose formats have not been explicitly
specified.

Alternatively, you can change the worksheet default by clicking on a particular result,
choosing Result from the Format menu, changing the settings in the Result Format
dialog box, and clicking “Set as Default.”

Tip Changing the worksheet default result format affects only the worksheet you are working in
when you make the change. Any other worksheets open at thetimeretain their own default result
formats. If youwant to re-useyour default result formatsin other Mathcad worksheets, save your
worksheet as a template as described in Chapter 7, “Worksheet Management.”

The Result Format dialog box

Thetabsinthe Result Format dial og box lead to pages containing optionsfor formatting
various aspects of aresult.

TheNumber For mat pageletsyou control thenumber of decimal places, trailing zeros,
and other options. Depending on the format scheme you choose under the Format
section, you see different options.

e ChoosingGeneral lets you control the number of digits to the right of the decimal
point, trailing zeros, and exponential threshold. A result is displayed in exponential
notation or engineering format when the exponential threshold is exceeded. You
can display trailing zeros to the right of the decimal until you exceed 15 digits total.

« ChoosingDecimal lets you control the number of digits to the right of the decimal
point and never display the results in exponential notation. You can display trailing
zeros to the right of the decimal point beyond 15 digits total, but only the first 15
digits are accurate.

« ChoosingScientific or Engineering lets you control the number of digits to the
right of the decimal point and always display results in exponential notation. For
Engineering, the exponents are displayed in multiples of three. You can use E-
notation for the exponents by choosing “Show exponents as + E 000.” You can
display trailing zeros to the right of the decimal point beyond 15 digits total, but
only the first 15 digits are accurate.

» ChoosingFractional lets you display results as fractions or mixed numbers. Use
the level of accuracy setting to control the number of decimal places of accuracy
of the fraction displayed. You can display a fraction that is accurate to up to 15
decimal places.

Note Settings that are grayed can only be changed for the entire worksheet, as described in “Setting
worksheet default format” on page 115.
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The Display Options page lets you control whether arrays are displayed as tables or
matrices, whether nested arrays are expanded, and whether i or j is used to indicated
imaginary. Y ou can aso specify another radix such as Binary or Octal.

The Unit Display page gives you optionsto format units (as fractions) or simplify the
units to derived units.

The Tolerance page allows you to specify when to hide areal or imaginary part of a
result and how small a number has to be for it to display as zero.

On-line Help For more details and examples of the options available on a particular page in the Result Format
dialog box, click the Help button at the bottom of the dialog box.

Figure 8-10 shows some examples of formatting options.

WS FEHN y=® 10" Dafissans

= 5 I=enaral Inmal, Expaneritsl threghnold = 13,
Humbsir of dardmal plastic = 2

5 = 5 PTE Decimal tsemes. Rembor of declms) places = 4

x = & BTl lircim sl fsemiss, Memhber ol decimsd placeg =5

Shirer ailing eoios 2

¥ = LMZ = W Scieniific formai
¥ = HAG = 1I:|.' quim-mllllg fermad
w = 5§ 357 E«080 Fagineeing feemed, Shaw suponeais a5 EoBiN &

Figure 8-10: Several ways to format the same number.

Complex Results
Complex numberscanariseinresultsif you enter an expression that containsacomplex
number. Even a Mathcad expression that involves only real numbers can have a

complex value. For example, if you evaluate /1, Mathcad returnsi. See Figure 8-11
for examples.

Note \When complex numbers are available, many functions and operators we think of as returning
unique results become multivalued. In general, when afunction or operator is multival ued,
Mathcad returnsthe principal value: the value making the smallest positive anglerelative to the

positive real axisin the complex plane. For example, when it evaluates (-1)1/3, Mathcad
returns.5+ .866i despite the fact that we commonly think of the cube root of —1 as being —1.
This is because the numbér+ .866i makes an angle of only 60 degrees from the positive real

axis. The number —1, on the other hand, is 180 degrees from the positive real axis. Mathcad'’s
nth root operator returns —1 in this case, however.
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Figure 8-11: Examples of complex results.

Displaying Units of Results

Tip

Note

Mathcad by default displaysresultsin termsof the fundamental unitsof theunit system
you're working with. Mathcad offers the following unit system choi6E<GS, MKS,
U.S. customary units, or no unit system (see below).

Check “Simplify units when possible” in the Result Format dialog box (see page 115) to see
units in a result expressed in terms of derived units rather than in base units. Check “Format
units” to see units in a result displayed as a built-up fraction containing terms with positive
exponents only rather than as a product of units with positive and negative exponents.

You can have Mathcad redisplay a particular result in terms of any of Mathcad’s built-
in units. To do so:

1. Clickin the result. You'll see an empty placeholder to its right. This isrtte
placeholder.

2. Click the units placeholder and chodsst from thelnsert menu, or click EF
on the Standard toolbar. Mathcad opens the Insert Unit dialog box. This is described
in “Units and Dimensions” on page 112.

3. Double-click the unit in which you want to display the result. Mathcad inserts this
unit in the units placeholder.

For some engineering units—suchhascal, BTU, andHz—Mathcad adopts one common
definition for the unit name but allows you to insert one of several alternative unit names,
corresponding to alternative definitions of that unit, in your results. In the case of horsepower,
for example, Mathcad uses the U.K. definition of the lmlbut gives you several variants, such

as water horsepower, metric horsepower, boiler horsepower, and electric horsepower.

Another way toinsert aunit isto typeits name directly into the units placeholder. This
method is more general since it works not only for built-in units but also for units you've
defined yourself and for combinations of units.
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Tip

Unit systems

When you start Mathcad, the SI system of unitsisloaded by default. This means that
when you use the equal sign to display aresult having units, Mathcad automatically
displays the unitsin the result in terms of base or derived Sl units.

Y ou can have Mathcad display resultsin terms of the units of any of the other built-in
unit systemsin Mathcad: CGS, US customary, MKS, or no unit system at all. To do so,
choose Options from the M ath menu and click the Unit System tab.

Select the default unit system in which - )
you want to display results. The Sl unit

Bl in Waksblen | Caointion| Dirpisy  Unkfpsiem | fimansices |

system, widely used by scientists and QUL
engineersin many countries, provides I |
two additional baseunitsover theother fl il
systems, one for luminosity (candela) il
and one for substance (mole), and the Wi
base Sl electrical unit (ampere) differs s
from the base el ectrical unit inthe oth- .
er systems (coulomb).
The following table summarizes the
base units available in Mathcad'’s un
systems: (o ] cemed | e |
Unit System Base Units
Sl m, kg, s, A, K, cd, and mole
MKS m, kg, sec, coul, and K
CGS cm, gm, sec, coul, and K
us. ft, Ib, sec, coul, and K
None Displays results in terms of fundamental dimensions of length, mass,

time, charge, and absolute temperature. All built-in units are disabled.

The standar@l unit names—such asfor ampere, L for liter, s for second, andS for

siemens—are generally available only in tBeunit system. Many other unit names are
available in all the available systems of units. For a listing of which units are available
in each system, see the Appendices. Mathcad includes most units common to scientific

and engineering practice. Where conventional unit prefixes suchfasmilli-, n- for

nano-, etc. are not understood by Mathcad, you can easily define custom units such as

pm as described in “Defining Your Own Units” on page 114.

For examples of units with prefixes not aready built into Mathcad, see the QuickSheets in the
on-line Resource Center.
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Note

If you click “None” in the Unit System tab of the Math Options dialog box, Mathcad
doesn’t understand any built-in units and displays answers in terms of the fundamental
dimensions ofength, mass, time, charge, andtemperature. However, even if you are
working in one of Mathcad'’s built-in unit systems, you can always choose to see results
in your worksheet displayed in terms of fundamental dimension names rather than the
base units of the unit system. To do so:

1. ChooseOptions from theMath menu.

2. Click the Dimensions tab.

3. Check “Display dimensions.”

4. Click “OK.”

Unit conversions

There are two ways to convert from one set of units to another:
e By using the Insert Unit dialog box, or

« By typing the new units in the units placeholder itself.

To convert units using the Insert Unit dialog box:

1. Click the unit you want to replace.

2. ChoosaJnit from thelnsert menu, or cIicI«EEI on the Standard toolbar.

3. Inthe scrolling list of units, double-click the unit in which you want to display the
result.

As a quick shortcut, or if you want to display the result in terms of a unit 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.

Figure 8-12 showEk displayed both in terms of fundamersalnits and in terms of
several combinations of units.

When you enter an inappropriate unit in the units placeholder, Mathcad inserts a
combination of base units that generate the correct units for the displayed result. For
example, in the last equation in Figure 8-B%/ [ is not a unit of force. Mathcad

therefore insertsn  to cancel the extra length dimension.

Whenever you enter units in the units placeholder, Mathcad divides the value to be
displayed by whatever you enter in the units placeholder. This ensures that the complete
displayed result—the numbgmes 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, or degrees Fahrenheit to Celsius, cannot be performed directly with

Mathcad’s unit conversion mechanism. You can, however, perform conversions of this type by
defining suitable functions. See the QuickSheet “Temperature Conversions” in the on-line
Resource Center for examples of temperature conversion functions.
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Figure 8-12: A calculated result displayed with different units

Y ou can enter any variable, constant, or expression in a units placeholder. Mathcad
then redisplays the result in terms of the value contained in the units placeholder. For
example, you can use the units placeholder to display aresult asamultiple of Ttor in

engineering notation (as amultiple of 103, 108, etc.).

Tip Youcanaso usetheunitsplaceholder for dimensionlessunitslike degreesand radians. Mathcad
treats the unit rad as a constant equal to 1, so if you have anumber or an expression in radians,
you can type deg into the units placeholder to convert the result from radians to degrees.

Copying and Pasting Numerical Results

Y ou can copy anumerical result and pasteit either el sewherein your worksheet or into
anew application.

To copy asingle number appearing to the right of an equal sign:

4. Click on the result to the right of the equal sign. This puts the result between the
editing lines.

5. Choose Copy from the Edit menu, or click on the Standard toolbar to place
the result on the Clipboard.

6. Click wherever you want to paste the result. If you're pasting into another applica-
tion, choosdPaste from that application’&dit menu. If you're pasting into a

Mathcad worksheet, chooRaste from Mathcad’€dit menu or click e onthe
Standard toolbar.
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Note

When you paste a numerical result into a Mathcad worksheet, it appears as:
« A math region consisting of a number if you paste it into empty space.
« A number if you paste it into a placeholder in a math region.

e Anumber if you paste it directly into text or into a placeholder in text created using
theMath Region command on thensert menu.

To copy more than one number, follow the steps for copying from an array. See
“Displaying Arrays” on page 210 for information on copying and pasting arrays.

The Copy command copies the numerical result only to the precision displayed. To copy the
result in greater precision, double-click it and increase “Displayed Precision” on the Result
Format dialog boxCopy does not copy units and dimensions from a numerical result.

Controlling Calculation

Tip

When you start Mathcad, you arein automatic mode. This meansthat Mathcad updates
results in the worksheet window automatically. You can tell you're in automatic mode
because the word “Auto” appears in the message line at the bottom of the window.

If you don’t want to wait for Mathcad to make computations as you edit, you can disable
automatic mode by choosigitomatic Calculation from theM ath menu. The word
“Auto” disappears from the message line and the check begtdenatic Calculation
disappears to indicate that automatic mode is now off. You are nmaniml mode.

The calculation mode—either manual or automatic—is a property saved in your Mathcad
worksheet. As described in Chapter 7, “Worksheet Management,” the calculation mode is also
a property saved in Mathcad template (MCT) files.

Calculating in Automatic Mode

Hereis how Mathcad works in automatic mode:
e As soon as you press the equal sign, Mathcad displays a result.

* As soon as you click outside of an equation having-adr a “=,” Mathcad
performs all calculations necessary to make the assignment statement.

When you process a definition in automatic mode by clicking outside the equation
region, this is what happens:

< Mathcad evaluates the expression on the right side of the definition and assigns it
to the name on the left.

« Mathcad then takes note of all other equations in the worksheet that are in any way
affected by the definition you just made.

< Finally, Mathcad updates any of the affected equations that are currently visible in
the worksheet window.
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Note

Although the equation you altered may affect equations throughout your worksheet, Mathcad
performsonly those cal cul ations necessary to guaranteethat whatever you can seein thewindow

is up-to-date. This optimization ensures you don’t have to wait for Mathcad to evaluate
expressions that are not visible. If you print or move to the end of the worksheet, however,
Mathcad automatically updates the whole worksheet.

Whenever Mathcad needs time to complete computations, the mouse pointer changes

its appearance and the wokAIT” appears on the message line. This can occur when
you enter or calculate an equation, when you scroll, during printing, 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 surrounds it with a green rectangle. 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.

Calculating in Manual Mode

Note

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.

You can update the screen by choo&badrulate from theM ath menu or clickindEl

on the Standard toolbar. Mathcad performs whatever computations are necessary to
update all results visible in the worksheet window. When you move down to see more
of the worksheet, the word “Calc” reappears on the message line to indicate that you
must recalculate to see up-to-date results.

To process the whole worksheet, including those portions not visible in the worksheet
window, choose&alculate Worksheet from theM ath menu.

When you print aworksheet in manual calculation mode, the results on the printout are not
necessarily up-to-date. In this case, make sure to choose Calculate Wor ksheet from the Math
menu before you print.
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Interrupting Calculations

Tip

To interrupt a computation in progress:
1. Press[Esc]. Thedialog box shown at right appears.

2. Click “OK" to stop the calculations or “Cancel” toresum g
calculations.

If you click “OK,” the equation that was being processed wt N

you pressefEsc] is marked with an error message (see “Erfor

Messages” on page 126) indicating that calculation has been interrupted. To resume an
interrupted calculation, first click in the equation having the error message, then choose

Calculate from theMath menu or cIiCHEI on the Standard toolbar.

If you find yourself frequently interrupting calculations to avoid having to wait for Mathcad to
recalculate as you edit your worksheet, you can switch to manual mode as described above.

Disabling Equations

Animation

Tip

You candisable a single equation so that it no longer calculates along with other regions
in your worksheet. Disabling an equation does not affect Mathcad’s equation editing,
formatting, and display capabilities.

To disable calculation for a single equation in your worksheet, follow these steps:
1. Click on the equation you want to disable.

2. ChooséProperties from theFormat menu, and click the Calculation tab.
3. Under “Calculation Options” check “Disable Evaluation.”
4

Mathcad shows a small rectangle after the equation to

1
cate that it is disabled. An example is shown at right. | KE : 2

N | =

An easy shortcut for disabling evaluation isto click with the right
mouse button on an equation and select Disable Evaluation from the pop-up menu.

To re-enable calculation for a disabled equation:

1. Click on the equation to select it.

2. ChooséProperties from theFormat menu, and click the Calculation tab.

3. Remove the check from “Disable Evaluation.”

Mathcad removes the small rectangle beside the equation, and calculation is re-enabled.

This section describes how to use Mathcad to create and play short animation clips by
using the built-in variablERAME. Anything that can be made to depend on this variable
can be animated. This includes 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.
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Creating an Animation Clip
Mathcad comes with a predefined constant called FRAME whose sole purpose is to
drive animations. The stepsin creating any animation are as follows:

1. Createanexpression or plot, or agroup of expressions, whose appearance ultimate-
ly depends on the value of FRAME. This expression need not be a graph. It can be

anything at all.

2. Choose Animatefromthe View e |
menu to bring up the Animate dialog Foa FPRALIE .
box. e [ ]

_— L

3. Drag-select the portion of your work- A - [ |
sheet you want to animate as shown :_'I‘_ i b s |
in Figure 8-13. Draw arectangle Dotins_ |
around as many regions as you want FRAVE~
to appear in the animation. Euchinid e by oy e b oabinit pietieni e bt

o FREAMIE e cimirg e g FRAAE =

4, Set the upper and lower limits for L
FRAME in the dialog box. When you
record the animation, the FRAME variable increments by one as it proceeds from
the lower limit to the upper limit.

5. Enter the playback speed in the Frames/Sec. box.

6. Click“Animate.” You'll see a miniature rendition of your selection inside the dialog
box. Mathcad redraws this once for each valueRa&fME. This won't necessarily
match the playback speed since at this point you'recjgating the animation.

7. To save your animation clip as a Windoawsl file, suitable for viewing in other
Windows applications, click “Save As” in the dialog box.

i =D 2 =

T - |
rix) = ¥ + FRAME
Far FRaSME
e I F Emncsl |
i I [T T
T | e |
LA FRE=
. . ! Seleri n sova of pos wod e sheon conberis ew baed =
e ' e FAARLE smmsls snie Tatng e snding FRAME vshan
. : wsd oo ks

Figure 8-13: Selecting an area of a worksheet for animation.

Tip Since animation clips can take considerable disk space, Mathcad saves them in compressed
format. Before creating the animation, you can choose what compression method to use or
whether to compress at all. To do so, click “Options” in the Animate dialog box.
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Playing an Animation Clip

As soon as you've created an animation clip as describe
the previous section, Mathcad opens a Playback windo

The first frame of the animation clip you just created is
already in the window. To play back the animation clip, clit f A
the arrow at the lower left corner of the window. You ca| :
also play back the animation clip on a frame by frame ba:
either forward or backward. To do so, drag the slider bel:

the animated picture to the left or right.

> n —

Tip You can control the playback speed by clicking the button to the
right of the play button, which then opens a pop-up menu. Choose Speed from the menu and
adjust the slider control.

Playing a Previously Saved Animation

If you have an existing WindowsV| file on your disk, you can play it within Mathcad.
To do so:

1. ChooséPlayback from theView menu to
bring up the Playback dialog box. The wi = |m| |

dow is collapsed since no animation clip has
been opened.

2. Click on the button to the right of the play button and ch@gs® from the menu.
Use the Open File dialog box to locate and opemthefile you want to play.

Once you've loaded a Window/ | file, proceed as described in the previous section.

Tip Tolaunch an animation directly from your worksheet, you can insert ahyperlink to an AV1 file
by choosing Hyperlink from the Insert menu. Y ou can also embed a shortcut to the AV filein
your worksheet by dragging theicon for the AVI file from the Windows Explorer and dropping
it into your worksheet. Finally, you can embed or link an OLE animation object in your
worksheet (see “Inserting Objects” on page 74).

Error Messages

If Mathcad encounters an error when eval uating an expression, it marksthe expression
with an error message and highlights the offending name or operator in red.

An error message is visible only when you click on the 3
associated expression, as shown to theright. =%

fig) = gy 10

Fionsel 5 peupiliity vl o ghaslre U
AP 0, i Wit b i b e |
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Tip

Mathcad cannot process an expression containing an error. |f the expressionisa
definition, thevariable or function it is supposed to define remains undefined. Thiscan
cause any expressions that reference that variable to be undefined as well.

Y ou can get on-line help about some error messages by clicking on them and pressing [F1].

Finding the Source of an Error

Tip

When aMathcad worksheet contains an expression that is dependent on one or more
definitions made earlier in the worksheet, an error on that expression may originatein
an earlier definition.

For example, in the figure above, the error appears on the third region, f(0). However,
f(x) isbased on the definition of g(x). When x iszero, g(x) isthefirst region that exhibits
theerror.

Y ou cantry to find the source of an error yourself simply by examining your worksheet
to see where the error began, or you can use Mathcad to trace the error back through
your worksheet. To find the source of an error using Mathcad:

1. Click ontheregion showing theerror with the right mouse button and choose Trace
Error from the pop-up menu. The Trace Error dialog box appears:

ki ||-_E_¢-|-.ri|_l'_-lui"- | Lesi 3o | 0 cwe |

2. Usethebuttonsin the dial og box to navigate among the regions associated with the
region showing the error.

For example, click Back tostepbackto [ 3
the previous dependent region. =3
|r|a-:- = gix] - 10
Il =g el 8 oraguilaniy sehals sk song B
L et 'E-\."\-Hﬂm.'.'tﬂ-
Or click First to jump to thefirst region
causing the error. aix) = 2
¥ Fuimpul 3 iwmuio by ndule evalealmg i
) || A Vg Wi bt ol b 2
Toxs = giwy - Tl
1ihs = 5

If you anticipate time-consuming cal culations, switch to manua mode as described in
“Controlling Calculation” on page 122. When you are ready to recalculate, cGalzsgate

from theM ath menu or clicB on the Standard toolbar turn. Alternatively, turn on automatic

mode again.
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Fixing Errors
Once you have determined which expression caused the error, edit that expression to
fix the error or change the variable definitions that led to the error. When you click in
the expression and begin editing, Mathcad removesthe error message. When you click
outside the equation (or in manual calculation mode, when you recal culate), Mathcad
recomputes the expression. Once you have fixed the error, Mathcad then recomputes
the other expressions affected by the expression you changed.

Note When you define afunction, Mathcad does not try to evaluateit until you subsequently useitin
theworksheet. If thereisan error, the use of the function ismarked in error, even though the real
problem may lie in the definition of the function itself, possibly much earlier in the worksheet.
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Chapter 9
Operators

Working with Operators
Arithmetic and Boolean Operators
Vector and Matrix Operators
Summations and Products
Derivatives

Integrals

® & & & o o o

Customizing Operators

Working with Operators

Inserting an Operator

Note

Tip

Y ou insert the common arithmetic operators into math expressionsin Mathcad using
thestandard keystrokes, like* and +, that you usein spreadsheet and other applications.
Additionally, all of Mathcad’s operators can be inserted into math expressions by
clicking buttons in the math toolbars. For example, you insert Mathcad’s derivative

operator by clicking #= | on the Calculus toolbar, or by typin@€hooseT oolbars

from theView menu to see any of the math toolbars. See “Operators” on page 447 for
a complete list of operators, their keystrokes, and descriptions.

In general, you only insert operators into blank space in your worksheet or when you have
aready clicked in amath region. To use operatorsintext, first click in thetext and choose M ath
Region from the I nsert menu. This creates amath placeholder in the text into which you can
insert operators.

Y ou can find the keyboard shortcut for inserting an operator by hovering the mouse pointer over
an operator button in one of the Math toolbars and reading the tooltip that appears.

As introduced in Chapter 4, “Working with Math,” when you insert a Mathcad operator
into a blank space in your worksheet, a mathematical symbol with @hap#holders
appears in the worksheet. The placeholders are for you to enter expressions that are th
operands of the operator. The number of empty placeholders varies with the operator:
some operators like the factorial operator have only a single placeholder, while others
such as the definite integral have several. You must enter a valid math expression in
each placeholder of an operator in order to calculate a result.
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Tip

Here is a very simple example involving Mathcad’s addition operator:

1. Clickin a blank space in your worksheet and g + ont|s + v
Calculator toolbar, or simply type The addition operator with
two placeholders appears.

2. Enter2 in the first placeholder. o+ o

3. Click in the second placeholder, or preBalf] to move the S rs-l
cursor, and entes.

4. Press =, orclic. = | on the Evaluation toolbar, to see the ||+ 6 = & a

numerical result.

See Chapter 4, “Working with Math,” for a discussion of how to build and edit more complex
math expressions, including how to usesditii¢ing linesto specify what becomes the operand of
the next operator you insert or delete.

Additional Operators

This chapter focuses on those Mathcad operators you can use to calcul ate numerical
answers. Additional operators in Mathcad include:

« Symbolic operators, which can only be used to generate other math expressions or
exact numerical answers. As described in Chapter 14, “Symbolic Calculation,”
Mathcad’s symbolic processor understands virtually any Mathcad expression, but
expressions that include the following operators on the Calculus toolbanlgan

be evaluated symbolically: indefinite integ I , two-sided | n , limit from
li o i . .
above »3* , and limit from beloy1-| . To evaluate an expression symbolically,

click| = |on the Evaluation toolbar.

* Programming operators, which you use to link multiple Mathcad expressions via
conditional branching, looping constructs, local scoping of variables, and other
attributes of traditional programming languages. These operators, available only in

Mathcad Professional (cIi on the Math toolbar), are introduced in Chapter
15, “Programming.”

Changing the Display of an Operator

When you insert an operator into a worksheet, it has a certain default appearance. For

example, when you type a cotoor click on the Calculator toolbar, Mathcad
shows the colon as the definition symbel This is a special symbol used by Mathcad
to indicate a variable or function definition.
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There may be timeswhen you want to control the appearance of aspecial symbol such
asthe definition symbol. For example you may want the definition symbol to look like
an ordinary equal sign, but you still want to use it to define variables and functionsin
your worksheet. Mathcad therefore allows you to change the appearance of some

operators, such as the definition symbol, so that they appear different but behave the
same way.

To change the way an operator is displayed throughout a workshest:
1. Choose Optionsfromthe Math [

menu. Husin Voskin | Calcuiston,  Cvply | nd Syviens | Dmarizn |
2. Click the Display tab. Dpessbor Ciasbayy
3. Usethe drop-down options next to ik i "?%
each operator to select a display Despaen [T
option. Litwral Szt [Largn S 2]
H “ ” [hederstn |L¢I¢nt ol 'l
4. Click “OK. === T
For information on the options avail- = sk [Ltinee 3
able for each operator, click the Help | Bz Bokd e -
button at the bottom of the Display ta
in the Math Options dialog box.

[ o ] cCows | bee |

To change the appearance of an opera-

tor in one or more individual expressions, cli

a4
- : ISR - o
with the right mouse button and use the pop-

menu. For example, to change the multiplic ﬂ‘g e et
tion in an expression from a dot to dn i E:uew

1. Click on the multiplication with the right 5" Progesien
mouse button. Dieekie Evakaion e
S ——— P S pen

2. ChooseView Multiplication As... 0 X [——
from the pop-up menu.

Arithmetic and Boolean Operators

Arithmetic Operators
Y ou can freely combine all types of numbers with arithmetic operators you access on
the Calculator toolbar. Figure 9-1 shows examples.

Boolean Operators

Mathcad includes logical or Boolean operators on the Boolean toolbar. Unlike other
operators, the Boolean operators can return only a zero or aone. Despite this, they can
be very useful to perform tests on your expressions.
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Figure 9-1: Combining different types of numbers with arithmetic operators.

The following table lists the Boolean operators available on the Boolean toolbar and
their meaning. Note that the “Equal to” operator (bold equal sign) is different from the
evaluation equal sign you insert by typing

Appearance Button Description Keystroke
W=z B Equal to; displays as bold equal [Ctr]] =
sign.
X<y Less than <
X>y Greater than >
X<y Less than or equal to Arl]9
X2y Greater than or equal to Arl]o
W#2Z Not equal to Crl]3
-z ~ Not [Crl][shift]1l
wz And [Ctrl][Shift]7
wz Or [Crl][Shift]6
wz Xor (Exclusive Or) ctrl][shift]s

Note The Boolean operatorsreturn 1 if the expression istrue, 0 otherwise. The four operators
> <, <, and = cannot take complex numbers because the concepts of greater than and lessthan
lose their meaning in the complex plane.
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Figure 9-2: Using boolean operators.

Tip The comparative boolean operators such as < and > can also be used to compare strings.
Mathcad compares two strings character by character by determining the ASCII codes of the
characters. For example, the string “Euler” precedes the string “Mach” in ASCII order and so
the expression (“Euler’<“Mach”) evaluates to 1. To determine the character ordering Mathcad
uses in comparing strings, see “ASCII codes” on page 501 in the Appendices.

Complex Operators
Mathcad has the following arithmetic operators for working with complex numbers:

Appearance Button Description

z Complex conjugate af To apply the conjugate
operator to an expression, select the expression,
then press the double-quote k&y.(The conjugate

of the complex numbesi+b 0 i@s-b0O

14 I The magnitude of the number

Figure 9-3 shows some examples of how to use complex numbersin Mathcad.

Vector and Matrix Operators

Most of the operators on the Calculator toolbar also have meaning for vectors and
matrices. For example, when you use the addition operator to add two arrays of the
same size, Mathcad performsthe standard el ement-by-element addition. Mathcad also
usestheconventional arithmetic operatorsfor matrix subtraction, matrix multiplication,
integer powers, and determinants, among others.

Some of Mathcad'’s operators have special meanings for vectors and matrices, and man

of these are grouped on the Matrix toolbar ( on the Math toolbar). For
example, the multiplication symbol means multiplication when applied to two numbers,
but it means dot product when applied to vectors, and matrix multiplication when
applied to matrices.
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Figure 9-3: Complex numbersin Mathcad.

The table below describes Mathcad's vector and matrix operations. Operators not listed
in this table do not work for vectors and matrices. You can, however, use the vectorize

operator (clic on the Matrix toolbar) to perform any scalar operation or function
element by element on a vector or matrix. See “Doing Calculations in Parallel” on page
213. Figure 9-4 shows some ways to use vector and matrix operators.
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Figure 9-4: Vector and matrix operations.

134

Chapter 9 Operators



In the following table,

e A andB represent arrays, either vector or matrix

e uandv represent vectors

+ M represents a square matrix

* u; andy; represent the individual elements of veaiaadv

* zrepresents a scalar
* mandn represent integers

Appearance
Al

u vy

A B

ALV

o
c
+
[
=]
3

=
=t

Description

Scalar multiplication. Multiplies each element of
A by the scalaz.

Dot product. Returns a scalarty; B0 . The
vectors must have the same number of elements.

Matrix multiplication. Returns the matrix product
of A andB. The number of columns id must
match the number of rows B

Vector/matrix multiplication. Returns the product
of A andv. The number of columns & must
match the number of rows 1n

Scalar division. Divides each element of the array
A by the scalaz.

Scalar division. Divides each element of the array
A by the scalaz. Type [Ctr 1]/ toinsert.

Vector and matrix addition. Adds corresponding
elements oA andB. The array#\ andB must
have the same number of rows and columns.

Scalar addition. Addsto each element .

Vector and matrix subtraction. Subtracts
corresponding elements AfandB. The array$\
andB must have the same number of rows and
columns.

Scalar subtraction. Subtractfrom each element
of A.

Negative of vector or matrix. Returns an array
whose elements are the negatives of the elements
of A.
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nth power of square matrix M (using matrix

multiplication). n must be an integer. M-1
represents the inverse of M. Other negative
powers are powers of the inverse. Returns a
matrix.

Magnitude of vector. Returns v O; where v is
the complex conjugate of v.
Determinant. M must be a square matrix.

Transpose. Interchanges row and columns of A.

Cross product. u and v must be three-element
vectors; result is another three-element vector.

Complex conjugate. Takes complex conjugate of
each element of A. Insert in math with the double-

quote key (").
Vector sum. Sum elementsinv.

Vectorize. Treat all operationsin A element by
element. See “Doing Calculations in Parallel” on
page 213 for details.

Array superscripinth column of arrayA. Returns
a vector.

Vector subscripmth element of a vector.

Matrix subscriptm, nth element of a matrix.

Tip Operatorsand functionsthat expect vectors aways expect column vectors. They do not apply to
row vectors. To change arow vector into acolumn vector, use the transpose operator by clicking

@ on the Matrix toolbar.

Summations and Products

The summation operator sums an expression over al values of an index. The iterated
product operator works much the same way. It takes the product of an expression over
all values of an index.
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Tip

To create a summation operator in your worksheet:

m

1. Click inablank space. Then click 2+ | on the Calculus tool bar. A
summation sign with four placeholders appears.

2. Typeavariable nameinthe placeholder to theleft of theequal sign. This

variableistheindex of summation. It is defined only within the

summation operator and therefore has no effect on, and is not influenced

by, variable definitions outside the summation operator.

3. Typeintegers, or any expressions that evaluate to integers, in the
placeholders to the right of the equal sign and above the sigma.

4. Type the expression you want to sum in the remaining placeholder.
Usually, this expression involves the index of summation. If this
expression has several terms, first type an apostrophe (' ) to create

parentheses around the placeholder.

P;/].

-
=

7

-

—|=
=

E]
]
-

Iterated productsare similar to summations. Just click 1T | onthe Calculustoolbar and

fill in the placeholders as described earlier.

Use the keyboard shortcut [Ct r | ][Shi f t ]4 to enter the iterated sum and the shortcut

[Ct r | ][Shi ft]3 toenter the iterated product operator.

Figure 9-5 shows some examples of how to use the summation and product operators.
To evaluate multiple summations, place another summation in the final placehol der of

the first summation. An example appears at the bottom of Figure 9-5.

-0 m = sind01 - =iy
20 . |
o
3 n-210 [T i+ 1 - 5.908 < 10™
n=a n=1ia
2 =
E Ell_n 2 Ky - 0= -63,138
n= o
m o
50N n"™ - ozssd . 107
— s—
a=®0m=1

Figure 9-5: Summations and products.

Summations and Products
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Tip

Tip

When you use the summation operator shown in Figure 9-5, the summation must be
carried out over subsequent integersand in stepsof one. M athcad providesmoregeneral
versions of these operators that can use any range variable you define as an index of
summation. To use these operators:

1. Definearange variable. For example, typei : 1, 2; 10. i=1,2.10

2. Clickinablank space. Then click 2% | on the Calculustoolbar. Z 1
A summation sign with two placeholders appears. .

3. Click on the bottom placeholder and type the name of arange
variable. Z|: '
I

4. Click onthe placeholder to theright of the summation sign and 2
type an expression involving the range variable. If this Z 1=
expression has several terms, first type an apostrophe (' ) to i
create parentheses around the placeholder.

5. Press=, orclick| = |onthe Evaluation toolbar, to get aresult. Zi3|= 385

To enter the expression in the example above using fewer keystrokes and mouse clicks, type
i $i 2.

17

A generalized version of the iterated product also exists. To useit, click| ' | on the
Calculustoolbar. Then fill in the two placehol ders.

The operation of summing the elements of avector is so common that Mathcad provides a

specia operator for it. The vector sum operator (click on the Matrix toolbar) sumsthe
elements of a vector without needing arange variable.

Variable Upper Limit of Summation

Mathcad’s range summation operator runs through each value of the range variable 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 9-6, the tietm 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 iwhich are
multiplied by 0 and hence do not contribute to the summation.
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Y ou can also use the four-placeholder summation and product operators to compute
sums and products with a variable upper limit, but note that the upper limit in these
operators must be an integer.

=0 1 " !
—_ @in -E Em
=2, dsx |=1m=1
1
ki = .4 & g =84
b |
G20 = 154 <10
= yo-o
1
1 f5; = &5
1}
Kl fl-d) =0
| 1]
5 |
14
El
L

Figure 9-6: A variable upper limit of summation.

Derivatives

You can use Mathcad’s derivative operators to evaluate the first or higher order
derivatives of a function at a particular point.

As an example, here’s how to evaluate the first derivativd of  with respeat tioe
pointx = 2:

1. First define the point at which you want to evaluate the
derivative. As a shortcut, type 2 .

2. Click below the definition af. Then click 1 on the Calculug|d

toolbar. A derivative operator appears with two placeholdel|d »

3. Typex in the bottom placeholder. You are differentiating wi
respect to this variable. In the placeholder to the right of th{| —x>

%(, enterx” 3. This is the expression to be differentiated.

4. Press =, orclic. = | on the Evaluation toolbar, to getthere||d 3|
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Note

Figure 9-7 shows examples of differentiation in Mathcad.

W o= 2 ¥ = 10 t=0
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5 ]
— 2" = 2{48-10 {ovaluating the donwaie
LI al A vechng olamast)

= the shoure sanmpdse, resulis may sy deponding om sefSngs
o D planyan dl Précriiss in the Pl Famal dalog Bax

Figure 9-7: Examples of Mathcad differentiation.

With Mathcad’s derivative algorithm, you can expect the first derivative to be accurate
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 accuracy of this algorithm
tends to decrease by one significant digit for each increase in the order of the derivative
(see “Derivatives of Higher Order” on page 141).

Keep in mind that the result of numerical differentiation is not a function, but a single number:
the computed derivative at the indicated value of the differentiation variable. In the previous

example, the derivative of x3 is not the expression 3x2 but 3x2 evaluatedat x = 2. To
evaluate derivatives symbolically, see Chapter 14, “Symbolic Calculation.”

Although differentiation returns just one number, you can still define one function as
the derivative of another. For example:

00 = 2909

Evaluating f(x) returns the numerically computed derivative of g(x) at x.

Y ou can use this technique to evaluate the derivative of afunction at many points. An
example of thisis shown in Figure 9-8.

There are some important things to remember about differentiation in Mathcad:
« The expression to be differentiated can be either real or complex.
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Figure 9-8: Evaluating the derivative of a function at several points.

« The differentiation variable must be a single variable name. If you want to evaluate
the derivative at several different values stored in a vector, you must evaluate the
derivative at each individual vector element (see Figure 9-8).

Tip Youcanchangethedisplay of thederivative operator to partial derivative symbols. For example

you can make %( look like % . To change the display of a derivative operator to partial

derivative symbols, click on it with the mouse button and choose View Derivative As... [

Partial. Or to change the display of all the derivative operatorsin aworksheet, choose Options
fromtheM ath menu, click on the Display tab, and select “Partial Derivative” next to Derivative.
See “Changing the Display of an Operator” on page 130 for additional information.

Derivatives of Higher Order

To evaluate a higher order derivative, insert the nth derivative operator using steps
similar to those for inserting the derivative operator described above.

As an example, here’s how to evaluate the third derivativé of  with respeat to
the pointx = 2 : After defining as 2:

1. Click below the definition ok. Then click @=i| on the dq"
Calculus toolbar. A derivative operator appears with fg| ——=2

placeholders.

2. Click on the bottom-most placeholder and type d"

3. Click on the expression above and to the right of the [ ;3
previous placeholder and tyfe This must be an integer &3'
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between 0 and 5inclusive. Notethat the placehol der inthe numerator automatically
mirrors whatever you've typed.

4. Click on the placeholder to the right of thdeé and tyg £ x93
dx

X" 9. This is the expression to be differentiated.

. — . 3
5. Press =, orclicc = | on the Evaluation toolbar, to see d_3X9 - 3226-107 4
result. dx

Note For n = 1, the nth derivative operator gives the same answer as the first-derivative operator
discussed on page 139.

Integrals

You can use Mathcad’s integral operator to numerically evaluate the definite integral
of a function over some interval.

As an example, here’s how to evaluate the definite integsahéfx) frorm04o
(In Mathcad you entesin?(x)  a$n(x)2 .) Follow these steps:

b
1. Click in a blank space and cli Ia on the Calculus J " da
toolbar. Anintegral symbol appears, with placeholders|fi” *
the integrand, limits of integration, and variable of

integration.

2. Click on the bottom placeholder and typeClick on the ,_,
top placeholder and tygd Ct r 1 ] G 4. These are the J 4
upper and lower limits of integration. o

“d.” Then typesi n( x) 2. This is the expression to be
integrated.

sinix 2 dm

3. Click onthe placeholder between the integral sign and J z

sin{x 2 dx = 0.143

variable of integration. Then press =, orc| = on ﬂr
Evaluation toolbar, to see the result.

4. Click onthe remaining placeholder and typ&his is the J

Note Somepointstokeepinmind whenyou evaluateintegralsin Mathcad: 1) Thelimits of integration
must be real. The expression to be integrated can, however, be either real or complex. 2) Except
for theintegrating variable, al variables in the integrand must have been defined previously in
the worksheet. 3) The integrating variable must be asingle variable name. 4) If the integrating
variable involves units, the upper and lower limits of integration must have the same units.

Integration Algorithms and AutoSelect

Mathcad has a number of numerical integration methods at its disposal to calculate the
numerical approximation of an integral. When you evaluate an integral, by default
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Mathcad usesan AutoSel ect procedure to choose the most accurate integration method.
Y ou can override AutoSelect and choose from among the available integration algo-
rithms yourself.

Here are the methods from which Mathcad chooses when you evaluate an integral
numericaly:

Romberg

Applies a Romberg integration method that divides the interval of integration into
equally spaced subintervals.

Adaptive

Applies an adaptive quadrature algorithm in cases where the integrand varies consid-
erably in magnitude over the interval of integration.

Infinite Limit

Applies an algorithm designed for improper integral evaluation in cases where either
limit of integration is c or —oo,

Singular Endpoint

Appliesaroutine that avoids use of theinterval endpointsin caseswhere theintegrand
isundefined at either limit of integration.

Note Although designed to handle a wide range of problems, Mathcad’s integration algorithms—Iike
all numerical methods—can have difficulty with ill-behaved integrands. For example, if the
expression to be integrated has singularities or discontinuities the solution may still be
inaccurate.

You can override Mathcad's integration AutoSelect as follows: .,

1. Evaluate the value of the integral as described on page 14 Husbss

allowing Mathcad to AutoSelect an integration algorithm.
Jrimitn Lard

2. Click with the right mouse button on the integral. dngutes Crefpand
3. Click one of the listed integration methods on the pop-up me Ei,
Mathcad recalculates the integral using the method you sele
Pt

Db Eabuslion

Tip Insome cases, you may be able to find an exact numerical value for your integral by using
Mathcad’s symbolic integration capability. You can also use this capability to eviatlefiteite
integrals. See Chapter 14, “Symbolic Calculation.”
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Variable Limits of Integration

Although theresult of an integration isasingle number, you can aways use anintegral
with arange variable to obtain results for many numbers at once. Y ou might do this,

for example, when you set up avariable limit of integration. Figure 9-9 shows how to
do this.

i dk B fin] =8 u+2
1 [i]
q; = ERR 1, IERE: -]
Ja i
Q [i]
3 EBETI333 0 EI3333
12 GEGEET : {1} BAAGET
g 285 I 16
63 343333 5. 333333
89 166667 14, 166667 |

Figure 9-9: Variable limits of integration.

Keep in mind that calculations such as those shown in Figure 9-9 require repeatedly
evaluating an integral. This may take considerable time depending on the complexity
of theintegrals, thelength of theinterval, and the val ue of the tolerance parameter TOL
(see below).

Tolerance for Integrals

Note

Mathcad’s numerical integration algorithms make successive estimates of the value of
the integral and return a value when the two most recent estimates differ by less than
the value of the built-in variablEOL.

As described in “Built-in Variables” on page 102, you can change the value of the
tolerance by including definitions faiOL directly in your worksheet. You can also
change the tolerance by using the Built-In Variables tab when you cOptbisms

from theMath menu. To see the effect of changing the tolerance, cl@aiselate
Document from theM ath menu to recalculate all the equations in the worksheet.

If Mathcad'’s approximation to an integral fails to converge to an answer, Mathcad
marks the integral with an error message. Failure to converge can occur 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 trade-off between accuracy and computation
time. If you decrease (tighten) the tolerance, Mathcad computes integrals more accurately, but
takes longer to return aresult. Conversely, if you increase (loosen) the tolerance, Mathcad
computes more quickly, but the answers are |less accurate.
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Contour Integrals
Y ou can use Mathcad to eval uate complex contour integrals. To do so, first parametrize
the contour and then integrate over the parameter. If the parameter is something other
than arc length, you must also include the derivative of the parametrization as a
correction factor (see Figure 9-10). Note that the imaginary unit i used in specifying

the path must be typed as 1i .
Wity = Z2-¢cosit) ¥it) =2 sint]
Fath ElT) =%t ]+1-wit)
co ]
1w B0 asheg rain fhz) =—
7
N
;g d _;
Tl —z(0)di = 3143
dt
Ji

Figure 9-10: A complex contour integral in Mathcad.

Multiple integrals
Y ou can also use Mathcad to evaluate double or multipleintegrals. To set up adouble

b
integral, for example, click .ra on the Calculus toolbar twice. Fill in the integrand,
thelimits, and theintegrating variablefor eachintegral. Figure 9-11 shows an example.

Comor of mass of miangle doscnbed
by Dewz]l and Qoyen

and mass dewssity proportionsl b e
digtanca from B oG

—

Bix y] = fxt+y®

=1 Fx
mass Bl oy dy i mass = .EF3
S0 40
| I
wctr = —— [ [ ofa v dy e actr = 076
mass g5 g
cir = — Slu ¥y i ] = 03838
L) — R ) ¥y ot

Figure 9-11: Double integrals.
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Note Multipleintegrals generally take much longer to converge to an answer than single integrals.

Wherever possible, use an equivalent single integral in place of amultipleintegral.

Customizing Operators

This section describes how to define and use your own customized operators.

Y ou can think of operators and functions as being fundamentally very similar. A
function takes “arguments” and returns a result. An operator, likewise, takes “operands”
and returns a result. The differences are largely notational:

« Functions usually have names you can spell,thkeor spline; operators are
generally math symbols like “+” orx:”

« 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 often dég, y) but you'll rarelyxdee
Similarly, you'll often find “x +y ” but you rarely find *+(x,y) .”

Defining a Custom Operator

Tip

You define a custom operator just as if you were defining a function that happens to
have an unusual looking name:

1. Type the operator name followed by a pair of parentheses. Enter the operands (two
at the most) between the parentheses.

2. Enter the definition symbol=.

3. Type an expression describing what you want the operator to do with its operands
on the other side of the definition symbol.

Mathcad provides a collection of math symbols to define custom operators. To access these

symbols, open the QuickSheets from the Resource Center (choose Resour ce Center on the

Help menu) and then click on “Extra Math Symbols.” You can drag any of these symbols to your
worksheet for use in creating a new operator name.

For example, suppose you want to define a new union operator using the s *1bol

1. Drag the symbol into your worksheet from the “Extra Math
Symbols” QuickSheet.

2. Type a left parenthesis followed by two names separated by ¢
comma. Complete this argument list by typing a right parenth

uix, vl

3. Press the colon J key, or click *= | on the Calculator toolbar. |'~-I E.¥l = -.|
You see the definition symbol followed by a placeholder.

4. Type the function definition in the placeholder.

B ¥ = eERck e, W
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Tip

At this point, you've defined a function which behaves in every way like the user-
defined functions described in Chapter 8, “Calculating in Mathcad.” You could, if you

wanted to, type ‘T (1,2)= " in your worksheet and see the result, a vector with the
elements 1 and 2, on the other side of the equal sign.

Once you've defined the new operator, click on “Personal QuickSheets” in the QuickSheets of
the Mathcad Resource Center. Then ch@asaotate Book from theBook menu and drag or

type the definition into the QuickSheet. Then chdgae Section from theBook menu. When

you need to use this operator again, just open your Personal QuickSheet and drag it into a new
worksheet.

Using a Custom Operator

Tip

Once you've defined a new operator, you can use it in your calculations just as you
would use any of Mathcad'’s built-in operators. The procedure for using a custom

operator depends on whether the operator has one operand-flike “ " or “5!”) or two

(like “1+27).

To use an operator having two operands:

1. Define any variables you want to use as arguments. A ]

wo= |2 u = |d |
) B

2. Click on the Evaluation toolbar. You'll see three empty ey
placeholders.

3. Inthe middle placeholder, insert the name of the operator. |
Alternatively, copy the name from the operator definition and pag |** *
into the placeholder.

4. In the remaining two placeholders, enter the two operands. T

5. Press =, orclici = | on the Evaluation toolbar, to get 1)
result. ?

3
W d=

2

4

"

An aternative way to display an operator having two operandsisto click onthe Evaluation
toolbar. If you follow the preceding steps using this operator, you'll see a tree-shaped display.
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To insert an operator having only one operand, decide first whether you want the

operator to appear before the operand, asin“ ,” or after the operand as in “5!.” The
former is called grefix operator; the latter is@ostfix operator. The example below
shows how to use a postfix operator. The steps for creating a prefix operator are almost
identical.

The following example shows how to define and use a new logical
operator. First define an operatdi(X)” . To do so, follow the steps fof
definingtd (x, y) in the previous section, substituting the symbdl for
“0" and using only one argument instead of two.

1K) = oK

Then, to evaluate with the new operator:

1. Click on the Evaluation toolbar to makeastfix operator.

Otherwise, cIic . In either case, you see two empty placeholders.

2. Ifyou clicke , put the operator name in the second placeho | ol
Otherwise put it in the first placeholder. In either case, you may mnd
it more convenient to copy the name from the operator definition and paste it into

the placeholder.

3. In the remaining placeholder, place the operand. m ,
4. Press =, orclicc =| on the Evaluation toolbar, to see theresu| 2" =%s

Tip Just as Mathcad can display a custom operator asif it were afunction, you can conversely
display afunction asif it were an operator. For example, many publishers prefer to omit
parentheses around the arguments to certain functions such as trigonometric functions, i.e., sin
X rather than sin(x) . To create this notation, you can treat the sin function as an operator with
one operand.
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Chapter 10
Built-in Functions

Inserting Built-in Functions

Core Mathematical Functions

Discrete Transform Functions

Vector and Matrix Functions

Solving and Optimization Functions

Statistics, Probability, and Data Analysis Functions
Finance Functions

Differential Equation Functions

® & & & O O o o o

Miscellaneous Functions

Inserting Built-in Functions

Mathcad'’s set of built-in functions can change depending on whether you've installed
additional Extension Packs or whether you've written your own built-in functions.
These functions can come from the following sources:

Built-in Mathcad functions

This is the core set of functions that come with Mathcad. These functions are introduced
in this chapter.

Mathcad Extension Packs

An Extension Pack consists of a collection of advanced functions geared to a particular
area of application. Documentation for these functions comes with an Electronic Book
accompanying the Extension Pack itself. The list of available Extension Packs currently
includes collections for signal processing, image processing, steam tables, numerical
analysis, solving and optimization, and wavelets. To find out more about these and
other Extension Packs, contact MathSoft or your local distributor, or visit MathSoft’s
Web site at:

http://ww. mat hsoft. com

After you purchase and install an Extension Pack, the additional functions appear in
the Insert Function dialog box.
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Built-in functions you write yourself in C

If you have a supported 32-bit C/C++ compiler, you can write your own built-in
functions for Mathcad. For details see the Adobe Acrobat file CREATING A USER
DLL.PDF included on your installation CD.

Insert Function Feature

Tip

Note

To seealist of built-in functions available with your copy of Mathcad, arranged
alphabetically or by category, or to insert afunction together with placeholdersfor its
arguments, use the Insert Function dialog box:

1. Clickinablank area of your worksheet or on a placeholder.

2. ChooseFunctionfromthe [ = |

. Fureton Cangary Fumitize: H
Insert menu or click | onthe — - -
Standardtoolbar. Mathcadopens  [F200, v wess e
the Insert Function dialog box. e i*_'_
. . File der vt
3. Click aFunction Category or Foun Tuskors -
click “All” to see all available === | e 2

functions sorted alphabetically. )
Fusiiama e rughes [ el | it 000 B 2 Frvcg st b - |
ﬁ.l".hﬂ

=
Ho | [ e | cews |

4. Double-click the name of the
function you want to insert from the right-hand scrolling list, or ¢
“Insert.” The function and placeholders for its arguments are inserted

into the worksheet.
5. Fillin the placeholders.

ook BEE

To apply a function to an expression you have already entered, place the expression
between the two editing lines and follow the steps given above. See Chapter 4,
“Working with Math,” for information about using the editing lines.

You can also simply type the name of a built-in function directly into a math placeholder
or in a math region.

Although built-in function names are not font sensitive, they are case sensitive. If you do not use
the Insert Function dialog box to insert a function name, you must enter the name of a built-in
function in amath region exactly asit appears in the tables throughout this chapter: uppercase,
lowercase, or mixed, as indicated.

Throughout this chapter and in the Insert Function dialog box, brackets, [ ], around an argument
indicate that the argument is optional.
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Assistance for Using Built-in Functions
Mathcad includes several sources of assistance for using built-in functions:

» TheReference section of thisvlanual provides details on the syntax, arguments,
algorithms, and behavior of all of Mathcad’s built-in functions, operators, and
keywords.

e The Insert Function dialog box gives you a convenient way to look up a function
by category, to see the arguments required, and to see a brief function synopsis.
When you click “Help” in the Insert Function dialog box, you immediately open
the Help topic associated with the currently selected function.

e The online Help system (choagkathcad Help from theHelp menu, or click ?
on the Standard toolbar) provides both overview and detailed help topics on
functions and function categories.

* The Resource Center (chod®esour ce Center from theHelp menu, or clich &l
on the Standard toolbar) includes a range of Mathcad files to help you use built-in
functions to solve problems including Tutorials and QuickSheet examples.

Core Mathematical Functions

Trigonometric Functions

anglek, y) Returns the angle (in_radians) from the posixhais to pointx, y) in the
x-y plane. The result is between 0 amd 2

cos@) Returns the cosine af In a right triangle, this is the ratio of the length of
the sideadjacent to the angle over the length of the hypotenuse.

cot(2) Returnsl/tan(z) , the cotangent nfz should not be a multiple of

csc@) Returnsl/sin(z) , the cosecantofz should not be a multiple of

secQ) Returnsl/ cos(z) , the secantoiz should not be an odd multiple of 2

sin(@) Returns the sine @ In a right triangle, this is the ratio of the length of the

sideopposite the angle over the length of the hypotenuse.

tan() Returnssin(z)/ cos(z) , the tangent afln a right triangle, this is the ratio
of the length of the sidepposite the angle over the length of the side
adjacent to the anglez should not be an odd multiple a¥ 2
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Mathcad'’s trig functions and their inverses accept any scalar argument: real, complex,
or imaginary. They also return complex nhumbers wherever appropriate.

Note Trigonometric functions expect their argumentsin radians. To passan argument in degrees, use
the built-in unit deg. For example, to evaluate the sine of 45 degrees, typesi n( 45* deg) .

Tip InMathcad you enter powersof trig functionssuch Sin(x) as sin(x)2 . Alternatively, you can
use the prefix operator described in “Customizing Operators” on page 146. For example, to type

sinz(x) . Click on the Evaluation toolbar, enter nZ in the left-hand placeholder, enter
( x) in the right-hand placeholder.

Inverse Trigonometric Functions

acosp)
acotf)
acscp)
asecy)
asing)
atang)

atan2g, y)

Returns the angle (in radians) whose cosire is
Returns the angle (in radians) whose cotangent is
Returns the angle (in radians) whose cosecant is
Returns the angle (in radians) whose secant is
Returns the angle (in radians) whose sire is
Returns the angle (in radians) whose tangent is

Returns the angle (in radians) from the posikhaxis to point X, y) in
thex-y plane.

With the exception of atan2 and acot, the inverse trigonometric functions can take
either areal or complex argument and return an angle in radians between -1/ 2 and
T/ 2, or the principal value in the case of a complex argument. atan2 takes only real
arguments and returns a result between —1t and Tt, acot returns an angle in radians
between 0 and 11 for areal argument or the principal value in the case of a complex

argument.

To convert aresult into degrees, either divide the result by the built-in unit deg or type
deg in the units placeholder as described in “Displaying Units of Results” on page 118.
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Hyperbolic Functions

acoshy) Returns the number whose hyperbolic cosire is
acothg) Returns the number whose hyperbolic cotangent is
acschyg) Returns the number whose hyperbolic cosecant is
asechy) Returns the number whose hyperbolic secant is
asinhg) Returns the number whose hyperbolic sine is
atanhg) Returns the number whose hyperbolic tangent is
coshg) Returns the hyperbolic cosine of

coth@ Returnsl/ tanh(z) , the hyperbolic cotangentzof
cschg) Returnsl/ sinh(z) , the hyperbolic cosecantzof
sechg) Returns1/ cosh(z) , the hyperbolic secantzof
sinh@) Returns the hyperbolic sine nf

tanh() Returnssinh(z)/ cosh(z) , the hyperbolic tangentzf

Log and Exponential Functions

exp@E Returnse raised to the powex
In(2) Returns the natural log af (z#0).

logz b)  Returns the badelogarithm ofz. (z# 0, b#0). If b is omitted, returns
the base 10 logarithm.

Mathcad’s exponential and logarithmic functions can accept and return complex
argumentsln returns theorincipal branch of the natural log function.

Bessel Functions
Ai(x) Returns the value of the Airy function of the first kirdnust be real.
bei(n, x) Returns the value of the imaginary Bessel Kelvin function of arder
ber(n,x)  Returns the value of the real Bessel Kelvin function of ander
Bi(x) Returns the value of the Airy function of the second kinmdust be real.

10(x) Returns the value of the zeroth order modified Bessel function of the first
kind. x must be real.

11(x) Returns the value of the first order modified Bessel function of the first
kind. x must be real.
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In(m, X)

JO(x)

J1(x)

Jn(m, X)

js(n, x)

KO(x)

K1(x)

Kn(m, X)

Y 0(x)

Y 1(x)

Y n(m, X)

ys(n, x)

Complex Numbers

arg(2)

csgn(2)

Im(2)

Re(2)

signum(z)

Returns the value of the mth order modified Bessel function of the first
kind. x must bereal, misaninteger, 0<m< 100.

Returns the value of the zeroth order Bessel function of the first kind. x
must bereal.

Returns the value of the first order Bessel function of the first kind. x
must bereal.

Returnsthe value of the mth order Bessel function of thefirst kind. xreal,
0<m<100.

Returns the value of the spherical Besseal function of the first kind, of
integer order n. x>0, n=-200.

Returns the value of the zeroth order modified Bessel function of the
second kind. xreal, x>0.

Returns the value of the first order modified Bessel function of the
second kind. xreal, x>0.

Returns the value of the mth order modified Bessel function of the
second kind. x>0, misaninteger, 0< m<100.

Returnsthe value of the zeroth order Bessel function of the second kind.
xreal, x>0.

Returns the value of thefirst order Bessel function of the second kind. x
rea, x>0.

Returns the value of the mth order Bessel function of the second kind.
x>0, misaninteger, 0<m< 100.

Returnsthe value of the spherical Bessel function of the second kind, of
integer order n. x must bereal. x>0, n=-200.

Returns the angle in complex plane from real axisto z. Theresult is
between —mtand rtradians.

Returns0if z = 0,1if Re(z) >0 or (Re(z) = 0 and Im(z) >0),
-1 otherwise.

Returns the imaginary part of a number z.

Returnsthe real part of a number z.

Returns1if z = 0, z/|Z otherwise.
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Piecewise Continuous Functions

if(cond, tvl, fvl) Returnstvl if cond is nonzero (true), fvl if cond iszero (false). cond
isusually a Boolean expression.

&(m, n) Kronecker’s delta function. Returns Inf = n , 0 otherwise. Both
arguments must be integers.

(i, j, K Completely antisymmetric tensor of ranki 3, andk must be
integers between 0 and 2 inclusive (or betwemigIN and
ORIGIN + 2 inclusive iforIGINZ0). Result is O if any two are the

same, 1 for even permutations, for odd permutations.

D(x) Heaviside step function. Returns xi# 0, 0 otherwisswust be
real.
sign) Returns Oifx = 0 , 1ifx>0 ,and1l otherwisemust be real.

Note Theif function isuseful for branching in calculation: choosing one of two values based on a
condition. Although the first argument of theif function, cond, can be any expression at all, itis
usually a Boolean expression that relates two math expressions with a Boolean operator. See
“Arithmetic and Boolean Operators” on page 131.

Number Theory/Combinatorics

combing, k) Returns the number of combinations: the number of subsets of size
k that can be formed fromobjects.n andk integersO<k<n .

gcd@, B, C, ...) Returns the greatest common divisor: the largest integer that evenly
divides all the elements in arrays or scakarB, C, ... The elements
of A, B, C, ... must be non-negative integers.

Icm(A, B, C, ...) Returns the least common multiple: the smallest positive integer that
is a multiple of all the elements in the arrays or sc#ai, C, ...
The elements oA, B, C, ... must be non-negative integers.

mod(, y) Remainder on dividing real numbebyy (y # 0). Result has same
sign asx.
permutg, k) Returns the number of permutations: the number of ways of ordering

n distinct objects takek at a timen andk integers0<k<n .
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Truncation and Round-Off Functions

cell(x)
floor(x)

round(x, n)

trunc(x)

Special Functions

erf(x)

erfc(x)

fhyper(a, b, ¢, X)

r@

r(xy)

Her(n, X)

ibeta(a, x, y)

Jac(n, a, b, X)

Lag(n, X)
Leg(n, X)
mhyper(a, b, X)

Tcheb(n, X)

Ucheb(n, x)

Least integer > x (x red).
Greatest integer < x (x red).

Rounds real number x to n decimal places. If n< 0, xisrounded to
the left of the decimal point. If nis omitted, returns x rounded to the
nearest integer.

Returnstheinteger part of areal number x by removing the fractional
part.

Returns the value of the error function at x. x must be real.

Returns the value of the complementary error function at x:
1—erf(x).xrea.

Returns the value of the Gauss hypergeometric function at the point
X given parametersa, b, c. -1 <x<1.

Returns the value of the classical Euler gammafunction at z, areal
or complex number. Undefined for z = 0, -1, -2, ...

Returns the value of the extended Euler gamma function for real
numbers x>0, y=0.

Returns the value of the Hermite polynomial of degree n at x.

Returns the value of the incomplete beta function of x and y with
parameter a. 0<as<1l

Returns the value of the Jacobi polynomial of degree n at x with
parameters a and b.

Returns the value of the Laguerre polynomial of degreen at x.
Returns the value of the L egendre polynomial of degree n at x.

Returns the value of the confluent hypergeometric function at the
point x given parameters a and b.

Returns the value of the Chebyshev polynomial of degree n, of the
first kind, at x.

Returns the value of the Chebyshev polynomial of degree n, of the
second kind, at x.
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Discrete Transform Functions

Mathcad containsavariety of functionsfor performing discretetransforms. All of these
functions require vectors as arguments.

Note When you define avector v for use with Fourier or wavelet transforms, Mathcad indexes the
vector beginning at 0, by default, unless you have set the value of the built-in variable ORIGIN
to avalue other than O (see page 102). If you do not define vy, Mathcad automatically setsit to
zero. This can distort the results of the transform functions.

Fourier Transforms on Real and Complex Data

cfft(A)

icfft(A)

fft(v)

ifft(v)

CFFT(A)

ICFFT(A)

FFT(V)

IFFT(V)

Returns the fast Fourier transform of a vector or matrix of complex data
representing equally spaced measurements in the time domain. The array
returned is the same size asits argument.

Returns the inverse Fourier transform of a vector or matrix of data
corresponding to cfft. Returns an array of the same size as its argument.

Returns the fast discrete Fourier transform of a 2™ element vector of real
data representing measurements at regular intervalsin the time domain.
m>2.

Returns the inverse Fourier transform of a vector of data corresponding to
fft. Takes avector of size 1 +2"~1, and returns areal vector of size 2".
n>2.

Returns atransform identical to cfft, except using a different normalizing
factor and sign convention.

Returns the inverse Fourier transform of a vector or matrix of data
corresponding to CFFT. Returns an array of the same size as its argument.

Returns atransform identical to fft, except using a different normalizing
factor and sign convention.

Returns the inverse Fourier transform of a vector of data corresponding to
FFT. Takes avector of size 1+ 2"~ and returns area vector of size 2N.
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Note

Mathcad comes with two types of Fourier transform pairs: fft / ifft (or the alternative
FFT/IFFT) and cfft/icfft (or thealternative CFFT/ICFFT). Thesefunctionsarediscrete:
they apply to and return vectors and matrices only. Y ou cannot use them with other
functions.

Use the fft and ifft (or FFT/ IFFT) functionsif:

« the data values in the time domain are real, and

» the data vector ha®™ elements.

Use thecfft andicfft (or CFFT/ ICFFT) functions in all other cases.

Be sure to use these functions in pairs. For example, if youdls&adto go from the
time domain to the frequency domain, you mustiG§€T to transform back to the
time domain. See Figure 10-1 for an example.
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Figure 10-1: Use of fast Fourier transformsin Mathcad. Snce the random
number generator gives different numbers every time, you may not be ableto
recreate this example exactly as you see it.

Different sources use different conventions concerning theinitial 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 1/./N asanormalizi ng factor and a positive exponent in
going from the time to the frequency domain. 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.
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Wavelet Transforms

wave(v) Returns the discrete wavelet transform of v, a 2™ element vector
containing real data, using the Daubechies four-coefficient wavel et filter.
The vector returned isthe same size asv.

iwave(v)  Returnstheinverse discrete wavelet transform of v, a 2™ element vector
containing real data. The vector returned isthe samesizeasv.

Vector and Matrix Functions

Note that functions that expect vectors always expect column vectors rather than row
vectors. To change arow vector into a column vector, use the transpose operator (click

E’ on the Matrix toolbar).

Size and Scope of an Array

cols(A)

last(v)

length(v)
max(A, B, C, ...)

min(A, B, C, ...)

rows(A)

Special Types of Matrices

diag(v)

geninv(A)

identity(n)

rref(A)

Returnsthe number of columnsin array A. If A isascalar, returnsO.
Returns the index of the last element in vector v.
Returns the number of elementsin vector v.

Returnsthelargest of the strings, arrays, or scalarsA, B, C, ... If any
valueiscomplex, returnsthe largest real part plusi timesthelargest
imaginary part.

Returns the smallest of the strings, arrays, or scalars A, B, C, ... If
any value is complex, returns the smallest real part plusi times the
smallest imaginary part.

Returns the number of rowsin array A. If A isascalar, returns 0.

Returns adiagonal matrix containing on its diagonal the elements
of v.

Returnsthe left inverse matrix L of A, suchthat L CA = |, where
| istheidentity matrix having the same number of columnsasA.
Matrix A isan m x n rea-valued matrix, where m=n.

Returns am x n  matrix of 0’'s with 1’s on the diagonal.

Returns the reduced-row echelon formAof

Vector and Matrix Functions 159



£ a o)
e L 0 0
4 d|ag| Wi = i~ & dingesal metrix
- 9 4@ farmad from a wecis
{ 00 0 7 [Mathoad Prodos sonal)
iz 4 61 {10
| 1
[ 4= The rediie il bl
L I.‘. 5 8 | rref| A, = 1 01z farm ol n el
2 7 12/ Lo 0 o
B+ f21
B - 254 - 3 Im| B = |-3 | 4~ Tha Imngmary part af a
1
|3 444 8] | 48] i

Figure 10-2: Functions for transforming arrays.

Special Characteristics of a Matrix

condl(M)  Returns the condition number of the matrix M based on the L, norm.

cond2(M)  Returns the condition number of the matrix M based on the L, norm.

conde(M)  Returnsthe condition number of the matrix M based on the Euclidean
norm.

condi(M)  Returnsthe condition number of the matrix M based on the infinity
norm.

norml(M)  Returnsthe L, norm of the matrix M.

norm2(M) - Returnsthe L, norm of the matrix M.

norme(M)  Returnsthe Euclidean norm of the matrix M.

normi(M)  Returnstheinfinity norm of the matrix M.

rank(A) Returns the rank of the real-valued matrix A.

tr(M) Returns the sum of the diagonal el ements, known as the trace, of M.
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Forming New Matrices

augment(A, B, C, ...)

CreateMesh(F, [[s0],
[s1], [tO], [t1], [sgrid],
[tgrid], [fmap]])

CreateSpace(F [[t0], [t1],
[tgrid], [fmap]])

matrix(m, n, f)

stack(A, B, C, ...)

Returnsan array formed by placing A, B, C, ... left
toright. A, B, C, ... are arrays having the same
number of rows or they are scalars and single-row
arrays.

Returns a nested array of three matrices
representing the x-, y-, and z-coordinates of a
parametric surface defined by the function, F. F is
athree-element vector-valued function of two
variables. S0, s1, t0, and t1 are the variable limits,
and sgrid and tgrid are the number of gridpoints.
All must bereal scalars. fmap is athree-element
vector-valued mapping function. All arguments
but the function argument are optional.

Returns a nested array of three vectors
representing thex-, y-, and z-coordinates of aspace
curve defined by the function, F. F isathree-
element vector-valued function of one variable. t0
and t1 are the variable limits, and tgrid is the
number of gridpoints. All must be real scalars.
fmap is athree-element vector-valued mapping
function. All arguments but the function argument
are optional.

Creates amatrix in which thei,jth element
contains f(i,j) wherei = 0,1, ...,m—1 and
j =0,1,...,n=1. Function f must have been
defined previoudly in the worksheet.

Returnsan array formed by placing A, B, C, ... top
to bottom. A, B, C, ... are arrays having the same
number of columns or they are scalars and vectors.

submatrix(A, ir, jr, ic, jc) Returns a submatrix of A consisting of all

elements contained in rowsir through jr and
columnsic through jc. Make sure ir < jr and

ic<jc orthe order of rows or columns will be
reversed.

Note For the functions CreateMesh and CreateSpace, instead of using a vector-valued function, F,
you can use three functions, f1, f2, and f3, representing the x-, y-, and z-coordinates of the
parametric surface or space curve. Y our call to one of these functions might look something like

this: CreateMesh(f1, 2, f3).
Alternatively, for CreateMesh, you can use a single function of two variables such as

F(xy) = sn(x) + cosgx}.
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Figure 10-3 shows examples of using stack and augment.
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Figure 10-3: Joining

Mapping Functions

cyl2xyz(r, 0, 2)

pol 2xy(r, 6)

sph2xyz(r, 8, @)

xy2pol (X, y)

xyz2eyl(x, y, 2)

xyz2sph(x, Y, 2)

matrices with the augment and stack functions.

Converts the cylindrical coordinates of a point in 3D space,
represented by r, 8, and z, to rectangular coordinates. r, 8, and z
must be real numbers.

Converts the polar coordinates of a point in 2D space,
represented by r and 6, to rectangular coordinates. r and 6 must
be real numbers.

Converts the spherical coordinates of apoint in 3D space,
represented by r, 6, and @, to rectangular coordinates. r, 6, and ¢
must be real numbers.

Converts the rectangular coordinates of a point in 2D space,
represented by x and y, to polar coordinates. x and y must be real
numbers.

Converts the rectangular coordinates of apoint in 3D space,
represented by X, y, and z, to cylindrical coordinates. x, y, and z
must be real numbers.

Converts the rectangular coordinates of a point in 3D space,
represented by X, y, and z, to spherical coordinates. %, y, and z
must be real numbers.

Tip Useany of the 3D mapping functions asthe fmap argument for the CreateSpace and CreateMesh
functions.
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Lookup Functions

lookup(z, A, B)

hlookup(z, A, 1)

viookup(z, A, r)

match(z, A)

Looksin avector or matrix, A, for agiven value, z, and returnsthe
value(s) inthe same position(s) (i.e. with the same row and column
numbers) in another matrix, B. zmay beareal or complex number
or astring. A and B must have the same dimensions and contain
real, complex, or string values.

Looksinthefirst row of agiven matrix, A, for agiven value, z, and
returns the value(s) in the same column(s) in the row specified, r.
zmay beareal or complex number or astring. A must containreal,
complex, or string values. r must be an integer.

Looks in the first column of agiven matrix, A, for agiven value,
z, and returns the value(s) in the same row(s) in the column
specified, r. zmay beareal or complex number or astring. A must
contain real, complex, or string values. r must be an integer.

Looksin avector or matrix, A, for agiven value, z, and returnsthe
index (indices) of its positionsin A. zmay be areal or complex
number or astring. A must contain real, complex, or string values.

Eigenvalues and Eigenvectors

eigenvals(M)
eigenvec(M, 2)

eigenvecs(M)

genvals(M, N)

genvecs(M, N)

Returns a vector containing the eigenval ues of the square matrix M.

Returns a vector containing the normalized eigenvector
corresponding to the eigenvalue z of the square matrix M.

Returnsamatrix containing normalized eigenvectors corresponding
to the eigenvalues of the square matrix M. The nth column of the
matrix returned is an eigenvector corresponding to the nth
eigenvalue returned by eigenvals.

Returns a vector v of computed eigenvalues each of which satisfies
the generalized eigenvalue problem M [x = v; [N [X. Vector X is

the corresponding eigenvector. M and N are real square matrices
having the same number of columns.

Returns amatrix containing the normalized eigenvectors
corresponding to the eigenvaluesin v, the vector returned by
genvals. The nth column of this matrix is the eigenvector x
satisfying the generalized eigenvalue problem M [X = v, [N [X.
Matrices M and N are real-valued square matrices having the same
number of columns.
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Figure 10-4 shows how some of these functions are used.
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Figure 10-4: Eigenvalues and eigenvectorsin Mathcad.

Solving a Linear System of Equations

Isolve(M, V) Returnsasolution vector x suchthat M [k = v.visavector having the
same number of rows as the matrix M.

Use the Isolve function to solve alinear system of equations whose coefficients are
arranged in amatrix M.

Note Theargument M for Isolve must be amatrix that is neither singular nor nearly singular. An
aternative to Isolve is to solve a linear system by using matrix inversion. See “Solving and
Optimization Functions” on page 166 for additional solving functions.

164 Chapter 10 Built-in Functions



Decomposition

cholesky(M)

lu(M)

ar(A)

svd(A)

svds(A)

Sorting Functions

Tip

csort(A, n)

reverse(A)

rsort(A, n)

sort(v)

Returnsalower triangular matrix L suchthat L (LT = M . Thisuses
only the upper triangular part of M. The upper triangular of M, when
reflected about the diagonal, must form a positive definite matrix.

Returns a single matrix containing the three square matrices P, L, and
U, all having the same size asM and joined together side by side, in
that order. These three matrices satisfy the equation P[M = L [J,
where L and U are lower and upper triangular respectively.

Returns a matrix whose first n columns contain the square,
orthonormal matrix Q, and whose remaining columns contain the
upper triangular matrix, R. Matrices Q and R satisfy the equation

A = Q [R,where A isarea-valued array.

Returns a single matrix containing two stacked matricesU and V,
where U isthe upper mx n submatrix and V isthe lower n x n
submatrix. Matrices U and V satisfy the equation

A = U [iag(s) VT, where sis avector returned by svds(A).
Aisan mx n array of real values, where m=n.

Returns a vector containing the singular values of the mx n real-
valued array A, where m=>n.

Returns an array formed by rearranging rows of the matrix A such that
the elementsin column n arein ascending order. The result has the
samesizeasA.

Returns an array in which the elements of avector, or the rows of a
matrix, arein reverse order.

Returns an array formed by rearranging the columns of the matrix A
such that the elementsin row n are in ascending order. The result has
the samesizeasA.

Returns the elements of the vector v sorted in ascending order.

Unless you change the value of ORIGIN, matrices are numbered by default starting with row
zero and column zero. To sort on the first column of a matrix, for example, use csort(A, 0).
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Solving and Optimization Functions

This section describes how to solve equations ranging from a single equation in one
unknown to large systems with multiple unknowns. The techniques described here
generate numeric solutions. Chapter 14, “Symbolic Calculation,” describes a variety
of techniques for solving equations symbolically.

Finding Roots

Note

Tip

polyroots(v) Returns the roots of an nth degree polynomia whose coefficients
areinv, avector of length n + 1. Returns a vector of length n.

root(f(2), 2) Returns the value of zwhich the expression f(2) is equal to 0. The
arguments are areal- or complex-valued expression f(z) and areal
or complex scalar, z. Must be preceded in the worksheet by a guess
valuefor z. Returns a scalar.

root(f(2), z, a,b) Returnsthevalueof zlying betweenaand b at which the expression
f(2) isequal to 0. The arguments to this function are areal-valued
expression f(z), areal scalar, z, and real endpointsa<b. No guess
valuefor zisrequired. Returns a scalar.

When you specify the arguments a and b for the root function, Mathcad will only find aroot for
the function f if f(a) is positive and f(b) is negative or vice versa

Theroot function solves a single equation in a single unknown. This function takes an
arbitrary expression or function and one of the variables from the expressiocan

also take a range in which the solution lies. It then varies that variable until the
expression is equal to zero and lies in the specified range. Once this is done, the function
returns the value that makes the expression equal zero and lies in the specified range.

root makes successive estimates of the value of the root and returns a value when the two most
recent estimates differ by less than the value of the tolerance parameter, TOL. As described in
“Built-in Variables” on page 102, you can change the value of the tolerance, and hence the
accuracy of the solution, by including definitions for TOL directly in your worksheet. You can
also change the tolerance by using the Built-in Variables tab when you €hgoibges from the
Math menu.

To find the roots of a polynomial or an expression having the form:
2
VXN L+ VXS +V X+ Y
you can use polyroots rather than root. polyroots does not require a guess value, and

polyroots returns all roots at once, whether real or complex. Figure 10-5 shows
examples.
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Figure 10-5: Finding roots with root and polyroots.

By default, polyroots uses a LaGuerre method of finding roots. If you want to use the
companion matrix method instead, click on the polyrootsfunction with the right mouse
button and choose Companion Matrix from the pop-up menu.

Note root and polyroots can solve only one equation in one unknown, and they always return
numerical answers. To solve severa equations simultaneously, use the techniques described in
“Linear/Nonlinear System Solving and Optimization.” To solve an equation symbolically, or to
find an exact numerical answer in terms of elementary functions, cBolesdor Variable
from theSymbolic menu or use thsolve keyword. See Chapter 14, “Symbolic Calculation.”

Linear/Nonlinear System Solving and Optimization
Mathcad includes humerical solving functions that solve problems such as:
» Linear systems of equations with constraints (equalities or inequalities).
« Nonlinear systems of equations with constraints.
« Optimization (maximization or minimization) of an objective function.

« Optimization (maximization or minimization) of an objective function with
constraints.
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e Linear programming, in which all constraints are either equalities or inequalities
that compare linear functions to constants and the objective function is of the form:

CoXp T C1Xy t ... ¥ C X,

e Quadratic programming, in which all constraints are linear but the objective
function contains linear terms and quadratic terms. Quadratic programming features
are available in th&olving and Optimization Extension Pack (Expert Solver),
available for separate sale from MathSoft or your local distributor or reseller.

Note Mathcad solves nonlinear systems of up to 200 variables and linear systems of up to 500
variables. With the Solving and Optimization Extension Pack (Expert Solver), you can solve
nonlinear systems of up to 250 variables, linear systems of up to 1000 variables, and quadratic
systems of up to 1000 variables.

Solve Blocks

The general form for using system solving functions in Mathcad is within the body of
asolve block. There are four general steps to creating a solve block. These are:

1. Provide an initial guess (definition) for each of the unknowns you intend to solve
for. Mathcad solves equations by making iterative calculations that ultimately
converge on a valid solution. The initial guesses you provide give Mathcad a place
to start searching for solutions. Guess values are usually required for all systems.

2. Type the wordsiven in a separate math region below the guess definitions. This
tells Mathcad that what follows is a system of constraint equations. Be sure you
don't type “Given” in a text region.

3. Now enter the constraints (equalities and inequalities) in any order below the word
Given. Make sure you use the bold equal symbol (B on the Boolean toolbar

or pres§gCt r | ]=) for any equality. You can separate the left and right sides of an
inequality with any of the symbols <, &, and=>.

4. Enter any equation that involves one of the functiénd, Maximize, Minimize, or
Minerr below the constraints.

Note Solve blocks cannot be nested inside each other—each solve block can have GiNgroaed
oneFind (or Maximize, Minimize, or Minerr). You can, however, define a function like
f(x) := Find(x) at the end of one solve block and refer to this function in another solve block.
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Solve Blocks

Tip

Find(z0, 21, ...) Returns values of z0, 71, . . . that satisfy the constraintsin a
solve block. Z0, z1, . . . are real or complex scalars, vectors,
arrays, or individual elements of vectorsequal in number to the
number of unknowns in the system. Returns a scalar for a
single unknown; otherwise returns a vector of solutions.

Maximize(f, 20, z1, ...) Returns values of 20, Z1, . . . that make the function f take on
itslargest value. 70, 1, . . . arereal or complex scalars, vectors,
arrays, or individual elements of vectorsequal in number to the
number of unknowns in the system. Returns a scalar for a
single unknown; otherwise returns avector of solutions. Solve
block constraints are optional.

Minerr(z0, 21, ...) Returnsvalues of 20, z1, . . . that come closest to satisfying the
constraintsin asolve block. 20, z1, . . . arereal or complex
scalars, vectors, arrays, or individual elementsof vectorsequal
in number to the number of unknownsin the system. Returnsa
scalar for asingle unknown; otherwise returns a vector of
solutions.

Minimize(f, z0, z1, ...) Returns values of 20, Z1, . . . that make the function f take on
itssmallest value. 20, Z1, . . . arereal or complex scalars,
vectors, arrays, or individual elements of vectors equal in
number to the number of unknownsin the system. Returns a
scalar for asingle unknown; otherwise returns a vector of
solutions. Solve block constraints are optional.

Unlike most Mathcad functions, the solving functions Find, Maximize, Minerr, and Minimize
can be entered in math regions with either an initial lowercase or an initial capitd letter.

Figure 10-6 shows a solve block with several kinds of constraints and ending with a
call to the Find function. There are two unknowns. Asaresult, the Find function here
takes two arguments, x and y, and returns a vector with two elements.

Constraints

The table below lists the kinds of constraints that can appear in a solve block between
the keyword Given and one of the functions Find, Maximize, Minerr, and Minimize. In
the table, x and y represent real-valued expressions, and z and w represent arbitrary
expressions. The Boolean constrai ntsareinserted using buttons on the Bool ean tool bar.
Constraints are often scalar expressions but can also be vector or array expressions.
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Figure 10-6: A solve block with both equalities and inequalities.

Condition Button Description
W=z E’ Constrained to be equal.
X>y Greater than.
X<y Less than.
X=y Greater than or equal to.
X<y Less than or equal to.
x Oy And
i
x Oy Or
xOy Xor (Exclusive Or)
aX Not

Mathcad does not allow the following inside a solve block:
e Constraints with £.”
e Assignment statements (statements Xke1).

You can, however, include compound statements sutk as 3

Note Mathcad returnsonly one solution for a solve block. There may, however, be multiple solutions
toaset of equations. To find adifferent solution, try different guess values or enter an additional
inequality constraint that the current solution does not satisfy.
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Tolerances for solving

Mathcad’s numerical solvers make use of two tolerance parameters in calculating
solutions in solve blocks:

« Convergencetolerance. The solvers calculate successive estimates of the values
of the solutions and return values when the two most recent estimates differ by less
than the value of the built-in variabf®L. A smaller value ofOL often results in
a more accurate solution, but the solution may take longer to calculate.

e Constraint tolerance. This parameter, determined by the value of the built-in
variableCTOL, controls how closely a constraint must be met for a solution to be
acceptable. For example, if the constraint tolerance were 0.0001, a constraint such
asx <2 would be considered satisfied if, in fact, the valusafisfiedx < 2.0001 .

Procedures for modifying the values of these tolerances are described in “Built-in
Variables” on page 102.

Tip [If you use Minerr in asolve block, you should aways include additional checks on the
reasonableness of the results. The built-in variable ERR returns the size of the error vector for
the approximate solution returned by Minerr. Thereis no built-in variable for determining the
size of the error for individual solutionsto the unknowns.

Solving algorithms and AutoSelect

When you solve an equation, by default Mathcad usésitansel ect procedure to
choose an appropriate solving algorithm. You can override Mathcad’s choice of
algorithm and select another available algorithm yourself.

Here are the available solving methods:

Linear

Applies a linear programming algorithm to the problem. Guess values for the unknowns
are not required.

Nonlinear

Applies either a conjugate gradient, Levenberg-Marquardt, or quasi-Newton solving
routine to the problem. Guess values for all unknowns must precede the solve block.
ChooseNonlinear 0 Advanced Options from the pop-up menu to control settings for
the conjugate gradient and quasi-Newton solvers.

Note The Levenberg-Marquardt method is not available for the Maximize and Minimize functions.
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Quadratic

Applies a quadratic programming agorithm to the problem. This option is available
only if the Solving and Optimi zation Extension Pack (Expert Solver) isinstalled. Guess
values for the unknowns are not required.

You can override Mathcad’s default choice of solving algorithm as follows:

1. Create and evaluate a solve block, allowin~

; dpdet plact
Mathcad to AutoSelect an algorithm.

2. Click with the right mouse button on the * IECETNENEE -

. . W e Larvanbaig M uaguud
name of the function that terminates the DuasHanton
solve block, and remove the check from Covw FY— ——
AutoSelect on the pop-up menu.

3. Check one of the available solving methoc Eﬁ"- -

on the pop-up menu. Mathcad recalculates—
the solution using the method you selected.

Reports

If you have theéolving and Optimization Extension Pack (Expert Solver) installed, you

can generate reports for a linear optimization problems. To generate a report, click on
a solving function with the right mouse button and chd®amort from the pop-up

menu. For more information on reports, refer to the online Help.

Mixed integer programming

If you haveSolving and Optimization Extension Pack (Expert Solver) installed, you

can perform mixed integer programming. Using mixed integer programming you can
force the solution for an unknown variable to be a binary number (1 or 0) or an integer.
For more information mixed integer programming, refer to the online Help.
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Statistics, Probability, and Data Analysis Functions

Statistics

corr(A, B)

cvar(A, B)

Returns the Pearsorrsorrelation coefficient for then x n
arraysA andB.

Returns the covariance of the elementmir n arfagadB.

gmeanf, B, C, ...) Returns the geometric mean of the elements of the arrays or

hist(int, A)

histogramint, A)

scalarsA, B, C, ... All elements must be real and greater than 0.

Returns a vector representing the frequencies with which values
in A fall in the intervals represented nt. Whenint is a vector

of intervals in ascending order, tite element of the returned
vector is the number of points in data falling betweentthand
(i+1)th element oint. Whenint is an integer, it represents the
number of subintervals of equal length. BothandA must be

real.

Returns a matrix with two columns. Whant is an integer, the
first column contains the midpoints ioft subintervals of the
rangemin(A) <value< max(A) of equal length and the second

column is identical tdist(int, A). Whenint is a vector of

intervals in ascending order, the first column contains midpoints
of the intervals represented by thevector. Bothint andA must

be real.

Tip If youareinterested in graphing the result of afrequency analysisin a 2D bar plot showing the
distribution of data across the bins, use the function histogramrather than hist, and plot the first
column of the result against the second column of the result.

hmeanA, B, C, ...) Returns the harmonic mean of the elements of the arrays or

kurt(A, B, C, ...)

meanf, B, C, ...)

scalarsA, B, C, ... All elements must be nonzero

Returns the kurtosis of the elements of the arrays or séalBrs
C,..

Returns the arithmetic mean of the elements of the arrays or
scalarA, B, C, ...

medianf, B, C, ...) Returns the median of the elements of the arrays or séglBrs

mode@, B, C, ...)

C, ... the value above and below which there are an equal number
of values. If there are an even number of elements, this is the
arithmetic mean of the two central values.

Returns the element from the arrays or scaai, C, ... that
occurs most often.
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skew(A, B, C, ...) Returns the skewness of the elements of the arrays or scalars A,

y y ses

stdev(A, B, C, ...) Returnsthe population standard deviation (sgquare root of the
variance) of the elements of the arrays or scalars A, B, C, ...

Stdev(A, B, C, ...) Returnsthe sample standard deviation (sguare root of the sample
variance) of the elements of the arrays or scalars A, B, C, ...

var(A, B, C, ..) Returns the population variance of the elements of the arrays or
scalarsA, B, C, ...

Var(A, B, C,..) Returnsthe sample variance of the elements of the arrays or
scalarsA, B, C, ...

Probability Distributions
Mathcad includes functions for working with several common probability densities.
These functionsfall into four classes:

« Probability densities. These functions, beginning with the letter “d,” give the
likelihood that a random variable will take on a particular value.

e Cumulativeprobability distributions. These functions, beginning with the letter
“p,” give the probability that a random variable will take on a vadgethan or
equal to a specified value. These are obtained by simply integrating (or summing
when appropriate) the corresponding probability density from to a specified
value.

* Inverse cumulative probability distributions. These functions, beginning with
the letter “q,” take a probability between 0 and 1 as an argument and return a
value such that the probability that a random variable wilédsthan or equal to
that value ig.

* Random number generators. These functions, beginning with the letter “r,” return
a vector omelements drawn from the corresponding probability distribution. Each
time you recalculate an equation containing one of these functions, Mathcad
generates new random numbers.

Tip Mathcad’s random number generators have a “seed value” associated with them. A given seed
value always generates the same sequence of random numbers, and ¢tabosiage from the
Math menu advances Mathcad along this random number sequence. Changing the seed value,
however, advances Mathcad along a different random number sequence. To change the seed
value, choos®ptions from theM ath menu and enter a value on the Built-in Variables tab.

Note See comments above about the nomenclature, arguments, and returned values for the probability
distribution functions in the following table.
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Probability Distributions

Probability distribution functionsfor the betadistribution in
which (s;, s, >0) are the shape parameters. 0<x< 1.

dbeta(x, sy, S,)
poeta(x, sy, S,)
gbeta(p, s;, 522)
rbeta(m, s;, S,) O<ps1l.

dbinom(k, n, p)
pbinom(k, n, p)
gbinom(p, n, r)
rbinom(m, n, p)

dcauchy(x, I, s)
pcauchy(x, I, s)
gcauchy(p, I, s)
rcauchy(m, I, )

dchisq(x, d)
pchisg(x, d)

qchisq(p, d)
rchisg(m, d)

dexp(x, r)
pexp(x, r)
aexp(p, r)
exp(m, r)

dF(x, dy, dy)
pF(x, dy, d,)
qF(p, d;, d5)
rE(m, dy, d,)

dgamma(x, )
pgamma(X, S)

ggamma(p, s)
rgamma(m, s)

dgeom(k, p)
pgeom(k, p)

qgeom(p, r)
rgeom(m, p)

Probability distribution functions for the binomial
distribution in which n and k are integers satisfying

O0<ks<n.0<p<1.ristheprobability of successona
singletrial.

Probability distribution functions for the Cauchy
distributionin which | isalocation parameter and s> 0 isa
scale parameter. 0<p<1.

Probability distribution functions for the chi-squared
distribution inwhich d > 0 are the degrees of freedom and
x20.0<p<1.

Probability distribution functions for the exponential
distributioninwhich r >0 istherateand x=0.0<p<1.

Probability distribution functions for the F distribution in
which (d,, d, > 0) are the degrees of freedom and

x20.0sp<l1.

Probability distribution functions for the gamma
distribution inwhich s> 0 isthe shape parameter and

x=20.0<sp<1.

Probability distribution functions for the geometric
distributioninwhich 0 < p < 1 isthe probability of success
and kisanonnegativeinteger. r isthe probability of success
onasingletrial.

dhypergeom(M, a, b, n) Probability distribution functions for the hypergeometric
phypergeom(M, &, b, n) distribution in which M, a, b, and n are integers with
ghypergeom(p, & b,n)  g<M<a, 0sn-M<b,and0<n<a+b.0<p<1.
rhypergeom(M, a, b, n)

Probability distribution functions for the lognormal
distribution in which p isthe logmean and ¢ > 0 isthe

logdeviation. x=>0.0<p<1.

dinorm(x, W, o)
plnorm(x, W1, o)

glnorm(p, W, o)
rinorm(m, Y, o)
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diogis(x, |, s)

plogis(x, I, S)
glogis(p, 1, 9)
rlogis(m, 1, s)

dnbinom(k, n, p)
pnbinom(k, n, p)
gnbinom(p, n, r)
rnbinom(m, n, p)

dnorm(x, 4, o)
pnorm(x, W, o)

gnorm(p, U4, o)
rnorm(m, W, 0)

dpois(k, A)
ppois(k, A)
qpois(p, A)
rpois(m, A)

dt(x, d)
pt(x, d)
qt(p, d)
t(m, d)

dunif(x, a, b)
punif(x, a, b)
qunif(p, a, b)
runif(m, a, b)

dweibull(x, s)
pweibull(x, s)
gweibull(p, s)
rweibull(m, s)

Probability distribution functions for the logistic
distributioninwhich| isthelocation parameterand s> 0 is
the scale parameter. 0<p<1.

Probability distribution functions for the negative binomial
distributioninwhich 0 <p <1 and n and k are integers,
n>0and k=>0.

Probability distribution functions for the normal
distribution in which p and ¢ are the mean and standard
deviation. 0 > 0.

Probability distribution functions for the Poisson
distribution inwhich A >0 and k is anonnegative integer.
O<psl.

Probability distribution functions for Student’s
distribution in whichd >0 are the degrees of
freedom0<p<1 .

Probability distribution functions for the uniform
distribution in whichb anda are the endpoints of the

interval witha<x<b .0<sp<1l.

Probability distribution functions for the Weibull
distribution in whichs >0 is the shape parameter and
x=0.0<p<1.

Tip Two additional functionsthat are useful for common probability calculations are rnd(x), which
isequivaent to runif(1, 0, x), and cnorm(x), which is equivalent to pnorm(x, 0, 1).
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Interpolation and Prediction Functions

Note Whenever you use arraysin any of the functions described in this section, be sure that every
element in the array contains a data value. Mathcad assigns 0 to any elements you have not

explicitly assigned.

bspline(vx, vy, u, n) Returns avector of coefficients of a B-spline of degree n, which

cspline(vx, vy)

interp(vs, vx, vy, X)

linterp(vx, vy, X)

Ispline(vx, vy)

predict(v, m, n)

pspline(vx, vy)

isused in theinterp function. The knot locations of the spline are
specified in vector u. vx and vy must be real vectors of the same
length. The valuesin vx must be in ascending order.

Returns avector of coefficients of a cubic spline with cubic
endpoints, whichisused in theinterp function. vx and vy must be
real vectors of the same length. The valuesin vx must bein
ascending order.

Returnstheinterpolated y val ue corresponding to the argument x.
The vector vsisavector of intermediate results obtained by
evaluating bspline, cspline, Ispline, or pspline or the regression
routine regress or loess using the data vectors vx and vy. vx and
vy must bereal vectors of the same length. The vector vx must be
in ascending order.

Uses the data vectors vx and vy to return alinearly interpolated y
value corresponding to the argument x. vx and vy must be real
vectors of the same length. The vector vx must be in ascending
order.

Returns a vector of coefficients of a cubic spline with linear
endpoints, whichisused in theinterp function. vx and vy must be
real vectors of the same length. The valuesin vx must bein
ascending order.

Returns n predicted values based on m consecutive values from
the datavector v. Elementsin v should represent samples taken at
equal intervals. mand n areintegers

Returns a vector of coefficients of a cubic spline with parabolic
endpoints, whichisused in theinterp function. vx and vy must be
real vectors of the same length. The valuesin vx must bein
ascending order.
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Interpolation involves using existing data points to predict values between these data
points. Mathcad allows you to connect the data points either with straight lines (linear
interpolation) or with sections of a cubic polynomial (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. If your data
isnoisy, you should consider using regression functions instead (see page 179).

Cubic splineinterpolation passes a curve through aset of pointsin such away that the

first and second derivatives of the curve are continuous across each point. This curve

is assembled by taking three adjacent points and constructing a cubic polynomial

passing through those points. These cubic polynomialsare then strung together to form

the completed curve. In the case of “traditional” cubic splines, the data points to be
interpolated define the “knots” where the polynomials are joined, but B-splines
(implemented in the functiobspline) join the polynomials at arbitrary points.

Linear prediction involves using existing data values to predict values beyond the
existing ones.

The coefficients returned by the spline interpolation functiispline, cspline, Ispline,
andpspline and the regression functioregress andloess described in the next section
are designed to be passed to Mathcad&sp function.interp returns a single
interpolatedy value for a givex value, but as a practical matter you'll probably be
evaluatinginterp for many different points, as shown in Figure 10-7. Store the
coefficients returned by the spline or regression functions in a vector (sugmas
Figure 10-7) that can be passedhterp for evaluation, plotting, or further calculation.
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Figure 10-7: Spline curvefor the pointsstored in vx and vy. Sncetherandom
number generator gives different numbers every time, you may not be ableto
recreate this example exactly as you see it.
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Tip For best results with spline interpolation, do not use the interp function on values of x far from
the fitted points. Splines are intended for interpolation, not extrapol ation.

Note Mathcad handles two-dimensional cubic spline interpolation in much the same way as the one-
dimensional caseillustrated: in this case the spline function takes two matrix arguments, Mxy
and Mz. Thefirstisan n x 2 matrix specifying the points along the diagonal of a rectangular
grid, and the second isan n x n matrix of z-values representing the surface to be interpol ated.
Mathcad passes a surface through the grid of points. This surface corresponds to a cubic
polynomial in x and y in which the first and second partia derivatives are continuousin the
corresponding direction across each grid point. For an example see the “Data Analysis”
QuickSheets and in the Resource Center (chBesaur ce Center from theHelp menu).

Regression and Smoothing Functions

Mathcad includes a number of functions for performing regression. Typically, these
functions generate a curve or surface of a specified type in some sense minimizes the
error between itself and the data you supply. The functions differ primarily in the type
of curve or surface they useto fit the data. Unlike interpolation functions, these
functionsdo not require that the fitted curve or surface passthrough pointsyou supply,
and they are therefore less sensitive to spurious data.

Smoothing involvestaking aset 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, smoothing resultsin anew set of y values, not afunction that can be eval uated
between the data points you specify. Thus, if you areinterested iny val ues between the
y values you specify, you should use a regression or interpolation function.

Linear regression

intercept(vx, vy) Returnsascalar: the y-intercept of the least-squares regression line
for the data pointsin vx and vy.

slope(vx, vy) Returnsascalar: the slope of theleast-squaresregression linefor the
data pointsin vx and vy.

stderr(vx, vy) Returns the standard error associated with linear regression of the
elements of vy on the elements of vx.

line(vx, vy) Returns the y-intercept and slope of the line that best approximates
thedatain vx and vy.

medfit(vx, vy)  Returnsthe y-intercept and slope of the line that best approximates
the datain vx and vy using median-median regression.
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Note

Polynomial regression

regress(vx, vy, n) Returns avector of coefficients for the nth degree least-squares
polynomial fit for the data points specified in vectors vx and vy.
This vector becomes the first argument of theinterp function.

loess(vx, vy, span) Returns avector specifying aset of second order polynomials that
best fit particul ar neighborhoods of data points specified in vectors
vx and vy. This vector becomes the first argument of the interp
function. The argument span, span > 0, specifies how large a
neighborhood loess considersin performing thislocal regression.

These functions are useful when you have a set of measured y values corresponding to
x values (or possibly multiple x values) and you want to fit apolynomial through those
y values.

Use regress when you want to use asingle polynomial to fit al your datavalues. The
regress function letsyou fit apolynomial of any order. However as a practical matter,
you rarely should go beyond n = 4.

Theloessfunction performs amorelocalized regression. Instead of generating asingle
polynomial the way regress does, l0ess generates a different second order polynomial
depending on where you are on the curve. It does this by examining the datain asmall
neighborhood of a point you're interested in.

As in the case of Mathcad'’s spline interpolation functions, the coefficients returned by
regressandloessare designed to be passed to Mathcantksp function.interp returns

a single interpolategivalue for a givem value, but as a practical matter you'll probably

be evaluatingnterp for many different points.

Mathcad also allows multivariate polynomial regression with regress or loess to fit y values
corresponding to two or more independent variables. In this case, the regression function’s first
two arguments arel x andvy: the firstis am x m matrix specifying thhevalues oh predictor
variables, and the second is a vector of response data corresponding to the fistotoFinan
example see the “Data Analysis” QuickSheets in the Resource Center (Rlesagece Center

from theHelp menu). You can add independent variables by simply adding columnsaviocthe
array and a corresponding number of rows to the vector you passitetbgunction.

Specialized regression

expfit(vx, vy, vg) Returns the parameter values for the exponential curve

a Eb(b %) 4 cthat best approximatesthe datainvx andvy. Vector vg
specifies guess values for the three unknown parameters a, b, and c.
See Figure 10-8 for an example.

Igsfit(vx, vy, vg) Returnsthe parameter values for the logistic curve

a/(1+b el C D()) that best approximates the datain vx and vy.
V ector vg specifies guess values for the three unknown parameters
a, b,andc.
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Infit(vx, vy) Returns the parameter values for the logarithmic curve
a [In(x) + bthat best approximates the datain vx and vy. A vector
of guess valuesis not required.

logfit(vx, vy, vg) Returnsthe parameter values for the logarithmic curve
a[n(x + b) + cthat best approximates the datain vx and vy.

V ector vg specifies guess values for the three unknown parameters
a, b,andc.

pwrfit(vx, vy, vg) Returns the parameter values for the power curve

a X’ + cthat best approximates the datain vx and vy. Vector vg
specifies guess values for the three unknown parameters a, b, and c.

sinfit(vx, vy, vg) Returnsthe parameter values for the sine curve
a[kin(x + b) + cthat best approximates the datain vx and vy.

V ector vg specifies guessvalues for the four unknown parameters a,
b, and c.

Usethesefunctionswhen you have aset of measuredy values corresponding tox values
and you want to fit a special type of curve through those y values. Although you can
use the genfit function described on page 182 to perform a curve fit on any function,
the functions outlined above are designed for ease of use. Usethem if they addressthe
particular function curve to which you are fitting your data.
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Figure 10-8: Using the specialized regression function expfit.
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Generalized regression

linfit(vx, vy, F) Returnsavector contai ning the coefficientsused to createalinear
combination of the functionsin F that best approximates the data
pointsinvectorsvx and vy. F isafunction which returns avector
consisting of the functions to be linearly combined. Elements of
vx should be in ascending order.

genfit(vx, vy, vg, F) Returnsthe parametersfor the best fit by the (possibly nonlinear)
function defined by f to the data points in the vectors vx and vy.
F isafunction that returnsan n + 1 element vector containing f
and itspartial derivativeswith respect to each of itsn parameters.
vg is an n-element vector of guess values for the n parameters.

linfit is designed to model your data by alinear combination of arbitrary functions:
y = gy Og(x) +a, 0(X) + ... +a, [ (X)

genfit is designed to model your data by some arbitrary (possibly nonlinear) function
whose parametersmust be chosen. For example, if your dataisto be model ed by the sum

f(x) = 2[Bin(a;x) + 3 anh(a,x)

and you wish to solve for the unknown parameters a; and a, , you would use genfit.
An example of using genfit is given in Figure 10-9.
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Figure 10-9: Using genfit for finding the parameters of a function so that it
best fits the data.
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Anything you can do with linfit you can also do, albeit |ess conveniently, with genfit.
The difference between these two functionsisthe difference between solving asystem
of linear equations and solving a system of nonlinear equations. The latter generally
must be solved by iteration, which explains why genfit needs avector of guess values
as an argument and linfit does not.

Smoothing functions

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 afew times the spacing between your x data points.
Elements in vx must be in ascending order.

supsmooth(vx,vy) Returns an n-element vector created by the piece wise use of a
symmetric k-nearest neighbor linear least-squares fitting procedure
inwhich k is adaptively chosen. vy and vx are n-element vectors of
real numbers. The elements of vx must be in increasing order.

medsmooth is the most robust of the three smoothing functions sinceit isleast likely
to be affected by spurious data points. This function uses a running median smoother,
computes the residual s, smooths the residual s the same way, and adds these two
smoothed vectors together. Note that medsmooth leaves 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.

ksmooth uses a Gaussian kernel to compute local weighted averages of theinput vector
vy. Thissmoother ismost useful when your dataliesalong aband of relatively constant
width. If your datalies scattered along aband whose width fluctuates considerably, you
should use an adaptive smoother like supsmooth. supsmooth usesasymmetric k nearest
neighbor linear |east-squaresfitting procedure to makeaseriesof line segmentsthrough
your data. Unlike ksmooth which uses a fixed bandwidth for all your data, supsmooth
adaptively chooses different bandwidths for different portions of your data.

Finance Functions

These personal finance functions perform avariety of calculations for making credit
and investment decisions. All finance functions take only real values. Payments you
make, such asdepositsin asavingsaccount or paymentstoward aloan, must be entered
as negative numbers. Cash you receive, such as dividend checks, must be entered as
positivenumbers. If you want to specify thetiming of apayment, usetheoptional timing
variable, type, which can be equal to 0 for theend of the period and 1 for the beginning.
If omitted, typeisO.
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Rate and period

cnper(rate, pv, fv)

crate(nper, pv, fv)

nper(rate, pmt, pv, [[fV],
[typel])

rate(nper, pmt, pv, [[fv],
[type], [guess]])

Returns the number of compounding periods required for
an investment to yield a future value, fv, given a present
value, pv, and an interest rate period, rate. rate > -1. pv >
0.fv>0.

Returnsthefixedinterest rate required for an investment at
present value, pv, to yield afuture value, fv, over agiven

number of compounding periods, nper. nper isapositive
integer. pv> 0. fv> 0.

Returns the number of compounding periods for an
investment or loan based on periodic, constant payments,
pmt, using afixed interest rate, rate, and a present value,
pv. If omitted, fv =0 and type = 0. If pmt > O, rate and pv
must be opposite signs.

Returns the interest rate per period of an investment or
loan over anumber of compounding periods, nper, givena
periodic, constant payment, pmt, and a present value, pv.
nper isapositive integer. If omitted, fv =0, type= 0, and
guess = 0.1 (10%).

If rate does not converge to within 1x10 ' after 20 iterations, rate returns an error. In such a
case, try different values for guess. In most cases, rate convergesif guess is between 0 and 1.

Cumulative interest and principal

cumint(rate, nper, pv, start,
end, [type])

Returnsthe cumulativeinterest paid on aloan between
a starting period, start, and an ending period, end,
given afixed interest rate, rate, the total number of
compounding periods, nper, and the present value of
theloan, pv. rate = 0. nper, start, and end are positive
integers. If omitted, type= 0.

cumprn(rate, nper, pv, start,  Returns the cumulative principal paid on aloan

end, [type])

between a starting period, start, and an ending period,
end, given afixed interest rate, rate, the total number
of compounding periods, nper, and the present value
of theloan, pv. rate = 0. nper, start, and end are
positive integers. If omitted, type = 0.
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Figure 10-10: Using the cumint function.
Interest rate

eff(rate, nper) Returns the effective annual interest rate (APR) given the nominal
interest rate, rate, and the number of compounding periods per
year, nper. nper is positive.

nom(rate, nper)  Returnsthe nominal interest rate given the effective annual interest
rate (APR), rate, and the number of compounding periods per year,
nper. rate > -1. nper is positive.

Future value

fv(rate, nper, pmt, [[pV], Returnsthe future value of an investment or loan over
[typel]) anumber of compounding periods, nper, given a
periodic, constant payment, pmt, and a fixed interest
rate, rate. nper isapositiveinteger. If omitted, present
value pv=0and type=0.

fvadj(prin, v) Returns the future value of aninitia principal, prin,
after applying a series of compound interest rates
stored inv. visavector.

fvc(rate, v) Returns the future value of alist of cash flows
occurring at regular intervals, v, earning an interest
rate, rate. v is avector.

Note When using functionsthat requireinformation about rates and periods, use the same unit of time
for each. For example, if you make monthly payments on a four-year loan at an annual interest
rate of 12%, use 1% as the interest rate per period (one month) and 48 months as the number of
periods.
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Payment

pmt(rate, nper, pv, [[fV],
[typel])

ipmt(rate, per, nper, pv, [[fV],
[type]])

ppmt(rate, per, nper, pv, [[fV],
[typel])

Returns the payment for an investment or loan based
on periodic constant payments over a given number of
compounding periods, nper, using afixed interest rate,
rate, and a present value, pv. nper isapositiveinteger.
If omitted, future value fv = 0 and type = 0.

Returns the interest payment of an investment or loan
for agiven period, per, based on periodic constant
payments over a given number of compounding
periods, nper, using afixed interest rate, rate, and a
present value, pv. per and nper are positive integers,
per < nper. If omitted, future value fv = 0 and type = 0.

Returns the payment on the principal, of ainvestment
or loan, for agiven period, per, based on periodic
constant payments over a given number of
compounding periods, nper, using afixed interest rate,
rate, and a present value, pv. per and nper are positive
integers, per < nper. If omitted, futurevalue fv =0 and
type=0.
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Figure 10-11: Using the pmt, ipmt, and ppmt functions.

Internal rate of return

irr(v, [guess])

mirr(v, fin_rate, rein_rate)

Returnsthe internal rate of return for a series of cash
flows, v, occurring at regular intervals. v is a vector
that must contain at least one positive value and one
negative value. If omitted, guess = 0.1 (10%).

Returnsthe modified internal rate of return for aseries
of cash flows occurring at regular intervals, v, given a
finance rate payable on the cash flows you borrow,
fin_rate, and areinvestment rate earned on the cash
flowsasyou reinvest them, rein_rate. visavector that
must contain at least one positive value and one
negative value.
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Note |If irr doesnot convergetowithin 1><10_5 of apercentageafter 20iterations, irr returnsan error.
In such a case, try different values for guess. In most cases, irr convergesif guessis between 0
and 1.

Present value

pv(rate, nper, pmt, [[fv] Returns the present value of an investment or loan
[typel]) based on periodic constant payments over a given
number of compounding periods, nper, using afixed
interest rate, rate, and a payment, pmt. nper isa
positive integer. If omitted, fv =0 and type = 0.

npv(rate, v) Returnsthe net present value of an investment given a
discount rate, rate, and aseries of cash flowsoccurring
at regular intervals, v. v isavector.

Note irr and npv arerelated functions. Theinterna rate of return (irr) isthe rate for which the net
present value (npv) is zero.

Differential Equation Functions

Inadifferential equation, you solvefor an unknown function rather than just avariable.
For ordinary differential equations, the unknown functionisafunction of onevariable.
Partial differential equations are differential equations in which the unknown isa
function of two or more variables.

The easiest way to solve asingle differential equation of any order isto use a solve
block and the function Odesol ve. To solve systems of equations or to have more control
over the solving process, you can use the general -purpose differential equation solver
rkfixed. Alternatively you can choose from additional, more specialized functions for
solving differential equations.

Solving a Differential Equation Using a Solve Block

Odesolve(x, b, [step]) Returnsafunction of x which isthe solution to asingle ordinary
differential equation. b isthe terminal point of the integration
interval. step (optional) is the number of steps.

To solve asingle differential equation of any order, use a solve block and the function
Odesolve. A solve block for solving adifferential equation is similar to a solve block
for solving a system of eguations as described on page 168. There are three steps to
creating a differential equation solve block:

1. Typetheword Given. Y ou can type Given or given in any style, but be sure not to
typeit in atext region.
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Tip

Note

2. Typethedifferentia equation and constraintsin any order below the word Given.

Use the bold equal sign (click E’ on the Boolean toolbar or press[Ct r | ]=) for
an equality. Theindependent variable x must be explicitly indicated throughout. A
typical initial value constraint might bey(a)=c or y‘(a)=d; Mathcad does not allow
more complicated constraints like y(a)+y‘(a)=e. The differential equation can be

written using the derivative operators d/dx, A2/, /3, ... (press?or[Ctrl]?
to insert the derivative or nth derivative operators) , or using prime notation y*(x),
yV(X), y“(X), .... (Press[Ct r | ] [F7] for the prime symbol.)

3. Finadly, type the Odesolveunction. The terminal point b must be larger than the

initial point a.
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Figure 10-12: Solving a single differential equation.

Prime notation is only allowed inside a solve block. If you use it outside of a solve block, you
see an error.

The output of Odesolveésafunction of x, interpol ated from atable of values computed
using the fixed step method employed by the function rkfixed, described below. If you
prefer to use an adaptive step method employed by the function Rkadapt

1. Click on Odesolvewith the right mouse button.
2. Choose Adaptive from the pop-up menu.

Mathcad is very specific about the types of expressions that can appear between Given and
Odesolve. The lower derivative terms can appear nonlinearly in the differential equation (e.g.,
they can be multiplied together or rai sed to powers), but the highest derivative term must appear
linearly. Inequality constraintsare not allowed. Theremust be nindependent equality constraints
for an nth order differential equation. For aninitial value problem, the valuesfor y(x) and itsfirst
n-1 derivatives at asingleinitial point a are required. For a boundary value problem, the n
equality constraints should prescribe valuesfor y(x) and certain derivatives at exactly two points
aandb.

188

Chapter 10 Built-in Functions



General Purpose Differential Equation Solver: rkfixed

To solve systems of equations or to specify a starting point for the interval and the
number of points at which to approximate a solution, you can use the differential
equation solver rkfixed. Alternatively you can choosefrom additional, more specialized
functions for solving differential equations, described in the following section
“Specialized Differential Equation Solvers.”

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. To solve a first order differential equation in
Mathcad, you can usedesolve as described in “Solving a Differential Equation Using
a Solve Block” or you can uskfixed. rkfixed uses the fourth order Runge-Kutta method
to solve a first order differential equation and return a two-column matrix in which:

e The left-hand column contains the points at which the solution to the differential
equation is evaluated.

* The right-hand column contains the corresponding values of the solution.
rkfixed(y, x1, X2, npoints, D)

y = A vector ofn initial values where is the order of the differential
equation or the size of the system of equations you're solving. For a first
order differential equation, the vector degenerates to one point,

y(0) = y(x1).

x1, X2 = The endpoints of the interval on which the solution to the differential
equations will be evaluated. The initial valuey iare the values ad.

npoints = The number of points beyond the initial point at which the solution is to
be approximated. This controls the number of rolws (points )inthe
matrix returned bykfixed.

D(x, y) = Ann-element vector-valued function containing the firderivatives of
the unknown functions.
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Figure 10-13 shows how to solve the differential equation %( +3 [y = 0 subject to
theinitial condition y(0) = 4.
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Figure 10-13: Solving a first order differential equation.

Note The most difficult part of solving adifferential equation using rkfixed, particularly with
nonlinear differential equations, is solving for thefirst derivative so you can define the function
D(x, y). In such cases, you can sometimes solve for y'(x) symbolically and pasteit into the
definition for D(X, y). To do so, use the symbolic solving techniques discussed in the section
“Examples of Symbolic Calculation” in Chapter 14.

Second and higher order differential equations

Y ou can use Odesolve and a solve block, as described on page 187, or you can use
rkfixed to solve higher order differential equations. Using rkfixed to solve a second
order differential equation is similar to solving afirst order differential equation. The
key differences are:

e The vector of initial valueg now has two elements: the value of the function and
its first derivative at the starting valu€,

* The functionD(t, y) is now a vector with two elements:
D(t,y) = {Y'(t)}
y"(t)

* The solution matrix contains three columns: the left-hand one fanthlaes; the
middle one fory(t) ; and the right-hand one jo(t)
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Tip

See Figure 10-14 for an example using rkfixed. See Figure 10-12 for an example using

Odesolve.
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Figure 10-14: Solving a second order differential equation.

The procedure for solving higher order differential equationsis an extension of that used for
second order differential equations. The main differences are that the vector of initial valuesy
now has n elements for specifying initial conditionsofy, y', y", ..., y("=1)  thefunction D is
now avector with n elements corresponding to thefirst n derivatives of the unknown functions,
and the solution matrix contains n columns: the left-hand one for the t val ues and the remaining

columns for values of y(t), y'(t), y" (1), ..., y("=D(t) .

Systems of differential equations

Solving asystem of differential equationsissimilar to solvingahigher order differential
equation using rkfixed. To solve a system of first order differential equations:

1. Define avector containing the initial values of each unknown function.
2. Define avector-valued function containing the first derivatives of each of the

unknown functions.

3. Decide at which points you want to evaluate the solutions.

4. Passall thisinformation into rkfixed.
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rkfixed returns a matrix whaose first column contains the points at which the solutions
are evaluated and whose remaining columns contain the solution functions evaluated
at the corresponding point. Figure 10-15 shows an example solving the equations.

X'o(t) = M EKg(t) =X, (1) = (Xo(t)2 + Xl(t)z) DXy (1)
X' (1) = 1D (1) + Xo(t) = (Xo(1)2 + X4 (1)2) B¢y (1)

withiinitial conditions x,(0) = 0 and x,(0) = 1.
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Figure 10-15: A system of first order linear equations.

Solving a system of nth order differential equationsis similar to solving a system of
first order differential equations. The main differences are:

* The vector of initial conditions must contain initial values forrhel derivatives
of each unknown function in addition to initial values for the functions themselves.

» The vector-valued function must contain expressions fon the derivatives of
each unknown function in addition to thi derivative.

rkfixed returns a matrix in which the first column contains the values at which the
solutions and their derivatives are to be evaluated, and the remaining columns contain
the solutions and their derivatives evaluated at 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
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Specialized Differential Equation Solvers

Tip

Note

Mathcad includes several, specialized functionsfor solving differential equations, and
there are cases in which you may want to use these rather than the general-purpose
rkfixed. These casesfall into the three categories given below. Each of these functions
solvesdifferential equations numerically: you always get back amatrix containing the
values of the function evaluated over a set of points.

When solving a differential equation it isagood ideato try more than one differential equation
solver because one method might suit your differential equation better than another method.

Smooth systems

When you know the solution is smooth, use Bulstoer, which uses the Bulirsch-Stoer
method rather than the Runge-K utta method used by rkfixed.

Bulstoer(y, X1, X2, npoints, D)
The argument list and the matrix returned by Bulstoer are identical to that for rkfixed.

Slowly varying solutions

Given afixed number of points, you can approximate afunction more accurately if you
evaluate it frequently wherever it's changing fast and infrequently wherever it's
changing more slowly.

Rkadapty, x1, x2, npoints, D)

The argument list and the matrix returnedRmdapt are identical in form to that for
rkfixed.

If you know that the solution has this property, you may be better off Rkaugpt.
Unlike rkfixed, Rkadapt examines how fast the solution is changing and adapts its step
size accordingly.

Although Rkadapt uses nonuniform step sizesinternally when it solvesthe differential equation,
it nevertheless returns the solution at equally spaced points.

Stiff systems

A system of differential equations expressed in the fprm A [k stigf aystem if

the matrixA is nearly singular. Under these conditions, the solution returniekdiksd

may oscillate or be unstable. When solving a stiff system, you should use one of the
two differential equation solvers specifically designed for stiff syst&tifih andStiffr,

which use the Bulirsch-Stoer method and the Rosenbrock method, respectively. They
take the same argumentsréxed as well as one additional argument.
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Stiffb(y, x1, X2, npoints, D, J)
Stiffr(y, X1, X2, npoints, D, J)

J(X,¥) = A functionyou definethat returnsthe n x (n + 1) matrix whosefirst
column contains the derivatives 0D/ 0x and whose remaining rows
and columns form the Jacobian matrix (dD/ dy, ) for the system of
differential equations. For example, if:

D(x,y) = Xt then J(x,y) = yi 0 X
1Yo 0 -20y; =20,

See rkfixed for a description of other parameters.

Evaluating Only the Final Value

If you care about only the value of the solution at the endpoint, y(x2), rather than over
anumber of uniformly spaced x values in the integration interval bounded by x1 and
x2, usethefunctionslisted below. Each function correspondsto the capitalized versions
already discussed. The properties of each of these functions are identical to those of
the corresponding function in the previous sections, except for the arguments bel ow:

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)

acc = Controls the accuracy of the solution. A small value of acc forces
the algorithm to take smaller steps along the trajectory, thereby
increasing the accuracy of the solution. VValues of acc around 0.001
generally yield accurate solutions.

kmax = The maximum number of intermediate points at which the solution
will be approximated. The value of kmax places an upper bound on
the number of rows of the matrix returned by these functions.

save = The smallest alowable spacing between the values at which the
solutions are to be approximated. This places alower bound on the
difference between any two numbers in the first column of the
matrix returned by the function.
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Boundary Value Problems

The specialized differential equation solvers discussed above are useful for solving
initial value problems. In some cases, however, you may know the value taken by the
solution at the endpoints of the interval of integration, which is aboundary value
problem.

To solve boundary value problemsin Mathcad, use Odesolve, described in “Solving a
Differential Equation Using a Solve Block”, doval or bvalfit as described here.

Two-point boundary value problems

Two-point boundary value problems are one-dimensional systems of differential
equations in which the solution is a function of a single variable and the value of the
solution is known at two points. You can wsbeal in the following case:

* You have amth order differential equation.

* You know some, but not all, of the values of the solution and itsrfirst

derivatives at the beginning of the interval of integratidnand at the end of the
interval of integrationy2.

« Betweenwhat you know about the solutiorlzand ak2, you havenknown values.

sbval returns a vector containing those initial values left unspecified at the first endpoint
of the interval. Once you know the missing initial valuedagou have an initial value
problem that can be solved using any of the functions discussed earlier in this section.

sbvalfv, x1, x2, D, load, scor €)

v= Vector of guesses for initial values left unspecifieglat

x1, X2 = The endpoints of the interval on which the solution to the
differential equations will be evaluated.

D(x, ¥) = Ann-element vector-valued function containing the first derivatives
of the unknown functions.

load(x1, v) = A vector-valued function whoseelements correspond to the values
of then unknown functions atl. Some of these values will be
constants specified by your initial conditions. Others will be
unknown at the outset but will be found $wal. If a value is
unknown, you should use the corresponding guess valuevfrom

score(x2, y) = A vector-valued function having the same number of elements as
Each element is the difference between an initial conditizd, @ts
originally specified, and the corresponding estimate from the
solution. Thescore vector measures how closely the proposed
solution matches the initial conditionsx@t A value of O for any
element indicates a perfect match between the corresponding initial
condition and that returned Isipval.
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Note Asshown in Figure 10-16, sbval does not actually return asolution to adifferential equation. It
merely computes the initial values the solution must have in order for the solution to match the
final values you specify. Y ou must then take the initial values returned by sbval and solve the
resulting initial value problem using a function such as rkfixed.
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Figure10-16: Using sbvaltoobtaininitial valuescorrespondingto givenfinal
values of a solution to a differential equation.

It's also possible that you don’t have all the information you need tsbualebut you

do know something about the solution and its first1 derivatives at some
intermediate valuexf. bvalfit solves a two-point boundary value problem of this type

by shooting from the endpoints and matching the trajectories of the solution and its
derivatives at the intermediate point. This method becomes especially useful when the
derivative has a discontinuity somewhere in the integration interval.

bvalfit(vl, v2, x1, x2, xf, D, load1, load?2, scor €)

v1, 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
differential equations will be evaluated.

xf = A point betweenl andx2 at which the trajectories of the solutions
beginning akl and those beginning &2 are constrained to be
equal.

D(x, ¥) = An n-element vector-valued function containing the first
derivatives of the unknown functions.
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load1(x1, v1) = A vector-valued function whoseelements correspond to the
values of the& 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 valuevftom

load2(x2, v2) = Analogous tdoadl but for values taken by threunknown
functions atx2.

scor g(xf, y) = An n element vector valued function that specifies how the
solutions match atf. You'll usually want to definecore(xf, y) :=
y to make the solutions to all unknown functions match b at

Partial differential equations

A second type of boundary value problem arises when you are solving a partia
differential equation. Rather than being fixed at two points, the solution isfixed at a
whole continuum of points representing some boundary.

Two partial differential equations that arise often in the analysis of physical systems
are Poisson’s equation:

2 2

du_ du
_t— = X,
o oy p(x.y)

and its homogeneous form, Laplace’s equation.

Tip Totypeapartid differential equation symbol such as % , insert the derivative operator % by

typing ?, click on the derivative operator with the right mouse button, and choose View
Derivative As[] Partial Derivative from the pop-up menu.

Mathcad has two functions for solving these equations over a square boundary. You
should useelax if you know the value taken by the unknown functigr, y) on all
four sides of a square region.

If u(x, y) is zero on all four sides of the square, you camusigrid, which often

solves the problem faster thaghax. 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.

relax returns a square matrix in which:

* An element’s location in the matrix corresponds to its location within the square
region, and

« Its value approximates the value of the solution at that point.

This function uses the relaxation method to converge to the solution. Poisson’s equation
on a square domain is represented by:

& Ui+ 1kt D U kP G Y ke T Y e e Yk Tk
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relax(a, b, ¢, d, e f, u, rjac)

a...e= Squarematricesall of the same size containing coefficients of the above
equation.

f = Square matrix containing the source term at each point in theregionin
which the solution is sought.

u = Square matrix containing boundary val ues along the edges of theregion
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.

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 the multigrid iteration. A
value of 2 generally gives a good approximation of the solution.

Miscellaneous Functions

Expression Type
IsArray(xX) Returns1if xisamatrix or vector, O otherwise.
IsScalar(x) Returns1if xisareal or complex number, O otherwise.
IsString(X)  Returns 1if x isastring, 0 otherwise.
UnitsOf(x)  Returnsthe units of x, 1 otherwise.

String Functions

concat(Sl, 2, S3,...) Returnsastring formed by appending string S to the end of
string S1, S3 to the end of 2, and so on.

error(S Returns the string Sas an error tip. When Mathcad evaluates
the error function, the expression is highlighted in red and
further numerical evaluation is suspended. When you click on
the expression, the string appearsin an error tip.

numa2str(2) Returns a string formed by converting the real or complex
number zinto a decimal-valued string.

search(S, SL, m) Returns the starting position of the substring SLin string S
beginning from position m, or —1 if no substring isfound. m
must be a nonnegative integer.
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str2numg) Returns a constant formed by converting the characters in
string Sto a numberS must contain only characters which
constitute an integer, a floating-point or complex number, or

an e-format number such as 4.51e-3 @&l (103 ). Spaces

are ignored.

str2vec) Returns a vector ofSCll codes corresponding to the
characters in string.

strlen® Returns the number of characters in sti$ng

substr§ m, n) Returns a substring &beginning with the character in the

mth position and having at mastharacteram andn must be
nonnegative integers.

vec2stry) Returns a string formed by converting a veetof ASCII
codes to characters. The elements ofust be integers
between 0 and 255.

Thestringsused and returned by most of thesefunctionsaretyped in amath placehol der
by pressing the double-quotekey (" ) and entering any combination of | etters, numbers,
or other ASCII characters. Mathcad automatically places double quotes around the
string expression and displays quotes around a string returned as a result.

Note When evaluating the functions search and substr, Mathcad assumes that the first character in a
string is at position 0.

File Access Functions
Thefileargument you supply toaMathcad file accessfunctionisastring—or a variable
to which a string is assighed—that corresponds either to:
« The name of a data or image file in the folder of the Mathcad worksheet you're
currently working on.

e The name of a colormap file (see page 202) icthaP subfolder of your Mathcad
installation folder.

« Afull orrelative path to a data, image, or colormap file located elsewhere on alocal
or network file system.
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Tip

Reading and writing ASCII data files

READPRNfile) Readsastructured datafile. Returns amatrix. Each linein the data
file becomes arow in the matrix. The number of elementsin each
row must be the same. Usually used as follows:

A := READPRNfile)

WRITEPRN(file) Writesamatrix into adatafile. Each row becomesalineinthefile.
Must be used in a definition of the form WRITEPRN(file) := A

APPENDPRNfile) Appends amatrix to an existing file. Each row in the matrix
becomes anew linein the datafile. Must be used in adefinition of
theform APPENDPRN(Tile) := A. Existing datamust have as many
columnsasA.

Filesin plain ASCII format consist only of numbers separated by commas, spaces, or
carriage returns. The numbersin the data files can be integers like 3 or —1, floating-

point numbers like 2. 54, or E-format numberslike 4. 51E- 4 (for 4.51 [110~4).

These ASCII data file access functions are provided mainly for compatibility with worksheets
created in earlier versions of Mathcad. The Input Table and File Read/Write component provide
more general methods of importing and exporting datain a variety of formats. See Chapter 11,
“Vectors, Matrices, and Data Arrays.”

Reading and writing image files

READBMP(file) Createsamatrix containing agrayscal e representation of the
image in BMP format file. Each element in the matrix
corresponds to a pixel. The value of a matrix element
determines the shade of gray associated with the
corresponding pixel. Each element is an integer between 0
(black) and 255 (white).

READRGH(file) Creates a matrix in which the color information in BMP
format file is represented by the appropriate values of red,
green, and blue. This matrix consists of three submatrices,
each with the same number of columns and rows. Three
matrix elements, rather than one, correspond to each pixel.
Each element is an integer between 0 and 255. The three
corresponding el ements, when taken together, establish the
color of the pixel.

WRITEBMP(fil€) Creates a grayscale BMP file from the matrix. Must be used
in adefinition of the form WRITEBMP(file) := A.

WRITERGH(fil€) Createsacolor BMP file from amatrix in which theimageis
stored in RGB format. Must be used in a definition of the
form WRITERGHE(file) := A.

READ_IMAGE(file) Createsamatrix containing agrayscal e representation of the
image in BMP, GIF, JPG PCX, or TGA format file.
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READ_HLS(file)
READ_HsV (file)

READ_RED(file)
READ_GREEN(file)
READ_BLUE(file)

READ_HLS HUE(file)
READ_HLS LIGHT(file)
READ_HLS SAT(file)

READ_HSV_HUE(file)
READ_HSV_SAT(file)

Createsamatrix inwhich the color informationin BMP, GIF,
JPG, PCX, or TGA format file is represented by the
appropriate values of hue, lightness, and saturation (HLS) or
hue, saturation, and value (HSV).

Extracts only thered, green, or blue component from acolor
imagein BMP, GIF, JPG, PCX, or TGA format file. The result
has one-third the number of columnsthat the matrix returned
by READRGB would have had.

Extracts only the hue, lightness, or saturation component
from a color image in BMP, GIF, JPG, PCX, or TGA format
file. The result has one-third the number of columnsthat the
matrix returned by READ_HLSwould have had.

Extracts only the hue, saturation, or value component from
acolor imagein BMP, GIF, JPG, PCX, or TGA format file.

READ_HSV_VALUE(fil€e) The result has one-third the number of columns that the

WRITE_HLS(file)

WRITE_HSV(file)

matrix returned by READ_HSV would have had.

Creates a color BMP file out of amatrix in which theimage
isstored in HLS format. Must be used in a definition of the
form WRITE_HLS(file) := A.

Creates a color BMP file out of amatrix in which theimage
is stored in HSV format. Must be used in a definition of the
form WRITE_HSV (file) := A.

Reading and writing WAV files

Use these functions to read, write, and get format information from pul se code
modulated (PCM) Microsoft WAV files.

READWAV (file)

WRITEWAV file, r, b)

GETWAVINFO(file)

Creates an n-column matrix containing data values
corresponding to n channels of aWAV fileg, file.

Createsa WAV file, file, from amatrix, with a specified
sample rate, r, and number of bits per sample, or bit
resolution, b. Both r and b must be integers. Must be used in
adefinition of the form WRITEWAV (file, r, b) := A.

Returns a vector containing, in order, the number of
channels, the samplerate, the bit resolution, and the average
bytes per second of aWAV file, file.
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Functions Related to 3D Graphs

Loading and saving colormaps
LoadColormapfle) Returns an array containing the values in the coloffihap

SaveColormapile, M) Creates a colormdfe containing the values in the three-
column arrayM . Returns the number of rows writtenfite.

A colormap is a.CMP file containing three columns of values that represent levels of

red, green, and blue. You can apply a colormap to a 3D plot as described in “Fill Color
on page 248. Each value in a colormap should be an integer between 0 and 255,
inclusive. By default Mathcad saves and loads colormaps fro@Mh@S subfolder

of the location where you installed Mathcad.

Graphing 3D polyhedra

PolyLookupf) Returns a vector containing the name, the dual name, and the
Wythoff symbol for the uniform polyhedron whose number code is
n. nis a positive integer less than 81, a name typed as a string, or a
Wythoff symbol typed as a string.

Polyhedron(S)  Generates the uniform polyhedron whose name, number code, or
Wythoff symbol is string S.

The uniform polyhedra are regular polyhedra whd
vertices are congruent. Each has a name, a numh
dual (the name of another polyhedron), and a Wyth
symbol associated with it. To look up the name, s I B o

Wythoff symbol, and dual name of a polyhedron, U aed I T
PolyLookup. i3 -ﬁf;.-i: o
To graph a uniform polyhedron:

1. Click in a blank spot of your worksheet. Choo
Graph[ Surface Plot from thelnsert menu.

2. Inthe placeholder, enter tRelyhedron function
with an appropriate string argument.

3. Click outside the plot or pres&rt er ].

tn A_m _(n
.

Uy

Fatyhadran: ewabedroa™
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Chapter 11
Vectors, Matrices, and Data Arrays

Creating Arrays
Accessing Array Elements
Displaying Arrays
Working with Arrays

* & & o o

Nested Arrays

Creating Arrays

As introduced in “Inserting Math” on page 35, one technique of creating an array is to
use theMatrix command on thinsert menu to create an array of empty placeholders
and then to enter expressions directly into the placeholders. This technique can only be
used for small arrays, but it can be used to create arrays of any kind of Mathcad
expression, not just numbers. This section describes this technique and other
approaches for creating arrays of arbitrary size:

« Using range variables to fill in the elements. This technique is useful when you
have some explicit formula for the array elements in terms of their indices.

« Using the File Read/Write component to import data from external files in a variety
of formats.

« Entering numbers manually in a spreadsheet-like input table.

Unlike the Insert Matrix command, however, these procedures can beniygéat
creating arrays of numbers, as opposed to arbitrary math expressions.

Note The effective array size limit depends on the memory available on your system—usually at least
1 million elements. In no system is it higher than 8 million elements.

Insert Matrix Command
Toinsert avector or matrix in Mathcad, follow these steps:

1. Click in either ablank space or on a math T - |
p| aceholder. e [
2. Choose M atrix fromthe I nsert menu, or click Bl : 3 :4‘;!
on the Matrix toolbar. A dialog box appears, as
shown at right. _Gwes |
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3. Enter the appropriate number of elementsin the text boxes for
“Rows” and “Columns.” For example, to create a three-elemen o

n

n

vector, enteB and1.

4. An array with blank placeholders appears in your worksheet.

Next, fill in the array elements. You can enter any Mathcad expression

into the placeholders of an array created in this way. Simply click in a placeholder and
type a number or Mathcad expression. UseTa®] key to move from placeholder to
placeholder.

Note Arrays created using the Matrix command on the Insert menu are limited to 100 elements.

Changing the size of a vector or matrix
You can change the size of a matrix by inserting and deleting rows and columns:

1. Click on one of the matrix elements to place it between
editing lines. Mathcad begins inserting or deleting with t [ 2l 5 17 ]

element. 3539 -129
5 17 ]

either “Insert” or “Delete.” For example, to delete the 89 -129

column that holds the selected element, type the box

next to “Columns,’0 in the box next to “Rows,” and press “Delete.”

rows and/or columns you want to insert or delete. Then p

2. ChooseMatrix from thel nsert menu. Type the humber o [

Note |If you insert rows or columns, Mathcad inserts rows bel ow the selected element and inserts
columnsto theright of the sel ected element. If you deleterows or columns, Mathcad beginswith
the row or column occupied by the selected element and del etes rows from that element
downward and columns from that element rightward. To insert arow above the top row or a
column to the left of the first column, first place the entire matrix between the editing lines.

Creating Arrays with Range Variables

As introduced in “Range Variables” on page 106, you can use one or more range
variables to fill up the elements of an array. If you use two range variables in an equation,
for example, Mathcad runs through each value of each range variable. This is useful

for defining matrices. For example, to definé a5 matrix whgteelement is
i +]j, enter the equations shown in Figure 11-1.

Recall that you enter the range variable operator by pressing the semicolpi dey (

clicking @ on the Calculator toolbar. You enter the subscript operator by clicking

“u | on the Matrix toolbar.

=
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The X | equation is evaluated for each vaue of each range variable, for atotal of 25

evaluations. The result is the matrix shown at the bottom of Figure 11-1, with 5 rows
and 5 columns. The element in the ith row and jth column of thismatrix isi +j .

L
N o @ R
B Bh R
el

& /A L

Figure 11-1: Defining a matrix using range variables.

Note To be used to define an array element, arange variable can take on only whole-number values.

Tip You can also define individual array elements using the subscript operator, as described in
“Accessing Array Elements” on page 208.

Reading a Data File
Mathcad provides the File Read/Write component to read adatafile and store the data
inaMathcad array variable.

Note A componentis a specialized OLE object that you insert into a Mathcad worksheet to create a
link between the worksheet and either a data source or another application containing data. For
more information on components, including specialized components for linking other
computational applications dynamically to arrays in a Mathcad worksheet, see Chapter 16,
“Advanced Computational Features.”

Y ou can read data from files in avariety of formats, including:
e Excel (*XLS)

*  MATLAB (*.MAT)

e Lotus 1-2-3 (*WK*)

« ASCII editors (*DAT, *.CSV, *.PRN, *.TXT)

Tip Mathcad also provides a number of built-in functions for importing ASCI| datafiles and image
files. See “File Access Functions” on page 199.
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To read in data using the File Read/Write component:
1. Click in ablank spot of your worksheet.
2. Choose Component from the I nsert menu.

3. Choose File Read or Write from the list and click “Next.” This launches the File
Read or Write Wizard.

4. Choose “Read from a file” and press “Next” to continue through the Wizard.

5. Specify the type of data file you want to read. Enter the path to the data file or use
the “Browse” button to locate it.

6. Press “Finish.” You'll see the File Read/Write
component icon and the path to the data file. For
example, if you specify a data file called data.txt in {
C:\WINDOWS folder, you'll see the component at
right.

cwindows'data bt

In the placeholder that appears, enter the name of the Mathcad variable to which the
data from the file will be assigned. When you click outside the component, the data file
is read in and the data is assigned to the Mathcad array variable you entered into the
placeholder.

Each time you calculate the worksheet, Mathcad re-reads the data from the file you
have specified. Figure 11-2 shows an example of reading in data using the File Read/
Write component. If you want to import data from a file just once into Mathcad, refer
to“Importing Once from a Data File” on page 208.

{1 | IRL R
e~ v H T3
2N '.F‘:I':,'FI"I" % ddaim % Theze datnmeat % wa
| i1 walr st e I and 51 P
¥ = dals columng of ihe daia L4
myirie, > g as
Xr ¥
& =9
L ET
L} T
Pabynomial fitling: o B
nos mwsidie) k=2 powp | =0 @ it 102
E o= pogress(E Y k) y .
o —
#Wix) = imerpiz X Y. x) I
Ir":-:l|
Coaffidani: ¥ o~ i
ooeffs - subesairiy [z, 3, lagth () - 1,0,0)
T ol 1
coolls’ : | 30307 -E942 0878 | o 8 "
FI

Figure 11-2: Reading in data from a data file. Whenever you calcul ate the
worksheet, the data fileisread in.
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Toread in adifferent datafile or a different type of datafile:

1. Click with the right mouse button on the component and select Choose File from
the component pop-up menu.

2. Inthe “Files of type” text box, choose the type of file you'd like to import. Use the
dialog box to browse to the data file, select the data file, and click “Open.”

Tip By default, Mathcad readsin the entire datafile and creates an array with the variable nameyou
provide. To read in only certain rows or columns of a datafile, click once on the component to
select it, then click with the right mouse button on the component and choose Properties from
the pop-up menu. Use the Properties dialog box to specify the row and columns at which to start
and stop reading.

Entering Data into a Table
To get the convenience of a spreadsheet-like interface for entering data, you can create
an array using the Input Table component:

1. Clickin a blank spot in your worksheet and cha@emponent from thel nsert
menu.

2. Selectnput Table from the list and click “Next.” The Input Table component is
inserted into your worksheet.

3. Enter the name of the Mathcad variable to which the data will be assigned in the
placeholder that appears.

4. Click in the component and enter data into the cells. Each row must have the same
number of data values. If you do not enter a number into a cell, Mathcad inserts 0
into the cell.

Figure 11-3 shows two input tables. Notice that when you create an input table, you're
actually assigning elements to an array that has the name of the variable you entered
into the placeholder.
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Hragals

Figure 11-3: Using input tables to create arrays of data.
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When you click the table, you can edit the valuesin it. The scroll bars let you scroll
through thetable. Toresize the table, move the cursor to one of these handlesalong the
sides of the region so that it changes to a double-headed arrow. Then press and hold
down the mouse button and drag the cursor to change the table’s dimensions.

Tip You can copy datafrom aninput table asfollows: first select somedata, then click with the right
mouse button on the component and choose Copy from the pop-up menu. Y ou can pasteasingle
number from the Clipboard into the table by selecting a cell and choosing Paste from the pop-
up menu. Choosing Paste T able from the pop-up menu overwrites the entire table with values
in the Clipboard.

Importing Once from a Data File
You can use an input table to import data a single time from a data file. To do so:
1. Insert an input table by following the instructions given above.

2. Inthe placeholder that appears to the left, enter the name of the Mathcad variable
to which this data will be assigned.

3. Click on the table to select it. Then click on it with the right mouse button on the
input table so that you see the pop-up menu.

4. Choosd mport.

5. The Read from File dialog box appears. In the “Files of type” text box, choose the
type of file you'd like to import. Use the dialog box to browse to the data file and
click “Open.”

The data from the data file appears in your worksheet in the input table.

Note Unlike the File Read/Write component, the Import feature of an input table reads the data only
when you choose | mport, not each time you cal cul ate the worksheet. If you want the datato be
imported each time you calculate, use the File Read/Write component as described in “Reading
a Data File” on page 205.

Accessing Array Elements

Y ou can access all the elements of an array simply by using its variable name, or you
can access the elements individually or in groups.
Subscripts

Y ou access individual elements of avector or matrix by using the subscript operator
described in “Vector and Matrix Operators” on page 133. Insert the subscript operator

#

by clicking on the Matrix toolbar or by typirig To access an element of a vector,
enter one number in the subscript. To access a matrix element, enter two numbers
separated by a comma. To refer toitheelement of a vector, typdg i . In general, to
refer to the element in thth row, jth column of matrixM, typeM i, j .

=]

Figure 11-4 shows examples of how to define individual matrix elements and how to
view them.
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Figure 11-4: Defining and viewing matrix elements.

Note \When you define vector or matrix elements, you may leave gapsin the vector or matrix. For
example, if v is undefined and you define Va as 10, then Vg, Ve, and v, are all undefined.

Mathcad fills these gaps with zeros until you enter specific valuesfor them, as shown in Figure
11-4. Be careful of inadvertently creating very large vectors and matrices by doing this. Also
notethat vector and matrix elements by default are numbered starting with row zero and column
zero unless the built-in variable ORIGIN has a value other than zero (see page 209).

Y ou can usethiskind of subscript notation in Mathcad to perform parallel calculations
on the elements of an array. See “Doing Calculations in Parallel” on page 213.

Tip If you want to define or access a group of array elements at once, you can use arange variable
in a subscript.

Accessing Rows and Columns

Although you can use a range variable to access all the elements in a row or column of
an array, Mathcad provides a column operator for quickly accessing all the elements

in a column. Clic on the Matrix toolbar for the column operator. Figure 11-5
shows how to extract the third column of the maltfix
To extract a single row from a matrix, transpose the matrix using the transpose operator

(click on the Matrix toolbar) and then extract a column using the column operator.
This is shown on the right-hand side of Figure 11-5.

Changing the Array Origin
When you use subscripts to refer to array elements, Mathcad assumes the array begin:
at the current value of the built-in varial@¥®IGIN. By default,ORIGIN is 0, but you
can change its value. See “Built-in Variables” on page 102 for details.

Figure 11-6 shows a worksheet with @RIGIN set to 1. If you try to refer to the zeroth
element of an array in this case, Mathcad displays an error message.
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Figure 11-6: Arrays beginning at element one instead of at element zero.

Displaying Arrays

Note

As described in “Formatting Results” on page 115, Mathcad automatically displays
matrices and vectors having more than nine rows or columns as output tables rather
than as matrices or vectors. Smaller arrays are displayed by default in traditional matrix

notation. Figure 11-7 shows an example.

An output table displays a portion of an array. To the left of each row and at the top of each
column, thereisanumber indicating the index of the row or column. Click with the right mouse
button on the output table and select Properties from the pop-up menu to control whether row
and column numbers appear and the font used for values in the table. If your results extend
beyond the table, a scroll bar appears along the appropriate edge of the table. Y ou can scroll
through the table using these scroll bars just as you would scroll through any window.
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Figure 11-7: Display results asa matrix or in an output table.

To resize an output table:
1. Click the output table. You'll see handles along the sides of the table.
2. Move the cursor to one of these handles so that it changes to a double-headed arrov

3. Press and hold down the mouse button and drag the cursor in the direction you want
the table’s dimensions to change.

Y ou can change the alignment of the table with respect to the expression on theleft-hand side of
the equal sign. Click with the right mouse button on the table, then choose one of the Alignment
options from the pop-up menu.

Changing the Display of Arrays — Table versus Matrix

Note

Although matrices and vectors having more than nine rows or columns are automati-
cally displayed as scrolling output tables, you can have Mathcad display them as
matrices. You can also change matrices to output tables. To do so:

Click on the scrolling output table.

Chooseresult from theFormat menu.

Click on the Display Options tab.

Choose Matrix or Table in the “Matrix display style” drop-down box.
Click “OK.”

To display all the results in your worksheet as matrices or as tables regardless of their
size, click “Set as Default” in the Result Format dialog box rather than “OK.”

a s> wnh e

Mathcad cannot display extremely large arraysin matrix form. Y ou should display alarge array
as ascrolling output table.

Changing the Format of Displayed Elements

You format the numbers in the array the same way you format other numerical results,
as described in “Formatting Results” on page 115. Just click on the displayed array and
chooseResult from theFormat menu, and modify the settings there. When you click
“OK,” Mathcad applies the selected format to all the numbers in the table, vector, or
matrix. It is not possible to format the numbers individually.
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Copying and Pasting Arrays
Y ou can copy an array of numbersdirectly from aspreadsheet or databaseinto Mathcad
where you can take advantage of itsfree-form interface and its advanced mathematical
tools. Once you've performed the necessary computations, you can paste the resulting
array of numbers back to its source or even into another application.

To copy just one number from a result array, simply click the number and cbamse

from theEdit menu, or click on the Standard toolbar. Copying multiple numbers
from a vector or matrix result differs depending on whether the array is displayed as a
matrix or as an output table. See “Formatting Results” on page 115 for more information
on how vector and matrix results are displayed.

To copy a result array displayed as a matrix:

1. Drag-select the array to the right of the equal sign to place the entire array between
the editing lines.

2. ChooseCopy from theEdit menu. This places the entire array on the Clipboard.

3. Click wherever you want to paste the result. If you're pasting into another
application, choosBaste from that application’&dit menu. If you're pasting into

@

a Mathcad worksheet, chooBaste from Mathcad'sEdit menu, or click on
the Standard toolbar.

Note You may only paste an array into a math placeholder or into a blank space in a Mathcad
worksheet.

When you display array results as a table, you can copy some or all of the numbers
from the table and use them elsewhere:

1. Click on the first number you want to copy.

2. Dragthe mouse in the direction of the other values you want to copy while holding
the mouse button down.

3. Click onthe selected values with the right mouse button and cBopg&el ection
from the pop-up menu.

To copy all the values in a row 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 values in the row or column
are selected. Then chodSepy from theEdit menu.

After you have copied one or more numbers from an output table, you can paste them
into another part of your worksheet or into another application. Figure 11-8 shows an
example of a new matrix created by copying and pasting numbers from an output table.
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Figure 11-8: Copying and pasting results from an output table.

Working with Arrays

Once you create an array, you can use it in calculations. There are many operators and
functions designed for use with vectors and matrices. See “Vector and Matrix
Operators” on page 133 and “Vector and Matrix Functions” on page 159 for an
overview. This section highlights the vectorize operator, which permits efficient
parallel calculations on the elements of arrays. You can also display the values of an
array graphically or export them to a data file or another application.

Doing Calculations in Parallel

Any calculation Mathcad can perform with single values, it can also perform with
vectors or matrices of values. There are two ways to do this:

« Iterate over each element using range variables. See for example “Creating Arrays
with Range Variables” on page 204.

« Use thevectorize operator, which allows Mathcad to perform the same operation
efficiently on eaclelement of a vector or matrix.

Mathematical notation often shows repeated operations with subscripts. For example,
to define a matri¥ by multiplying corresponding elements of the matrideandN,
you would write:

Pij = M INj

Note that this is not matrix multiplication, but multiplication element by elemeist. It
possible to perform this operation in Mathcad using subscripts, but it is much faster to
perform exactly the same operation with a vectorized equation.
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Here’s how to apply the vectorize operator to an expressiomik&l

1. Select the whole expression by clicking inside it and pres
[Space] until the right-hand side is surrounded by the editif |P = M-N
lines.

2. Click on the Matrix toolbar to apply the vectorize operal p - (M N)
Mathcad puts an arrow over the top of the selected expres

Properties of the vectorize operator

« The vectorize operator changes the meaning of the gpeeators andfunctions
to which it applies. The vectorize operator tells Mathcad to apply the operators and
functions with their scalar meanings, element by element. It does not change the
meaning of the actual names and numbers. If you apply the vectorize operator to a
single name, it simply draws an arrow over the name. You can use this arrow for
cosmetic purposes only if you like.

« 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.

* You can use any of the following matrix operations under a vectorize operator: dot
product, matrix multiplication, matrix powers, matrix inverse, determinant, or
magnitude of a vector. The vectorize operator transforms these operations into
element-by-element scalar multiplication, exponentiation, or absolute value, as
appropriate.

Tip A number of Mathcad'’s built-in functions and operators ordinarily take scalar arguments but
implicitly vectorize arguments that are vectors (one-column arrays): they automatically compute
a result element by element, whether you apply the vectorize operator or not. Functions that
implicitly vectorize vector arguments include the trigonometric, logarithmic, Bessel, and
probability distribution functions. Operators that implicitly vectorize vector arguments include
the factorial, square amth root, and relational operators. You must continue to use the
vectorize operator on arrays of other sizes with these functions and operators.

For example, suppose you want to apply the quadratic formula to three vectors
containing coefficientsa, b, and c. Figure 11-9 shows how to do thiswith the vectorize
operator.

The vectorize operator, appearing as an arrow above the quadratic formulain Figure
11-9, isessential in this calculation. Without it, Mathcad would interpret a [t asa
vector dot product and also flag the square root of a vector asillegal. But with the
vectorize operator, both a [t and the square root are performed element by element.
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Figure 11-9: Quadratic formula with vectors and the vectorize operator.

Graphical Display of Arrays

In addition to looking at the actual numbers making up an array, you can also see a
graphical representation of those same numbers. There are several waysto do this:

For an arbitrary array, you can use the various three-dimensional plot types
discussed in Chapter 13, “3D Plots.”

For an array of integers between 0 and 255, you can look at a grayscale image by
choosingPicture from thelnsert menu and entering the array’s name in the
placeholder.

For three arrays of integers between 0 and 255 representing the red, green, and blu
components of animage, cho®setur efrom thel nsert menu and enter the arrays’
names, separated by commas, in the placeholder.

See Chapter 6, “Working with Graphics and Other Objects,” for more on viewing a
matrix (or three matrices, in the case of a color image) in the picture operator.

Writing to a Data File

TheFile Read/Write component allows you to write the values stored in a Mathcad
variable to a data file in a variety of formats, including the following:

Tip

Excel (*XLS)

MATLAB (*.MAT)

Lotus 1-2-3 (*WK*)

ASCII editors (*DAT, *.CSV, *.PRN, *.TXT)

Mathcad also provides a number of built-in functions to export arrays as ASCI| data files or
image files. See “File Access Functions” on page 199.
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To export data using the File Read/Write component:

1
2.
3.

Click in ablank spot in your worksheet.
Choose Component from the I nsert menu.

Select File Read or Write from the list and click “Next.” This launches the File
Read or Write Wizard.

Choose “Write to a file” and press “Next” to continue through the Wizard.

Specify the type of data file you want to create. Also enter the path to the data file
you want to write or click the “Browse” button to locate it.

Press “Finish.” You'll see the File Read/Write component | [=]
and the path to the data file. For example, if you specify a| = 'wirdassldaa it
file called data.txt, you'll see the component at right. '

In the placeholder, enter the name of the Mathcad variable containing the data to be
written to the data file. When you click outside the component, all the values in the
array are written to the file you specified. Each time you calculate the worksheet, the
data file is rewritten. See Figure 11-10 for an example.
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Figure 11-10: Exporting data with the File Read/Write component

To change the name of the data file or the file type being created:

1. Click once on the component to select it.
2. Click with the right mouse button on the component and s€lembse File from

the pop-up menu to open the Write to File dialog box.

3. Choose the type of file you'd like to create in the “Files of type” text box. Use the

dialog box to browse to the folder in which the data file will be created and click
“Open.”
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Tip

When you display an array as an output table, as described in “Displaying Arrays” on page 210,
you can export data directly from the table. Click with the right mouse button on the output table,
chooseExport from the pop-up menu, and enter the name of the file that will receive the data.
Unlike the File Read/Write component, the output table writes the data only when you choose
Export, not each time you calculate the worksheet.

Nested Arrays

Note

An array element need not be a scalar. It's possible to make an array element itself be
another array. This allows you to create arrays within arrays.

These arrays behave very much like arrays whose elements are all scalars. However,
there are some distinctions, as described below.

Most of Mathcad'’s operators and functions do not work with nested arrays, since there is no
universally accepted definition of what constitutes correct behavior in this context. Certain
operators and functions are nevertheless useful and appropriate for nested arrays. Functions tha
enumerate rows or columns, or that partition, augment, and stack matrices, can be applied to
nested arrays. The transpose, subscript, and column array operators and the Boolean equal sig
likewise support nested arrays.

Defining a Nested Array

Note

Y ou define anested array in much the same way you would define any array. Theonly
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 type tiaene of another array. Figure 11-11 shows several
ways to define a nested array. Additional methods include using a file access function
such asREADPRN in the array of placeholders created using the Insert Matrix
command, and using the programming operators in Mathcad Professional to build up
an array whose elements are themselves arrays.

Thedisplay of anested array is controlled by Display Styles settingsin the Result Format dialog
box (see page 115). Y ou can expand anested array when the array is displayed in matrix form;
otherwise, whenever an array element isitself an array, you see bracket notation showing the
number of rows and columns rather than the array itself. If the nested array is displayed asan
output table, you can see the underlying array temporarily. Click on the array element, then click
with the right mouse button and choose Down One L evel from the pop-up menu. Choose Up
One L evel from the pop-up menu to restore the array element to non-expanded form.
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Figure 11-11: Defining nested arrays.
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Chapter 12
2D Plots

Formatting a 2D Plot

* & & o o

Overview of 2D Plotting

To visually represent a function or expression of asingle variable or X-Y datain

Overview of 2D Plotting

Plotting Vectors of Data

Graphing Functions and Expressions

Modifying Your 2D Plot’s Perspective

Mathcad, you can create a 2D plot. Y ou can create either a Cartesian X-Y plot or a
polar plot. A typical X-Y plot showshorizontal x-valuesversusvertical y-values, while
atypical polar plot showsangular values, 8, versusradial values, r. Figure 12-1 shows

several examples of 2D plots.
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Figure 12-1: Examples of 2D plots.

Overview of 2D Plotting

219



Creating an X-Y Plot

Note

Note

In general, to create an X-Y plot:
1. Click inyour worksheet where you want the graph to appear.
2. Choose Graphd X-Y Plot fromthe Insert menu

or click K on the Graph toolbar. Alternatively,
type[ Shi ft] 2or @Mathcad insertsablank X- .
Y plot.

3. Fill inboth the x-axis placeholder (bottom center)
and the y-axis placeholder (left center) with a y
function, expression, or variable. *

4. Click outsidethe plot or press[ Ent er] .

M athcad automatically choosesaxislimitsfor you. If you want to specify theaxislimits
yourself, click in the plot and type over the numbers in the placehol ders at the ends of
the axes.

Mathcad creates the plot over a default range using default limits. See “Formatting a
2D Plot” on page 229 for information on modifying these defaults.

If apoint is complex, Mathcad does not graph it. To graph the real or imaginary part of a point
or expression, use the Re and Im functions to extract the real and imaginary parts, respectively.

To resize a plot, click in the plot to select it. Then move the cursor to a handle along
the right or bottom edge of the plot until the cursor changes to a double-headed arrow.
Hold the mouse button down and drag the mouse in the direction that you want the
plot's dimension to change.

If some pointsin afunction or expression are valid and others are not, Mathcad plots only the

valid ones. If the points are not contiguous, Mathcad does not connect themwith aline. Y ou may
therefore see ablank plot if none of the points are contiguous. To seethe points, format the trace

to have symbols. See “Formatting a 2D Plot” on page 229 for information on formatting traces.

Creating a polar plot

In general, to create a polar plot:

1. Click inyour worksheet where you want the graph to

appear. w_ " a
2. ChooseGraphO Polar Plot fromthelnsert menuor b L B
i . ol i
click @ on the Graph toolbar.
3. Fill inboth the angular-axis placeholder (bottom " — w
center) and the radial-axis placehol der (1eft center) Zm
with afunction, expression, or variable.

4. Click outsidethe plot or press[ Ent er] .
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Mathcad creates the plot over a default range using default limits. See “Formatting a
2D Plot” on page 229 for information on modifying these defaults.

The remaining sections in this chapter focus on plotting functions, expressions, and
data. Although the instructions and figures typically show X-Y plots, the instructions
apply to polar plots as well.

Graphing Functions and Expressions

2D QuickPlots

A 2D QuickPlot is a plot created from an expression or function which represents the
y-coordinates of the plot. With@uickPlot, there is no need to define the independent
or x-axis variable.

To create an X-Y plot of a single expression or function:
1. Click in your worksheet where you want the graph to appear.

2. Enter the expression or function of a single variable you w —
to plot. Make sure the editing lines remain in the expressi |*'"' K |

3. Choosesraphl X-Y Plot from thelnsert 1 P T
menu or clickwf on the Graph toolbar.
inix) '
4. Click outside the graph or pre&nf er ]. i
Mathcad automatically produces a plot over 3
default domain for the independent variable, T o 10
from —10 to 10. K

To change the default domain for the
independent variable in a 2D QuickPlot, change the axis limits on the plot:

1. Click on the plot, and then click on one of the four axis limit placeholders located
at the ends of the axes.

2. Type the value of the axis limit you want. There is no restriction on the values you
can enter in these placeholders.

3. Click outside the graph or pre&f er ] to see the updated graph.

Defining an independent variable
If you don’t want Mathcad to use a default range for the independent variable, you can
define the independent variable as a range variable before creating the plot. For
example:

[«

1. Define arange variable, suchxathat takes on the values yo
want to graph. The range variable need not be cgllgali can
use any valid name. See “Range Variables” on page 106.

wo=0 01 2n

2. Enter an expression or function you want to plot using tha —
variable. Make sure the editing lines remain in the express |*'“' K |
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3. ChooseGraph X-Y Plot fromthelnsert menuor click M\: onthe Graphtoolbar.
4. Typethe name of the variable into the x-axis placehol der.
5. Click outside the graph or press[Ent er ].

1
Mathcad graphs one point for every value of the
range variable, and, unless you specify sin(E]  of -
otherwise, connects each pair of points with a
straight line. . ‘
o E 10

Tip To override Mathcad'’s choices for the axis limits on a plot, click in the plot and type over the
limits in the placeholders at the ends of the axes (see “Setting Axis Limits” on page 229).

Plotting Multiple 2D Curves
Y ou can graph several traces on the same X-Y or polar plot. A graph can show several
y-axis(or radial) expressionsagainst the samex-axis(or angular) expression. SeeFigure
12-3. Or it can match up several y-axis (or radial) expressions with the corresponding
number of x-axis (or angular) expressions. See Figure 12-2.

To create a QuickPlot containing more than one trace:

1. Enter theexpressions or functionsof asingle variable
you want to plot, separated by commas. Makesurethe | [sinix’ siniz u} « 2 "
editing lines remain in the expression. A

2. ChooseGraphO X-Y Plot fromthel nsert

menu or click K on the Graph toolbar. | sisss 2 AN A\ 4
3. Click outside the graph or press[Ent er ]. |wimiz s + 2 i Tl

Mathcad produces a single graph containing
plots of all the expressionsor functions, overa | * e
default range for the independent variabl (s),
from —10 to 10. You can change the axis rar|
by editing the upper and lower limits on the KX
axis as described in “Setting Axis Limits” on

page 229.

o o 10

Note |naQuickPlot with multiple traces, you need not use the same independent variable in every y-
axis (or radial-axis) expression. Mathcad will provide the appropriate corresponding variablein
the x-axis (or angular-axis) placeholder.
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In general, to create a graph containing several independent curves:

1. ChooseGraph X-Y Plot fromthelnsert menuor click M: onthe Graphtoolbar.
Enter two or more expressions separated by commas in the y-axis placehol der.

Enter the same number of expressions separated by commas in the x-axis
placeholder.

Mathcad matches up the expressions in pairs—thedasts expression with firgk

axis expression, the second with the second, and so on. It then draws a trace for eact
pair. Figure 12-2 shows an example.

£ = &
1 =-10_ -89 1@ E « -5 &

H i ¥ I
11': ¥ £
i
X + 1o -

il 1 1

=1 -5 n 5 . ]

i x

j o= 0. 6
.
o= -dHe—- ¥j = % sinixg )
140
20
¥ .
—_— [ L
€ (15} g | [ ey B -
- ||| I'."_.-" |
£ {-15) |_.I I|.I
y X
bl | 1 1
-20
=21 =10 0 Ll 2
A

Figure 12-3: Graph with multiple y-axis expressions.

Note All traceson agraph share the same axislimits. For each axis, all expressions and limits on that
axis must have compatible units.
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Creating a parametric plot

A parametric plot is one in which afunction or expression is plotted against another
function or expression that uses the same independent variable. Y ou can create either
an X-Y or polar parametric plot.

To create an X-Y parametric plot:
1. Click in your worksheet where you want the graph to appear.

2. ChooseGraphO X-Y Plot fromthelnsert menuor click K ontheGraphtoolbar.
Mathcad inserts a blank X-Y plot with empty placeholders.

3. Inboth the x-axis and y-axis placeholders, enter a function or expression.
4. Click outsidethe plot or press| Ent er ] .

Mathcad producesaQuickPlot over adefault rangefor theindependent variable. Figure
12-1 shows an example of a parametric plot.

If you don’'t want Mathcad to use a default range for the plot, define the independent
variable as a range variable before creating the plot. Mathcad graphs one point for each
value of the independent variable and connects each pair of points with a straight line.
Figure 12-4 shows two functions ®plotted against each other. The range vari@ble

was previously defined. For more information, see “Range Variables” on page 106.
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Figure 12-4: Graphing one function against another.
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Plotting Vectors of Data

To graph avector of data, you can create either an X-Y plot or apolar plot. When

creating either type of plot, you need to use the vector subscript (see “Vector and Matrix
Operators” on page 133) to specify which elements to plot. Additionally, you can use
Axum LE (see “Using Axum to Plot Data” on page 227) to create a 2D plot of your
vectors or data. Some graphs of data vectors are shown in Figure 12-5.

Plotting a single vector of data
To create an X-Y plot of a single vector of data:

1. Define a range variable, suchi athat references the subscript of each element of
the vector you want to plot. For example, for a vector with 10 elements, your
subscript range variable would be= 0 .. 9.

2. Click in your worksheet where you want the graph to appear.

3. Choosé&raph X-Y Plot from thel nsert menu orclicliﬂ onthe Graph toolbar.
Mathcad inserts a blank X-Y plot.

4. Enteri in the bottom placeholder and the vector name with the subsgript ( for
example) in the placeholder on the left. Tpas a shortcut to create the subscript.
5. Click outside the graph or pregf er].

Note Subscripts must be integers greater than or equal to ORIGIN. This means that the x-axis or
angular variable used in the graphs in Figure 12-5 can run through whole-number values only.
If you want to graph fractional or negative values on the x-axis, graph a function or graph one
vector against another, as described in the next section.

Tip If youhaveahandful of data points, you can use an input tableto create avector as shownin the
second graph in Figure 12-5 or in Figure 12-7. For more information, see “Entering Data into a
Table” on page 207.
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Figure 12-5: Graphing a vector.
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Plotting one data vector against another

To graph all the elements of one data vector against al the elements in another, enter
the names of the vectorsin the axis placeholders of an X-Y plot or polar plot.

Note

Note

For example, to create an X-Y plot of two data vectors x and y:

1
2.

3.

4,
5.

Definethe vectors x and y.

Click in your worksheet where you want the graph to appear.

Choose Graph X-Y Plot from the I nsert menu, or click
toolbar.

on the Graph

Enter yin the y-axis placeholder and x in the x-axis placeholder.

Click outside the graph or press[Ent er ].

Mathcad plots the elements in the vector x against the elements in the vector y.

| =0 &0 HG=1+011| Wi o=

BEPI R}
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Figure 12-6: Graphing two vectors.

If the vectors being plotted are not the samelength, Mathcad plots the number of elementsin the
shorter vector.

If you want to plot only certain vector elements, define arange variableand useit asa
subscript on the vector names. In the exampl e above, to plot the fifth through tenth
elements of x and y against each other:

1. Definearange variable, such ask, going from 4 to 9 inincrements of 1. (Note that
the first elements of the vectorsx andy are X, and y,, by default.)

2.

Enter y, and x, in the axis placehol ders.

If you have aset of data valuesto graph, create a vector by reading in data from adatafile, by
pasting in the datafrom the Clipboard, or by typing datadirectly into aninput table. See Chapter
11, “Vectors, Matrices, and Data Arrays.” See Figure 12-7 for an example showing the use of
an input table.
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Figure 12-7: Plotting vectors from input table data.

Using Axum to Plot Data

Included on your Mathcad CD is the application Axum LE. Axum LE isaversion of
Axum that features numerous 2D plot types, complete control over graph formatting,
and afull set of annotation tools. Axum L E givesyou fine control over every aspect of
your 2D plots, and you can integrate these plots into your Mathcad worksheets.

There are two basic methods for integrating plots from Axum into your Mathcad
worksheet. Y ou can create agraph in Axum and insert it into your Mathcad worksheet
as an object. Or, you can define datain your Mathcad worksheet, send it to Axum, and
create a dynamic Axum graph directly in your Mathcad worksheet. Here are brief
instructions for each method.

Inserting an Axum graph object
To insert an Axum graph object:

1. Create and save agraph in Axum. For more information about using Axum, see
Axum'’s on line Help.

2. In Mathcad, choos@bject from thel nsert menu. In the Insert Object dialog box,
click Create from File, and browse for your saved Axum graph sheet. Once you
have selected your graph sheet, click OK.

3. The Axum graph appears into your Mathcad worksheet. If you check Link in the
Insert Object dialog, you may activate the plot from within your Mathcad
worksheet, by double-clicking, and make changes to the original Axum graph.

For more information about inserting objects, refer to “Chapter 6: Working with
Graphics and Other Objects.”
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Inserting a Dynamic Axum graph
To insert an Axum graph linked to datain your Mathcad worksheet:
1. In Mathcad, define the vector(s) of data you wish to plot.

2. Click inablank spot in your worksheet. Be sureto click below or to the right of
your vector(s) of data.

3. Choose Component from the Insert menu. Select Axum Graph from the list and
click Next. Choose aplot type and specify asmany input variables asyou have data
vectors. Click Finish.

4. A blank Axum graph appears in your Mathcad worksheet. Enter the name(s) of
your datavector(s) in the placeholdersin the bottom I eft corner of the graph. Click
outside the graph or press [Ent er].

If you change the vectors of data upon which your Axum graph component is

dependent, your graph updates automatically. For more information about using
components, refer to “Chapter 16: Advanced Computational Features.” Figure 12-8
shows an Axum graph that has been customized with axes labels, a title, and text and
graphic annotations.
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Figure 12-8: An Axum graph in a Mathcad wor ksheet.

Note |f youwant to create an Axum graph component with multipleindependent traces, define x- and
y-vectors for each plot. Then, choose the plot type “Scatter Plots of XY Pairs” from the Axum
Graph dialog, and specify as many input variables as you have vectors of data. Enter the vector
names in the placeholdersypairs, i.e., (x1 y1 x2 y2 etc.)
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Formatting a 2D Plot

Whenyou createan X-Y plot or apolar plot, Mathcad usesthe default settingsto format
the axes and traces. Y ou can, however, reformat the axes and traces. Y ou can also add
titles and labels and control the default settings of the graph.

To format a 2D graph:
1. Double-clickthegraph. Alternatively, [ ——y=-

click once on the graph and choose s | Trommn | Lo | el |
Graph X-Y Plot or Graph Polar Sk o
Plot from the Format menu. You'll I" Lowteda I” g Scule
. . [ Gad s ™ Gk Lires
see the dialog box for formatting a Mt = Bt
F tainicsie = s
selected graph. & ety - :‘EH““
2. Click the tab for the page you want t Rt find F Rt
. P et o sy Huntats o Gl
work with. Use the Axes tab to -
determine the appearance of the ax P
and grid lines. Use the Traces tabto < f':; e
the color, type, and width of the trace: r ,,D,. "
Use the Labels tab to insert labels o
the axes. Use the Defaults tab to [ o ] coes | | b |
specify the default appearance of yodr
graphs.

3. Make the appropriate changes in the dialog box.
4. Click Apply to see the effect of your changethout closing the dialog box.
5. Close the dialog by clicking OK.

Note |nthe Axes page, make sure you turn options on and off in the appropriate axis column. In the
Traces page, click on a trace’s name in the Legend Label column and change characteristics by
clicking on the arrow beside each of the drop-down options.

Tip If you double-click an axis on a graph, you'll see a formatting dialog box for that axis alone.

On-line Help Click Help in the dialog box for details on particular formatting options.

Setting Axis Limits

When you create a 2D graph, the Autoscale option isturned on. Use the Axes page of
the plot formatting dialog box to turn Autoscale on or off:

« With Autoscale on, Mathcad automatically sets each axis limit to the first major
tick mark beyond the end of the data. This is a reasonably round number large
enough to display every point being graphed.

« With Autoscale off, Mathcad automatically sets the axis limits exactly at the
data limits.
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Specifying Other Limits

You can override Mathcad’s automatic limits by entering limits directly on the graph.
To do so:

1. Click the graph to select it. Mathcad displays four additional numbers, one by each

axis limit. These numbers are enclosed within corner symbols, as illustrated in the
selected plot in Figure 12-9.

Click on one of these numbers and type a number to replace it. Do the same for the
other numbers if you want to change more than one limit.
Click outside the graph. Mathcad redraws it using the new axis limits you specified.

The corner symbols below the limits you changed disappear. Figure 12-9 shows
the effect of manually setting limits on a graph.
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Figure 12-9: Data limits set automatically and manually.

Setting Default Formats

Mathcad uses default settings to format the axes and traces of new graphs you create.
Copying Defaults from an Existing Graph

One way to create a new set of defaults is to use the format settings of an existing graph.

The advantage of this method is that you can actually see how the format settings look
as you define them.
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Tousetheformat of aparticular graphas  [Feeecresr—Tm—r-

the default graph format: i Antn | Troces | Libaks Dot |

1. Double-click the graph, or click in e ol phd wehwge by
the graph and choose Graphd X-Y Sl e e Lo
Plot (or GraphO Polar Plot) from T Liza e crend pict rabrg
the For mat menu. Mathcad displays . . L p e
the dialog box for formatting a
selected graph.

2. Click the Defaults tab to see the
Defaults page.

3. Check Usefor Defaults. When you
click OK, to close the dialog box, [ or ] cwsa | | e |
Mathcad saves these settings as your
default settings.

Setting Defaults Without Using a Graph

Y ou can use the Setting Default Formats dial og box to change default plot settings. To
set defaults this way:

1. Make sure that you don’t have any graphs selected.

Choosé&raphd X-Y Plot (orGraphO Polar Plot) from theFormat menu. You'll
see the Setting Default Formats dialog box.

3. Change the appropriate settings on the Axes and Traces pages.
4. Click OK to accept your changes and close the dialog box.

Adding Custom Titles, Labels, and Other Annotations

Note

One way to add titles and labels to your 2D graph is to use the options on the Labels
tab of the 2D Plot Format dialog box. A second way to add titles and labels, as well as
annotations, is to create text or some other object in your worksheet and then move it
on top of the graph.

To create an annotation for your 2D graph:

1. Create atextregion, or insert a graphic object in your worksheet by pasting it in or
by choosingObject from thelnsert menu.

2. Drag the text or object onto your 2D graph and position it appropriately.

Figure 12-10 shows a graph containing both a text region (“inflection pt”) and a graphic
object (an arrow).

If you choose Separ ate Regions from the Format menu, al overlapping regions in your
worksheet will separate. In the case of annotated graph, such as the one shown above, all
annotations move below the graph when you separate regions.
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Figure 12-10: Mathcad graph with annotations.

Modifying Your 2D Plot’s Perspective

Mathcad provides the following options for manipulating your 2D graph:
e You can zoom in on a portion of the graph.

* You can get the- andy-coordinates for any point that was plotted to construct an
individual plot.

* You can get the- andy-coordinates for any location within the graph.

Zooming in on a Plot

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:

1. Click in the graph and choo&zaphl Zoom from  pE=u————

= b
theFormat menu, orclicl'ﬁ on the Graphtoolba e [FHEF [EETEzET
The Zoom dialog box appears. The X-Y Zoom dialc s [F&7E e
box is shown to the right. Zom | Ureon | Fute |

2. If necessary, reposition the Zoom dialog box so tl i E:; ] Lareel |
you can see the entire region of the graph you Waee
to zoom.

3. Click the mouse at one corner of the region in the graph you want to magnify.

4. Press and hold down the mouse button and drag the mouse. A dashed selection
outline emerges from the anchor point. The coordinates of the selected region are
listed in the Min and Max text boxes (or the Radius text box of the Polar Zoom
dialog box).
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5. When the selection outline just encloses the region you want to magnify, let go of
the mouse button. If necessary, click onthe selection outline, hold the mouse button
down, and move the outline to another part of the graph.

6. Click Zoom to redraw the graph. The axis limits are temporarily set to the
coordinates specified inthe Zoom dialog box. To makethese axislimits permanent,
click OK.

Tip If you're working with a graph that has already been zoomed, you can restore the default
appearance of the graph. To do so, click Full View in the Zoom dialog box.
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Figure 12-11: A zoomed-in region of an X-Y plot.

Getting a Readout of Plot Coordinates
To seeareadout of coordinates of the specific pointsthat make up atrace, follow these
steps:

1. Clickinthegraphand choose Graph[ Tracefrom

the For mat menu, or click Jig' on the Graph o ol [T
toolbar. The X-Y Tracedialog box appearsasinthe ~ ™= [ oyt |
example at right. Check Track Data Points if it iSr & gusch s Pois Closs |
already checked. If necessary, reposition the Tri
dialog box so that you can see the entire graph.
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2. Click and drag the mouse aong 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.

3. If you release the mouse button, you can use the left and right arrows to move to
the previousand next data points. Usethe up and down arrowsto sel ect other traces.

4. Asthe pointer reaches each point on the trace, Mathcad displays the val ues of that
point in the X-Vaue and Y-V alue boxes (or the Radius and Angle boxes in the
Polar Trace dialog box).

5. Thevalues of thelast point selected are shown in the boxes. The crosshair remains
until you click outside the plot.

Tip When Track Data Points is unchecked in the Trace dialog box, you can see areadout of
coordinates for any location in agraph, not just the data points that created an individual plot.

Figure 12-12 shows an example of a plot whose coordinates are being read.
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Figure 12-12: Reading coordinates from a graph.

To copy and paste a coordinate using the Clipboard:
1. Click Copy X or Copy Y (or Copy Radiusor Copy Angleinthe case of apolar plot).

2. You canthen pastethat valueinto amath or text regionin your Mathcad worksheet,
into a spreadsheet, or into any other application that allows pasting from the
Clipboard.
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Chapter 13
3D Plots

* & & o o

Overview of 3D Plotting

Creating 3D Plots of Functions
Creating 3D Plots of Data
Formatting a 3D Plot

Rotating and Zooming on 3D Plots

Overview of 3D Plotting

To visualy represent in three dimensions a function of one or two variables or to plot
datain the form of x-, y-, and z-coordinates, you can create a surface plot, a contour
plot, a3D bar plot, a 3D scatter plot, or avector field plot. Create these different plot
types using commandsfrom the I nsert menu or the 3D Plot Wizard. You can also place
morethan one 3D plot on the same graph. Mathcad renders 3D plotswith sophisticated,
high performance OpenGL graphics.

Inserting a 3D Plot
In general, to create athree-dimensional plot:

1
2.

For example, the surface plot shown below was created

Define a function of two variables or a matrix of data.

Click intheworksheet whereyou want the plot to appear. Then choose Graph from
the Insert menu and select a 3D plot. Alternatively, click one of the 3D graph
buttons on the Graph toolbar. Mathcad inserts a blank 3D plot with axes and an
empty placeholder.

Enter the name of the function or matrix in the placeholder.

Click outside the plot or press[Ent er ]. Mathcad creates the plot according to the
function or matrix of data

in Mathcad from the function: Fix,ws = 8inix) + cosy)
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When you create a 3D plot from a function, it's
called aQuickPlot. A QuickPlot uses default ranges
and grids for the independent variables. To chang
these settings, double-click on the graph and use t
QuickPlot Data page of the 3D Plot Format dialog
For more information on modifying these and othe
plot characteristics, see “Formatting a 3D Plot” ot
page 246.

Tolearn how to create a plot from a matrix of value:
see the shown in Figure 13-2 on page 241.

3D Plot Wizard

The 3D Plot Wizard gives you more control over the format settings of the plot as you
insert it. To use the Wizard:

1. Click in your worksheet wherever you want the graph to appear.

2. Chooseésraph 3D Plot Wizard from thel nsert menu. The first page of the 3D
Plot Wizard appears.

3. Select the type of three-dimensional graph you want to see and click “Next.”

4. Make your selections for the appearance and coloring of the plot on subsequent
pages of the Wizard. Click “Finish” and a graph region with a blank placeholder
appears.

5. Enter appropriate arguments (a function name, data vectors, etc.) for the 3D plot
into the placeholder.

6. Click outside the plot or pres&rt er ].

The plot is created using the settings you specified in the Wizard. For information on
modifying the appearance of your plot, see “Formatting a 3D Plot” on page 246.

Creating 3D Plots of Functions

Tip

This section describes how to create various 3D plots from functions in Mathcad, also
known agQuickPlots. Although the instructions focus on using commands omiget

menu and changing settings through the 3D Plot Format dialog box, you can also use
the 3D Plot Wizard, as described on page 236.

To seeavariety of two- and three-dimensional functions and data sets visualized in plots, open
the “Practical Curves and Surfaces” section of QuickSheets in the Mathcad Resource Center
(chooseResource Center from theHelp menu and click on “QuickSheets”).
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Creating a Surface, Bar, Contour, or Scatter Plot

Y ou can visualize any function of two variables as a surface, bar, contour, or scatter
plot in three dimensions.

Step 1: Define a function or set of functions
First, define the function in your worksheet in any one of the following forms:

7w ! EiU. ¥ =%
Fox, o =8I0 + o8 Giu, o= |2 U Coml Will, ¥y = ¥ - COBIL
2 comwv Ziu . v - sinw

F(x,y) isafunction of two variables. In thistype of function, the x- and y-coordinates
of the plot vary, by default, from -5 to 5 with a step size of 0.5. Eadordinate is
determined by the function using thesandy-values.

G(u,v) is a vector-valued function of two variables. In this type of function, the
independent variablesandv vary, by default, from -5 to 5 with a step size of 0.5. The
X-, ¥-, andz-coordinates are plotted parametrically according to the definitions in the
three elements of the vector using thesandv-values.

X(u,v), Y(u,v), andZ(u,v) are functions of two variables. In this type of function triple,
the independent variablasandv vary, by default, from -5 to 5 with a step size of 0.5.
Thex-, y-, andz-coordinates are plotted parametrically according to the three function
definitions using these- andv-values.

Note The function descriptions above assume that you are working in Cartesian coordinates. If your
function represents spherical or cylindrical, rather than Cartesian, coordinates, you can
automatically convert the function to Cartesian coordinates. Double-click on the plot, go to the
QuickPlot Data page of the 3D Plot Format dialog box, and click “Spherical” or “Cylindrical”
under Coordinate System.

Step 2: Insert a 3D plot

After you define afunction or set of functions to plot, choose Graph from the I nsert
menu and select a 3D plot type.

For example, to create a surface plot from the functions X, Y, and Z, defined above:

1. Choose GraphO Surface Plot from the Insert menu or click ‘@ on the Graph
toolbar. Mathcad inserts a blank 3D plot.

2. Enter the name of the functions in the placeholder. When you have
more than one function definition for a single surface, separate the Y.
function names by commas and enclose the function namesin paren-
theses. For this example, type:
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Note

3. Press[Ent er] or click outside the plot.

Y. &

To change your plot to adifferent plot type:
1. Double-click on the graph to bring up the 3D Plot Format dialog box.

2. IntheDisplay Assection on the General tab, select Bar Plot, Contour Plot, or Data
Points from the array of plot types.

3. Click “OK.”

Figure 13-1 shows a 3D scatter plot created from the function G, and a contour plot
created from the function F, both defined above:

Figure 13-1: A scatter plot and a contour plot created from functions of two
variables.

All 3D QuickPlots are parametric curves or surfaces. In other words, all QuickPlots are created
from three vectors or matrices of datarepresenting the x-, y-, and z-coordinates of the plot. Inthe
case of asingle function of two variables, Mathcad internally creates two matrices of x- and y-
data over the default range -5 to 5 with a step size of 0.5, and then generates z-data using these
x- and y-coordinates.
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To change the default ranges and grids for the independent variables, double-click on

the graph and use the QuickPlot Data page of the 3D Plot Format dialog. For more
information on modifying these and other plot characteristics, see “Formatting a 3D
Plot” on page 246.

Creating a Space Curve

Note

You can visualize any parametrically-defined function of one variable as a scatter plot
in three dimensions.

Step 1: Define a function or set of functions
First, define the function in your worksheet in one of the following forms:

sinne 1 Riw=-3 u
ML) = COEL| Sl = u"
LEin|u) - cosm Tiun - cosu

H(u) is a vector-valued function of one variable. In this type of function, the independent
variableu varies, by default, from -5 to 5 with a step size of 0.5.Xthe, andz-
coordinates of the plot are determined by the functions in each element of the vector
using thesea-values.

R(u), Su), andT(u) are functions of one variable. In this type of function triple, the
independent variable varies, by default, from -5 to 5 with a step size of 0.5.xFhe
y-, andz-coordinates are plotted according to the function definitions using uhese
values.

A space curve often represents the path of a particle in motion through space whereuisatime
parameter.

Step 2: Insert a 3D scatter plot
To create a space curve from a single function or set of functions:

1. Choosé&raphld 3D Scatter Plot from thel nsert menu or click )jr" on the Graph
toolbar. Mathcad inserts a blank 3D plot.

2. Enter the name of function or functions in the placeholder. When[yoti
have more than one function definition, separate the function ngn'f-=. T
by commas and enclose the function names in parentheses. To create

a space curve from the functions R, S, and T, defined above, type:
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3. Press[Ent er] or click outside the plot.

For general information on formatting 3D plots, refer to “Formatting a 3D Plot” on
page 246. For specific information on formatting a scatter plot, refer to the topic “Scatter
Plots” in the on-line Help.

Creating 3D Plots of Data

This section describes how to create various 3D plots from data in Mathcad. Although
the instructions focus on using commands orl tisert menu and changing settings
through the 3D Plot Format dialog, you can also use the 3D Plot Wizard, as described
on page 236.

Creating a Surface, Bar, or Scatter Plot

Surface, bar, and scatter plots are useful for visualizing two-dimensional data contained
in an array as either a connected surface, bars above and below the zero plane, or points
in space.

For example, to create a surface plot from data:

1. Create or import a matrix of values to plot. The row and column numbers represent
thex- andy-coordinate values. The matrix elements themselves aretiwdinate
values plotted as heights above and belovxyhglane (aiz = 0).

2. Chooseésraphl Surface Plot from thel nsert menu or click-‘ﬁ on the Graph
toolbar. Mathcad inserts a blank 3D plot.

3. Enter the name of the matrix in the placeholder.

4. Pressknt er] or click outside the plot. Figure 13-2 shows a 3D bar plot created
from a matrix, M:

In the default perspective, the first row of the matrix extends from the back left corner
of the grid to the right, while the first column extends from the back left corner out
toward the viewer. See “Formatting a 3D Plot” on page 246 to learn how to change this
default view.
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Figure 13-2: Defining a matrix of data and plotting it asa 3D bar plot.

Creating a Parametric Surface Plot

A parametric surface plot is created by passing three matrices representing the x-, y-,
and z- coordinates of your pointsin space to the surface plot.

To create a parametric surface plot:
1. Create or import three matrices having the same number of rows and columns.

2. Choose Graphl Surface Plot from the Insert menu or click ‘% on the Graph
toolbar. Mathcad inserts a blank 3D plot.

3. Type the names of the three matrices separated by commas and enclosed in
parentheses in the placeholder. For example:

(X,Y,2)
4. Press[Ent er] or click outside the plot.

Figure 13-3 shows a parametric surface plot created from the matrices, X, Y, and Z,
defined above the plot.

Note Theunderlying parameter spaceis arectangular sheet covered by a uniform mesh. In effect, the
three matrices map this sheet into three-dimensional space. For example, the matrices X, Y, and
Z defined in Figure 13-3 carry out a mapping that rolls the sheet into a tube and then joins the
ends of the tube to form atorus.

For general information on formatting 3D plots, refer to “Formatting a 3D Plot” on
page 246. For specific information on formatting a parametric surface plot, refer to the
topic “Surface Plots” in the on-line Help.
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Figure 13-3: Defining data for a parametric surface plot.

Creating a Three-dimensional Parametric Curve

A three-dimensional parametric curveis created by passing three vectors representing
the x-, y-, and z-coordinates of your points in space to the surface plot.

To create athree-dimensiona parametric curve:
1. Create or import three vectors having the same number of rows.

+{+ +

2. Choose Graph[ Scatter Plot from the Insert menu or click [#=
toolbar. Mathcad inserts a blank 3D plot.

3. Typethe names of the three vectors separated by commas and enclosed in paren-
theses in the placeholder. For example:

(X,Y,2)
4. Press[Ent er] or click outside the plot.

on the Graph

Figure 13-4 shows athree-dimensional parametric curve created from the vectors, P,
Q, and R, defined above the plot:

For general information on formatting 3D plots, refer to “Formatting a 3D Plot” on
page 246. For specific information on formatting a scatter plot, refer to the topic “Scatter
Plots” in the on-line Help.
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Figure 13-4: Defining data for a space curve.

Creating a Contour Plot

Note

To view three-dimensional data as a two-dimensional contour map, you can create a
contour plot:

1. Define or import a matrix of valuesto plot.

%

2. Choose Graph[d Contour Plot from the Insert menu or click
toolbar. Mathcad shows a blank plot with a single placeholder.

3. Typethe name of the matrix in the placeholder.
4. Press[Ent er] or click outside the plot.

on the Graph

Figure 13-5 shows a contour plot created from the matrix, C, defined above the plot:

The contour plot is a visual representation of the matrix’s level curves. Mathcad
assumes that the rows and columns represent equally spaced intervals on the axes, ar
then linearly interpolates the values of this matrix to form level curves or contours.
Each level curve is formed such that no two cross. By default;dbetours are shown

on thex-y plane. Mathcad plots the matrix such that the element in row 0 and column
0 is in the lower left corner. Thus the rows of the matrix correspond to values»en the
axis, increasing to the right, and the columns correspond to values algraxibe
increasing toward the top.

For general information on formatting 3D plots, refer to “Formatting a 3D Plot” on
page 246. For specific information on formatting a contour plot, refer to the topic
“Contour Plots” in the on-line Help.

If you create a contour plot of afunction as described above, the positive x-axis of the plot
extends to the right and the positive y-axis extends toward the top of the plot.
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Figure 13-5: Defining data for a contour plot.

Creating a Vector Field Plot
Inavector field plot, each point in the x-y planeis assigned a two-dimensional vector.

There are two ways to set up the data needed for a vector field plot:

1. Create amatrix of complex numbers in which the following conditions exist:

« The row and column numbers represent¢h@ndy-coordinates

e The real part of each matrix element isxtfomponent of the vector associated
with that row and column

« The imaginary part of each element is yheomponent of the vector associated
with that row and column.

2. Create two matrices having the same number of rows and columns. The first matrix
should have thg-components of the vectors, the secondytbemponents.

Once you have defined your data, as described above, to create a vector field plot:

1. Choosesraphd Vector Field Plot from thelnsert menu or click

Graph toolbar.

on the

2. Type the name(s) of the matrix or matrices in the placeholder. If you have more
than one matrix for a vector field plot, separate the matrix names by commas and

enclose the matrix name set in parentheses. For example:

X, Y)

3. Pressknt er] or click outside the plot.
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Figure 13-6 shows avector field plot created from the matrix, Q, defined above

the plot:
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Figure 13-6: Defining data for a vector field plot.

For general information on formatting 3D plots, refer to “Formatting a 3D Plot.” For
specific information on formatting a vector field plot, refer to the topic “Vector field
plots” in the on-line Help.

Graphing Multiple 3D Plots

Just as you can plot more than one trace on a two-dimensional graph, you can place
more than one surface, curve, contour, bar, or scatter plot on a three-dimensional graph

For example, to create a 3D graph with a contour plot and a surface plot:

1. Define two functions of two variables or any combination of two acceptable
argument sets for a 3D plot (two matrices, two sets of three vectors, etc.).

[
2. Choosésraphld Contour Plot from thelnsert menu or click on the Graph
toolbar. Mathcad inserts a blank 3D plot.

3. Enter the name of the function or matrix for the contour plot into the placeholder.
Then type, (a comma).

4. Enter the name of the function or matrix for the surface plot.
5. Pressknt er] or click outside the plot. You see two contour plots.

6. Double-click the graph to bring up the 3D Plot Format dialog box. In the Display
As section of the General tab, click the tab labeled Plot 2 and select Surface from
the array of plot types. Click “OK.”
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Both the contour plot and the surface plot, with default format settings, appear in a
single graph.

Figure 13-7: Two plots, one contour and one surface, shown on the
same graph.

Tip Asagenera rule, you will not want to create a 3D graph with more than two or three plots
together since they may obscure each other and make the graph difficult to interpret.

Formatting a 3D Plot

A three-dimensional plot’s default appearance depends on how you insert it. When you
chooseGraph[d 3D Plot Wizard from thelnsert menu, you make selections in the
pages of the Wizard that determine a plot's appearance. When you insert a plot by
choosing a plot type from tHasert menu, however, the plot automatically acquires
default characteristics.

You can change the appearance of any 3D plot after it is inserted. To do so, you use
the many options available in the 3D Plot Format dialog box. For example, you can use
the options to change a plot’s color, format the axes, add backplanes, and format the
lines or points.
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To bring up the 3D Plot Format dialog box:

1

4.
5.

Click once on 1he plot o selecl g ey -

it and choose Graph( 3D Plot T T -
from the Format menu. Alter- Gl | mamr | Appawwcs | Lpwng | T
natively, double-click the plot E"";“ o] et

itself. Mathcad bringsup the3D TS o [ - =

Plot Format dialog box. The fout 1 = Hew B ShoaBogs I
General pageis shown at right. e [T T Epeess T Swaing T
The remaining tabstake you to M |

additional pages. Dackede o ocePa © DusPaws  © fuPW
Click the tab for the page you £ Coriax Pl 1 voks PPt 1 Bulch Pt
want to work with. [ ] camcd | ek | e |
Make the appropriate changes

in the dialog box.

Click Apply to see the effect of your changes without closing the dialog box.
Close the dialog by clicking OK.

The 3D Plot Format Dialog Box

The tabsin the 3D Plot Format dialog box bring you to pages containing options for
formatting various aspects of athree-dimensional plot. Some options available on
certain pagesin the dialog box depend on the kind of plot you are formatting. Options
on other pages are available for any three-dimensional graph.

Note

The General page gives you access to basic options that control the overall
appearance of the graph. Use these options to control the position of a plot, set the
axis style, draw a border or a box, or convert a plot to another type.

The options on thAxes page allow you to control exactly how each axis looks.
You can specify the weight of each axis and whether it has numbers or tick marks.
You can also specify the axis limits. Use the tabs at the top of the page to format
thex-, y-, or z-axis.

TheBackplanespage has options for specifying whether a backplane is filled with
a color, has a border, or has grid lines or tick marks. Use the tabs at the top of the
page to format th&y-, yz-, or xz-backplane.

Both the Backplanes page and the Axes page have options for setting and formatting grid lines.
When you set the grid lines for an axis on the Axes tab, you set them for the two backplanes
shared by the axis. When you set the grid lines on the Backplanes tab, you set them for one
backplane only.
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On-line Help

Note

Fill Color

« Use the options on th&ppear ance page to format the surfaces, lines, and points
that make up a plot. For example, you can apply color directly to a plot’s surface,
its contours, or its lines and points. The following sections discuss how to control
the surfaces, lines, and points of a plot.

e Thelighting page options control both the overall lighting of the plot as well as
individual lights directed onto it. See “Lighting” on page 253 for more information
on lighting.

« TheTitle page provides a text box for entering a title for the graph and options for
specifying the location of the title on the graph.

« TheSpecial page allows you to control options related to specific kinds of plots.
For example, the Bar Plot Layout options let you specify the way the bars are
arranged in a 3D bar plot.

« TheAdvanced page has options used only when you need very fine control over
the appearance of a plot, such as the vertical scale.

« TheQuickPlot Data page contains the range and grid settings for the independent
variables that control a 3D QuickPlot. Additionally, you can specify whether your
function(s) are in Cartesian, spherical, or cylindrical coordinates.

For details on the options available on a particular pagein the 3D Plot Format dialog box, click
the Help button at the bottom of the dialog box.

Some options in the 3D Plot Format dialog box work together to control the appearance
of a plot. For example, the choices on the Appearance page, the Lighting page, and the
Special and Advanced pages together control the color of a plot.

When you format a graph containing more than one plot (using Mathcad Professional), as

described in “Graphing Multiple 3D Plots” on page 245, some options in the 3D Plot Format
dialog box apply to an entire graph while others apply to individual plots. For example, all the
options on the Axes, Backplanes, and Lighting pages are for the graph as a whole: each plot on
the graph uses common axes, backplanes, and lighting. However, options on the Appearance tab
are specific to each plot on the graph. That is, each plot can be filled with its own color, have its
own lines drawn, etc. The tabs labeled Plot 1, Plot 2, etc. control the settings for individual plots.

The color of aplot is primarily determined by itsfill color. This section describes the
ways to apply color to a plot by filling its surfaces or contours. A plot’s color and
shading are also affected bighting, as described in more detail in page 253.

Mathcad allows you to apply either a solid color or a colormap to the surface or contours
of a plot. A solid color is useful when you don’t want to overcomplicate a plot with
many colors or when you want to use lighting to shade a plot. A colormap applies an
array of color to a plot according to its coordinates.
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Note Mathcad comeswith avariety of colormapsfor applying rainbow colors and shades of gray, red,
green, and blue. Y ou can also create and load custom colormapsin Mathcad Professiona by
using the SaveCol ormap and LoadColormap functions, described on page 202. By default, a
colormap is applied in the direction of the z-values, or according to the height of the plot. Y ou
can apply the colormap in the direction of the x-values or y-values by clicking the Advanced tab
and choosing a direction in the Colormap section. For more information, see on-line Help.

Filling the Surface

The options on the A ppearance page of the 3D Plot Format dialog box allow you tofill

the plot’s surface with a solid color or a colormap. For example, to color the bars in a

3D bar plot according to a colormap:
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Figure 13-8 shows an example.
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Figure 13-8: Filling the surface or contours of a plot.
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Note

The plot is shaded using the default colormap “Rainbow.” To choose a different
colormap, click the Advanced tab of the 3D Plot Format dialog box and select a
colormap from the Choose Colormap drop-down menu.

If you wanted to fill the bars of the plot with a solid color, choose Solid Color instead
of Colormap and click the color box next to Solid Color to select a color.
Filling Contours

When you format a surface plot, you can choose Fill Contours instead of Fill Surface
in the Fill Options section of the Appearance page. If you fill the contours of a surface
plot, the plot is filled according to its contours rather than directly by its data. You can
fill according to thex-, y-, or z-contours or two at the same time. For a contour plot,
you must choose Fill Contours instead of Fill Surface to fill the contours of the plot.

For example, to fill a contour plot with color:

1. Double-click the graph to bring up the tabbed dialog box.

2. Click the Appearance tab.

3. In the Fill Options section, click Fill Contours.

4. Click Apply to preview the plot. Click OK to close the dialog box.

The plotis shaded using the default colormap Rainbow. To choose a different colormap,
click the Advanced tab of the 3D Plot Format dialog box and select a colormap from
the Choose Colormap drop-down menu.

If you have a contour plot projected on a plane other than the x-y plane, you can fill the contour
using options on the Special page of the 3D Plot Format dialog box. To do so, click the Special
tab, then choose a contour direction from the drop-down menu. Click Fill for each contour you
want to color. For example, if you have Fill checked for the z-contours and x-contours, you will
see contour color on both the x-y backplane and the y-z backplane.

Lines
Mathcad provides many ways to control the appearance of the lines on a three-
dimensional plot. You can draw the lines so they form a wireframe, or you can draw
only the contour lines. You can also control the weight and color of the lines on a plot.
Drawing a Wireframe
To control whether lines form a wireframe on a plot, use the options on the Appearance
page of the 3D Plot Format dialog box. For example, to remove the wireframe on a
surface plot as shown in Figure 13-9:
1. Double-click the graph to bring up the tabbed dialog box.
2. Click the Appearance tab.
3. Inthe Line Options section, click No Lines.
4. Click Apply to preview the plot. Click OK to close the dialog box.
To turn lines on again later, choose Wireframe on the Appearance page.
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Drawing Contour Lines

When you format a surface plot, you can choose Contour instead of Wireframein the
Line Options section of the A ppearance page. Contour lines are those drawn according
to the contours of a surface. Y ou can draw either the x-, y-, or z- contour lines, two of
these contourslines, or all three.

Note For contour plots, Mathcad always chooses Contour instead of Wireframeto draw contour lines.

For example, to draw lines showing the x-contours of a surface plot:
1. Double-click the graph to bring up the tabbed dialog box.

Click the Appearance tab.

Click Contour in the Line Options section.

Click the Special tab.

Verify that Z-Contours is selected in the drop-down menu at the bottom of the
Contour Options section. Click Draw Lines to remove the check mark. Thisturns
lines off for the z-contours.

6. Choose Z-Contours from the drop-down menu on the Special page.
7. Check Draw Lines.
8. Click Apply to preview the plot. Click OK to close the dialog box.

o k~ DN

The surface plot is drawn with contour lines perpendicular to the z-axis, as shown in
Figure 13-9.

Figure 13-9: Awireframe vs. contour lines on a surface plot.
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Note When you format a contour plot on a multi-plot graph (see page 236), the options in the drop-

down menu on the Special tab determine on which backplane the contour lines are drawn. For
example, if you have Draw Lineschecked for the z-contours and x-contours, you will see contour
lines on both the x-y backplane and the y-z backplane.

Line Color

Y ou can control thecolor of thelinesin aplot using thecolor optionsintheLineOptions

section of the Appearance page. Just as you can fill a plot’s surface with a colormap or
a solid color, described on page 249, you can also apply a colormap or solid color to
the lines in a plot.

For example, to make the lines of a contour plot orange:
1. Double-click the graph to bring up the tabbed dialog box.

2. Click the Appearance tab.
3. Inthe Line Options section, click Contour to draw contour lines and Solid Color.
4. Click the color box next to Solid Color, click the orange box, and click OK.
5. Click Apply to preview the plot. Click OK to close the dialog box.

Points
You can draw and format points on most three-dimensional plots, since all 3D plots
are constructed from discrete data points. (The exceptions are vector field plots, contour
plots, bar plots, and patch plots.) Points are most useful, however, on a 3D scatter plot
in which points are the main focus of the plot. Mathcad allows you to control the symbol
used for the points in a plot as well as the color and size of the symbol.
To draw or remove points on a surface plot:
1. Double-click the graph to bring up the 3D Plot Format dialog box.
2. Click the Appearance tab.
3. In the Points Options section, check (or uncheck) Draw Points.
4. Click Apply to preview the plot. Click OK to close the dialog box.
To format the symbol, color, and size of the points on your 3D scatter plot using the
Points Options section of the Appearance tab:
e Choose a Symbol from the drop-down list to change the symbol displayed.
« Use the arrows next to Size to increase or decrease the size of the symbol.
« Click the color box next to Solid Color and choose a hue from the color palette, or

click Colormap to change the coloring of the symbols.
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Lighting

Note

Note

Thecolor of athree-dimensional plotisaresult of color you usetofill itssurface, lines,
and pointsaswell asthe color of any ambient light or directed lights shining onit. This
behavior isidentical to the effect of light on object color in the real world. Objects
reflect and absorb light depending on their color. For example, ayellow ball reflects
mostly yellow light and absorbs others, and it can ook grayish under dim lighting,
green under blue lighting, and bright yellow in bright lighting.

You can fill a plot’'s surfaces, contours, lines, and points with either a solid color or a
colormap using the options on the Appearance and Advanced pages of the 3D Plot
Format dialog box.

Light is controlled using the options on the Lighting page of the 3D Plot Format dialog
box. If you are content to fill a plot with a colormap, you may not need to use lighting
at all. However, if you want to shade the plot differently, or if you fill the plot with a
solid color and want to shade it, you can enable lighting.

If your 3D graph contains multiple plots, lighting affectsall the plotsin agraph, but you can fill
individual plots with color independently.

A whiie serisce plaf
wadai black smbian
Weght, and & single
durcind bght =i 1,111
cormiting ol ealy white
Fghr.

Figure 13-10: A white surface plot with lighting enabled.

If you want lighting to be the sole determinant of the color of a plot, use the Appearance page
optionsin the 3D Plot Format dialog box to fill the plot with solid white.

To enable lighting:

1. Double-click the plot to open the tabbed dialog box.
2. Click the Lighting tab.

3. Check Enable Lighting in the Lighting section.
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4. Clicktheoptionsontabslabeled Light 1, Light 2, etc. to enable adirected light and
set its color and location. Mathcad lets you set up to eight directed lights.

5. Click the Ambient Light Color box to set the ambient light color. Note that black
corresponds to no ambient light.

6. Click Apply to preview the plot. Click OK to close the dialog box.

On-line Help For details on the options available on the Lighting page, click the Help button at the bottom of

the dialog box. For additional information on lighting, see “Advanced Topics” under Overview
and Tutorial in the Mathcad Resource Center.

Changing One 3D Plot to Another

Annotations

Note

Tip

Y ou can change almost any three-dimensional plot into another kind of three-
dimensional plot by using the Display As options on the General tab in the 3D Plot
Format dialog box. Simply select another available 3D plot type and click Apply or
OK to change the plot instantaneously to another type. Figure 13-11 shows the same
matrix displayed as three different plot types.

Some three-dimensional plots cannot be converted to other forms. For example, you cannot
convert a vector field plot into any other kind of plot. If a plot cannot be converted to another
kind of plot, that plot type is grayed in the 3D Plot Format dialog box.

In addition to adding atitleto your three-dimensional plot by using optionsonthe Title
page of the 3D Plot Format dialog box, you can annotate a three-dimensional plot by
placing text or bitmaps anywhere on it. Thisalows you to label or highlight any part
of the plot that you wish.

To add atext annotation to a three-dimensional plot:

1. Create atext region in your worksheet using the methods described in Chapter 5,
“Working with Text.”

2. Drag the text region from its location in your worksheet and drop it directly onto
the plot. See “Moving and Copying Regions” on page 10 for more on dragging and
dropping regions.

You can select the text annotation on your plot to reposition it. To edit a text annotation
on a plot, select the text and drag it off the plot to your worksheet. You can now edit
the text region. Then drag the text region back onto the plot.

Y ou can drag a bitmap image from your Mathcad worksheet onto a three-dimensional plot just
asyou drag and drop text annotations. To place abitmap you created in another application onto
athree-dimensiona plot, copy the bitmap from the other application to the Clipboard, click on
the plot with the right mouse button, and choose Paste Special from the pop-up menu.
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Figure 13-11: The same data displayed in several different 3D plots.

Modifying 3D QuickPlot Data

When you create a 3D QuickPlot, as described on page 236, you can change the range
and step size of each independent variable by using the settings on the QuickPlot Data
page of the 3D Plot Format dialog box.

To change the range of either independent variable:
1. Setthe start and end values of either range using the text boxes for each range.
2. Click Apply to keep the dialog box open. Click OK to close the dialog box.
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Note

To change the step size, the number of grids generated along each variable’s axis
between the start and end values:

1. Use the arrows next to # of Grids for each range to increase or decrease the grid
value. Alternatively, you can type in a value in the text box.

2. Click Apply to keep the dialog box open. Click OK to close the dialog box.

The ranges you set for the independent variables in the QuickPlot Data page do not necessarily
control the axis limits of the plot, unless you are plotting a single function of two variablesin
Cartesian coordinates. In all other cases, the axis limits are determined by thex-, y-, and z-data
generated for the QuickPlot by your function(s).

To perform automatic coordinate system conversions on your QuickPlot data:

1. Click the radio button under Coordinate System corresponding the coordinate
system of the function you are plotting.

2. Click Apply to keep the dialog box open. Click OK to close the dialog box.

Rotating and Zooming on 3D Plots

Note

You can resize a three-dimensional plot using the same methods you use to resize any
graph region in Mathcad. Click on it and use the handles that appear along the edges
to drag out the edges. Mathcad provides several additional options for manipulating
the presentation of your 3D plot:

e You can rotate the plot to see it from a different perspective.
* You can set the plot in motion about an axis of rotation so that it spins continuously.
* You can zoom in or out on a portion of the plot.

When you rotate, spin, or zoom athree-dimensional plot, any visible axes move or resize
themselves with the plot. Text or graphic annotations you add to the plot (see page 254) remain
anchored at their original sizes and positions.

Rotating a Plot

You can rotate a plot interactively with the mouse or by specifying parameters in the
3D Plot Format dialog box.

To rotate a three-dimensional plot interactively by using the mouse:
1. Click in the plot, and hold the mouse button down.

2. Drag the mouse in the direction you want the plot to turn.

3. Release the mouse button when the plot is in the desired position.
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To rotate athree-dimensional plot by using the 3D Plot Format dialog box:

1. Click once onthe plot to select it and choose Graph(l 3D Plot from the For mat
menu. Alternatively, double-click the plot.

2. Click the Genera tab.

3. Edit the settings for Rotation, Tilt, and Twist in the View options.

4. Click Apply to preview the plot. Click OK to close the dialog box.
Spinning a Plot

Y ou can set a plot in motion so that it spins continuously about an axis of rotation:

1. Clickintheplot, and hold the [Shi f t ] key and the mouse button down.

2. Drag the mouse in the direction you want the plot to spin.

3. Release the mouse button to set the plot in motion.

The plot spins continuoudly until you click again inside the plot.

Note |f youmake changesto equationsthat affect aplot, the plot recomputes even whenit is spinning!

Tip To create an AVI file of a spinning plot, see the techniques in “Animation” on page 124.

Zooming a Plot

Y ou can zoom in or out of aplot interactively or by specifying a zoom factor in the 3D
Plot Format dialog box.

To zoom in on athree-dimensional plot by using the mouse:
1. Clickintheplot, and hold the [Ct r | ] key and the mouse button down.

2. Drag the mouse toward the top of the plot to zoom out, or drag the mouse toward
the bottom to zoom in.

3. Release the mouse button when the plot is at the desired zoom factor.

Tip If you use an IntelliMouse-compatible mouse with a center wheel, you can rotate the wheel to
zoom in or out of a three-dimensional plot.
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To zoomin or out of athree-dimensional plot by using the 3D Plot Format dial og box:

1

Click once on the plot to select it and choose Graph 3D Plat from the For mat
menu. Alternatively, double-click the plot.

Click the Genera tab.
Edit the Zoom setting in the View options.
Click Apply to preview the plot. Click OK to close the dialog box.
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Chapter 14
Symbolic Calculation

Overview of Symbolic Math

Live Symbolic Evaluation

Using the Symbolics Menu
Examples of Symbolic Calculation

* & & o o

Symbolic Optimization

Overview of Symbolic Math

ElsewhereinthisUser’s Guideyou've seen Mathcad engagingiinmeric calculations.

This means that whenever you evaluate an expression, Mathcad returns one or more
numbers, as shown at the top of Figure 14-1. When Mathcad engaggsiiolic
mathematics, however, the result of evaluating an expression is generally another

expression, as shown in the bottom of Figure 14-1.

A numanend crilculnlios gres s aothng Bul aumbeen

3
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Figure 14-1: A numeric and symbolic evaluation of the same expression.
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There are three ways to perform a symbolic transformation on an expression.

« You can use the symbolic equal sign as described in “Live Symbolic Evaluation”
on page 260. This method feels very much as if you're engaging in numeric math.
If you need more control over the symbolic transformation, you cakeyserds
with the symbolic equal sign.

* You can use commands from tBgmbolics menu. See “Using the Symbolics
Menu” on page 269.

* You can make the numeric and symbolic processors work together, the latter
simplifying an expression behind the scenes so that the former can work with it
more efficiently. This is discussed in “Symbolic Optimization” on page 280.

Note For acomputer, symbolic operationsare, in general, much more difficult than the corresponding
numeric operations. In fact, many complicated functions and deceptively simple-looking
functions have no closed-forms as integrals or roots.

Live Symbolic Evaluation

The symbolic equal sign provides a way to extend Mathcad’s live document interface
beyond the numeric evaluation of expressions. You can think of it as being analogous
to the equal sign “=.” Unlike the equal sign, which always gives a numeric result on
the right-hand side, the symbolic equal sign is capable of retuerpngssions. You

can use it to symbolically evaluate expressions, variables, functions, or programs.

To use the symbolic equal sign:

1. Make sure thahutomatic Calculation on theMath menu has a check beside it.
If it doesn’t, choose it from the menu.

2. Enter the expression you want to evaluate.

—

3. Click on the Symbolic toolbar or prg&x r | ].
(the Control key followed by a period). Mathcad

wn

displays a symbolic equal sign,"

4. Click outside the expression. Mathcad displays a 4
simplified version of the original expression. If an | 5™ -7 ¢ = = =
expression cannot be simplified further, Mathcad
simply repeats it to the right of the symbolic equal sign.

T

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 result. 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 defining them recursively just before you
evaluate them, as shown in Figure 14-6 on page 269.
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Figure 14-2 shows some examples of how to use the symbolic equal-sign, “
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Figure 14-2: Using the symbolic equal sign.

Note The symbolic equal sign,—,” applies to an entire expression. You cannot use the symbolic
equal sign to transform only part of an expression.

Tip Figure 14-2 also illustrates the fact that the symbolic processor treats numbers containing a
decimal point differently from numbers without a decimal point. When you send numbers with
decimal points to the symbolic processor, any numeric results you get back are decimal
approximations to the exact answer. Otherwise, any numeric results you get back are expressec
without decimal points whenever possible.

Customizing the Symbolic Equal Sign Using Keywords
The “- " takes the left-hand side and places a simplified version of it on the right-hand
side. Of course, exactly what “simplify” means is a matter of opinion. You can, to a
limited extent, control how the-3” transforms the expression by using one of the
symbolic keywords.
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To do so:

1. Enter the expression you want to eval uate. fx + o]
2. Click|® = | on the Symbolic toolbar or press[Ct r | ] moyila = |

[ Shift]. (Pressthe Control and Shift keys and type a

period.) Mathcad displays a placeholder to the left of the symbolic equal sign,

3. Click on the placeholder to the left of the symbolic equal §
and type any of the keywords from the following table. If t|| &= + " expand =
keyword requires any additional arguments, separate the

arguments from the keyword with commas.

4. Pressknt er] to see the result.

¥

l-'r"aﬂxp-d —F:J-Au:r-ﬂuy:.y]

Tip Another way to use a keyword isto enter the expression you want to evaluate and click on a
keyword button from the Symbolic toolbar. This inserts the keyword, placeholders for any

additional arguments, and the symbolic equal sign,”*Just pressHnt er ] to see the result.

Keyword
conpl ex

float, m

sinplify

expand, expr

Function

Carries out symbolic evaluation in the complex domain. Result
isusualy intheform a+i [b.

Displays afloating point value with m places of precision
whenever possible. If the argument m, an integer, is omitted, the

precisionis20. 1 < m< 250

Simplifies an expression by performing arithmetic, canceling
common factors, and using basic trigonometric and inverse
function identities.

Expandsall powersand products of sumsin an expression except
for the subexpression expr. The argument expr is optional. The
entire expression is expanded if the argument expr is omitted.

If the expression is afraction, expands the numerator and writes
the expression as asum of fractions. Expands sines, cosines, and
tangents of sums of variables or integer multiples of variablesas
far as possibleinto expressionsinvolving only sines and cosines
of singlevariables.
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Keyword
factor, expr

sol ve, var

col | ect,
varl,...,varn
coeffs, var
substitute,

var 1=var 2

seri es,
var=z, m

convert,
parfrac, var

fourier, var

i nvfourier, var

Function

Factors an expression into a product, if the entire expression can
be written as a product. Factors with respect to expr, asingle
radical or alist of radicals separated by commas. The argument
expr isoptional.

Usually factors asingle variable into powers of primes.
Otherwise, attempts to convert the expression into a product of
simpler functions. Combines a sum of fractionsinto asingle
fraction and often simplifies a complex fraction with more than
one fraction bar.

Solves an equation for the variable var or solves a system of
equations for the variables in a vector var.

Collects like terms with respect to the variables or
subexpressions var 1 through varn.

Finds coefficients of an expression when it isrewritten asa
polynomial in the variable or subexpression var.

Replacesall occurrences of avariablevar1 with an expression or
variablevar2. Press[ Ct r | | = for the bold equal sign.

Expands an expression in one or more variables, var, around the
point z. The order of expansion is m. Arguments zand m are
optional. By default, the expansion istaken around zero and isa
polynomial of order six. By default, finds Taylor series(seriesin
nonnegative powers of the variable) for functions that are
analytic at 0 and Laurent series for functions that have a pole of
finite order at O.

Convertsan expression to apartial fraction expansioninvar, the
variable in the denominator of the expression on which to
convert. Usually factors the denominator of the expression into
linear or quadratic factors having integer coefficients and
expands the expression into a sum of fractions with these factors
as denominators.

Evaluates the Fourier transform of an expression with respect to
the variable var. Result is a function of w given by:

+ o0 .
I_oo f(t)e ' @tdt
where f(t) is the expression to be transformed.

Evaluates the inverse Fourier transform of an expression with
respect to the variable var. Result is afunction of t given by:

i e i wt
21_([_00 F(w)e'“tdw

where F(w) isthe expression to be transformed.
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| apl ace, var

i nvl apl ace, var

ztrans, var

i nvztrans, var

assune
constrai nt

Evaluatesthe Laplace transform of an expression with respect to
the variable var. Result is a function of s given by:

Io+ “ f(t)e-stdt
where f(t) is the expression to be transformed.

Evaluates the inverse Laplace transform of an expression with
respect to the variable var. Result is afunction of t given by:

1 O+ico X
Z—rJU_im F(s)estdt
where F(s) isthe expression to be transformed and all
singularities of F(s) are to the left of theline Re(s) = o.

Evaluates the z-transform of an expression with respect to the
variablevar. Result is afunction of z given by:
z f(n)z™"
n=0
where f(n) is the expression to be transformed.

Evaluates the inverse z-transform of an expression with respect
to the variable var. Result is afunction of n given by a contour
integral around the origin:

i n-1
ZHiIC F(2)2"~*dz

where F(2) isthe expression to be transformed and C is acontour
enclosing all singularities of the integrand.

Imposes constraints on one or more variables according to the
expression constraint.

Many of the keywords take at |east one additional argument, typically the name of a
variable with respect to which you are performing the symbolic operation. Some of the
arguments are optional. See Figure 14-3 and Figure 14-4 for examples.

Note Keywords are case sensitive and must therefore be typed exactly as shown. Unlike variables,
however, they are not font sensitive.
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Figure 14-3: Using keywords with a symbolic evaluation sign.
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Figure 14-4: Evaluating expressions symbolically.
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Keyword modifiers

Some keywords take additional modifiersthat specify the kind of symbolic evaluation
even further.

To useamodifier, separate it from its keyword with acomma. For example, to usethe
“assume=real” modifier with thei npl i f y keyword on an expression:

1. Enter the expression to simplify.

2. Click

—*

on the Symbolic toolbar or prg€X r 1 ][ Shi ft]. (hold down the

Control and Shift keys and type a period). Mathcad displays a placeholder to the

left of the symbolic equal sign—'.

3. Entersi npl i fy, assune=r eal into the placeholder (presst[r | ]= for the

equal sign).

4. Pressknt er] to see the result.

Modifiers for “assume”

var=rea

var=

Evaluates the expression on the assumption that the vamable
is real.

Evaluates on the assumption that all the indeterminates are real

Real Range( a, b) and are betweemandb, wherea andb are real numbers or

infinity ([Ct r 1 ][Shi f t ]2).

Modifiers for “simplify”

assune=r eal

assune=

Real Range( a, b)

trig

Simplifies on the assumption that all the indeterminates in the
expression are real.

Simplifies on the assumption that all the indeterminates are real
and are betweeaandb, wherea andb are real numbers or
infinity ([Ct r I ][Shi ft]2).

Simplifies a trigonometric expression by applying only the
following identities:

sin(x)2+ cos(x)2 =1

cosh(x)®=sinh(x)? = 1

It does not simplify the expression by simplifying logs, powers,
or radicals.

Figure 14-5 shows some examples usingsthepl i f y keyword with and without

additional modifiers.

Tip Keyword modifiers can be typed or inserted from the buttons on the Modifier toolbar.
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Figure 14-5: Modifiers such as “assume=real” allow you to control simpli-

fication.

Using More Than One Keyword

In some cases, you may want to perform two or more types of symbolic evaluation
consecutively on an expression. Mathcad allows you to apply several symboalic key-
wordsto asingle expression. There are two ways of applying multiple keywords. The
method you choose depends on whether you want to see the results from each keyword

or only the final result.

To apply several keywords and see the results from each:

1. Enter the expression you want to evaluate.

- —F

2. Press on the Symbolic toolbar or type

[Crl][sShift]. (Hold down the Control

and Shift keys and type aperiod.) Mathcad displays a placehol der to the lft of the

symbolic equal sign, 5.

3. Enter the first keyword into the placeholder
the left of the symbolic equal sign, including

e" geries x. ¥

any comma-delimited arguments the keywo
takes.

rd

4. Pressknt er ] to see the result from the first

keyword.

" marles. ¥ .1

" 4 s X4

|
-
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5. Click ontheresult and press[Ctr1 ] ;
[ Shift]. again. Thefirst result disappears |' series. x.3 —~float, 1=
temporarily. Enter a second keyword and any

modifiers into the placeholder.

6. Press[Ent er]tosee ) ;
the result from the 0" series X3 - 1 . % +5:1 flogt 1 —= 1.+ ¥ « &5

second keyword.

4

Continue applying keywords to the intermediate results in this manner.
To apply severa keywords and see only the final result:

1. Enter the expression you want to evaluate. r

2. Click|® = | on the Symbolic toolbar or press L
[Crl][Shift]. sothat Mathcad displaysa

placeholder to the left of the symbolic equal sign,.”

3. Enter the first keyword into the placeholder,
including any comma-delimited arguments it| |® Serfes. & 3 —=

takes.
4. PresgCtrl][Shift]. again and enter a

second keyword into the placeholder. The > mtes. x.4
second keyword is placed immediately belov] Hoat, 1
the first keyword.
5. Continue adding keywords by pressiayr | ]
[ Shift]. after each one. Pressnt er ] to . marie.x.3 L LEL lghs
see the final result. foat, 1

Ignoring Previous Definitions

Note

When you use the symbolic equal sign to evaluate an expression, Mathcad checks all
the variables and functions making up that expression to see if 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 two exceptions to this. In evaluating an expression made up of previously
defined variables and functions, Mathégdores prior definitions:

« When the variable has been defined recursively.
* When the variable has been defined as a range variable.
These exceptions are illustrated in Figure 14-6.

Although Mathcad does not evaluate range variables symbolically, it does symbolically evaluate
any vectors or matrices that you define using range variables.
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Figure 14-6: Defining a variable in terms of itself makes the symbolic
processor ignore previous definitions of that variable.

Using the Symbolics Menu

One advantage to using the symbolic equal sign, sometimes together with keywords

and modifiers as discussed in the last section, is that it is “live,” just like the numeric
processing in Mathcad. That is, Mathcad checks all the variables and functions making
up the expression being evaluated to see if 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. Later on, whenever you make a change to the worksheet, the
results automatically update. This is useful when the symbolic and numeric equations
in the worksheet are tied together.

There may be times, however, when a symbolic calculation is quite separate from the
rest of your worksheet and does not need to be tied to any previous definitions. In these
cases, you can use commands frongymbolics menu. These commands are not live:

you apply them on a case by case basis to selected expressions, they do not “know”
about previous definitions, and they do not automatically update.

The commands on tigymbolics menu perform the same manipulations as many of
the keywords listed on page 261. For exampleSyimbolics menu command
Polynomial Coefficients evaluates an expression just as the keywoef f s does.
The only differences are that the menu command does not recognize previous
definitions and does not automatically update.

The basic steps for using tBgmbolicsmenu are the same for all the menu commands:

1. Place whatever math expression you want to evalaiaeen thetwo editing lines.
You can drag-select a part of the expression to place it between the editing lines.

2. Choose the appropriate command fromymabolics menu. Mathcad then places
the evaluated expression into your document.
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Tip

For exampl e, to evaluate an expression symboalically using the Symbolics menu, follow
these steps:

1. Enter the expression you want to evaluate. 03 e
; ¥

2. Surround the expression with the editing lines. &0 F aenl
dx B

3. Choose Evaluate] Symboalically from the Symbolics menu.
Mathcad placestheeval uated expressionintoyour worksheet. The
location of theresult in relationto the original expression depends
on the Evaluation Style you've selected (see “Displaying Symbolic Results” on
page 270).

Some commands on tBgmbolicsmenu require that you click on or select the variable
of interest rather than select the entire expression. If a menu command is unavailable,
try selecting a single variable rather than an entire expression.

Since the commands on the Symbolics menu operate only on the part of the expression currently
selected by the editing lines, they are useful when you want to address parts of an expression.

For example, if evaluating or simplifying the entire expression doesn’t give the answer you
want, try selecting a subexpression and choose a command fr@mitbelics menu.

Long Results

Symbolic calculations can easily produce results so long that they don't fit conveniently
in your window. If you obtain a symbolic result consisting of several terms by using
commands on thBymbolics menu, you can reformat such a result by using Mathcad'’s
“Addition with line break” operator (see “Operators” on page 447).

Sometimes, a symbolic result is so long that you can’t conveniently display it in your
worksheet. When this happens, Mathcad asks if you want the result placed in the
Clipboard. If you click “OK,” Mathcad places a string representing the result on the
Clipboard. When you examine the contents of the clipboard, you'll see a result written
in a Fortran-like syntax. See the topic “Special functions and syntax used in Symbolic
results” in the on-line Help for more information on this syntax.

Displaying Symbolic Results

If you're using the symbolic equal sign,»";” the result of a symbolic transformation
always goes to the right of the,"” However, when you use ti8ymbolics menu, you
can tell Mathcad to place the symbolic results in one of the following ways:

* The symbolic result can go below the original expression.
« The symbolic result can go to the right of the original expression.
« The symbolic result can simply replace the original expression.
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In addition, you can choosewhether you want M athcad to generate text describing what

had to be doneto get from the original expression to the symbolic result. Thistext goes
between the original expression and the symbolic result, creating a narrative for the
symbolic evaluation. These text regions are referred to as “evaluation comments.”

To control both the placement of the symbolic result and the presence of narrative text,
choosetvaluation Stylefrom theSymbolics menu to bring up the “Evaluation Style”
dialog box.

Examples of Symbolic Calculation

Tip

Note

Derivatives

Just as you can carry out a variety of numeric calculations in Mathcad, you can carry
out all kinds of symbolic calculations. As a general rule, any expression involving
variables, functions, and operators can be evaluated symbolically using either the
symbolic equal sign or the menu commands, as described earlier in this chapter.

When deciding whether to use the symbolic equal sign or menu commands from the Symbolics
menu, remember that unlike the keyword-modified expressions, expressions modified by
commands from the Symbolics menu do not update automatically, as described in the section
“Using the Symbolics Menu” on page 269.

This section describes how to symbolically evaluate definite and indefinite integral s,
derivatives, and limits. It also covers how to symbolically transpose, invert, and find
the determinant of a matrix. Finally, this section describes how to perform symbolic

transforms and solve eguations symbolically. Keep in mind that these arejust afew of
the calculations you can perform symbolically.

Functions and variables you define yourself are recognized by the symbolic processor when you
use the symbolic equal sign. They are not, however, recognized when you Sgmlbiotics
menu commands. Figure 14-7 shows the difference.

To evaluate a derivative symbolically, you can use Mathcad'’s derivative operator and
the live symbolic equal sign as shown in Figure 14-8:

1. Click| # | on the Calculus toolbar or tyf@eto insert the derivative operator.

il

=

=

Alternatively, click on the Calculus toolbar or tyfié r | ]? to insert theath
order derivative operator.

2. Enterthe expression you wantto differentiate and the variable with respect to which
you are differentiating in the placeholders.

o

—

3. Click
a period). Mathcad displays a symbolic equal sigh,

4. Pressknt er ] to see the result.

on the Symbolic toolbar or prg&% r | ]. (the Control key followed by
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Figure 14-7: The symbolic processor recognizes certain built-in functions.
Functions and variables you define yourself are only recognized when you

use the symbolic equal sign.
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Figure 14-8: Evaluating integrals and derivatives symbolically.

Figure 14-9 showsyou how to differentiate an expression without using the derivative
operator. The Symbolics menu command Variable Differentiate differentiates an
expression with respect to a selected variable. For example, to differentiate 2 [x2 +y
with respect to x:
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Figure 14-9: Differentiating and integrating with menu commands.

1. Enter the expression.

2. Click on or select the x.

3. ChooseVariablel Differentiate from the Symbolics menu. Mathcad displaysthe
derivative, 4 (k. Notethat y is treated as a constant.

If the expression inwhich you've selected a variable is one element of an array, Mathcad

differentiates only that array element. To differentiate an entire array, differentiate each

element individually: select a variable in that element and choose
Variable[] Differentiate from theSymbolics menu.

Tip Besureto select avariablein an expression before choosing from the Symbolics menu.
Otherwise, the Variablel] Differ entiate menu command is not available.

Integrals
To symbolically evaluate a definite or indefinite integral:

b
1. Click L of I on the Calculus toolbar to insert the definite or indefinite integral
operator.

2. Fillin the placeholder for the integrand and, if applicable, the placeholders for the
limits of integration.

3. Place the integration variable in the placeholder next tothdhis can be any
variable name.
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Limits

Tip

—

4. Click on the Symbolic toolbar or press[Ct r | ]. (the Control key followed by
a period). Mathcad displays a symbolic equal sigsn,”

5. Pressknt er ] to see the result.

See Figure 14-8 for examples of integrals evaluated symbolically.

When evaluating a definite integral, the symbolic processor attempts to find an
indefinite integral of your integrand before substituting the limits you specified. If the
symbolic integration succeeds and the limits of integration are integers, fractions, or
exact constants like you get an exact value for your integral. If the symbolic processor
can't find a closed form for the integral, you'll see an appropriate error message.

Another way to integrate an expression indefinitely is to enter the expression and click
on the variable of integration. Then cho®aiable I ntegrate from theSymbolics

menu See Figure 14-9 for an example. Be sure to select a variable in an expression
before choosing from ti&ymbolics menu. Otherwise, théariable Integratemenu
command is unavailable.

When you apply the Variablell I ntegrate command on the Symbolics menu, the expression
you select should not usually include the integral operator. Y ou should select only an expression
to integrate. If you include the integral operator in the selected expression, you are taking a
double integral.

Mathcad provides three limit operators. These can only be evaluated symbolically. To
use the limit operators:

1. Click| ¥%| on the Calculus toolbar or prdsd r | ]L to insert the limit operator.

To insert the operator for a limit from the left or right, cl 13- or Lo on the
Calculus toolbar or preg€t r 1 1[Shi ft ]Bor[Ct r ] ][Shi f t ]A.

2. Enter the expression in the placeholder to the right of the “lim.”

3. Enter the limiting variable in the left-hand placeholder below the “lim.”

4. Enter the limiting value in the right-hand placeholder below the “lim.”

—

5. Click
a period). Mathcad displays a symbolic equal sigh,

6. Pressknt er]to see the result.

on the Symbolic toolbar or prdg&% r | ]. (the Control key followed by

Mathcad returns a result for the limit. If the limit does not exist, Mathcad returns an
error message. Figure 14-10 shows some examples of evaluating limits.
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Figure 14-10: Evaluating limits.

Solving an Equation for a Variable

To solve an equation symbolically for avariable, use the keyword solve:

1. Typethe equation. Make sure you click E on the Boolean toolbar or type
[C r | ]=to create the bold equal sign.

Note When solving for the root of an expression, there is no need to set the expression equal to zero.

Tip

See Figure 14-11 for an example.

2. Click| ™~ | onthe Symbolic toolbar or type[Ct r | ][ Shi ft]. (hold down the
Control and Shift keys and type a period). Mathcad displays a placeholder to the

left of the symbolic equal sign'.

3. Typesol ve in the placeholder, followed by a comma and the variable for which
to solve.

4. Pressknt er]to see the result.

Mathcad solves for the variable and inserts the result to the right of.tfié\'bte that
if the variable was squared in the original equation, you maywgeésults back when
you solve. Mathcad displays these in a vector. Figure 14-11 shows an example.

Another way to solve for avariable isto enter the equation, click on the variable you want to
solve for in the equation, and choose Variablel] Solve from the Symbolics menu.
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Figure 14-11: Solving equations, solving inequalities, and finding roots.

Solving a System of Equations Symbolically: “Solve” Keyword

Oneway to symbolically solve asystem of equationsisto use the same solve keyword
used to solve one equation in one unknown. To solve a system of n equations for n

unknowns:

1. Press|
and 1 column.

on the Matrix toolbar or type [Ct r | ]Mto insert avector having n rows

2. Fill ineach placeholder of the vector with one of the n equations making up the

system. Make sureyou click E on the Boolean toolbar or type [Ct r | ]=to enter

the bold equal sign.

n—F

3. Press

on the Symbolic toolbar or type[Ct r1 ][ Shi ft]. (hold down the

Control and Shift keys and type a period). Mathcad displays a placeholder to the

left of the symbolic equal sign'.

4. Typesol ve followed by a comma in the placeholder.

5. Type [Ct r | ]Mor press

Bl

on the Matrix toolbar to create a vector haviogs

and 1 column. Then enter the variables you are solving for.

6. Pressknt er]to see the result.

Mathcad displays thesolutions to the system of equations to the right of the symbolic

equal sign. Figure 14-12 shows an example.
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Figure 14-12: Two methods for solving a system of equations symbolically.

Solving a System of Equations Symbolically: Solve Block
Another way to solveasystem of equations symbolically isto useasolveblock, similar

to the numeric solve blocks described in “Solving and Optimization Functions” on page
166:

1. Type the wordbiven. This tells Mathcad that what follows is a system of equations.
You can typésiven in any combination of upper- and lowercase letters and in any
font. Just be sure you don't type it while in a text region.

2. Now enter the equations in any order below the V@ven. Make sure that for
every equation you cIiE on the Boolean toolbar or typét r | ]=to insert the
bold equal sign for each equation.

3. Enter therind function with arguments appropriate for your system of equations.
This function is described in “Linear/Nonlinear System Solving and Optimization”
on page 167.

—

4. Click on the Symbolic toolbar or prg&s r | ]. (the Control key followed by
a period). Mathcad displays the symbolic equal sign.

5. Click outside thé-ind function or pressHnt er].

Mathcad displays the solutions to the system of equations to the right of the symbolic
equal sign. Figure 14-12 shows an example.

Most of the guidelines for solve blocks described in “Linear/Nonlinear System Solving

and Optimization” on page 167 apply to the symbolic solution of systems of equations.
The main difference is that when you solve equations symbolically, you do not enter
guess values for the solutions.
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Symbolic Matrix Manipulation
Y ou can use Mathcad to find the symbolic transpose, inverse, or determinant of amatrix
using abuilt-in operator and the symbolic equal sign. To find the transpose of amatrix,

for example:
1. Placethe entire matrix between the two editing lines by clicking [Space] one or
more times.
2. Click| M" | onthe Matrix toolbar or press[Ct r | ]| to insert the matrix transpose
operator.
3. Click| on the Symbolic toolbar or press[Ct r | ]. (the Control key followed by
a period). Mathcad displays the symbolic equal sign,’*
4. Pressknt er ] to see the result.
Mathcad returns the result to the right of the.” Figure 14-13 shows some examples.
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Figure 14-13: Symbolic matrix operations.

Another way to find the transpose, inverse, or determinant of a matrix is to use the
Matrix commands on th8ymbolics menu. For example, to find the transpose of a

matrix:

1. Place the entire matrix between the two editing lines by prelsag e] one or
more times.

2. ChooseMatrix Transpose from theSymbolics menu.

Unlike matrices evaluated with the symbolic equal sign, matrices modified by

commands from th8ymbolics menu do not update automatically, as described in the

section “Using the Symbolics Menu” on page 269.
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Transformations

Note

Y ou can use symbolic keywords to evaluate the Fourier, Laplace, or z- transform of a
expression and to evaluate the inverse transform. For example, to evaluate the Fourier
transform of an expression:

1. Enter the expression you want to transform.

2. Click|" = | on the Symbolic toolbar or type[Ct r |1 ][ Shi ft]. (hold down the
Control and Shift keys and type a period). Mathcad displays a placeholder to the

left of the symbolic equal sign'.

3. Typef ouri er inthe placeholder, followed by a comma and the name of the
transform variable.

4. Pressknt er] to see the result.

Mathcad returns afunction in a variable commonly used for the transform you perform. If the
expression you are transforming already contains this variable, Mathcad avoids ambiguity by
returning afunction of adoublevariable. For example, Mathcad returnsafunctioninthevariable
wwhen you perform aFourier transform. If the expression you aretransforming already contains
an w, Mathcad returns a function of the variable ww instead.

The Fourier transform result is a functioncefjiven by:
+

[, foeiotd

Use the keyword nvf our i er to return the inverse Fourier transform as a function
given by:

l e i wt
2TJ_D° F(w)e'®dw

wheref(t) andF(w) are the expressions to be transformed.

Use the keywordsapl ace, i nvl apl ace, zt r ans, andi nvzt r ans to perform
a Laplace or-transform or their inverses.

The Laplace transform result is a functiorsafiven by:

+ o0

st
I 0 f(t)eStdt
Its inverse is given by:
L7 et
Z_TJO'—ioo (S) t

wheref(t) andF(s) are the expressions to be transformed. All singulariti€gdfare
to the left of the lindRe(s) = o
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Tip

Note

The z-transform result is a function of z given by:

+ o0

Z f(n)z™"

n=0
Itsinverseis given by:

i n-1
2mJ‘C F(z)z"~'dz

where f(n) and F(2) are the expressionsto be transformed and C is a contour enclosing
all singularities of the integrand.

Y ou can substitute a different variable for the one Mathcad returns from atransform or its
inverse by using the substitute keyword.

Another way to evaluate the Fourier, Laplace, or z- transform or their inverses on an
expression is to use commands on the Symbolics menu. For example, to find the
L aplace transform of an expression:

< Enter the expression.
* Click on the transform variable.
e ChooseTransformO Laplace from theSymbolics menu.

Keep in mind that, unlike keyword-modified expressions, expressions modified by
commands from th8ymbolics menu do not update automatically, as described in the
section “Using the Symbolics Menu” on page 269.

Results from symbolic transformations may contain functions that are recognized by Mathcad’s
symbolic processor but not by its numeric processor. An example is the fubotorshown

in the middle of Figure 14-14. You'll find numeric definitions for this and other such functions
in “Special Functions” on page 486 in the Appendices as well as in the Resource Center
QuickSheet titled “Special Functions.”

Symbolic Optimization

In general, Mathcad’s symbolic and numeric processors don’t communicate with one
another. You can, however, make the numeric processor ask the symbolic processor
for advice before starting what could be a needlessly complicated calculation.

For example, if you were to evaluate an expression such as:

uv w
J’OIOIO x2 +y2 + 72dx dy dz

Mathcad would undertake the task of evaluating a numeric approximation of the triple
integral even though one could arrive at an exact solution by first performing a few
elementary calculus operations.

This happens because by itself, Mathcad’s numeric processor does not simplify before
plunging ahead into the calculation. Although Mathcad’s symbolic processor knows
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Figure 14-14: Performing symbolic transforms.

all about simplifying complicated expressions, thesetwo processorsdo not consult with
each other, although for certain definitions, it would be helpful. To make these two
processors talk to each other for a particular definition click on a definition with the
right mouse button and choose Optimize from the pop-up menu.

Once you've done this, Mathcad’s live symbolic processor simplifies the expression to
the right of a “:="before the numeric processor begins its calculations. This helps
Mathcad’s numeric processor evaluate the expression more quickly. It can also avoid
any computational issues inherent in the numeric calculation.

If Mathcad finds a simpler form for the expression, it responds by doing the following:
« It marks the region with a red asterisk.
< ltinternally replaces what you've typed with a simplified form.

« The equivalent expression is evaluated instead of the expression you specified. To
see this equivalent expression, double-click the red asterisk beside the region.

If Mathcad is unable to find a simpler form for the expression, it plabkg&asterisk
next to it.

In the previous example, the symbolic processor would examine the triple integral and
return the equivalent, but much simpler expression:

%(W?’VU +wv3u + wvud)
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Then it uses any definitionsthat exist in your worksheet and simplifies the expression
further. To seethis expression in apop-up window, click the red asterisk with the right
mouse button and choose Show Popup from the pop-up menu (see Figure 14-15).

LT I ORI D WTER I LT TR
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wimplilied farm

Mot how dmplifging srves Hme:
Waia’s wk lanijiel an =g ral o
vl uaie

A=1

Figure 14-15: A pop-up window showing the equivalent expression that
Mathcad actually evaluates.

To enable optimization for an entire worksheet, choose Optimization from the M ath
menu. To disable optimization for an expression, right-click it and uncheck Optimize
on the pop-up menu. Mathcad evaluates the expression exactly as you typed it.

To disable optimization for all expressions, remove the check from Optimization on
the Math menu.
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Chapter 15
Programming

Defining a Program
Conditional Statements
Looping

Controlling Program Execution
Error Handling

® & & & o o

Programs Within Programs

Defining a Program

A Mathcad program is a specia kind of expression you can

create in Mathcad Professional. It's an expression made up ¢

. . Ak L L
sequence of statements created upiegramming operators,

] ohErat g
available on the Programming toolbar. Cl Eil onthe Mat ™ el
toolbar, or choos&oolbar sC1 Programming from theView bk comias
menu, to open the Programming toolbar. fEuin 8

You can think of a program as a compound expression that

involves potentially many programming operators. Like any expression, a program
returns a value—a scalar, vector, array, nested array, or string—when followed by the
equal sign or the symbolic equal sign. Just as you can define a variable or function in
terms of an expression, you can also define them in terms of a program.

The following example shows how to make a simple program to define the function:
f(x,w) = log EF;\E

Although the example chosen is simple enough not to require programming, it
illustrates how to separate the statements that make up a program and how to use the

local assignment operator-".
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1. Typetheleft side of the function definition, followed by a
“: =". Make sure the placeholder is selected.

2. Click[®#0& ] on the Programming toolbar. Alternatively, pre
] . You'll see a vertical bar with two placeholders, which w
hold the statements that comprise your program.

3. Click in the top placeholder. Tygethen click_* ] on the
Programming toolbar. Alternatively, presdo insert a ‘="

which is also known as the local definition symbol.

4. Typex/ win the placeholder to the right of the local definitid
symbol. Then pres§hb] to move to the bottom placeholde| |**:*) =
or click on the bottom placeholder.

5. Enter the value to be returned by the program in the remai

x
placeholder. Typéog( z) . f(x.w) = |22
You can now use this function just as you would any other func log(z)
in your worksheet.
Note You cannot use Mathcad’s usual assignment operator, “:=,” inside a program. You must use the

local assignment operator, representedby*instead. Variables defined inside a program with
the local assignment operator, suclz asthe example above, are local to the program and are
undefined elsewhere in the worksheet. However, within a program, you can refer to Mathcad
variables and functions defined previously in the worksheet.

Figure 15-1 showsamore complex exampl einvolving the quadratic formula. Although
you can define the quadratic formula with a single statement as shown in the top half
of the figure, you may find it easier to define it with a series of simple statements as
shown in the bottom half.

L -+ ;F:I ~dae Alhaiigh you ean dallhi eomplicated
Ala ke Ta Tuncilores a1l on e line.
ris_b.c) = | disgr— I-;:I -dmc oo TS i i sl en 0 bigak thiem ap
S - 18 Eimples SIEpE Sy
deram — 2 3
niiin
danam

Figure 15-1: A more complex function defined in terms of both an expression
and a program.
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Tip

Note

On-line Help

A program can have any number of statements. To add a statement, click onthe
Programming toolbar or press|[ . Mathcad inserts a placeholder below whatever statement
you've selected. To delete the placeholder, click on it and pB&sp].

Aswith any expression, a Mathcad program must have avalue. Thisvalueis simply

the value of the last statement executed by the program. It can be a string expression,

a single number, or an array of numbers. It can even be an array of arrays (see “Nestec
Arrays” on page 217).

You can also write a Mathcad program to retusgnabolic expression. When you
evaluate a program using the symbolic equal sign, ‘described in Chapter 14,
“Symbolic Calculation,” Mathcad passes the expression to its symbolic processor and,
when possible, returns a simplified symbolic expression. You can use Mathcad’s ability
to evaluate programs symbolically to generate complicated symbolic expressions,
polynomials, and matrices. Figure 15-2 shows a function that, when evaluated
symbolically, generates symbolic polynomials.

A function s generaie s palysamial

Nm} = |u—0
[ -]
while i=n
a—|n s {1+ m) <. Mathiced cam avaluate

ke pragram symbolically

o e wvun Wagh & b undelaed,

Ewaluite sypmbolically . . .

S~ d i PR B - Expand symbalic
R} wpnd R koywwnad wupan s i el

Press [CreilfShi[paiad] Toa
T spemlialic ke id apasialon

Figure 15-2: Using a Mathcad program to generate a symbolic expression.

Programsthat include thereturn and on error statements, described on page 29Gnd
page 292¢annot be evaluated symbolicaly since the symbolic processor does not recognize
these operators.

For programming examples, see the “Programming” section in the Resource Center
QuickSheets. The Resource Center also includes a special section, “The Treasury Guide to
Programming,” which provides detailed examples and applications of Mathcad programs.
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Conditional Statements

Ingeneral, Mathcad eval uates each statement in your program from thetop down. There
may be times, however, when you want Mathcad to evaluate a statement only when a
particular condition is met. Y ou can do this by including an if statement.

For example, suppose you want to define afunction that forms asemicircle around the
origin but is otherwise constant. To do this:

1. Typetheleft sideof thefunction definition, followed by

a“; =". Make sure the placeholder is selected. o) -
2. Click[®#L ] on the Programming toolbar.

. . . f(X) = [}
Alternatively, pres$ . You'll see a vertical bar with twc d
placeholders. These placeholders will hold the
statements making up your program.

3. Click[_* ] on the Programming toolbar in the top

f = |u if &
placeholder. Alternatively, pre$s Do not type “if.” to | i

4. Enter a Boolean expression in the right placeholder
using one of the relational operators on the Boolear,
toolbar. In the left placeholder, type the value you wi
the program to return whenever the expression in the

right placeholder is truéf necessary, add more placeholders by clic[## 0]

f{x) = |u if |x|>2
1

5. Select the remaining placeholder and d #mmsiss (

. fix) = |0 if |x|=2
the Programming toolbar or presx f | | 3.

1| otherwise

6. Type the value you want the program to return if th

" . . . fix) =
condition in the first statement is false.

0 if |x|=2

4 - x2 otherwise

Figure 15-3 shows a plot of this function.

fiwi= |0 ® | ~2
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Figure 15-3: Using theif statement to define a pi ecewi se continuous function.
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Note

Looping

Tip

“For"” Loops

Theif statement in aMathcad program is not the same as the if function (see “Piecewise
Continuous Functions” on page 155). Although it is not hard to define a simple program using
theif function, as shown in Figure 15-3, tifidunction can become unwieldy as the number of
branches exceeds two.

One of the greatest strengths of programmability isthe ability to execute a sequence of
statements repeatedly in aloop. Mathcad provides two loop structures. The choice of
which loop to use depends on how you plan to tell the loop to stop executing.

» If you know exactly how many times you want a loop to execute, trselaop.

< If you want the loop to stop when a condition has been met, but you don’t know
how many loops will be required, usavaile loop.

See “Controlling Program Execution” on page 289 for methods to interrupt calculation within
the body of a loop.

A for loop terminates after apredetermined number of iterations. Iterationiscontrolled
by an iteration variable defined at the top of the loop. The definition of theiteration
variable islocal to the program.

To create afor loop:

1. Click[® ] on the Programming toolbar or press[Ct r1]* . Do
not type the word “for.”

for ule s

2. Type the name of the iteration variable in the placeholder to the
left of the ‘0"

3. Enter the range of values the iteration variable should take ir
placeholder to the right of thél?” You usually specify this range

the same way you would for a range variable (see page 106)

for iel.n

4. Type the expression you want to evaluate in the remaining
placeholder. This expression generally involves the iteration

variable. If necessary, add placeholders by clic[## 0| onft
Programming toolbar.

for iel.n

S—8+1

The upper half of Figure 15-4 shows thisfor loop being used to add a sequence of integers.
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Note Although the expression to the right of thé"is usually a range, it can also be a vector or a list
of scalars, ranges, and vectors separated by commas. The lower half of Figure 15-4 shows an
example in which the iteration variable is defined as the elements of two vectors.

S nj = n
Ior i1 . m Lauiyvalant in a =44 “\-. T - ]
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Thay v o banechan F.
n raf deirad T

jalnjd &% = |m—0
lor wer.s
v
mea— i+ 1
L]
1
f1m |
| l'll bR s
e 1) "l_,._l joim(r, 5 = | W0
LT i

ol S

Figure 15-4: Using a for loop with two different kinds of iteration variables.

“While” Loops

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 will 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 executes indefinitely.

To create avhile loop:

1. Click[ s ] on the Programming toolbar or preSsil ] ] .
Do not type the word “while.”

while

2. Click in the top placeholder and type a condition. This is
typically a Boolean expression like the one shown.

while |vj| zthres

1

3. Type the expression you want evaluated in the remainin :
placeholder. If necessary, add placeholders by clicking | |while || <thres

on the Programming toolbar. jej+

Figure 15-5 shows a larger program incorporating the above loop.

Upon encountering while 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.
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Figure 15-5: Using a while loop to find the first occurrence of a particular
number in a matrix.

Controlling Program Execution

The Programming toolbar in Mathcad Professional includes three statements for
controlling program execution:

« Use thebreak statement within &or orwhile loop to interrupt the loop when a
condition occurs and move execution to the next statement outside the loop.

* Use thecontinue statement within &r orwhile loop to interrupt the current
iteration and force program execution to continue with the next iteration of the loop.

e Usetheeturn statementto stop a program and return a particular value from within
the program rather than from the last statement evaluated.

The “"Break” Statement

It is often useful to break out of a loop upon the occurrence of some condition. For
example, in Figure 15-6lareak statement is used to stop a loop when a negative
number is encountered in an input vector.

To insert abreak statement, click on a placeholder inside a loop and on
the Programming toolbar or presx f | ] { . Do not type the word “break.” You
typically insertbreak into the left-hand placeholder of drstatement. Thbreak is
evaluated only when the right-hand side ofithis true.

Tip To create the program on the left in Figure 15-6for example, you would click first,
thenclick[_ ¥ .
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The “"Continue” Statement

Toignoreaniteration of aloop, usecontinue. Toinsertthecontinue statement, click
on aplaceholder inside aloop and click on the Programming tool bar or press
[Crl]]. Do nottype the word “continue.” As witlreak, you typically insert
continue into the left-hand placeholder of #nstatement. Theontinue statement

is evaluated only when the right-hand side ofithe true.

For example, in Figure 15-6cmntinue statement is used to ignore nonpositive

numbers in an input vector.
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Figure 15-6: Thebreak statement haltstheloop. Program execution resumes

on the next iteration when continue is used.

The “"Return” Statement

A Mathcad program returns the value of the last expression evaluated in the program.
In simple programs, the last expression evaluated is in the last line of the program. As
you create more complicated programs, you may need more flexibility eTinen

statement allows you to interrupt the program and return particular values other than

the default value.

A return statement can be used anywhere in a program, even within a deeply nested
loop, to force program termination and the return of a scalar, vector, array, or string.
As with break andcontinue, you typically useeturn on the left-hand side of ah
statement, and threturn statement is evaluated only when the right-hand side of the

if statement is true.
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The following program fragment shows how areturn statement is used to return a
string upon the occurrence of a particular condition:

1. Click[® ] on the Programming tool bar.

n if n

2. Now click [ ] on the Programming toolbar or - [ reym of if
press[Ct r | ]| . Do not type “return.”

3. Create a string by typing the double-quote Key (|
on the placeholder to the rightr&turn. Then type
the string to be returned by the program. Mathcad
displays the string between a pair of quotes.

4. Type a condition in the placeholder to the right of
This is typically a Boolean expression like the of
shown.(Type [Ct r | ]= for the bold equal sign.)

return "int" if &

return “int" if floor(x)=x

In this example, the program returns the string “int” when the expre@sionx) = x
is true.

Tip You can add more lines to the expression to the right of return by clicking on the
Programming toolbar.

Error Handling

Errors may occur during program execution that cause Mathcad to stop calculating the
program. For example, because of a particular input, a program may attempt to divide

by 0in an expression and therefore encounter a singularity error. In these cases Mathca
treats the program as it does any math expression: it marks the offending expression

with an error message and highlights the offending name or operator in a different color,

as described in Chapter 8, “Calculating in Mathcad.”

Mathcad Professional gives you two features to improve error handling in programs:

e Theon error statement on the Programming toolbar allows you to trap a numerical
error that would otherwise force Mathcad to stop calculating the program.

e Theerror string function gives you access to Mathcad’s error tip mechanism and
lets you customize error messages issued by your program.
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“On Error” Statement

In some cases you may be able to anticipate program inputs that lead to a numerical

error (such as asingularity, an overflow, or afailure to converge) that would force

Mathcad to stop cal culating the program. In more complicated cases, especially when

your programs rely heavily on Mathcad’s numerical operators or built-in function set,
you may not be able to anticipate or enumerate all of the possible numerical errors that
can occur in a program. Tha error statement is designed as a general-purpose error
trap to compute an alternative expression when a numerical error occurs that would
otherwise force Mathcad to stop calculating the program.

To use then error statement, clicC#&® | on the Programming toolbar or type
[Crl]*. Do nottype “on error.” In the placeholder to the righboferror, create

the program statement(s) you ordinarily expect to evaluate but in which you wish to
trap any numerical errors. In the placeholder to the lefhadrror, create the program
statement(s) you want to evaluate should the default expression on the right-hand side
fail. Figure 15-7 showsn error operating in a program to find a root of an expression.
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Figure 15-7: The on error statement traps numerical errorsin a program.
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Issuing Error Messages
Just as Mathcad automatically stops further evaluation and produces an appropriate

“error tip” on an expression that generates an error (see the bottom of Figure 15-7 for
an example), you can cause evaluation to stop and make custom error tips appear whe
your programs or other expressions are used improperly or cannot return answers.

Mathcad Professional&ror string function gives you this capability. This function
(see “String Functions” on page 198) suspends further numerical evaluation of an
expression and produces an error tip whose text is the string it takes as an argument.

Typically you use therror string function in the placeholder on the left-hand side of
anif oron error programming statement so that an error and appropriate error tip are
generated when a particular condition is encountered. Figure 15-8 shows how custom

errors can be used even in a small program.
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Figure 15-8: Generating custom errors via the error string function.

Note Someerror strings are automatically translated to aMathcad error message that is similar to the

error string. For example “must be real” is translated to “This value must be real. Its imaginary

part must be zero.”
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Programs Within Programs

The examples in previous sections have been chosen more for illustrative purposes
rather than their power. This section shows exampl es of more sophisticated programs.

Much of the flexibility inherent in programming arises from the ability to embed
programming structuresinside oneanother. In Mathcad, you candothisinthefollowing
ways.

« You can make one of the statements in a program be another program, or you can

define a program elsewhere and call it from within another program as if it were a
subroutine.

« You can define a function recursively.
Subroutines

Figure 15-9 shows two examples of programs containing a statement which is itself a
program. In principle, there is no limit to how deeply you can nest a program.
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Figure 15-9: Programs in which statements are themsel ves programs.
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Tip

Recursion

One way many programmers avoid overly complicated programsisto bury the
complexity in subroutines. Figure 15-10 shows an example of thistechnique.

IRTE GRATION N WHICH WIDTHS OF IRTERVALS ASE CHOSEN AD&FTIVELY
wal
bh-m
.
L]

far im1 W

Emmlmp i 4, Ml o«

Maeli=1)wl«&8F|a
1

FE LR
§

glapitil @ h] = | w=—insdmpid, e b 00
€ W |x- imimp(f s b 5)] £TOL

ll.lrlll:l.l_-ﬂ ::_ n

utbaraise

| LR
+ aflapt|[,—— b
|0

adapl| hag 10 . 1% = -QA31F5E0ETIT A

Figure 15-10: Using a subroutine to manage complexity.

Breaking up long programs with subroutinesis good programming practice. Long programs and
those containing deeply nested statements can become difficult for other usersto understand at
aglance. They are also more cumbersome to edit and debug.

In Figure 15-10, the function adapt carries out an adaptive quadrature or integration
routine by using intsimp to approximate the areain each subinterval. By defining
intsimp el sewhere and using it within adapt, the program used to define adapt becomes
considerably simpler.

Recursion is a powerful programming technique that involves defining a function in
terms of itself, as shown in Figure 15-11. See also the definition of adapt in Figure 15-
10. Recursive function definitions should always have at least two parts:

« A definition of the function in terms of a previous value of the function.
< Aninitial condition to prevent the recursion from continuing forever.
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Theideaissimilar to mathematical induction: if you candetermine f(n + 1) from f(n),
and you know f(0) , then you know all there is to know about f.

Tip Recursive function definitions, despite their elegance and conciseness, are not always
computationally efficient. Y ou may find that an equivalent definition using one of the iterative
loops described earlier will evaluate more quickly.
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Figure 15-11: Defining functions recursively.
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Chapter 16
Advanced Computational Features

Overview

Overview
Exchanging Data with Other Applications
Scripting Custom OLE Automation Objects

* & & o

Accessing Mathcad from Within Another Application

In this chapter, you will learn how to extend Mathcad’s functionality by bringing the
feature sets of other applications into your Mathcad worksheet. Likewise, you can
expand the usefulness of other programs by interfacing with Mathcad. In both cases,
you take advantage of Mathcad’s OLE (Object Linking and Embedding) capabilities.

Exchanging Data with Other Applications

Tip

Components are specializedLE objects in your Mathcad worksheet. They allow you

to exchange data with other applications or soudggsication components allow you

to access functions and data from other computational applications such as Excel,
SmartSketch, anslATLAB. Unlike other kinds oOLE objects you insert into a
worksheet, as described in the section “Inserting Objects” in Chapter 6, a component
can receive data from Mathcad, return data to Mathcad, or do both, dynamically linking
the object to your Mathcad computations.

As described in Chapter 11, “Vectors, Matrices, and Data Arrays,” Mathcad also provides the
File Read/Write component for you to import and expiatic data files in a variety of formats
compatible with other computational programs. For linking dynamically to an object for which
Mathcad does not have a dedicated component, see “Scripting Custom OLE Automation
Objects” on page 308.

Components that connect Mathcad to other applications include:

e Axum, for creating highly customizable Axum graphs

« Excel, for accessing cells and formulas in a Microsoft Excel spreadsheet
* MATLAB, for accessing the programming environmerviafTLAB

« ODBC Read, for retrieving data from an ODBC-compliant database that supports
SQL
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e SmartSketch, for creating 2D drawings and designs
e SPLUS Graph, for creating-PLUS graphs
e SPLUS Script, for accessing the programming environmergrRfus

Note To use an application component, you must have the application for that component installed,

Tip

but not necessarily running, on your system.

Other built-in components that may be customized using scripting:
- Data Acquisition, for sending data to or getting data from a measurement device
« MathSoft Controls, for creating custom forms controls like buttons and text boxes

These components are described in detail in the next se&toipting Custom OLE
Automation Objects” on page 308.

See the SAMPLES folder of your Mathcad installation for a variety of example files that use
components.

How to Use Application Components

In general, components receive input from one or more Mathcad variables, perform
operations on the data you specify, and return output to other Mathcad variables. An

“input variable” is a scalar, vector, matrix, or, in some cases, a string, that you have
already defined in your Mathcad worksheet. It contains the data that is passed into a
component. Output from a component (again, either a scalar, vector, matrix, or string)
is then assigned to a Mathcad variable. This variable is referred to as an “output
variable.”

The basic steps for using a component are as follows:

* Insert the component.

« Specify the input variable(s) and output variable(s).

« Configure the component to handle inputs from and return outputs to Mathcad.

Since some components only take input or only send output, these steps differ slightly
for each component. The ideas presented in the steps that follow provide an overview
of the process.

Step 1: Inserting a component

To insert a component into a Mathcad worksheet:

1. Click in a blank area of your Mathcad worksheet where you want the component
to appear. Click below or to the right of definitions for any variables that will
become inputs to the component.

2. ChooseComponent from thel nsert menu. This launches the Component Wizard.
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3. Choose a component from the list and click “Next” or “Finish,” depending on the
component you choose. You may see additional dialog boxes that let you specify
properties of the component before it is inserted. When you click “Finish,” the
component is inserted into your worksheet.

If you don't see a Wizard when you choose one of the components from the Insert
Component dialog box, you'll immediately see the component inserted into your
worksheet with some default properties.

Each component has its own particular appearance, but all components have one or
more placeholders to the left of the :=, if it returns data to Mathcad, and/or at the bottom
of the component, if it receives data from Mathcad. For example, the Excel component
(with one input and two outputs) looks like this when inserted into your worksheet:

The placeholder(s) at the bottom of the component are for the names of previously
defined input variables. The placeholder(s) you see to the left of the := are for the output
variables.

After you fill in the placeholders for the input and output variables, you can hide the
variables by clicking with the right mouse button on the component and chétidimg
Arguments from the pop-up menu.

To add an input or output variable, click with the right mouse button on the component and
choose Add Input Variable or Add Output Variable from the pop-up menu. To eiminate an
input or output, choose Remove I nput Variable or Remove Output Variable from the menu.

Step 2: Configuring a component

Once you've inserted a component into a worksheet, you can configure its properties
so that the component knows how to handle any inputs it receives from Mathcad and
what to send as output. To configure the properties for a component:

1. Click on the component once to select it.
2. Click on the component with the right mouse button to see a pop-up menu.
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3. Choose Properties from the pop-up menu.

The settings in the Properties dialog box differ for each component. For example, the
Properties dialog box for the Excel component lets you specify the starting cellsin
which the input values are stored and the cell range from which the output is sent.

Tip When you insert an application component, you see a small window on that application’s
environment embedded in your Mathcad worksheet. Whedguahle-click the component, the
component isn-place activated and Mathcad’s menus and toolbars change to those of the other
application. This gives you access to the features of that application without leaving the Mathcad
environment.

Step 3: Exchanging data

Once you've configured the component, click outside it elsewhere in the worksheet.

At that point, the region recalculates and data exchange takes place: data passes from
the input variable(s) into the component, the component processes the data, and the
output variable(s) receive output from the component. This exchange happens when-
ever:

e You click on the component and prg¢g9] to recalculate the region.
* The input variables change and Automatic Calculation is turned on.
* You chooseCalculate Worksheet from theMath menu.

Tip Some components alow you to save the file with which the component exchanges data as a
separate file. Click on acomponent with the right mouse button and choose Save As... from the
pop-up menu.

Excel Component

The Excel component allows you to exchange data with and access the functions of
Microsoft Excel (version 7 or higher), if it is installed on your system.

Tip If youonly need to import or export a static datafile in Excel format, use the File Read/Write
component as described in Chapter 11, “Vectors, Matrices, and Data Arrays.”

Inserting an Excel component
To insert an Excel component into a Mathcad worksheet:

1. Clickinablank spotinyour worksheet. If youwant to send val uesto the component
from a Mathcad variable defined in your worksheet, click below or to the right of
the variable definition.

2. Choose Component from the I nsert menu.
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Note

3. Select Excel from the list and click “Next.” To create an object based on a file
you've already created, choose “Create from file,” and type the path name in the
text box or use the Browse button to locate the file; then click “Open.” Otherwise,
choose “Create an empty Excel Worksheet.”

4. Click Display as Icon if you want to see an icon in your Mathcad worksheet rather
than a portion of the Excel spreadsheet object.

Successive pages of the Wizard allow you to specify:

e Thenumber of input and output variables. Supply multiple input and output
variables. The number of input and output variables you can pass between Mathcad
and Excel is only limited by the memory and speed of your computer. There is no
set limit.

e Input ranges. The cells in which the values of each input variable from Mathcad
will be stored. Enter the starting cell, which is the cell that will hold the element in
the upper left corner of an input array. For example, for an input variable containing
a3 x 3 matrix of values, you can specify Al as the starting cell, and the values will
be placed in cells Al through C3.

e Output ranges. The cells whose values will define the output variables in Mathcad.
For example, enter C2:L11 to extract the values in cells C2 through L11 and create
a10x 10 matrix.

Y ou can specify aparticular Excel worksheet and cell range using standard Excel notation such
as Sheet2!B2:C2. Y ou can also specify named cells and cell ranges.

When you finish using the Wizard, the Excel component appears in your worksheet
with placeholders for the input and output variables. Enter the names of input variables
in the bottom placeholders. Enter the names of the output variables into the placeholders
to the left of the :=. When you click outside the component, input variables are sent to
Excel from Mathcad and a range of cells are returned to Mathcad.

Figure 16-1 shows an example of an Excel component in a Mathcad worksheet.

By default, the Excel component displays only some of the rows and columns of the underlying
spreadsheet object. To see more or fewer rows and columns, click the component so that you see
handles along its sides. Resize the component by dragging a handle. To see different rows or
columns than the ones shown in the view, double-click the component and use the scroll barsto
find the rows or columns of interest.
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Figure 16-1: An Excel spreadsheet object in a Mathcad worksheet.

Changing the inputs and outputs

If you add input or output variables, you need to specify which cellsin the component
will store the new input and which will provide the new output. To do so:

1. Click on the component with the right mouse button and choose Properties from
the pop-up menu.

2. Clickonthelnputstab and specify astarting cell for eachinput; click onthe Outputs
tab and specify arange of cells for each output.

Y ou should also follow these stepsif you want to change the cell ranges for inputs and
outputs you initially specified in the Setup Wizard.

Strings can be passed asinput to and outputs from an Excel component.

Accessing Excel

After inserting an Excel component into a Mathcad worksheet, you can use the
component to perform calculationsin Excel. To do so:

1. Double-click the Excel component in the Mathcad worksheet. The Excel compo-
nent opens and the menus and toolbars change to Excel’'s menus and toolbars. This
is calledin-place activation of the component application, i.e. Excel.

2. Edit the Excel component.

Click back in the Mathcad worksheet to have the component recalculate and to
resume working in Mathcad.
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MATLAB Component

Tip

Note

Note

The MATLAB component allows you to exchange data with and access the program-
ming environment of The MathWorkMIATLAB Professional 4.2c or higher, if it is
installed on your system.

If you only need to import or export a static datafilein MATLAB format, use the File Read/
Write component as described in Chapter 11, “Vectors, Matrices, and Data Arrays.”

Inserting a MATLAB component
Toinsert aMATLAB component into a Mathcad worksheet:

1. Clickinablank spot inyour worksheet. If you want to send valuesto the MATLAB
component from a Mathcad variable, click below or to the right of the variable
definition.

2. Choose Component from the I nsert menu. Select MATLAB fromthelist and click
“Finish.” TheMATLAB component is inserted into your worksheet.

3. Inthe placeholder that appears at the bottom, enter the name of the Mathcad input
variable to pass into theATLAB component. In the placeholder that appears to
the left of the component, enter the name of the Mathcad output variable to be
defined.

By default, the data in the Mathcad input variables are sent into MATLAB variables named

i n0,inl,i n2,andsoon. The MATLAB variablesout 0, out 1, out 2, and so on define

the datato be passed to the Mathcad output variables. To change these names, choose Properties
from the component’s pop-up menu and type in new names in the Inputs and Outputs tabs.

To usethe MATLAB component to perform calculationsin MATLAB :

1. Right-click the MATLAB component in your Mathcad worksheet and select Edit
Script... from the pop-up menu. This action opens a text window for entering
MATLAB commands.

2. EdittheMATLAB scripttoyour liking. Besureto useappropriate MATLAB variable
names to take input from Mathcad and provide output.

When you click outside the component, input variables from Mathcad are sent to
MATLAB, and arraysfrom MATLAB are assigned to output variables in Mathcad.

Some versions of MATLAB support multidimensional arrays and other complex data structures.
While you may use these structures within the MATLAB component, you may pass only scalars,
vectors, and two-dimensional arrays from Mathcad to the MATLAB component and vice versa.
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ODBC Component

The ODBC (Open Database Connectivity) component allows you to retrieve informa-
tion from a database that supports SQL inits ODBC driver, like Microsoft Access or

FoxPro. There are some programs that have SQL support within their application, but

do not support SQL in their ODBC driver, like Microsoft Excel.

A link to your database must be established before you insert an ODBC component
intoyour worksheet. Inorder to establishalink to adatabase onyour system or network,
in the Control Panel, go to Administrative Tools\Data Sources (ODBC), in Windows
2000, or ODBC Data Sources, in Windows 95, 98, and NT. For moreinformation about
ODBC and SQL support, check the documentation that comes with your database
application.

Inserting an ODBC component

To insert an ODBC component into a Mathcad worksheet:

1. Click in ablank spot in your worksheet and choose Component from the I nsert
menu.

2. Select ODBC Read from the list and click “Next.”

3. Choose a database from which to collect data. Depending on the data source, you
also may need to enter a username and password. Click “Next.”

4. Select a table and specify the fields in the database that you would like to read.
Click “Finish.”

5. In the placeholder that appears to the left of the component, enter the name of the
Mathcad output variable to be defined.

Once a link to a particular database has been established, you may want to change the
data source, the table, or the columns of data to be imported to your Mathcad worksheet.

To change the data source in an ODBC component:
1. Right-click the component and sel@cbperties from the pop-up menu.

2. Inthe Properties dialog box under the Data Source tab, select a database, table, and
columns of data.

3. Click “OK” to close the dialog box and update your worksheet.

Note You can change the order in which the fields of your database are stored in the columns of the
output matrix in Mathcad. To do so, right-click the ODBC component in your Mathcad
worksheet and choose Properties from the pop-up menu. Navigate to the Advanced tab of the
dialog box, and rearrange the order of the fields in the columns of the matrix using the “move
up” and “move down” buttons.
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Tip

To filter your data before bringing it into a Mathcad output variable, you can query
your database directly through the ODBC component using a SQL “where” statement.

To filter your data through the ODBC component:
1. Right-click the component and sel@cbperties from the pop-up menu.

2. Underthe Advanced tab, check the “Use SQL” option and type a “where” statement
in the text box.

3. Click “OK” to close the dialog box and update your worksheet.
Figure 16-2 shows the use of a SQL “where” statement.
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Figure 16-2: Using a SQL “where” statement to filter data through the ODBC
component.

Checking the “Show all fields” option in the ODBC component Wizard or on the Data Source
page of thér operties dialog box displays all data fields, even those not supported by Mathcad
variables. For example, Mathcad does not support any time data types, but you can select and
display time indices from your database in a Mathcad output variable.
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SmartSketch Component

SmartSketch is a 2D drawing and design tool developed by Intergraph. The Smart-
Sketch component allowsyou to createin aMathcad worksheet SmartSketch drawings
whose dimensions are computationally linked to your Mathcad calculations. For
example, your Mathcad equations can drive the size of drawing objects.

The SmartSketch component makes Mathcad the ideal platform for creating technical
illustrationsand specification-driven designs. Y ou can use the Smart Sketch component
if you have installed SmartSketch LE for Mathcad (included on your Mathcad CD),
SmartSketch 3 or higher, Imagination Engineer, or Imagineer Technical 2.

Inserting a SmartSketch drawing
To insert adrawing that is computationally linked to your Mathcad worksheet:

1. Click inablank spot in your worksheet. If you want to send values to the drawing
from a Mathcad variable defined in your worksheet, click below or to the right of
the variable definition.

2. Choose Component from the Insert menu. Select SmartSketch and click “Next.”
The first page of the SmartSketch component Wizard appears.

3. Toinsert a SmartSketch drawing you've already created, choose “From Existing
File,” and type the path name in the text box or use the Browse button to locate the
file; then click “Open.” Otherwise, choose “New SmartSketch Document.” The
next page of the Wizard appears.

4. Specify the number of inputs and outputs. If you are using an existing file, also
specify the names of the variables, dimensions, or symbols in the drawing to send
input to and retrieve output from. Use the drop-down list boxes next to each input
and output.

When you click “Finish,” the SmartSketch component appears in your worksheet with
placeholders for the input and output variables. Enter the names of Mathcad input
variables in the bottom placeholders. Enter the output variables in the placeholders to
the left of the :=.

Figure 16-3 shows a SmartSketch drawing inserted into a Mathcad worksheet. The
values from the variabldgadiusA, RadiusB, andDistance are sent to SmartSketch as
input and used to create the drawing. The variaepB, BLength, andBetal are
output variables.
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Figure 16-3: Integrating a SmartSketch drawing into a Mathcad worksheet.

Input values that do not have units attached are passed in Sl units. For example, if you send 2.0
asinput for alength, it is assumed to be 2.0 meters. SmartSketch, by default, convertsthisto the
display units (inches by default) and creates the drawing.

Creating a new drawing

If you choose “New SmartSketch Document” when inserting the SmartSketch compo-
nent, you need to create a new SmartSketch drawing after the component appears. T¢
do so:

1. Double-click onthe component and use SmartSketch's menus and toolbars to create
a drawing. Use the Dimensions toolbar to add dimensions to your drawing.

2. ChooseVariablesfrom theTools menu to define variables or edit dimensions.
Close the Variable Table before clicking back in the Mathcad worksheet.

Next you need to bind variables, dimensions, or symbols to the inputs or outputs. To
do so, right-click on the component in Mathcad and chBosperties from the pop-
up menu. Use the Properties dialog to specify:

* Input names. The dimension, symbol, or variable names used in the SmartSketch
drawing that are controlled by the inputs to the SmartSketch component. Choose a
dimension or variable name from the drop-down list.

e Output names. The dimension, symbol, or variable names used in the SmartSketch
drawing that define the output variables in Mathcad. Choose a dimension or variable
name from the drop-down list.
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When you click outside the component, input values are sent to the SmartSketch
drawing from Mathcad and values are returned to Mathcad as output.

Tip If thedrawingisso largethat it extends beyond the component window, click on the component
with the right mouse button, choose Pr oper ties from the pop-up menu, and click the box next
to Automatic Resizing.

Note |n order for the dimensionsin adrawing to resize relative to any changes to the dimensions,
check the box next to Maintain Relationships under the T ools menuin SmartSketch. To verify
this setting, double-click on the component and choose Tools from the menu bar.

For more information on SmartSketch, refer to the tutorials and documentation avail-
able from the Help menu in SmartSketch. Sample Mathcad files containing Smart-
Sketch components are located in the SAMPLES\CAD folder of your Mathcad
installation.

Note To learn about other built-in application components in Mathcad, see Mathcad’s online Help.

Scripting Custom OLE Automation Objects

Asdescribed in the previous section, Mathcad has several specialized components for
accessing the functionality of other technical computing environments within your
Mathcad worksheet. However, you can dynamically exchange databetween aMathcad
worksheet and any other application that supports OLE Automation, even if Mathcad
does not have a specific component for that application. To do so, you must use the
Scriptable Object component (SOC).

In addition to programming the SOC tointerface with other OL E applications, you can

build customized Controls that respond to user input in the worksheet, such as buttons

and text boxes. Also, you can use the SOC to retrieve data from measurement devices
attached to your system. Scripted objectsto perform thesetaskscome pre-installed with
Mathcad. Brief descriptions of their use appear later in this section, under “Customizing
and Redistributing Components” on page 310 and “Data Acquisition Component
(DAC)” on page 313. These components appear in the Insert Component list, but they
still need to be customized through modifications to their scripts.
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How to Use Scriptable Object Components

In general, you can create a custom scriptable object from any object you can insert
into aMathcad worksheet aswell asany ActiveX controlsinstalled on your computer.

To create a Scriptable Object component, you must:

1. Beproficient in a supported scripting language, such as Microsoft VBScript or
JScript, that isinstalled on your system.

2. Know something about the Object Model of the other application. In other words,
you must know how the application has implemented Automation.

3. Have the other application or control installed on your system, if you're interfacing
with another application.
Scripting Languages
To use a Scriptable Object component, you must have a supported scripting language
installed on your system. Two scripting languages are supported by Mathcad: Microsoft
VBScript (Visual Basic Scripting Edition) and Microsoft JScript (an implementation
of JavaScript). Both of these scripting languages are included with Microsoft Internet

Explorer, which can be installed from the Mathcad CD. These scripting languages can
also be downloaded at no charge from Microsoft, Inc. at:

http://nmsdn. m crosoft. com scripting

For more information on scripting languages and syntax associated with their usage,
see théDeveloper’s Referenceainder the Help menu in Mathcad.

Inserting a Scriptable Object
To insert a Scriptable Object component into a Mathcad worksheet:

1. Clickinablank spot in your worksheet. If you want to send values to the object
from aMathcad variable, click below or to the right of the variable definition.

2. Choose Componentfrom the Insert menu.
3. Select Scriptable Object from the list in the Wizard and click “Next.”

This launches the Scripting Wizard. The Object to Script scrolling list shows the
available server applications on your system. Choose an application that supports the
OLE 2 automation interface (consult documentation for the application for details).

You must specify:
« Whether the component is a new file or whether you will insert an existing file.
* Whether you will see the actual file or an icon in your Mathcad worksheet.
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Customizing

I n the remaining pages of the Wizard you specify: thetype of object you want to script,
the scripting language you are using, the name of the object, and the number of inputs
and outputs the object will accept and provide.

A Scriptable Object component appears in your worksheet with placeholders for the
input and output variables. Enter theinput variablesin the bottom placeholders. Enter
the output variables into the placeholders to the left of the :=.

There are two Properties dialog boxes for any customized Scripted Object component, one for
the object and one for the embedded control. Access the one for the object by right-clicking on
the object and choosing Pr oper ties from the pop-up menu. Thisdialog box allowsyou to specify
the number of inputs and outputs and the name of the object. Access the one for the control by
right-clicking on the object and choosing Properties (Control Name) Object. Thisdialog box
allowsyou to modify the setting for the embedded control. For example, inthe Data Acquisition
Control (see page 313), you use it to change the data collection mode from single point to
waveform.

and Redistributing Components

Onceyou have scripted an object to your liking, you can saveit asacustomized Scripted
Object component for future use. The scripted object will be saved asan MCM fileand,
onceregistered, it will be available every time you start Mathcad 2001. Y ou can share
any MCM file you have created with other Mathcad 2001 users.

Saving Scripted Objects as customized components
To save a Scripted Object as a customized component:
1. Create a Scripted Object component in your Mathcad workshest.

2. Right-click on the component and choose Export as Component from the pop-up
menu.

3. Specify the name of the component, as you would like it to appear on the Insert
Component list, and provide a file name. Click “Next.”

4. Enter a password to prevent others from editing the script of the component and
verify the password. Click “Finish” to save the component. This step is optional.

Once you have exported your component, which saves the component information in
an MCM file, it automatically becomes available on your system. The component will

appear in the Insert Component list.

To start using a component defined in an MCM file you have received:
1. Copy the MCM file to the MCM folder of your Mathcad installation.
2. Double-click the MCM file to register it with Mathcad.

3. Start Mathcad and the customized component defined in the MCM file will appear

on your Insert Component list.
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MathSoft Control Components

Note

Tip

The MathSoft Control components allow you to insert buttons, text boxes, list boxes,
combo boxes, and slidersinto your Mathcad worksheet. These components operatein
afashion similar to Microsoft Forms Controls.

For more information about the properties and methods associated with MathSoft Controls and
other Scriptable Object components, see the Developer’s Referenceinder the Help menu in
Mathcad.

Inserting a MathSoft Control component
To insert a MathSoft Control component into a Mathcad worksheet:

1. Clickinablank spotinyour worksheet. If you want to send val uesto the component
from aMathcad variable, click below or to the right of the variable definition.

2. Choose Component from the I nsert menu. Select MathSoft TextBox Control or
one of the other MathSoft Controls from the list and click “Finish.”

3. Inthe placeholder that appears to the left of the component, enter the name of the
Mathcad output variable to be defined.

To add input or output variables to your component, right-click the embedded control
(i.e. the button, list box, text box, etc.) and sededd | nput Variable or Add Output
Variable from the pop-up menu. If you add or remove input or output variables from
the component, you must make changes to the script. To edit the script, right-click the
embedded control and seléadit Script... from the pop-up menu.

You are allowed a maximum of four inputs and four outputs for any MathSoft Control
component. For information on inputs, outputs, and scripting your control component
see théDeveloper’s Referencainder Help in Mathcad.

For most MathSoft Control components, you will specify outputs only. For example, if you have
aTextBox control you will get O inputs and 1 output, the output being based on the text entered
in the text box.
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To change the appearance of a MathSoft Control component:

1. Right-click onthe component and select M athsoft (Control) Object [0 Properties
from the pop-up menu.

2. Inthe Properties dialog box

Ml g hS ol 1w | orvieal IMiopeiise

you will see various options
that let you change the appear- = e | I =
ance of the control. For exam- o Pt fuon F dapn e [ Puskiie T Py
ple, for aMathSoft Button =Lt - R C
Control, you can change the Raske s ===
default check box to apush Gepill Bl Mogeoid (s =] Vel [Toien =]
button within this dialog box. |
Make your selections. Cagtion [vices i
3. Click “Apply” to keep the
Properties dialog box open anc [ ok ] ceee | |

preview the changes in your
worksheet. Click “OK” to close the Properties dialog box and return to the
worksheet.

Tip To customize abutton quickly with a specific graphic image, create an image and copy it into
your clipboard. Right-click on your MathSoft Control component and select M athSoft
(Control) Object [1 Paste Bitmap from the pop-up menu. Alternatively, you can browse for a
bitmap or icon file through the Pictures tab in the Properties dialog box.

To edit the script of a MathSoft Control component:

1. Right-click on the component and selstathSoft (Control) Object O Edit
Script... from the pop-up menu.

2. Make your changes and close the Script Editor.

3. Toupdatethecomponent inyour Mathcad worksheet, select Calculate Worksheet
from the Math menu or click on the component and press[ F9] .

Note You cannot send a string asinput to any MathSoft Control component. The only types of input
variablesallowed are scalars, vectors, and matrices. However, you can define an output variable
asastring in aMathSoft Control component. See CONTROLS.MCD in the SAMPLES
directory of your Mathcad installation for examples of MathSoft Control components.
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Data Acquisition Component (DAC)

Note

The Data Acquisition component (DAC) allowsyou to read datadirectly from or send

data directly to a measurement device installed in your system. The DAC eliminates

the step of saving datato an external file before importing the data into Mathcad for

display and analysis. To some degree, the DAC also allows for “real time” data logging
and analysis. At this time, the DAC only supports National Instruments E-Series data
acquisition boards and PC cards. Sedteecloper’s Referencdor acompletelist of
supported data acquisition boards.

The degree to which “real time” data logging and analysis is possible depends on the size of the
data being transferred, the complexity of the calculations being performed, and the speed of your
computer. If at some point Mathcad is unable to keep up with the data transfer or calculations,
real-time analysis is no longer possible.

Inserting a Data Acquisition component
To insert a Data Acquisition component into a Mathcad worksheet:

1. Clickinablank spotinyour worksheet. If youwant to send val uesto the component
from aMathcad variable, click below or to the right of the variable definition.

2. Choose Component from the I nsert menu.
3. Select Data Acquisition Component (DAC) from the list and click “Finish.”

The DAC is inserted into the worksheet with default properties, namely, one output
and single point analog data collection. These properties are easily modified, however,
using either the object’s Properties dialog box,Bt# Script...window, or the user
interface for the control, shown in Figure 16-4.
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Figure 16-4: User Interface of the Data Acquisition copmonent (DAC).
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Note

Tip

To modify DAC settings using the object’s Properties dialog box:

1. Right-click the DAC and selekt opertiesMathcadDAQ.Analogl O Object from
the pop-up menu.

2. Use this properties dialog box to specify properties for the embedded data acquisi-
tion control.

The number of inputs and outputs for the component can be specified by right-clicking
on the component and selectisdd or Remove I nput Variable or Output Variable

from the pop-up menu or by selectiRgpperties... from the pop-up menu and using

the Scripted Object Component Properties dialog box.

For more information about the properties and methods associated with the DAC and other
Scriptable Object components, see the Developer’s Referenceinder the Help menu in
Mathcad.

If you are using the DAC component to bring analog waveform data into Mathcad for “real time”
analysis, be sure that Automatic Calculation, under the Math menu, is turned on.

Exampleworksheetsare provided inthe SAMPLESfolder of your Mathcad installation
showing usage of the component for singlepoint and wavef orm anal og i nput and output.
Context sensitive help is available for all methods, properties, and events associated
with the Mathcad Data Acquisition control. Y ou can access context sensitive help by
looking at the Analogl O object in the Visual Basic object browser and clicking on the
help button.

Accessing Mathcad from Within Another Application

The previous section describes how to script a custom OLE object in Mathcad.
Mathcad’sOLE automation interface provides a mechanism for the complementary
process of using Mathcad as an automation servenfiitim another Windows
application. Using Mathcad®LE automation interface, you can send data dynamically

to Mathcad from another application, use Mathcad to perform calculations or other data
manipulations, and send results back to the original application.

Mathcad Add-ins

Note

There are several applications for which specialized Mathcad Add-ins have been
created. An Add-in allows you to insert a Mathcad object into another application. Visit
the Download area of the Mathcad web sitetdtp: / / ww. mat hcad. coni fora
complete list of available Mathcad Add-ins and information about how to download
them for use.

The OLE automation interfaceis supported in Mathcad 7.02 and higher and supersedesthe DDE
interface supported in Mathcad 5 and 6. For information on the interface, see the Developer’s
Referenceunder the Help menu in Mathcad. For specific examples, see TRAJECTORY .XLS
in the \SAMPLES\EXCEL and DOUGHNUT.EXE in the \SAMPLES\VBASIC in your
Mathcad installation.
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Chapter 17
Functions

This chapter lists and describes Mathcad’s built-in mathematical and statistical
functions. The functions are listed alphabetically.

Certain features described here accompandheng and Optimization Extension
Pack, which requires Mathcad and is available for sale separately.

Function names are case-sensjtbug not font-sensitive. Type them in any fdmit
use the same capitalization as shown in the syntax section.

Many functions described here as accepting scalar argumenits faidit accept vector
arguments. For examplehile the inputz for theacos function is specified as a “real
or complex numbet acos will in fact evaluate correctly at each of a vector input of
real or complex numbers.

Other functions may possess optional arguments, for examplat or fv. For such
functionsf andg, the notatiorf(x,[y]) means thay can be omitted, while the notation
g(x[[V],[Z]) means that botlk andy can be omitted (but not justor justy).

Some functions don’t accept input arguments with units. For such a fuf)etioarror
message “must be dimensionless” will arise when evalutihdf x has units.

Function Categories

Each function falls within one of the following categories:
* Bessel

e Complex numbers

- Differential equation solving

e Expression type

* File access

e Finance

* Fourier transform

e Hyperbolic

« Interpolation and prediction

e Log and exponential

* Number theory/combinatorics
» Piecewise continuous

Function Categories 317



e Probability density

» Probability distribution

e Random number

« Regression and smoothing

e Solving

e Sorting

e Special

e Statistics
e String

« Trigonometric

e Truncation and round-off
* Vector and matrix

* Wavelet transform

The category name is indicated in the upper right corner of each Eatsge all the
functions that belong to a given categanyeck the index of this book.

Finding More Information

You can also find information about functions using either of these methods:

» To quickly see a short description of each function from within Mattetazbse
Function from thelnsert menu. Select a function in the Function fjglten read
the description in the Description field. Click on tHelp button to see the Help
topic on a selected function.

« Refer to the Resource Center QuickSheets for more detailed information about
functions categoriesand related topics. Seldgesource Center from theHelp
menu. Then click on the QuickSheets icon and select a specific topic.

About the References

References are provided in the Appendices for you to learn more about the numerical
algorithm underlying a given Mathcad function or operator. References are notintended
to give a description of the actual underlying source code. Some references (such as
Numerical Recipes) do contain actual C code for the algorithms discussed thérdin

the use of the reference does not necessarily imply that the code is what is implemented
in Mathcad. The references are cited for background information only.
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Functions

acos
Syntax

Description

Arguments
z

acosh
Syntax
Description

Arguments
z

acot
Syntax

Description

Arguments
z

acoth
Syntax
Description

Arguments
z

acsc
Syntax
Description

Arguments
z

acsch
Syntax
Description

Arguments
z

Trigonometric
acos(z)

Returnstheinverse cosineof z(inradians). Theresult isbetween 0 and Ttif zisreal . For complex
z, theresult isthe principal value.

real or complex number

Hyperbolic
acosh(z)

Returns the inverse hyperbolic cosine of z. The result isthe principal value for complex z

real or complex number

Trigonometric
acot(2)

Returns the inverse cotangent of z (in radians). The result is between 0 and Ttif zisreal. For
complex z, theresult is the principal vaue.

real or complex number

Hyperbolic
acoth(z)

Returns the inverse hyperbolic cotangent of z The result is the principal value for complex z

real or complex number

Trigonometric
acsc(2)

Returns the inverse cosecant of z (in radians). The result is the principal value for complex z

real or complex number

Hyperbolic
acsch(z)

Returns the inverse hyperbolic cosecant of z The result is the principal value for complex z

real or complex number
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Ai Bessel
Syntax Ai(x)
Description Returns the value of the Airy function of the first kind.
Arguments
X real number
Example i) = . SR 3 TR i) = DETIFEAFTAIG
§a -I 1 I| - |'I
|5 |E| = [, BRI B 4.0 97 1'|'f'|| = IETIAIERITAAR
i 3l | 131
L. [ }] J -
HMiim 1 ':-_.
a- . .
i 1
P -
42
Comments This function is a solution of the differential equation: Fy—x Oy = 0.
X
Algorithm Asymptotic expansion (Abramowitz and Stegun, 1972)
See also Bi
angle Trigonometric
Syntax angle(X, y)
Description Returnstheangle (inradians) from positivex-axisto point (x, y) inx-y plane. Theresultisbetween
0 and 21
Arguments
X, Y real numbers
See also arg, atan, atan2
APPENDPRN File Access
Syntax APPENDPRN(file) := A
Description Appends amatrix A to an existing structured ASCI| data file. Each row in the matrix becomes
anew linein the datafile. Existing data must have as many columns as A. The function must
appear alone on the left side of a definition.
Arguments
file string variable corresponding to structured ASCI| data filename or path
See also WRITEPRN for more details
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arg
Syntax

Description

Arguments
z

See also
asec

Syntax

Description

Arguments
z

asech
Syntax
Description

Arguments

Description

Arguments
z

asinh
Syntax
Description

Arguments
z

atan
Syntax

Description

Arguments
z

See also

Complex Numbers
arg(2)

Returns the angle (in radians) from the positive real axisto point zin the complex plane. The
result is between —Ttand Tt Returns the same value as that of 8 when ziswrittenasr (& 1P,

real or complex number
angle, atan, atan2

Trigonometric
asec(z2)

Returns the inverse secant of z (in radians). The result is the principal value for complex z.

real or complex number
Hyperbolic
asech(z)

Returns the inverse hyperbolic secant of z. Theresult isthe principal value for complex z

real or complex number
Trigonometric
asin(z)

Returnstheinverse sine of z (in radians). The result is between —17/2 and 172 if zisreal. For
complex z, the result is the principal vaue.

real or complex number
Hyperbolic
asinh(2)

Returns the inverse hyperbolic sine of z The result isthe principal value for complex z.

real or complex number
Trigonometric
atan(z)

Returns the inverse tangent of z (in radians). The result is between —1v2 and 172 if zisreal. For
complex z, the result is the principal value.

real or complex number

angle, arg, atan2
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atan2

Trigonometric

Syntax atan2(x, y)
Description Returnstheangle (inradians) from positivex-axisto point (x, y) inx-y plane. Theresultisbetween
—Ttand 1T
Arguments
X, Y real numbers
See also angle, arg, atan
atanh Hyperbolic
Syntax atanh(2)
Description Returns the inverse hyperbolic tangent of z. The result is the principal value for complex z.
Arguments
z real or complex number
augment Vector and Matrix
Syntax augment(A, B, C, ...)
Description Returns a matrix formed by placing the matrices A, B, C, ... left to right.
Arguments
A/B,C,.. at least two matrices or vectors; A, B, C, ... must have the same number of rows
Example
P Ji 100
A= g B := identity(3) B=|0 10 augment(3,5.7)=(3 5 7)
- 001
141421 271828 3.14159
14421 1 0 0
T 1 0 0
augment(A,B) =| 271828 0 1 0 stack(A ,B) = 0 1 0
314159 0 0 1
0 0 1
See also stack
bei Bessel
Syntax bei(n, X)
Description Returns the value of the imaginary Bessel Kelvin function of order n.
Arguments
n integer,n=0
X real number
Comments The function ber(n, x) +i [bei(n, X) isasolution of the differential equation:
2 d? d 2,2
v+ — (i + =0.
de2y xD&y ixX+n)y =0
Algorithm Series expansion (Abramowitz and Stegun, 1972)
See also ber
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ber
Syntax

Description

Arguments
n

X

Comments

Algorithm
See also

Bi
Syntax
Description

Arguments
X

Comments

Algorithm

See also

bspline
Syntax

Description

Arguments
VX, VY

u

Comments

See also

Bessel
ber(n, x)
Returns the value of the real Bessel Kelvin function of order n.
integer,n=0
real number
The function ber(n, x) +i [bei(n, X) isasolution of the differential equation:
2 d2 d 2. 2
X my+x|3(5(y—(| X“+n") Oy = 0.
Series expansion (Abramowitz and Stegun, 1972)
bei
Bessel
Bi(x)

Returns the value of the Airy function of the second kind.

real number
This function is asolution of the differential equation:
2
d -
Wy— xy=0.
Asymptotic expansion (Abramowitz and Stegun, 1972)

Ai for example

Interpolation and Prediction
bspline(vx, vy, u, n)

Returns the vector of coefficients of a B-spline of degree n, given the knot locations indicated
by the valuesin u. The output vector becomes the first argument of the interp function.

real vectors of the same size; elements of vx must be in ascending order

real vector with n—1 fewer elements than vx; elements of u must be in ascending order; first
element of vx is = first element of u; last element of vx is < last element of u

integer equal to 1, 2, or 3; represents the degree of theindividua piecewise linear, quadratic, or
cubic polynomial fits

The knots, those values where the pieces it together, are contained in the input vector u. Thisis
unlike traditional splines (Ispline, cspline, and pspline) where the knots are forced to be the
values contained in the vector vx. The fact that knots are chosen or modified by the user gives
bspline more flexibility than the other splines.

Ispline for more details
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bulstoer Differential Equation Solving
Syntax bulstoer(y, X1, X2, acc, D, kmax, save)
Description Solves adifferential equation using the smooth Bulirsch-Stoer method. Provides DE solution
estimate at x2.
Arguments Several arguments for this function are the same as described for rkfixed.
y real vector of initial values
x1, x2 real endpoints of the solution interval
acc real acc > 0 controls the accuracy of the solution; a small value of acc forces the algorithm to
take smaller steps along the trajectory, thereby increasing the accuracy of the solution. Vaues
of acc around 0.001 will generally yield accurate solutions.
D(x,y) real vector-valued function containing the derivatives of the unknown functions
kmax integer kmax > 0 specifies maximum number of intermediate points at which the solution is
approximated; places an upper bound on the number of rows of the matrix returned by these
functions
save real save > 0 specifies the smallest allowable spacing between values at which the solutions are
approximated; places alower bound on the difference between any two numbersin the first
column of the matrix returned by the function
Comments The specialized DE solvers Bulstoer, Rkadapt, Stiffb, and Stiffr provide the solution y(x) over
anumber of uniformly spaced x-valuesin the integration interval bounded by x1 and x2. When
you want the value of the solution at only the endpoint, y(x2), use bulstoer, rkadapt, stiffb, and
stiffr instead.
Algorithm Adaptive step Bulirsch-Stoer method (Press et al., 1992)
See also rkfixed, amore general differential equation solver, for information on output and arguments.
Bulstoer Differential Equation Solving
Syntax Bulstoer(y, x1, X2, npts, D)
Description Solves adifferential equation using the smooth Bulirsch-Stoer method. Provides DE solution at
equally spaced x-values by repeated callsto bulstoer.
Arguments All arguments for this function are the same as described for rkfixed.
y real vector of initial values
x1, x2 real endpoints of the solution interval
npts integer npts > 0 specifies the number of points beyond initia point at which the solutionisto be
approximated; controls the number of rowsin the matrix output
D(x,y) real vector-valued function containing the derivatives of the unknown functions
Comments When you know the solution is smooth, use the Bulstoer function instead of rkfixed. The
Bulstoer function uses the Bulirsch-Stoer method which is slightly more accurate under these
circumstances than the Runge-K utta method used by rkfixed.
Algorithm Fixed step Bulirsch-Stoer method with adaptive intermediate steps (Press et al., 1992)
See also rkfixed, amore genera differential equation solver, for information on output and arguments.
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bvalfit
Syntax

Description

Arguments
vl

v2
x1, X2
xf

D(x,y)
load1(x1, v1)

load2(x2, v2)
scor e(xf, y)

Example

Comments

Differential Equation Solving
bvalfit(vl, v2, x1, x2, xf, D, loadl, load2, score)

Converts aboundary value differential equation to initial/terminal value problems. Useful when
derivatives have a single discontinuity at an intermediate point xf.

real vector containing guesses for initial values left unspecified at x1
real vector containing guesses for initial values left unspecified at x2
real endpoints of the interval on which the solution to the DEs are evaluated

point between x1 and x2 at which the trajectories of the solutions beginning at x1 and those
beginning at x2 are constrained to be equal

real n-element vector-valued function containing the derivatives of the unknown functions

real vector-val ued functionwhosen elementscorrespond to theval uesof the nunknownfunctions
at x1. Some of these values are constants specified by your initial conditions. If avalueis
unknown, you should use the corresponding guess value from v1

analogous to load1 but for values taken by the n unknown functions at x2

real n-element vector-valued function used to specify how you want the solutions to match at xf
Oneusually definesscore(xf, y) :=y to make the solutionsto al unknown functions match up at xf
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If you haveinformation at theinitial and terminal points, use sbval. If you know something about
the solution and itsfirst n—1 derivatives at some intermediate value xf, use bvalfit.

bvalfit solves atwo-point boundary value problem of this type by shooting from the endpoints
and matching the tragjectories of the solution and its derivatives at the intermediate point. bvalfit
is especialy useful when a derivative has a discontinuity somewherein the integration interval,
as the above exampleillustrates. bvalfit does not return a solution to a differential equation. It
merely computes the initial values the solution must have in order for the solution to match the
final valuesyou specify. Y ou must then take theinitial values returned by bvalfit and solve the
resulting initial value problem using rkfixed or any of the other more speciaized DE solvers.
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Algorithm

Shooting method with 4th order Runge-Kutta method (Press et al., 1992)

See also rkfixed, for more information on output and arguments.
ceil Truncation and Round-off
Syntax ceil(x)
Description Returns the least integer > x.
Arguments
X real number
See also floor for more details, round, trunc
cfft Fourier Transform
Syntax cfft(A)
Description Returnsthefast discrete Fourier transform of compl ex data(representing measurementsat regul ar
intervalsin the time domain). Returns an array of the same size asits argument.
Arguments
A real or complex matrix or vector
Example .m
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Comments There are two reasons why you may not be able to use the fft/ifft Fourier transform pair:
* Thedata may be complex-valued, hence Mathcad can no longer exploit the symmetry present
in the real-valued case.
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» The data vector might not have exadly  data points in it, hence Mathcad cannot take
advantage of the efficient FFT algorithm used byfthgfft pair.

Although thecfft/icfft pair works on arrays of any size, the functions work significantly faster

when the number of rows and columns contains many smaller factors. Vectors witt2length

fall into this category, as do vectors having lengths like 100 or 120. Conversely, a vector whose

length is a large prime number slows down the Fourier transform algorithm.

Algorithm Singleton method (Singleton, 1986)

See also fft for more details

CFFT Fourier Transform
Syntax CFFT(A)
Description Returns the fast discrete Fourier transform of complex data (representing measurements at regula

intervals in the time domain). Returns an array of the same size as its argument
Identical tocfft(A), except uses a different normalizing factor and sign convention (see example).

Arguments _
A real or complex matrix or vector
Example (&)
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Algorithm Singleton method (Singleton, 1986)

See also fft for more details
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cholesky
Syntax

Description

Arguments
M

Comments

cnorm
Syntax

Description

Arguments
X

Comments

cnper
Syntax

Description

Arguments
rate

pv
fv

Comments

See also

cols
Syntax

Description

Arguments
A

Example

See also

Vector and Matrix
cholesky(M)
Returns alower triangular matrix L satisfying theequation L (LT = M.

real, symmetric, positive definite, square matrix

cholesky takes M to be symmetric, in the sense that it uses only the upper triangular part of M
and assumes it to match the lower triangular part.

Probability Distribution
cnorm(X)

Returns the cumulative standard normal distribution. Same as pnorm(x, 0, 1).

real number

cnorm is provided mainly for compatibility with documents created in earlier versions of
Mathcad.

Finance
cnper(rate, pv, fv)

Returnsthe number of compounding periodsrequired for aninvestment to yield aspecified future
value, fv, given a present value, pv, and an interest rate period, rate.

rea rate, rate> -1
real present value, pv >0
rea futurevalue, fv>0

If you know the annual interest rate for the investment, ann_rate, you must cal culate the interest
rate per period as rate = ann_rate/nper.

crate, nper

Vector and Matrix
cols(A)
Returns the number of columnsin array A.

matrix or vector

kalii= & . .
(o | 'I
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B -2 rows( M) =3
rows
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combin
Syntax

Description

Arguments

n, k

Comments
See also
concat
Syntax
Description

Arguments
S, 2, S5, ...

cond1l
Syntax
Description

Arguments
M

cond2
Syntax

Description

Arguments
M

Algorithm
conde

Syntax

Description

Arguments
M

condi
Syntax
Description

Arguments
M

Number Theory/Combinatorics
combin(n, k)

Returns the number of subsets each of size k that can be formed from n objects.

integers, 0<k<n

Each such subset isknown asacombination. The number of combinationsis C: = ﬁl—k)l .
permut
String

concat(Sl, 2, S3, ...)
Appends string S2 to the end of string SL, string S3 to the end of string &, and so on.

string expressions

Vector and Matrix
cond1(M)

Returns the condition number of the matrix M based onthe L; norm.

real or complex sguare matrix

Vector and Matrix
cond2(M)
Returns the condition number of the matrix M based on the L, norm.

real or complex square matrix

Singular value computation (Wilkinson and Reinsch, 1971)

Vector and Matrix
conde(M)
Returns the condition number of the matrix M based on the Euclidean norm.

real or complex square matrix

Vector and Matrix
condi(M)
Returns the condition number of the matrix M based on the infinity norm.

real or complex sguare matrix
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corr Statistics
Syntax corr(A, B)
Description Returns the Pearson correlation coefficient for the elementsintwo mx n arrays A and B:
cvar(A,B
COrr(A, B) = stdev(A)(EStde)zv(B)
Arguments
A,B real or complex mx n matrices or vectors of the same size
See also cvar
(o0 1 Trigonometric
Syntax cos(2), for zin radians;
cos(z-deg), forzin degrees
Description Returns the cosine af
Arguments
z real or complex number
cosh Hyperbolic
Syntax cosh(z)
Description Returns the hyperbolic cosine of
Arguments
z real or complex number
cot Trigonometric
Syntax cot(2), for zin radians;
cot(z-deg), forzin degrees
Description Returns the cotangent of
Arguments
z real or complex numbeg;is not a multiple oft
coth Hyperbolic
Syntax coth(2)
Description Returns the hyperbolic cotangentzof
Arguments
z real or complex number
crate Finance
Syntax crate(nper, pv, fv)
Description Returns the fixed interest rate required for an investment at presenivatosjield a specified
future valuefv, over a given number of compounding periogey.
Arguments
nper integer number of compounding periodper = 1
pv real present valugyv > 0
fv real future valuefy > 0
See also cnper, rate
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CreateMesh Vector and Matrix

Syntax CreateMesh(F, 0, s1, t0, t1, sgrid, tgrid, fmap)
Description Returns a nested array containing points on the parametric surface in 3D space defined by F.
Arguments
F real three-dimensional vector-valued function of two variables s and t; defines a parametric
surface in (u,v,w)-space
0, sl (optional) rea endpoints for the domain for s, SO < sl
to, t1 (optional) rea endpoints for the domain for t, t0 < t1
sgrid (optional) integer number of gridpointsin s, sgrid >0
tgrid (optional) integer number of gridpointsint, tgrid >0
fmap (optional) real three-dimensional vector-valued function of three variables u, v and w; defines
Cartesian coordinates (x,y,2) in terms of (u,v,w)

Comments CreateMesh isusedinternally by Mathcad when making 3D QuickPlots of surfaces. The default
valuefor O and t0is-5, for sl andtlitis5, for sgrid and tgrid it is 20, and for fmap it isthe
identity mapping. If SO and sl are explicitly specified, then tO and t1 must also be specified. The
number of cellsin the grid determined by sgrid and tgrid is (sgrid-1)(tgrid-1).
Thereisflexibility in specifying the function F. Calls to CreateMesh might look like
CreateMesh(G), where G isareal scalar-valued function of u and v (and w=G(u,v)); or
CreateMesh(h1,h2,h3), where hl, h2, and h3 are real scalar-valued functions of sand t (and
u=hl(st), v=h2(st), w=h3(s;t)).

Also, the mapping fmap may be defined to be sph2xyz, a Mathcad built-in function which

converts spherical coordinates (r,8,q) to Cartesian coordinates (x,y,2):
X = u sin(w) cos(V) =r sin(¢q) cos()
y =usin(w) sin(v) =r sin(g) sin(6)
Z=ucos(w) =r cos(¢)

or cyl2xyz, which converts cylindrical coordinates (r,8,2) to (x,y,2) :
X =ucos(v) =r cos(6)
y=usin(v) =r sin(6)
Z=w=2z

CreateSpace Vector and Matrix
Syntax CreateSpace(F, t0, t1, tgrid, fmap)
Description Returns a nested array containing points on the parametric curve in 3D space defined by F.
Arguments
F real three-dimensional vector-valued function of one variable t; defines a parametric curvein
(u,v,w)-space
to, t1 (optional) real endpoints for the domain for t, t0 < t1
tgrid (optional) integer number of gridpointsint, tgrid >0
fmap (optional) real three-dimensional vector-valued function of three variables u, v and w; defines

Cartesian coordinates (x,y,2) in terms of (u,v,w)
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Comments

See also

CsC
Syntax

Description

Arguments
z

csch
Syntax
Description

Arguments
z

csgn
Syntax
Description

Arguments
z

See also
csort
Syntax

Description

Arguments
A

i
Algorithm

See also

cspline

CreateSpace isused internally by Mathcad when making 3D QuickPlots of curves. Thedefault
valuefor tOis-5, fortlitis5, for tgriditis 20, and for fmap it is the identity mapping. The
number of cellsin the grid determined by tgrid istgrid-1.

Thereisflexibility in specifying the function F. Calls to CreateSpace might look like
CreateSpace(gl,92,93), where g1, g2, and g3 arereal scalar-valued functions of t and u=gi(t),
v=g2(t), w=g3(t).

CreateMesh for information about the mapping fmap.

Trigonometric

csc(2), for zin radians;
csc(z-deg), forzin degrees

Returns the cosecant of

real or complex numbeg;is not a multiple oft
Hyperbolic
csch(z)

Returns the hyperbolic cosecantzof

real or complex number

Complex Numbers
csgn(z)
Returns 0 iiz=0, 1 if Re§)>0 or (Ref)=0 and Img)>0), -1 otherwise.

real or complex number
sign, signum

Sorting
csort(A, j)

Sorts the rows of the matrix by placing the elements in colunin ascending order. The result
is the same size #ds

m X n matrix or vector
integer,0<j<n-1
Heap sort (Press al., 1992)

sort for more detailsrsort

Interpolation and Prediction

One-dimensional Case

Syntax

Description

Arguments
VX, VY

cspline(vx, vy)

Returns the vector of coefficients of a cubic spline with cubic ends. This vector becomes the first
argument of thénterp function.

real vectors of the same size; elementexafust be in ascending order

332
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Two-dimensional Case

Syntax

Description

Arguments
Mxy

Mz

Algorithm

See also

cumint
Syntax

Description

Arguments
rate

nper
pv
Start
end

type
Comments

See also

cumprn
Syntax

Description

Arguments
rate

nper
pv
start
end

type

cspline(Mxy, M z)

Returns the vector of coefficients of atwo-dimensional cubic spline, constrained to be cubic at
region boundaries spanned by Mxy. This vector becomes the first argument of interp.

n = 2 matrix whose elements, Mxy; o and Mxy; ;, specify the x- and y-coordinates along the
diagonal of arectangular grid. This matrix plays exactly the same role as vx in the one-
dimensional case described above. Since these points describe a diagonal, the elementsin each
column of Mxy must bein ascending order (Mxy; | < Mxyj‘ x Whenever i <j).

nxn matrix whoseijth element is the z-coordinate corresponding to thepoint x = Mxy; o and
y = Mxyj‘ 1 - Mz plays exactly the same role as vy doesin the one-dimensional case above.
Tridiagonal system solving (Press et al., 1992; Lorczak)

Ispline for more details

Finance
cumint(rate, nper, pv, start, end, [type])
Returns the cumulative interest paid on aloan between a starting period, start, and an ending

period, end, given afixed interest rate, rate, thetotal number of compounding periods, nper, and
the present value of the loan, pv.

real rate, rate= 0

integer number of compounding periods, nper = 1

real present value

integer starting period of the accumulation, start > 1

integer ending period of the accumulation, end = 1, start < end, end < nper

(optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0

If you know the annual interest rate for the loan, ann_rate, you must calculate the interest rate
per period as rate = ann_rate/nper.

cumprn, ipmt, pmt

Finance
cumprn(rate, nper, pv, start, end, [type])
Returns the cumulative principal paid on aloan between a starting period, start, and an ending

period, end, given afixed interest rate, rate, thetotal number of compounding periods, nper, and
the present value of the loan, pv.

redl rate, rate= 0

integer number of compounding periods, nper > 1

real present value

integer starting period of the accumulation, start > 1

integer ending period of the accumulation, end = 1, start < end, end < nper

(optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0
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Comments

If you know the annual interest rate for the loan, ann_rate, you must calculate the interest rate
per period asrate = ann_rate/nper.

See also cumint, pmt, ppmt
cvar Statistics
Syntax cvar(A, B)
Description Returns the covariance of the elementsintwo mx n arrays A and B:
1 m-1n-1
cvar(A,B) = p Z z [A; j—mean(A)][B; ;—mean(B)] , where the bar indicates
i=0 =0
complex conjugation.
Arguments
A, B real or complex mx n matrices or vectors
See also corr
cyl2xyz Vector and Matrix
Syntax cyl2xyz(r, 6, 2)
Description Converts the cylindrical coordinates of apoint in 3D space to rectangular coordinates.
Arguments
r,ez real numbers
Comments x=rcos(B),y=rsin(0),z=z
See also xyz2cyl
dbeta Probability Density
Syntax dbeta(x, sl, s2)
Description Returns the probability density for a beta distribution: _T(51%5) oLt q1- x)SZ_1
TT(s) O (sy) '
Arguments
X real number, 0<x<1
$1,S,  real shape parameters, s;>0,s,>0
dbinom Probability Density
Syntax dbinom(k, n, p)
Description Returns Pr(X = K) when the random variable X has the binomial distribution:
_ N k(1 _p)n-k
(n—wiP P
Arguments
k,n integers, 0<k<n
p rea number, 0<p<1
dcauchy Probability Density
Syntax dcauchy(x |, s)
Description Returns the probability density for the Cauchy distribution: (1ts(1 + ((x—1)/s)2))™1.
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Arguments
X

|
s

dchisq
Syntax
Description

Arguments
X

d

dexp
Syntax

Description

Arguments
X

r

dF
Syntax

Description

Arguments
X

dy, dy
dgamma
Syntax

Description

Arguments
X

S

dgeom
Syntax
Description

Arguments
k

p

real number
real location parameter
real scale parameter, s>0

Probability Density

dchisq(x, d)
ex/2 D.(Efd/z -1)

Returns the probability density for the chi-squared distribution: m o0

real number, x=0
integer degrees of freedom, d >0

Probability Density
dexp(X,r)
Returns the probability density for the exponential distribution: re="x.

real number, x=0
rea rate, r >0

Probability Density
dF(x, d1, d2)
Returns the probability density for the F distribution:

dl/zdgz/z

d; r((d; +d,)/2)

r(d,/2)r (d,/2)

(d1-2)/2

(dy+ dp) (7972

real number, x=0
integer degrees of freedom, d; >0,d,>0

Probability Density

dgamma(x, s)
Xs—le—x

r(s)

Returns the probability density for the gamma distribution:

real number, x=0
real shape parameter, s>0
Probability Density
dgeom(k, p)
Returns Pr(X = k) when the random variable X has the geometric distribution: p(1—p)k.

integer, k=0
real number, 0<p<1
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dhypergeom

Syntax

Description

Arguments
m,a, b, n

diag
Syntax
Description
Arguments
v

dinorm
Syntax
Description

Arguments
X

M
o

dlogis
Syntax
Description

Arguments
X

|
S

dnbinom
Syntax

Description

Arguments
k, n

p

Probability Density
dhypergeom(m, a, b, n)
Returns Pr(X = m) when the random variable X has the hypergeometric distribution:

EEE EmE(Ea; bg where max{ 0, n—b} <m< min{n, a} ; 0for melsewhere.

integers, 0sm<a,0<n-ms<b,0<n<a+b

Vector and Matrix
diag(v)
Returns adiagonal matrix containing, on its diagonal, the elements of v.

real or complex vector

Probability Density

dlnorm(X, W, o)
1

2TIOX

Returnsthe probability density for thelognormal distribution: exp%—z—lz( In(x)— u)zg.
o]

real number, x=0

real logmean

real logdeviation, 0 >0

Probability Density
dlogis(x, 1, 9)
exp(=(x—=1)/s)
s(1+ exp(—(x—1)/9))2"

Returns the probability density for the logistic distribution:

real number
real location parameter
real scale parameter, s>0

Probability Density
dnbinom(k, n, p)
Returns Pr(X = k) when the random variable X has the negative binomial distribution:

+k-1
Ep K Bpn(1-p)*

integers, n>0 and k=0
rea number, O<p<1
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dnorm
Syntax

Description

Arguments
X

vl
o

Example

dpois
Syntax
Description

Arguments

A

dt function

Syntax
Description

Arguments
X

d

dunif
Syntax
Description

Arguments
X

ab

Probability Density
dnorm(X, W, o)

Returns the probability density for the normal distribution: epo—ZTiz(x - u)ZH.

210

real number
real mean
real standard deviation, 0 >0
x = =10 8810

1y T T T .
pam| 5 2 1]
Lo 5 |
deom| x 2.1

1 b 1
g -2 i 2 i

I'he “dnnrm™ lusciipa generaies the lamaliar ball curde, bare chimam with mean = 2
The “proim®™ fussties is the sunsing aiea uedar S “dessm” cunv.

Probability Density

dpois(k, A)

k
Returns Pr(X = K) when the random variable X has the Poisson distribution: %e"\ .
integer, k=0

real mean, A >0.
Probability Density
dt(x, d)

2 ~(d+1)/2
Returns the probability density for Studer’ttt!istribution:r d+1)/2 + X—H
r(d/2)./md d

real number
integer degrees of freedom > 0
Probability Density
dunif(x, a, b)
Returns the probability density for the uniform dIStrIbutlgﬁ_.—a

real numbera<x<b
real numbersa<b
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dweibull Probability Density
Syntax dweibull(X, s)
Description Returns the probability density for the Weibull distribution: sxS—1exp(—xS) .
Arguments
X real number, x=0
S real shape parameter, s>0
eff Finance
Syntax eff(rate, nper)
Description Returnsthe effective annual interest rate given the nominal interest rate, rate, and the number of
compounding periods per year, nper.
Arguments
rate real rate
nper real number of compounding periods, nper = 1
Comments Effective annual interest rate is also known as annual percentage rate (APR).
See also nom
eigenvals Vector and Matrix
Syntax eigenvals(M)
Description Returns avector of eigenvalues for the matrix M.
Arguments
M real or complex square matrix
Example
fi -7 8] | BANG o« 1 ndai
A =2 B 10 © o wigenvnls|A)  c - | 1EOS - 1AM |
s -1 L TEne )
Algorithm Reduction to Hessenberg form coupled with QR decomposition (Press et al., 1992)
See also eigenvec, eigenvecs
eigenvec Vector and Matrix
Syntax eigenvec(M, 2)
Description Returnsavector containing the normalized eigenvector corresponding to the eigenvalue z of the
sguare matrix M.
Arguments
M real or complex sguare matrix
z real or complex number
Algorithm Inverseiteration (Press et al., 1992; Lorczak)
See also eigenvals, eigenvecs
338 Chapter 17 Functions



eigenvecs Vector and Matrix
Syntax eigenvecs(M)

Description Returnsamatrix containing the normalized el genvectors corresponding to the eigenval ues of the
matrix M. The nth column of the matrix is the eigenvector corresponding to the nth eigenvalue
returned by eigenvals.

Arguments

M real or complex sguare matrix
Algorithm Reduction to Hessenberg form coupled with QR decomposition (Press et al., 1992)
See also eigenvals, eigenvec
Example Finding eegemvaluss and ssgemveciors of 8 resl msin
1 -2 & | [ 0106}
L IIE LI ¥ £o= mprvls A c-ll T497
|
2 s -1 7802 |
T fisedd gl thin e ding mirg Al Eacw
{intheond Profesuosnl] ,
| OaTE a2ad A F.'.-'.I'I
¥ oo wgerwics( &) ¥ = |-DARE 081 0574 |I
I-h2GE 0634 DGOE)
Thu hrst l:l:lll.lrrlrl ol w es the esgemvecior comespondmg o B T0E, the el
al i il thi aicosd alemn of v e B i geseco
coerasponding be 7 -15:' Pz sooond ol csem ol O
erf Special
Syntax erf(x)
X
Description Returns the error function erf(x) = J’ ie—‘zdt .
0T
Arguments
X real number
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972; Lorczak)
See also erfc
erfc Special
Syntax erfc(X)
Description Returns the complementary error function erfc(x) := 1 —erf(x) .
Arguments
X real number
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972; Lorczak)
See also erf
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error String
Syntax error(S)
Description Returns the string Sas an error message.
Arguments
S string
Example ] R )
Tlw) = Budli, = __.ﬂml"u-shml-l b bess than 5° ) |
|.._;|_'. -y i
Comments Mathcad’s built-in error messages appear as “error tips” when a built-in function is used
incorrectly or could not return a result.
Use the string functioarror to define specialized error messages that will appear when your
user-defined functions are used improperly or cannot return answers.This function is especially
useful for trapping erroneous inputs to Mathcad programs you write.
When Mathcad encounters thagror function in an expression, it highlights the expression in
red. When you click on the expression, the error message appears in a tool tip that hovers over
the expression. The text of the message is the string argument you supphrtorttienction.
exp Log and Exponential
Syntax exp(2)
Description Returns the value of the exponential functésn
Arguments
z real or complex number
expfit Regression and Smoothing
Syntax expfit(vx, vy, vg)
Description Returns a vector containing the parameters,(c) that make the functiona P3¢ + ¢ best
approximate the data inx andvy.
Arguments
VX, VY real vectors of the same size
vg realvector of guess values faa, (b, c)
Comments This is a special case of thenfit function. A vector of guess values is needed for initialization.
By decreasing the value of the built-in TOL variable, higher accurasypfit might be achieved.
See Also line, linfit, genfit, logfit, Infit, pwrfit, Igsfit, sinfit, medfit
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fft
Syntax

Description

Arguments
%

Example

Comments

fft(v)

Fourier Transform

Returns the fast discrete Fourier transform of real data. Returns avector of size 2"-1+ 1.

real vector with 2" elements(representing measurementsat regular interval sinthetimedomain),
wherenisan integer, n> 0.

H=32 EaD_H

Fowier raasform;
o=z

0. M0 B
R FRLTT

Irrvares bramsdiim:

W01
1506+ 1.0

1

[%]

Fouiler Transiom

:!I'I'l’\'il'H Fourler Translom

Lm

LA

Lz
-iias
1371
-1.37T%
[ &ciF

Lz
[ K1
BLTEZ
[ NF. 3
-3
BT

When you define avector v for use with Fourier or wavel et transforms, be sure to start with Vg
(or changethevalue of ORIGIN). If you do not define v, , Mathcad automatically setsit to zero.
This can distort the results of the transform functions.

Mathcad comeswith two typesof Fourier transform pairs: fft/ifft and cfft/icfft. Thesefunctions
can be applied only to discrete data (i.e., the inputs and outputs are vectors and matrices only).
Y ou cannot apply them to continuous data.
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Algorithm

Use the fft and ifft functions if:

» the data values in the time domain are real, and
* the data vector ha®" elements.
Use thecfft andicfft functions in all other cases.

The first condition is required because fftgifft 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 to save time and memorycffiiefft pair does not assume
symmetry in the transform; therefore youst use this pair for complex valued data. Because
the real numbers are just a subset of the complex numbers, you candfigitfie pair for real
numbers as well.

The second condition is required becauseffitieft transform pair uses a highly efficient fast
Fourier transform algorithm. In order to do so, the vector you uséfwitiust have?" elements.
Thecfft/icfft Fourier transform pair uses an algorithm that permits vectors as well as matrices
of arbitrary size. When you use this transform pair with a matrix, you get back a two-dimensional
Fourier transform.

If you usedfft to get to the frequency domain, ywust useifft to get back to the time domain.
Similarly, if you usedcfft to get to the frequency domain, youst useicfft 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, andicfft use as a normalizing factor and a positive exponent in going from the time

to the frequency domain. The functidt®&, IFFT, CFFT, andICFFT usel/n as a normalizing

factor and a negative exponent in going from the time to the frequency domain. Be sure to use
these functions in pairs. For example, if you uSEHT to go from the time domain to the

frequency domain, yomust useICFFT to transform back to the time domain.

The elements of the vector returnedffrysatisfy the following equation:

n-1

1 -
c = — v, @21 (j/n)k
i Jﬁz K
k=0

In this formula,n is the number of elementsyrandi is the imaginary unit.

The elements in the vector returned byffiiéunction correspond to different frequencies. To
recover the actual frequency, you must know the sampling frequency of the original signal. If
is ann-element vector passed to ffiefunction, and the sampling frequencyjs , the frequency
corresponding t@, s

fk = IF]( Ds
Therefore, itis impossible to detect frequencies above the sampling frequency. Thisis a limitation
not of Mathcad, but of the underlying mathematics itself. In order to correctly recover a signal
from the Fourier transform of its samples, you must sample the signal with a frequency of at least
twice its bandwidth. A thorough discussion of this phenomenon is outside the scope of this
manual but within that of any textbook on digital signal processing.

Cooley-Tukey (Presat al., 1992)
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FFT
Syntax

Description

Arguments
%

Comments

Algorithm
See also

fhyper
Syntax
Description

Arguments
a b, c, x

Comments

Algorithm

Fourier Transform
FFT(V)

Identical to fft(v), except uses a different normalizing factor and sign convention. Returns a
vector of size 2"~ 1+ 1,

real vector with 2" elements(representing measurementsat regular interval sinthetimedomain),
wherenisan integer, n> 0.

The definitions for the Fourier transform discussed in the fft entry are not the only ones used.
For example, the following definitions for the discrete Fourier transform and its inverse appear
in Ronald Bracewell’The Fourier Transform and Its Applications (McGraw-Hill, 1986):

n n
= 1- —21Ti (L/N)T = i (T/n)v
F(v) = - Z f(1)e f(1) = Z F(v)e?
=1 v=1
These definitions are very common in engineering literature. To use these definitions rather than

those presented in the last section, use the fundtfohdFFT, CFFT, andICFFT. These differ
from those discussed in the last section as follows:

« Instead of a factor of 1/n in front of both forms, there is a factormiitiront of the
transform and no factor in front of the inverse.

« The minus sign appears in the exponent of the transform instead of in its inverse.

The function¥FT, IFFT, CFFT, andICFFT are used in exactly the same way as the funcffons
ifft, cfft, andicfft.

Cooley-Tukey (Presat al., 1992)
fft for more details

Special
fhyper(a, b, ¢, x)

Returns the value of the Gauss hypergeometric funcfigiia, b;c;x)

real numbers;-1<x<1

The hypergeometric function is a solution of the differential equation

2
x0(1-x) 0% y+(c—(a+b+1) ) 1y—ambry= 0.
dx2 dx

Many functions are special cases of the hypergeometric function, e.g., elementary ones like

In(1+x) = xFhyper(1,1, 2, —x) ,asin(x) = X Dhyper%, , ng

NI
NIWw

and more complicated ones like Legendre functions.

Series expansion (Abramowitz and Stegun, 1972)
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Find
Syntax

Description

Arguments
varl, var2, ...

Examples

Solving
Find(varl, var2, ...)

Returns values of varl, var2, ... which solve a prescribed system of equations, subject to
prescribed inequalities. The number of arguments matches the number of unknowns. Output is
ascalar if only one argument; otherwiseit is avector of answers.

real or complex variables; varl, var2,.. must be assigned guess values before using Find.

Srvhen fhn BruAsan ¥ A0 - gt
Gunos walen: "

Given ¥

¥ +ih=a"

a = Findd) 3
Fizsalt in: a= 249189

Wity sl EI:I 0 o= 1852

e = 1552

Figure 17-1: Example 1: A solve block with one egquation in one unknown.

Iniarseceon of Cecla and hne
Cmmn g uwnlyes ® =1
¥o=1
Gt
Z, 2= G Circda
2 Ling

Inequnlity
smnsfrnini

’ =
. 1
S
syl

= Find( x. ¥)
wil
Foauls wl = -0404

wal = 2414

Chegk thot poosd 15 nn sctusd solghon

woratl © -','--.llE = B will =yl = 2

Figure 17-2: Example 2: A solve block with both equations and inequalities.
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f =noz
Gran |
1 -0 2E
=-2.0 log|o——
I : R ._,Il
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i =019
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o .
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Figure 17-3: Example 3: Solving an equation repeatedly (by defining the
Reynolds number R to be a range variable).

13 & &
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Figure 17-4: Example 4: A solve block for computing the square root of a
matrix.
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Figure 17-5: Example5: A solve block for computing the solution of a matrix
equation.

Comments Mathcad lets you numerically solve a system of up to 200 simultaneous equationsin 200
unknowns. If you aren’t sure that a given system possesses a solution but need an approximate
answer which minimizes error, usknerr instead. To solve an equation symbolically, that is,
to find an exact answer in terms of elementary functions, ct@mbeefor Variable from the
Symbolic menu or use thsolve keyword.

There are four steps to solving a system of simultaneous equations:

1. Provide initial guesses for all the unknowns you intend to solve for. These give Mathcad a
place to start searching for solutions. Use complex guess values if you anticipate complex
solutions; use real guess values if you anticipate real solutions.

2. Type the wordsiven. This tells Mathcad that what follows is a system of equality or
inequality constraints. You can ty@ven or given in any style. Just don't type it while in
a text region.

3. Type the equations and inequalities in any order below the @oeth. Use[Ct r | ]= to
type *=."

4. Finally, type theFind function with your list of unknowns. You can’t put numerical values
in the list of unknowns: for exampléind(2) in Example 1 isn’t permitted. Likgiven, you
can typeFind or find in any style.

The wordGiven, the equations and inequalities that follow, andrthd function form asolve

block.

Example 1 shows a worksheet that contains a solve block for one equation in one unknown. For
one equation in one unknown, you can also usediieor polyroots functions.

Mathcad is very specific about the types of expressions that can appear li@veeeandFind.
See Example 2. The types of allowable constraintg=ane x>y, X<y, x>y andx<y. Mathcad
does not allow the following inside a solve block:

e Constraints with £”
« Range variables or expressions involving range variables of any kind
* Any kind of assignment statement (statements)ikel)
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If you want to include the outcome of a solve block in an iterative calculation, see Example 3.

Solve blocks cannot be nested inside each other. Each solve block can have only one Given and
oneFind. Y ou can however, defineafunction like f(x) := Find(x) at the end of one solve block
and use this same function in another solve block.

If the solver cannot make any further improvementsto the solution but the constraints are not all
satisfied, then the solver stops and marks Find with an error message. This happens whenever
the difference between successive approximations to the solution is greater than TOL and:

The solver reaches a point where it cannot reduce the error any further.

The solver reaches a point from which there is no preferred direction. Because of
this, the solver has no basis on which to make further iterations.

The solver reaches the limit of its accuracy. Round-off errors make it unlikely that

further computation would increase accuracy of the solution. This often happens if
you setToL to a value belowi0-15

The following problems may cause this sort of failure:

There may actually be no solution.

You may have given real guesses for an equation with no real solution. If the
solution for a variable is complex, the solver will not find it unless the starting value
for that variable is also complex.

The solver may have become trapped in a local minimum for the error values. To
find the actual solution, try using different starting values or add an inequality to
keep Mathcad from being trapped in the local minimum.

The solver may have become trapped on a point that is not a local minimum, but
from which it cannot determine where to go next. Again, try changing the initial
guesses or adding an inequality to avoid the undesirable stopping point.

It may not be possible to solve the constraints to within the desired tolerance. Try
definingToL with a larger value somewhere above the solve block. Increasing the
tolerance changes what Mathcad considers close enough to call a solution.

The pop-up menu (right mouse click) associated with Find contains the following options:

AutoSelect- chooses an appropriate algorithm

Linear option- indicates that the problem is linear (and thus applies linear
programming methods to the problemjiess values forar1, var2,... are immate-
rial (can all be zero)

Nonlinear option- indicates that the problem is nonlinear (and thus applies these
general methods to the problem: the conjugate gradient solver; if that fails to
converge, the Levenberg-Marquardt solver; if that too fails, the quasi-Newton
solver) guess values forar1, var2,... greatly affect the solution
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« Quadratic option (appears only if the Solving and Optimization Extension Pack or
Expert Solver product is installed)indicates that the problem is quadratic (and
thus applies quadratic programming methods to the probigra3s values foar 1,
var2,... are immaterial (can all be zero)

« Advanced options applies only to the nonlinear conjugate gradient and the quasi-
Newton solvers

Theseoptionsprovideyou more control intrying different algorithmsfor testing and comparison.
Y ou may also adjust the values of the built-in variables CTOL and TOL. The constraint tolerance
CTOL controlshow closely aconstraint must be met for asolution to be acceptable; if CTOL were
0.001, then aconstraint such as x < 2 would be considered satisfied if the value of x satisfied x
< 2.001. Thiscan be defined or changed in the same way asthe convergencetolerance TOL. The
default value for CTOL is 1073,

Other Solving and Optimization Extension Pack features include mixed integer programming
and constraint sensitivity report generation. See on-line Help for details.

Algorithm For the non-linear case: Levenberg-Marquardt, Quasi-Newton, Conjugate Gradient. For the
linear case: simplex method with branch/bound techniques (Press et al., 1992; Polak, 1997;
Winston, 1994)
See also Minerr, Maximize, Minimize
floor Truncation and Round-off
Syntax floor(x)
Description Returns the greatest integer < x.
Arguments
X real number
Example .
il 325 = 4 Sonrl 3357 = 3
manlicea| K| = u Misir|
manliaen| 345] = B45
Comments Can be used to define the positive fractional part of a number: mantissa(x) := X - floor(x).
See also ceil, round, trunc
fv Finance
Syntax  fv(rate, nper, pmt, [[pv], [type]])
Description Returns the future value of an investment or loan over a specified number of compounding
periods, nper, given a periodic, constant payment, pnt, and afixed interest rate, rate.
Arguments
rate real rate
nper integer number of compounding periods, nper = 1
pmt real payment
pv (optional) real present value, defaultispv =0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0
348 Chapter 17 Functions



Comments

See also
fvadj
Syntax

Description

Arguments

prin

%

Comments

See also
fvc

Syntax

Description

Arguments
rate

\Y

Comments

See also
gcd
Syntax

Description

Arguments
A

Comments

Algorithm

See also

If you know the annual interest rate, ann_rate, you must calculate the interest rate per period as
rate = ann_rate/nper.

Paymentsyou make, such asdepositsinto a savings account or payments toward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers.

fvadj, fvc, nper, pmt, pv, rate
Finance
fvadj(prin, v)

Returnsthe future value of aninitial principal, prin, after applying aseries of compound interest
rates stored in a vector, v.

real principal
real vector of interest rates
Usefvadj to calculate the future value of an investment with avariable or adjustableinterest rate.
fv, fvc

Finance
fvc(rate, v)

Returnsthefuturevalueof alist of cash flowsoccurring at regular intervals, v, earning aspecified
interest rate, rate.

real rate
real vector of cash flows

In v, payments must be entered as negative numbers and income must be entered as positive
numbers.

fvc assumes that the payment is made at the end of the period.
fv, fvadj

Number Theory/Combinatorics
gcd(A)

Returnsthe largest positive integer that isadivisor of al the valuesin thearray A. Thisinteger
isknown as the greatest common divisor of the elementsin A.

integer matrix or vector; al elements of A are greater than zero

gcd(A, B, C, ...) isaso permissible and returns the greatest common divisor of the elements of
AB,C, ..

Euclid’'s algorithm (Niven and Zuckerman, 1972)

lem
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genfit
Syntax

Description

Arguments
VX, VY

vg
E

Example

Comments

Algorithm
See also
geninv
Syntax
Description

Arguments
A

Comments

Algorithm

Regression and Smoothing
genfit(vx, vy, vg, F)

Returns avector containing the parameters that make a function f of x and n parameters
Ug, Uy, ..., U,_4 best approximate the datain vx and vy.

real vectors of the same size
real vector of guess values for the n parameters

afunction that returns an n+1 element vector containing f and its partial derivativeswith respect
toits n parameters

n
e omnu x| .. fenciian 1o be fited 1 n.4r
e 2 0.395
Flu.ule xa a sin'm, =)
VB R s pariiad dorivesives wish 1 nan
. s ol : tiupec] f2 u, and u. 4 0.2
L 4 - K]
(! i j=0o. 10 Fan oy m _— vy s | - 087
. [ -6
1 2 !
vy ¥ ! naz
' wd N 7 ] e |
P aqondi| ve, vy owg Fl q mpnd
nad 4
qir i B IE]
gl =F rlﬂ'.:I ak ] e
. 1.4 . i
- w‘ u o ) "
Dotz
Hesd Attlng cunee

Thefunctionslinfit and genfit are closaly related. Anything you can do with linfit you can also
do, abeit lessconveniently, with genfit. Thedifference between thesetwo functionsisanal ogous
to the difference between solving a system of linear equations and solving a system of nonlinear
equations. The former is easily done using the methods of linear algebra. The latter isfar more
difficult and generally must be solved by iteration. This explains why genfit needs a vector of
guess values as an argument and linfit does not.

The example above uses genfit to find the exponent that best fitsaset of data. By decreasing the
value of the built-in TOL variable, higher accuracy in genfit might be achieved.

Levenberg-Marquardt (Press et al., 1992)
line, linfit, expfit, logfit, Infit, pwrfit, Igsfit, sinfit, medfit

Vector and Matrix
geninv(A)

Returns the | eft inverse of amatrix A.

real mx n matrix, where m=n.
If L denotestheleftinverse, then L CA = | wherel istheidentity matrix with cols(l)=cols(A).
SV D-based construction (Nash, 1979)
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genvals
Syntax

Description

Arguments
M, N

Example

Comments

Algorithm
genvecs

Syntax

Description

Arguments
M, N

Algorithm

See also

genvals(M, N)

Vector and Matrix

Returns a vector v of eigenvalues each of which satisfies the generalized eigenval ue equation
M X = v, [N [k for nonzero eigenvectors x.

real square matrices of the same size

1
M~-|3
5

v = qemeals M M|

ll!lI'II'IIIIH'I m wecion v

W= gperesos| M M)

Compare:
LEL
M «b = | 1810
-
B ET]
vy W] = | 1810
T35
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Wctor ol gemid alized aigainvalus:

Hanis af jeesalic el siqaivechans
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0TS |
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0.3 |

W ox? s | 1.3
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0,57 |
055 |

SERY

To compute the eigenvectors, use genvecs.
Stable QZ method (Golub and VVan Loan, 1989)

genvecs(M, N)

Vector and Matrix

Returns a matrix of normalized eigenvectors corresponding to the eigenvalues in v, the vector
returned by genvals. Thejth column of thismatrix isthe eigenvector x satisfying the generalized
eigenvalue problem M [k = Y, N k.

real square matrices of the same size
Stable QZ method (Golub and Van Loan, 1989)

genvals for example
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GETWAVINFO

Syntax

Description

Arguments
file

Comments
See also
gmean
Syntax
Description

Arguments
A

Comments

See also
Her
Syntax
Description

Arguments
n

X

Comments

Algorithm
hist

GETWAVINFO(file)

File Access

Creates avector with four elements containing information about file. The elements corresponds
tothenumber of channels, the samplerate, the number of bitsper sample(resolution), and average

number of bytes per second, respectively.

string variable corresponding to pul se code modulated (PCM) Microsoft WAV filename or path

Datafrom a WAV fileis not scaled.
READWAV and WRITEWAV

gmean(A) [n-1n-1

U=o0j=0
real mx n matrix or vector with all elements greater than zero

Statistics

|:ll/ (mn)

Returns the geometric mean of the elements of A: gmean(A) = El‘l |‘| Ai’JH

gmean(A, B, C, ...) isalso permissible and returns the geometric mean of the elements of A, B,

C, ..

hmean, mean, median, mode
Her(n, X)
Returns the value of the Hermite polynomial of degree n at x.

integer,n=0
real number

The nth degree Hermite polynomial is a solution of the differential equation:

2
xD(ﬁ(—zy—ZRD(;j—xy+2D1Ey =0.

Recurrence relation (Abramowitz and Stegun, 1972)

Uniform Bin Case

Syntax

Description

Arguments
n

A

hist(n, A)

Special

Statistics

Returns a vector containing the frequencies with which valuesin A fall in n subintervals of the
range min(A) <value< max(A) of equa length. The resulting histogram vector has n

elements.

integer,n>0
real matrix
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Comments  Thisisidentical to hist(intervals A) with intervals, = min(A)+ D2X(A)=min(A)
. n
and 0<i<n (seebelow).
Non-uniform Bin Case
Syntax hist(intervals, A)
Description Returnsavector containing thefrequencieswithwhichvaluesin A fall intheinterval srepresented
by theintervals vector. The resulting histogram vector is one element shorter than intervals.

Arguments
intervals real vector with elementsin ascending order

A real matrix

Example
Pe0 0 dwia - 400
&-16  jo0.1 a ' r
k=01 n-1 W e % ¥ L ._:.:
i e B i .|
iarvals, <4 4 2 L ]
1 = hisl| imisvaks data’) . * ; %
w | LY e '\-..\." £ o
) .
0 - - * "
T J - %
lh - = = Fl
w =L - & P T S e i
1
15 o 1 1ol L}
] i
-+ o '
"H‘"ll"lu

Comments Theintervals vector contains the endpoints of subintervals constituting a partition of the data.
The result of the hist function is avector f, in which f; isthe number of valuesin A satisfying
the condition intervals, < value<intervals, | ;.

Mathcad ignores data points less than thefirst value inintervals or greater than the last valuein
intervals.

See also histogram

histogram Statistics
Uniform Bin Case

Syntax histogram(n, A)
Description Returnsamatrix with two columns. The first column contains midpoints of the n subintervals of

therange min(A) < value< max(A) of equa length. The second column isidentical to
hist(n, A), and hence the resulting matrix has n rows.

Arguments
n integer,n>0

A real matrix
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Comments

Using histogram rather than hist saves you the additional step of defining horizontal axis data

when plotting.

Non-uniform Bin Case

Syntax histogram(intervals, A)

Description Returns a matrix with two columns. The first column contains midpoints of the intervals
represented by the inter vals vector. The second column isidentical to hist(intervals, A),
and hence the resulting matrix has one less row than intervals.

Arguments

intervals real vector with elementsin ascending order
A real matrix
See also hist
hlookup Vector and Matrix
Syntax hlookup(z A, )

Description Looksin the first row of amatrix, A, for agiven value, z, and returns the value(s) in
the same column(s) in the row specified, r. When multiple values are returned, they appear
inavector.

Arguments

z real or complex number, or string
A real, complex or string mx n matrix
r integer, ORIGIN<r<ORIGIN+m-1
Comments The degree of precision to which the comparison adheres is determined by the TOL setting of
the worksheet.
See Also lookup, vlookup, match
hmean Statistics
Syntax hmean(A) o m-in-1 71
Description Returns the harmonic mean of the elements of A: hmean(A) = % z Z ALE
Arguments i=oj=0 "0
A real mx n matrix or vector with all elements greater than zero
Comments hmean(A, B, C, ...) isaso permissible and returns the harmonic mean of the elements of A, B,
C, ..
See also gmean, mean, median, mode
I0 Bessel
Syntax 10(X)
Description Returns the value of the modified Bessel function |4(x) of the first kind. Same as In(0, x).
Arguments
X real number
Algorithm Small order approximation (Abramowitz and Stegun, 1972)
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I1
Syntax

Description

Arguments
X

Algorithm
ibeta

Syntax

Description

Arguments
a

X, Y
Comments

Algorithm
icfft
Syntax

Description

Arguments
A

Comments
Algorithm
See also
ICFFT
Syntax

Description

Arguments
A

Comments
Algorithm

See also

Bessel
11(x)
Returns the value of the modified Bessel function |,(x) of thefirst kind. Same as In(1, x).

real number
Small order approximation (Abramowitz and Stegun, 1972)

Special
ibeta(a, X, y)

Returns the value of the incomplete beta function with parameter a, at (X, y).

real number, 0<a<1
real numbers, x>0,y >0

The incomplete beta function often arises in probabilistic applications. It is defined by the
following formula:

ibeta(a, x,y) = FJEX;(_EFX(% q:tX—l q1-t)y-ldt.

Continued fraction expansion (Abramowitz and Stegun, 1972)
Fourier Transform
icfft(A)

Returns the inverse Fourier transform corresponding to cfft. Returns an array of the same size
asitsargument.

real or complex matrix or vector
The cfft and icfft functions are exact inverses; icfft(cfft(A)) = A.
Singleton method (Singleton, 1986)
fft for more details and cfft for example
Fourier Transform
ICFFT(A)

Returnsthe inverse Fourier transform corresponding to CFFT. Returns an array of the same size
asitsargument.

real or complex matrix or vector
The CFFT and ICFFT functions are exact inverses, ICFFT(CFFT(A)) = A.
Singleton method (Singleton, 1986)

fft for more details and CFFT for example

Functions 355



identity

Vector and Matrix

Syntax identity(n)
Description Returnsthe n x n identity matrix.
Arguments
n integer,n>0
if Piecewise Continuous
Syntax if(cond, X, y)

Description Returns x or y depending on the value of cond.

If cond istrue (non-zero), returns x. If cond isfalse (zero), returnsy.

Arguments

cond arbitrary expression (usually a Boolean expression)
X, Y arbitrary real or complex numbers, arrays, or strings
Example
LHing Cosaliedials of B athcad 1 .
¥ o=-% -18 3 flu] = w2~ *,
R Wili=xh=m Tinl &} . "I"
) o5 Fix) when 100210 B odkerwisn & 0 :
1
£
high =of|wzi_f[x) -Fixd]
2
gl . 3 hix] i i) when xs=1, Hx) olthorwize
— ok . .
£33 1] : 2 T LI S s W
L -
g 1
F] i ]

Comments Use if to define afunction that behaves one way below a certain number and a different way
above that number. That point of discontinuity is specified by itsfirst argument, cond. The
remaining two arguments let you specify the behavior of the function on either side of that
discontinuity. The argument cond is usually a Boolean expression (made up using the Boolean
operators =, >, <, 2, <, # 0 0, 0, or 7).

To save time, Mathcad evaluates only the necessary arguments. For example, if cond isfalse,
there is no need to evaluate x because it will not be returned anyway. Therefore, errorsin the
uneval uated argument can escape detection. For example, Mathcad will never detect thefact that
In(0) is undefined in the expression if(|7 < O, In(0), In(2)).
Y ou can combine Boolean operators to create more complicated conditions. For example, the
condition (x < 1) LI (x > 0) acts like an “and” gate, returning 1 if and onlx i between
0 and 1. Similarly, the expression< 1) LI (x > 0) acts like an “or” gate, returning a 1 if and
only if x>1 orx<0.
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ifft
Syntax
Description

Arguments
%

Comments

Algorithm
See also
IFFT
Syntax
Description

Arguments
v

Algorithm
See also
Im
Syntax
Description

Arguments
z

See also
In

Syntax

Description

Arguments
m

X
Comments

Algorithm

See also

Fourier Transform
ifft(v)

Returns the inverse Fourier transform corresponding to fft. Returns areal vector of size 2".

real or complex vector of size 1+ 2"~1 where nisan integer.

The argument v isavector similar to those generated by the fft function. To compute the result,
Mathcad first createsanew 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 elements satisfy this formula:

n-1
1 -
d = — w, e=2Ti(j/nk
l A/ﬁkZO ‘

Thisisthe same formula as the fft formula, except for the minus sign in the exponent. The fft
and ifft functions are exact inverses. For al real v, ifft(fft(v)) = v.
Cooley-Tukey (Presset al., 1992)

fft for more details

Fourier Transform
IFFT(V)

Returns the inverse transform corresponding to FFT. Returns areal vector of size 2.

real or complex vector of size 1+ 2"~1 wherenisan integer.
Cooley-Tukey (Presset al., 1992)

fft for more details

Complex Numbers
Im(2)

Returns the imaginary part of z.

real or complex number

Re

Bessel
In(m, X)
Returns the value of the modified Bessel function | ,(x) of thefirst kind.

integer, 0 < m< 100

real number )
Solution of the differential equation x2 Ddd—zy +X D(%(y— (x2+m2) 3y = 0.
X
Small order approximation, upward recurrence relation (Abramowitz and Stegun, 1972; Presset
al., 1992)

Kn
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intercept
Syntax

Description

Arguments
VX, VY

See also

interp

Regression and Smoothing
intercept(vx, vy)

Returns the y-intercept of the |east-squares regression line.

real vectors of the same size

slope for more details, line, stderr, medfit

Interpolation and Prediction

One-dimensional Case

Syntax

Description

Arguments
S

VX, Vy
X

Comments

interp(vs, vx, vy, X)

Interpolates the value from spline coefficients or regression coefficients. Takes three vector
argumentsvx, vy (of the same size) and vs. Returnstheinterpolated y val ue corresponding to the
point X.

real vector output from interpolation routine bspline, cspline, Ispline, or pspline or regression
routine regress or loess

real vectors of the same size
real number

Let usfirst discuss interp on the output of cubic spline routines. To find the interpol ated value
for aparticular x, Mathcad finds the two points which x falls between. It then returnsthey value
on the cubic section enclosed by these two points. For x valueslessthan the smallest point in vx,
Mathcad extrapol ates the cubic section connecting the smallest two points of vx. Similarly, for
x values greater than the largest point in vx, Mathcad extrapol ates the cubic section connecting
the largest two points of vx.

For best results, do not use the interp function on values of x far from the fitted points. Splines

areintendedfor interpol ation, not extrapol ation. Consequently, computed val uesfor such xval ues
are unlikely to be useful. See predict for an aternative.

Inthe regress case, interp simply computes the val ue of the regression polynomial; for loess,
interp uses the local |east-squares polynomia on the interval.

Two-dimensional Case

Syntax interp(vs, Mxy, Mz, v)
Description Interpolates the value from spline coefficients or regression coefficients. Takes two matrix
arguments Mxy and Mz (with the same number of rows) and one vector argument vs. Returns
the interpolated z value corresponding to the point x = vy andy = v, .
Arguments
Vs real vector output from interpolation routine bspline, cspline, Ispline, or pspline or regression
routine regress or loess
Mxy, Mz real matrices (with the same number of rows)
v real two-dimensional vector
Comments For best results, do not use the interp function on values of x and y far from the grid points.
Splinesareintended for interpolation, not extrapol ation. Consequently, computed valuesfor such
x and y values are unlikely to be useful. See predict for an alternative.
See also Ispline for example, bspline, cspline, pspline, regress, loess
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ipmt
Syntax

Description

Arguments
rate

per
nper
pv
fv

type

Comments

See also

Irr
Syntax

Description

Arguments
%

guess

Comments

See also
IsArray

Syntax

Description

Arguments
X

Finance
ipmt(rate, per, nper, pv, [[fv], [typell)

Returnsthe interest payment of an investment or loan for a given period, per, based on periodic
constant payments over a given number of compounding periods, nper, using afixed interest
rate, rate, and a specified present value, pv.

real rate

integer period number, per > 1

integer number of compounding periods, 1< per < nper
real present value

(optional) real future value, default isfv=0

(optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0

If you know the annual interest rate, ann_rate, you must calcul ate the interest rate per period as
rate = ann_rate/nper.

Paymentsyou make, such asdepositsinto asavings account or payments toward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive nhumbers.

cumint, pmt, ppmt

Finance
irr(v, [guess])
Returns the internal rate of return for a series of cash flows, v, occurring at regular intervals.

real vector of cash flows
(optional) real guess value, default is guess = 0.1 (10%)

In v, payments must be entered as negative numbers and income must be entered as positive
numbers. There must be at least one negative value and one positive valueinv.

If irr cannot find aresult that is accurate to within 1 (10~ percent after 20 iterations, it returns
an error. In such a case, a different guess value should be tried, although it will not guarantee a
solution.

mirr, npv

Expression Type
IsArray(X)

Returns 1 if x isamatrix or vector; 0 otherwise.

arbitrary real or complex number, array, or string
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IsScalar

Expression Type

Syntax IsScalar(x)
Description Returns 1 if x isareal or complex number; O otherwise.
Arguments
X arbitrary real or complex number, array, or string
IsString Expression Type
Syntax IsString(X)
Description Returns 1 if x isastring; 0 otherwise.
Arguments
X arbitrary real or complex number, array, or string
iwave Wavelet Transform
Syntax iwave(v)
Description Returns the inverse wavel et transform corresponding to wave.
Arguments
Y, real vector of 2" elements, where nis an integer, n> 0.
Algorithm Pyramidal Daubechies 4-coefficient wavelet filter (Press et al., 1992)
See also wave for example
Jo Bessel
Syntax JO(X)
Description Returns the value of the Bessel function Jy(x) of thefirst kind. Same as Jn(0, ).
Arguments
X real number
Algorithm Steed’s method (Prestal., 1992)
J1 Bessel
Syntax J1(X)
Description Returns the value of the Bessel functid(x) of the first kind. Sarhe(asx).
Arguments
X real number
Algorithm Steed’s method (Prestal., 1992)
Jac Special
Syntax Jac(n, a, b, X)
Description Returns the value of the Jacobi polynomial of degresth parametera andb, atx.
Arguments
n integer,n=0
a, b real numbersa>-1,b>-1
X real number
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Comments

Algorithm
Jn

Syntax

Description

Arguments
m

X
Comments
Algorithm

See also

Js
Syntax
Description

Arguments
n

X
Comments

Algorithm

See also
KO

Syntax

Description

Arguments
X

Algorithm
K1
Syntax

Description

Arguments
X

Algorithm

The Jacobi polynomials are solutions of the differential equation:

2
(1-x%) Dd%y+(b—a—(a+b+2) x) D(;j—xy+nE(n+a+b+1)|:y =0

and include the Chebyshev and Legendre polynomials as special cases.
Recurrence relation (Abramowitz and Stegun, 1972)
Bessel
In(m, X)
Returns the value of the Bessel function J,(x) of the first kind.

integer, 0<s m<100.
real number )
Solution of the differential equation x2 Dd%y £x D(;j—xy +(x2—m?) [y = 0.
Steed’s method (Pressal., 1992)
Yn
Bessel
is(n, )

Returns the value of the spherical Bessel function of the first kind, of mreex.

integer,—200< n

real numberx> 0; x = 0 is permitted foys if n=0

Solution of the differential equatiory(:2 Ddd_zy +2X D(;j—xy + (x2 -nn+1)y=0
X

Small order approximation, upward recurrence relation (Abramowitz and Stegun, 1972 Press
al., 1992)

YS
Bessel
KO(x)

Returns the value of the modified Bessel functiog(x) of the second kind. S&m¢as).

real numberx> 0
Small order approximation (Abramowitz and Stegun, 1972)

Bessel
K1(x)

Returns the value of the modified Bessel functioy(x) of the second kind. S&m¢las).

real numberx >0

Small order approximation (Abramowitz and Stegun, 1972)
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Kn
Syntax

Description

Arguments
m

X
Comments
See also

Algorithm

ksmooth
Syntax

Description

Arguments
VX, VY

b

Comments

Algorithm

See also

Bessel
Kn(m, X)
Returns the value of the modified Bessel function K (x) of the second kind.

integer, 0<m<100.

real number, x>0 )

Solution of the differential equation x2 Ddd_zy +X D(%(y— (x2+m2)y = 0.
X

In

Small order approximation, upward recurrence relation (Abramowitz and Stegun, 1972; Presset
al., 1992)

Regression and Smoothing
ksmooth(vx, vy, b)

Creates a new vector, of the same size as vy, by using a Gaussian kernel to return weighted
averages of vy.

real vectors of the same size; elements of vx must be in ascending order

real bandwidth b >0; control sthe smoothing window and should be set to afew timesthe spacing
between your data points on the x-axis, depending on how big of awindow you want to usewhen
smoothing

The ksmooth function uses a Gaussian kernel to compute local weighted averages of the input
vector vy. This smoother is most useful when your data lies along aband of relatively constant
width. If your datalies scattered along a band whose width fluctuates considerably, you should
use an adaptive smoother like supsmooth.

For each vy; inthe n-element vector vy, the ksmooth function returns anew vy’; given by:

n

oYX — VX
jleD b . o
. _ = . - 0 O
vy = where: K(t) = Cexprr 0]
Y-V 21 [{0.37) 20.37)
> X 50

i=1

and b is a bandwidth which you supply to the ksmooth function. The bandwidth is usually set
to afew times the spacing between data points on the x axis, depending on how big a window
you want to use when smoothing.

Moving window Gaussian kernel smoothing (Lorczak)

“medsmooth” on page 377 for more details, “supsmooth” on page 437

362

Chapter 17 Functions



kurt
Syntax

Description

Arguments
A

Comments
Lag

Syntax

Description

Arguments
n

X

Comments

Algorithm
last

Syntax

Description

Arguments
v

Comments
See also
Icm
Syntax

Description

Arguments
A

Comments

Algorithm
See also

Statistics
kurt(A)
Returns the kurtosis of the el ements of A:

m-1n-1
mn(mn + 1) A -—mear(A)D% 3(mn-1)2

i ~
mn—1)(mn—2)(mn—3)igonOD StdevA) 00 (mn-2)(mn-3)

kurt(A) =

|

real or complex mx n matrix or vector;, mCh=4

kurt(A, B, C, ...) isaso permissible and returns the kurtosis of the elementsof A, B, C, ....
Special

Lag(n, x)

Returns the value of the Laguerre polynomial of degree n at x.

integer, n=0
real number

The Laguerre polynomials are solutions of the differential equation

2
d d _
xDWy+(1—x) d)—Xy+nEy =0.

Recurrence relation (Abramowitz and Stegun, 1972)
Vector and Matrix
last(v)

Returns the index of the last element in vector v.

vector
last(v) = length(v) - 1+ ORIGIN
FOWSs
Number Theory/Combinatorics
lem(A)

Returnsthe smallest positiveinteger that isamultiple of al thevaluesinthearray A. Thisinteger
isknown as the least common multiple of the elementsin A.

integer matrix or vector; al elements of A are greater than zero

Iem(A, B, C, ...) isalso permissible and returns the least common multiple of the elements of A,
B,C, ...

Euclid’'s algorithm (Niven and Zuckerman, 1972)

gcd
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Leg Special
Syntax Leg(n, X)
Description Returns the value of the Legendre polynomial of degree n at x.
Arguments
n integer, n=0
X real number
Comments The Legendre polynomials are solution of the differential equation
2, - d? d
(1-X )Ddx—zy—ZD(D&y+nE(n+1) Oy = 0.
Algorithm Recurrence relation (Abramowitz and Stegun, 1972)
length Vector and Matrix
Syntax length(v)
Description Returns the number of elementsin vector v.
Arguments
vV vector
Comments Same as rows(V)
Igsfit Regression and Smoothing
Syntax Igsfit(vx, vy, vg)
Description Returnsavector containing the parameters(a, b, ¢) that makethefunction a ({1 + bexp(—cx))~1
best approximate the datain vx and vy.
Arguments
VX, Vy real vectors of the same size
vg real vector of guessvaluesfor (a, b, €)
Comments Thisisaspecial case of the genfit function. A vector of guessvaluesis needed for initialization.
By decreasing the value of thebuilt-in TOL variable, higher accuracy in Igsfit might be achieved.
See Also line, linfit, genfit, expfit, lodfit, Infit, pwrfit, sinfit, medfit
line Regression and Smoothing
Syntax line(vx, vy)
Description Returns a vector containing the y-intercept and the slope of the least-squares regression line.
Arguments
VX, VY real vectors of the same size
See Also slope for more details, intercept, stderr, medfit
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linfit
Syntax
Description

Arguments
VX, VY
F

Example

Comments

Algorithm
See also

Regression and Smoothing
linfit(vx, vy, F)

Returns avector containing the coefficients used to create alinear combination of the functions
in F which best approximates the datain vx and vy. See genfit for amore general technique.

real vectors of the same size; elements of vx should bein ascending order
afunction of asingle variable that returns a vector of functions

a [ 43 L
2 22 | -0 8
a g | FlHl - T S o Wit v vy F|
Ele]l ¥l el IR B
8 |
i Z 2 - :
gitl - Fit}5 o /
[ 3087} ELLUN
n-||¢?ﬁ| N P
| o518, " i !
Baat 1il 45 gisen by 108 P 1 AT e+ D515 :-:_EI

Not al datasets can bemodeled by linesor polynomials. Therearetimeswhen you need to model
your data with alinear combination of arbitrary functions, none of which represent terms of a
polynomial. For example, in a Fourier series you try to approximate data using a linear
combination of complex exponentials. Or you may believe your data can be modeled by a
weighted combination of Legendre polynomials, but you just don't know what weightsto assign.

The linfit function is designed to solve these kinds of problems. If you believe your data could
be modeled by alinear combination of arbitrary functions:

y = agOy(x) +a, 0(X) + ... +a, (), you should use linfit to evaluate the &, . The
example above shows a linear combination of three functions x, x2, and (x + 1)~ to model
some data.

There are times however when the flexibility of linfit is still not enough. Y our data may haveto
be modeled not by alinear 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) = a; [Bin(2x) + a, [danh(3x) and all you need to do is solve for the unknown weights
a, and a, , thenthelinfit functionissufficient. By contrast, if instead your dataisto be modeled
by the sum: f(x) = 2 [in(a;x) + 3 [tanh(a,x) and you now have to solve for the unknown
parameters a; and a,, you should use the genfit function.

SVD-based least squares minimization (Press et al., 1992)

line, genfit
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linterp
Syntax

Description

Arguments
VX, VY

X

Example

Comments

Interpolation and Prediction
linterp(vx, vy, X)

Returns alinearly interpolated value at x.

real vectors of the same size; elements of vx should bein ascending order
real number at which to interpolate

daia pair
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Interpolation involves using existing data points to predict val ues between these data points.
Mathcad allows you to either connect the data points with straight lines (linear interpolation, as
with linterp) or to connect them with sections of acubic polynomial (cubic splineinterpolation,
aswith Ispline, pspline, cspline, bspline and interp).

Unlike the regression functions discussed el sewhere, these interpolation functionsreturn acurve
which must passthrough the pointsyou specify. Therefore, theresulting functionisvery sensitive
to spurious data points. If your datais noisy, you should consider using the regression functions
instead.

Be surethat every element in the vx and vy arrays contains a data value. Because every element
inanarray must have avalue, Mathcad assigns 0 to any elementsyou have not explicitly assigned.

To find the interpolated value for a particular x, linterp finds the two points between which the
value falls and returns the corresponding y value on the straight line between the two points.

For x values before the first point in vx, linterp extrapolates the straight line between the first
two data points. For x values beyond the last point in vx, linterp 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 functionisintended for interpol ation, not extrapol ation. Consequently, computed
values for x outside this range are unlikely to be useful. See predict for an alternative.
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In Log and Exponential
Syntax In(2)
Description Returns the natural 1ogarithm of nonzero z (to base €). It is the principal value (imaginary part
between tand —Ti) for complex z
Arguments
z real or complex nonzero number
Example I
P i 2| - B9 £—r @7 .
Ini-F) = D.ESY » 2142 £— Lag of & aeg i ik ]
kg ol ke mengnitude ples Wi
s 0] = £— Smce awything raieod b the 0is 1.
| P WO DEN SEET BEvn B |0 ol 2od0
i) =0 -3 wta
Comments In general, a complex argument to the natural log function returns:
In(x+i0y) = In|x+i 0y +atan(y/x) 0+ 2Ch Otd
Mathcad's In function returns the value correspondingto n = 0, namely:
In(x+i0y) = In|x+i 0y + atan(y/x) 0 (principal branch of the natural log function).
See also log
Infit Regression and Smoothing
Syntax Infit(vx, vy)
Description Returns a vector containing the parameters (a, b) that make the function aldn(x) +b best
approximate the datain vx and vy.
Arguments
VX, Vy real vectors of the same size
Comments Thisisatwo-parameter alternativeto thethree-parameter logfit function. It useslinear regression
to perform the curvefit (by taking the logarithm of y-values), hence there is no need for aguess
values vector.
See Also line, linfit, genfit, expfit, pwrfit, logfit, Igsfit, sinfit, medfit
LoadColormap File Access
Syntax LoadColormap(file)
Description Returns an array containing the values in the colormap file.
Arguments
file string variable corresponding to CMP filename
Comments Thefilefileis the name of acolormap located in the CMAPS subdirectory of your Mathcad
directory. The function LoadColormap is useful when you want to edit a colormap or use it to
create anew colormap. See on-line Help for more information.
See also SaveColormap
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loess Regression and Smoothing
One-dimensional Case
Syntax loess(vx, vy, span)

Description Returns the vector required by the interp function to find the set of second order polynomials
that best fit particular neighborhoods of data points specified in arrays vx and vy.

Arguments
VX, VY real vectors of the same size

span real span >0 specifies how large a neighborhood loess will consider in performing this local

regression
Example
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Comments Instead of generating asingle polynomia the way regress does, loess generates a different

second order polynomial 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 argument span controls
the size of this neighborhood. As span gets larger, loess becomes equivalent to regress with
n = 2. A good default valueis span = 0.75.

The example above shows how span affects the fit generated by the loess function. A smaller
value of span makes the fitted curve track fluctuations in data more effectively. A larger value
of span tends to smear out fluctuations in data and thereby generates a smoother fit.
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Two-dimensional Case

Syntax

Description

Arguments
Mxy

vz
span

Comments

Algorithm

See also

log

loess(Mxy, vz, span)

Returns the vector required by the interp function to find the set of second order polynomials
that best fit particular neighborhoods of data points specified in arrays M xy and vz.

real mx 2 matrix containing x-y coordinates of the m data points
real m-element vector containing the z coordinates corresponding to the points specified in M xy

real span >0 specifies how large a neighborhood loess will consider in performing this local
regression

Can beextended naturally to thethree- and four-dimensional cases(that is, up tofour independent
variables).

Local polynomial estimation (Cleveland and Devlin, 1988)

“regress” on page 409 for more details

Log and Exponential

Classical Definition

Syntax

Description

Arguments
z

log(2)

Returns the common logarithm of nonzero z to base 10. The result is the principal value
(imaginary part between Ttand —) for complex z

real or complex nonzero number

Extended Definition

Syntax

Description

Arguments
z

b

See also
logfit

Syntax

Description

Arguments
VX, VY

Vg
Comments

See Also

log(z, b)

Returns the logarithm of nonzero z to base b. The result isthe principal value (imaginary part
between rtand —1) for complex z

real or complex nonzero number
real number,b>0,b% 1

In
Regression and Smoothing
logfit(vx, vy, vg)

Returnsavector containing the parameters (a, b, ¢) that make thefunction a CIn(x + b) + ¢ best
approximate the datain vx and vy.

real vectors of the same size
real vector of guessvaluesfor (a, b, c)

Thisisaspecial case of the genfit function. A vector of guessvaluesis needed for initialization.
By decreasing thevalue of thebuilt-in TOL variable, higher accuracy in logfit might be achieved.

line, linfit, genfit, expfit, pwrfit, Infit, Igsfit, sinfit, medfit
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lookup Vector and Matrix
Syntax lookup(z, A, B)

Description Looksin avector or matrix, A, for agiven value, z, and returnsthe value(s) in the same
position(s) (i.e., with the same row and column numbers) in another matrix, B. When
multiple values are returned, they appear in avector in row-wise order, starting with the top left
corner of B and sweeping to the right.

Arguments

z real or complex number, or string
A,B real, complex or string m x n matrices or vectors
Comments The degree of precision to which the comparison adheres is determined by the TOL setting of
the worksheet.
See Also hlookup, vlookup, match
Isolve Vector and Matrix
Syntax Isolve(M, v)
Description Returns a solution vector x suchthat M [k = v.
Arguments
M real or complex square matrix that is neither singular nor nearly singular
v real or complex vector
Example
X+ Gy=8 Systom of equations 1o be soksad
Pr i Bdyed
3 B !
= Wos | | i— Crenls ynur maiee mad wecinr
b2 B4 4
1 B44Y Walue 1or ® sahsdang the syslom ol equations
Igabve | B w] = |
L ETE ) o waien tor y antiahying thio cysiom of @ qu aboss
Maorin: Thi "lsaksa® teaction (s anly availabbe wal Maibcad Prodosssonal
Comments A matrixissingular if itsdeterminant iszero; itisnearly singular if it hasahigh condition number.
Alternatively, you can solve asystem of linear equations by using matrix inversion, vianumeric
or symbolic solve blocks.
Algorithm LU decomposition and forward/backward substitution (Press et al., 1992)
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Ispline Interpolation and Prediction
One-dimensional Case
Syntax Ispline(vx, vy)

Description Returnsthe vector of coefficients of acubic splinewith linear ends. Thisvector becomesthefirst
argument of the interp function.

Arguments _ ) _
VX, Vy real vectors of the same size; elements of vx must be in ascending order
EXample daia gair
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Comments Cubic splineinterpolation lets you pass acurve through aset of points so that thefirst and second
derivativesof the curve are continuous across each point. Thiscurveisassembled 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:

1. Createthevectorsvx and vy containing the x and y coordinates through which you want the
cubic splineto pass. The elements of vx should bein ascending order. (Although we usethe
names vx, vy, and vs, there is nothing specia about these variable names; you can use
whatever names you prefer.)

2. Generatethevector vs:=Ispline(vx, vy) . Thevector vsisavector of intermediate results
designed to be used with interp. It contains, anong other things, the second derivativesfor
the spline curve used to fit the pointsin vx and vy.

3. Toevaluate the cubic spline a an arbitrary point, say x0, evauate interp(vs, vx, vy, xX0)
herevs, vx, and vy arethe vectors described earlier. Y ou could have accomplished the same
task by evaluating: interp(lspline(vx, vy), vx, vy, x0) . Asapractical matter, though,
you'll probably be evaluating interp for many different points.
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Thecall tolspline can betime-consuming and the result won't change from one point to the next,
so it makes sense to do it just once and store the outcome in the vs array.

Be sure that every element in the input arrays contains a data value. Because every elementin a
array must have avalue, Mathcad assigns 0 to any elements you have not explicitly assigned.

Inadditionto Ispline, Mathcad comes with three other cubic spline functions: pspline, cspline,
and bspline. The pspline function generates a spline curve that approaches a parabola at the
endpoints, while the cspline function generates a spline curve that can be fully cubic at the
endpoints. bspline, on the other hand, allows the interpolation knots to be chosen by the user.

For Ispline, the first three components of the output vector vs are vs;=0 (a code telling interp
that vsis the output of a spline function as opposed to aregression function), vs;=3 (the index
within vs where the second derivative coefficients begin) and vs,=0 (a code denoting Ispline).
Thefirst three componentsfor pspline and cspline areidentical except vs,=1 (the code denoting
pspline) and vs,=2 (the code denoting cspline), respectively.

Two-dimensional Case

Syntax

Description

Arguments
Mxy

Mz

Comments

Ispline(Mxy, Mz)

Returns the vector of coefficients of atwo-dimensional cubic spline, constrained to be linear at
region boundaries spanned by M xy. This vector becomes the first argument of the interp
function.

n = 2 matrix whose elements, Mxy; o and Mxy; 1, specify the x- and y-coordinates along the
diagonal of arectangular grid. This matrix plays exactly the samerole as vx in the one-
dimensional case described earlier. Since these points describe a diagonal, the elementsin each
column of Mxy must be in ascending order (Mxy; | < Mxyj' x Whenever i <j).

nxn matrix whoseijth element is the z-coordinate corresponding to thepoint x = Mxy; o and
y = Mxyj' 1 - Mz plays exactly the same role as vy does in the one-dimensional case above.

Mathcad handles two-dimensional cubic spline interpolation in much the same way as the one-
dimensional case. Instead of passing a curve through a set of points so that the first and second
derivatives of the curve are continuous across each point, Mathcad passes a surface through a

grid 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.

Thefirst step in two-dimensiona spline interpolation is exactly the same as that in the one-
dimensional case: specify the points through which the surfaceis to pass. The procedure,
however, is more complicated because you now have to specify agrid of points.

To perform two-dimensiona spline interpolation, follow these steps:
1. Create Mxy.
2. CreateMz.
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Algorithm
lu
Syntax

Description

Arguments
M

Comments

Algorithm

3. Generate the vector vs:=Ispling(M xy, M z) . The vector vsisavector of intermediate
results designed to be used with interp.
To evaluate the cubic spline at an arbitrary point, say (x0, y0) , evaluate

a 0
interp%vs Mxy, M z, {Xzﬂg where vs, Mxy, and Mz are as described earlier.
Y/

The result is the value of the interpolating surface corresponding to the arbitrary point
(x0, y0) . You could have accomplished exactly the same task by evaluating:

. O : x0|5
interpdisplindMxy, M z), Mxy, Mz, d.
O yo|Od

Asapractical matter though, you'll probably be evaluating interp for many different points. The
call to Ispline can be time-consuming, and the result won't change from one point to the next, so
do it just once and store the outcome in the vs array.

In addition to Ispline, Mathcad comes with two other cubic spline functions for the two-
dimensional case: pspline and cspline. The pspline function generates a spline curve that
approachesasecond degree polynomial inxandy a ongtheedges. Thecspline function generates
aspline curve that approaches a third degree polynomial in x and y along the edges.

Tridiagonal system solving (Press et al., 1992; Lorczak)
Vector and Matrix
lu(M)

Returnsan n x (3 Ch) matrix whose first n columns contain an n x n permutation matrix P,
whose next n columns contain an n x n lower triangular matrix L, and whose remaining n
columns contain an n x n upper triangular matrix U. These matrices satisfy the equation
PIM =L OU.

real or complex n x n matrix
Thisis known as the LU decomposition (or factorization) of the matrix M, permuted by P.
Crout’'s method with partial pivoting (Pregtsal., 1992; Golub and Van Loan, 1989)
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match Vector and Matrix
Syntax match(z A)

Description Looksin avector or matrix, A, for agiven value, z, and returns the index (indices) of
its positionsin A. When multiple values are returned, they appear in anested array in row-wise
order, starting with the top left corner of A and sweeping to the right.

Arguments

z real or complex number, or string
A real, complex or string mx n matrix or vector
Comments The degree of precision to which the comparison adheres is determined by the TOL setting of
the worksheet.
See Also lookup, hlookup, vliookup
matrix Vector and Matrix
Syntax matrix(m, n, f)

Description Creates amatrix in which theijth element isthe valuef(i, j), wherei = 0,1, ..., m—1 and
j=01,..,n-1.

Arguments

m,n integers
f scalar-valued function
max Vector and Matrix
Syntax max(A)
Description Returns the largest element in A. If A is complex, returns max(Re(A)) + i max(Im(A)).
Arguments
A real or complex mx n matrix or vector, or string
Comments max(A, B, C, ...) isaso permissible and returns the largest element in A, B, C, ....
See also min
Maximize Solving
Syntax Maximize(f, varl, var2,...)

Description Returns values of varl, var2,... which solve a prescribed system of equations, subject to
prescribed inequalities, and which make the function f take on its largest value. The number of
arguments matches the number of unknowns, plus one. Output isascaar if only one unknown;
otherwiseit is avector of answers.

Arguments

f real-valued objective function
varl, var2, ... real or complex variables; varl, var2, ... must be assigned guess values before using Maximize
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Comments

There are five steps to solving a maximization problem:
1. Definethe objective function f.

2. Provideaninitial guessfor all the unknowns you intend to solve for. This gives Mathcad a
place to start searching for solutions.

3. Typetheword given. Thistells Mathcad that what followsis a system of equality or
inequality constraints. Y ou can type given or Given in any style. Just be sureyou don't type
it whilein atext region.

4. Now type the equations and inequalitiesin any order below the word given. Use[Ct r | ]=
to type ‘=."

5. Finally, type theMaximize function withf and your list of unknowns. You can’t put
numerical values in the list of unknowns; for examplaximize(f, 2) isn’'t permitted. Like
given, you can typenaximize or Maximize in any style.

TheMaximize function returns values as follows:

« Ifthere is one unknowmMaximize returns a scalar value that optimifes

« If there is more than one unknowiaximize returns a vector of answers; for example,
Maximize(f, varl, var2) returns a vector containing valuesvafl andvar?2 that satisfy the
constraints and optimiZe

The wordGiven, the equations and inequalities that follow, andMhgimize function form a

solve block.

By default, Mathcad examines your objective function and the constraints, and solves using an
appropriate method. If you want to try different algorithms for testing and comparison, you can
choose options from the pop-up menu associatedMeéiimize (available via right mouse

click), which include:

* AutoSelect- chooses an appropriate algorithm for you

» Linear option- indicates that the problem is linear (and thus applies linear programming
methods to the problem)guess values fararl, var2,... are immaterial (can all be zero)

* Nonlinear option- indicates that the problem is nonlinear (and thus applies these general
methods to the problem: the conjugate gradient solver; if that fails to converge, the quasi-
Newton solver)- guess values forarl, var2,... greatly affect the solution

» Quadratic option (appears only if the Solving and Optimization Extension Pack or Expert
Solver product is installed) indicates that the problem is quadratic (and thus applies
guadratic programming methods to the problergyess values forarl, var2,... are
immaterial (can all be zero)

« Advanced options applies only to the nonlinear conjugate gradient and the quasi-Newton
solvers

These options provide more control for you to try different algorithms for testing and comparison.

You may also adjust the values of the built-in variables CTOL and TOLcdFisgaint tolerance

CTOL controls how closely a constraint must be met for a solution to be acceptable, e.g., if CTOL

were 0.001, then a constraint such &xwould be considered satisfied if the value of x satisfied

X <2.001. This can be defined or changed in the same way esntieegence tolerance TOL,

which is discussed further in connection with Eived function. SinceMaximize can be used

without constraints, the value of CTOL will sometimes be irrelevant. Its default valué.is 10

Other Solving and Optimization Extension Pack features include mixed integer programming
and constraint sensitivity report generation. See on-line Help for details.

For an unconstrained maximization problem, the waikén and constraints are unnecessary.
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Algorithm

See also
mean

Syntax

Description

Arguments
A

Comments

See also
medfit

Syntax

Description

Arguments
VX, VY

Comments

See Also
median
Syntax

Description

Arguments
A

Comments

See also

medsmooth

Syntax
Description

Arguments
vy
n

For the non-linear case: quasi-Newton, conjugate gradient
For the linear case: simplex method with branch/bound techniques (Press et al., 1992; Polak,
1997; Winston, 1994)

Find for more details about solve blocks; Minerr, Minimize

Statistics
mean(A) m-1n-1
Returns the arithmetic mean of the elements of A: mean(A) = L z z A ..

mn 1]
i=0j=0
real or complex mx n matrix or vector

mean(A, B, C, ...) isalso permissible and returns the arithmetic mean of the elements of
A,B,C, ...

gmean, hmean, median, mode

Regression and Smoothing
medfit(vx, vy)
Returns a vector containing the y-intercept and the slope of the median-median regression line.

real vectors of the same size

medfit provides alinear fit which is more robust (less sensitive to data outliers) than line. The
datais divided into three sets, the median of the first and last subsets are calculated, and the
intercept and slope of the line connecting those two medians comprises the fit.

line, linfit, genfit, expfit, logfit, Infit, pwrfit, Igsfit, sinfit
Statistics
median(A)

Returns the median of the e ements of A. The median isthe value above and below which there
are an equal number of values. If A has an even number of elements, median is the arithmetic
mean of the two central values.

real mxn matrix or vector
median(A, B, C, ...) isalso permissible and returns the median of the elementsof A, B, C, ....
gmean, mean, median, mode

Regression and Smoothing
medsmooth(vy, n)

Creates a new vector, of the same size as vy, by smoothing vy with running medians.

real vector
odd integer, n > 0, the size of smoothing window
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Comments Smoothing involvestaking aset of y (and possibly x) values and returning anew set of y values
that issmoother thanthe original set. Unliketheinterpolation functionsispline, pspline, cspline
or bspline or regression functionsregress or loess, smoothing resultsin anew set of y values,
not afunction that can be eval uated between the data points you specify. If you areinterested in
y values between the y values you specify, use an interpolation or regression function.
Whenever you use vectorsin any of the functions described in this section, be sure that every
element inthevector containsadataval ue. Because every element in avector must haveavalue,
Mathcad assigns 0 to any elements you have not explicitly assigned.
The medsmooth function is the most robust of Mathcad’s three smoothing functions because
it is least likely to be affected by spurious data points. This function uses a running median
smoother, computes the residuals, smooths the residuals the same way, and adds these two
smoothed vectors together.
medsmooth performs these steps:
1. Finds the running medians of the input veetarWe'll call thisvy' . Théth element is
given by:vy'; = median(vy;_,_1,2) - Wis - Wit (n_1/2) -
2. Evaluates the residualer = vy —vy'
3. Smooths the residual vector, using the same procedure described in step 1, to create a
smoothed residual vectorr’
4. Returns the sum of these two smoothed vectoesdsmootfvy, n) = vy’ +vr’
medsmooth will leave the firstand lagin—1)/2  points unchanged. In practice, the length of
the smoothing windown, should be small compared to the length of the data set.
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Algorithm
See also
mhyper
Syntax
Description

Arguments
a, b, x

Comments

Algorithm
min

Syntax

Description

Arguments
A

Comments

See also
Minerr

Syntax

Description

Arguments
varl, var2, ...

Moving window median method (L orczak)
ksmooth and supsmooth

Special
mhyper(a, b, X)

Returns the value of the confluent hypergeometric function, ;F;(a;b;x) or M(a;b;x).

real numbers

The confluent hypergeometric function is a solution of the differential equation:

2
X Ddd—2y+ (b=x) D(;j—xy—a Oy= 0 and is also known as the Kummer function.
X

Many functions are special cases of this, e.g., elementary ones like
exp(x) = mhyper(Z, 1, X) exp(x) sinh(x) = x Omhyper(1, 2, 2 [X)
and more complicated ones like Hermite functions.

Series expansion, asymptotic approximations (Abramowitz and Stegun, 1972)

Vector and Matrix
min(A)
Returns the smallest element in A. If A iscomplex, returns min(Re(A)) + i min(Im(A)).

real or complex mx n matrix or vector, or string
min(A, B, C, ...) isalso permissible and returns the smallest elementin A, B, C, ....

max

Solving
Minerr(varl, var2,...)

Returnsvaluesof varl, var2, ... which come closest to solving a prescribed system of equations,
subject to prescribed inequalities. The number of arguments matches the number of unknowns.
Output isascaar if only one argument; otherwise it is a vector of answers.

real or complex variables; varl, var2, ... must be assigned guess values before using Minerr
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TheMinerr functionisvery similar to Find and uses exactly the same algorithm. The difference
isthat even if asystem has no solutions, Minerr will attempt to find values which come closest
to solving the system. 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 use Find.

Like Find, typethe Minerr function with your list of unknowns. You can’t put numerical values
in the list of unknowns; e.g., in the example ab®iegerr(0.8, 1) isn’t permitted. Lik&ind,
you can typeMinerr or minerr in any style.

Minerr usually returns an answer that minimizes the errors in the constriomtever,Minerr
cannot verify that its answers represent an absolute minimum for the errors in the constraints.

If you useMinerr in a solve block, you should always include additional checks on the
reasonableness of the results. The built-in variable ERR gives the size of the error vector for the
approximate solution. There is no built-in variable for determining the size of the error for
individual solutions to the unknowns.

Minerris particularly useful for solving certain nonlinear least-squares problems. In the example,
Minerr is used to obtain the unknown parameters in a Weibull distribution. The fugetiin

is also useful for solving nonlinear least-squares problems.

The pop-up menu (available via right mouse click) associateMisitrr contains the following
options:

» AutoSelect- chooses an appropriate algorithm for you

« Linear option- not available foMinerr (since the objective function is quadratic, hence the
problem can never be linear)
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Algorithm

See also
Minimize
Syntax

Description

Arguments
f

varl, var2, ...

» Nonlinear option- indicates that the problem is nonlinear (and thus applies these general
methods to the problem: the conjugate gradient solver; if that fails to converge, the
Levenberg-Marquardt solver; if that too fails, the quasi-Newton sohgukess values for
varl, var2,... greatly affect the solution

» Quadratic option (appears only if the Solving and Optimization Extension Pack or Expert
Solver product is installed) indicates that the problem is quadratic (and thus applies
guadratic programming methods to the problerglhess values forarl, var2,... are
immaterial (can all be zero)

« Advanced options applies only to the nonlinear conjugate gradient and the quasi-Newton
solvers

These options provide more control for you to try different algorithms for testing and comparison.

You may also adjust the values of the built-in variables CTOL and TOLcdFisgaint tolerance

CTOL controls how closely a constraint must be met for a solution to be acceptable, e.g., if CTOL

were 0.001, then a constraint suck &2 would be considered satisfied if the valug sétisfied

X < 2.001. This can be defined or changed in the same way eantieegence tolerance TOL.

The default value for CTOL is 10

Other Solving and Optimization Extension Pack features include mixed integer programming
and constraint sensitivity report generation. See on-line Help for details.

For the non-linear case: Levenberg-Marquardt, quasi-Newton, conjugate gradient
For the linear case: simplex method with branch/bound techniques
(Presst al., 1992; Polak, 1997; Winston, 1994)

Find for more details about solve blockgximize, Minimize

Solving
Minimize(f, varl, var2,...)
Returns values ofarl, var2,... which solve a prescribed system of equations, subject to
prescribed inequalities, and which make the fundtiae on its smallest valu€he number

of arguments matches the number of unknowns, plus one. Output is a scalar if only one unknown;
otherwise it is a vector of answers.

real-valued function
real or complex variablesarl, var2, ... must be assigned guess values before WMinignize.
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Comments

There are five steps to solving a minimization problem:
1. Definethe objective function f.

2. Provideaninitial guessfor all the unknowns you intend to solve for. This gives Mathcad a
place to start searching for solutions.

3. Typetheword given. Thistells Mathcad that what followsis a system of equality or
inequality constraints. Y ou can type given or Given in any style. Just be sureyou don't type
it whilein atext region.

4. Now type the equations and inequalitiesin any order below theword given. Use[Ct r | ]=
to type ‘=."

5. Finally, type theMinimize function withf and your list of unknowns. You can't put
numerical values in the list of unknowns; for examplmimize(f, 2) isn't permitted. Like
given, you can typeninimize or Minimize in any style.

TheMinimize function returns values as follows:

« Ifthere is one unknowmMinimize returns a scalar value that optimiZes

« If there is more than one unknowsinimize returns a vector of answers; for example,
Minimize(f, varl, var2) returns a vector containing valuessaf1 andvar2 that satisfy the
constraints and optimize

The wordGiven, the equations and inequalities that follow, andMirémize function form a

solve block.

By default, Mathcad examines your objective function and the constraints, and solves using an
appropriate method. If you want to try different algorithms for testing and comparison, you can
choose options from the pop-up menu associatedMistimize (available via right mouse click),

which include:

* AutoSelect- chooses an appropriate algorithm for you

» Linear option- indicates that the problem is linear (and thus applies linear programming
methods to the problem)guess values forarl, var2,... are immaterial (can all be zero)

* Nonlinear option- indicates that the problem is nonlinear (and thus applies these general
methods to the problem: the conjugate gradient solver; if that fails to converge, the quasi-
Newton solver)- guess values forarl, var2,... greatly affect the solution

* Quadratic option (appears only if the Solving and Optimization Extension Pack or Expert
Solver product is installed) indicates that the problem is quadratic (and thus applies
guadratic programming methods to the problergless values forarl, var2,... are
immaterial (can all be zero)

« Advanced options applies only to the nonlinear conjugate gradient and the quasi-Newton
solvers

These options provide more control for you to try different algorithms for testing and comparison.

You may also adjust the values of the built-in variables CTOL and TOLcdFisgaint tolerance

CTOL controls how closely a constraint must be met for a solution to be acceptable, e.g., if CTOL

were 0.001, then a constraint such a&xwould be considered satisfied if the value of x satisfied

X <2.001. This can be defined or changed in the same way esntieegence tolerance TOL,

which is discussed further in connection with Eired function. SinceMinimize can be used

without constraints, the value of CTOL will sometimes be irrelevant. Its default valué.is 10

Other Solving and Optimization Extension Pack features include mixed integer programming
and constraint sensitivity report generation. See on-line Help for details.

For an unconstrained minimization problem, the weinckn and constraints are unnecessary.
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For the non-linear case: quasi-Newton, conjugate gradient
For the linear case: simplex method with branch/bound techniques
(Press et al., 1992; Polak, 1997; Winston, 1994)

See also Find for more details about solve blocks, Maximize, Minerr
mirr Finance
Syntax mirr(v, fin_rate, rein_rate)

Description Returnsthemodifiedinternal rate of returnfor aseriesof cash flowsoccurring atregular intervals,
v, given afinance rate payable on the cash flows you borrow, fin_rate, and a reinvestment rate
earned on the cash flows as you reinvest them, rein_rate.

Arguments

% real vector of cash flows
fin_rate rea financerate
rein_rate real reinvestment rate
Comments In v, payments must be entered as negative numbers and income must be entered as positive
numbers. There must be at least one positive value and one negative value inv.
See also irr
mod Number Theory/Combinatorics
Syntax mod(n, k)
Description Returns the remainder of n when divided by k. The result has the same sign asn.
Arguments
n, k integers, k% 0
mode Statistics
Syntax mode(A)
Description Returnsthe valuein A that occurs most often.
Arguments
A real or complex mx n matrix or vector
Comments mode(A, B, C, ...) isaso permissibleand returnsthevaluein A, B, C, ... that occurs most often.
See also gmean, hmean, mean, median
multigrid Differential Equation Solving
Syntax multigrid(M, ncycle)

Description Solvesthe Poisson partial differential equation over aplanar squareregion. The n x n matrix M
gives source function values, where n—1 isapower of 2 and zero boundary conditions on all
four edges are assumed. multigrid uses a different algorithm and is faster than relax, whichis
more general.

Arguments

M (1 + 2K) x (1 + 2K) real square matrix containing the source term at each point in the region in
which the solution is sought (for example, the right-hand side of equation below)
ncycle positive integer specifying number of cycles at each level of the multigrid iteration; avalue of
2 generally gives agood approximation of the solution
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Example

Comments

Algorithm

See also
nom

Syntax

Description

Arguments
rate

nper
Comments

See also

R=3 Mpp=0 M

8 = multigrid( M, 2)

S

Two partial differential equationsthat arise oftenintheanalysisof physical systemsare Poisson’s
equation:

2 2
ou + ou _ p(x,y) and its homogeneous form, Laplace’s equation.
ox2  9y?

Mathcad has two functions for solving these equations over a square region, assuming the value:s
taken by the unknown functiasfx, y) on all four sides of the boundary are known. The most
general solver is theslax function. In the special case whexg, y) is known to be zero on all

four sides of the boundary, you can usenthétigrid function instead. This function often solves

the problem faster tharlax. 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.

Themultigrid function returns a square matrix in which:

e an element's location in the matrix corresponds to its location within the square region, and
« its value approximates the value of the solution at that point.

Full multigrid algorithm (Preset al., 1992)
relax

Finance
nom(rate, nper)

Returns the nominal interest rate given the effective annual interesatatand the number of
compounding periods per yeaper.

real raterate > -1
real number of compounding periodgper = 1

Effective annual interest rate is also known as annual percentage rate (APR).
eff
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normil Vector and Matrix
Syntax norm1(M)
Description Returnsthe L; norm of the matrix M.
Arguments
M real or complex sguare matrix
norm2 Vector and Matrix
Syntax norm2(M)
Description Returnsthe L, norm of the matrix M.
Arguments
M real or complex square matrix
Algorithm Singular value computation (Wilkinson and Reinsch, 1971)
norme Vector and Matrix
Syntax norme(M)
Description Returns the Euclidean norm of the matrix M.
Arguments
M real or complex square matrix
normi Vector and Matrix
Syntax normi(M)
Description Returns the infinity norm of the matrix M.
Arguments
M real or complex sguare matrix
nper Finance
Syntax  nper(rate, pmt, pv, [[fV], [type]])
Description Returnsthe number of compounding periodsfor aninvestment or |oan based on periodic, constant
payments, pmt, using afixed interest rate, rate, and a specified present value, pv.
Arguments
rate real rate
pmt real payment
pv real present value
fv (optional) real future value, default isfv=0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0
Comments If you know the annual interest rate, ann_rate, you must calculate the interest rate per period as
rate = ann_rate/nper.
Paymentsyou make, such asdepositsinto asavings account or paymentstoward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers. Specific to nper, if pmt > 0, rate and pv must be opposite signs.
See also cnper, fv, pmt, pv, rate
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npv
Syntax

Description

Arguments
rate

\

Comments

See also
num2str
Syntax
Description

Arguments
z

See also
Odesolve
Syntax

Description

Arguments
X
b

nstep

Finance
npv(rate, v)

Returns the net present value of an investment given a discount rate, rate, and a series of cash
flows occurring at regular intervals, v.

real rate
rea vector of cash flows
npv assumes that the payment is made as the end of the period.

In v, payments must be entered as negative numbers and income must be entered as positive
numbers.

The npv investment begins one period before the date of the first cash flow and ends with the
last cash flow inthe vector. If your first cash flow occurs at the beginning of thefirst period, the
first value must be added to the npv result, not included in the vector of cash flows.

irr, pv
String
num2str(z)

Returns the string whose characters correspond to the decimal value of z

real or complex number

str2num

Differential Equation Solving
Odesolve(x, b, [nstep])

Solves asingle ordinary differential equation, subject to either initial value or boundary value
constraints. The DE must be linear in the highest order derivative term. The output is afunction
of x, interpolated from atable of values computed via either fixed step or adaptive DE solvers.

variable of integration, real
terminal point of integration interval, rea
(optional) integer number of steps, nstep >0
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Comments There are three steps to solving a DE using Odesolve:

1. Typetheword Given. Thistells Mathcad that what followsisaDE, along with initial value
or boundary value constraints. Y ou can type Given or given in any style. Just don't type it
whilein atext region.

2. Typethe DE and constraintsin any order below the word Given. Use[Ct r | ]= to type ="
and[Ct r | JF7 to type a primé. The DE can be written using the derivative operators d/dx
d?/dx2, d3/dxe, ... or using prime notation y*(x), y*(X), Y*“(X) , ... Note that the independent
variable x must be explicitly indicated throughout. A typical initia value constraint might
be y(a)=c or y‘(a)=d; Mathcad does not allow more complicated constraints like
y(@)+y'(a)=e.

3. Findly, typethe Odesolve function. You can't put a numerical value in place:dior
example Odesolve(2, 150) in the Example isn't permitted. Ligésen, you can type
Odesolve or odesolve in any style.

The wordGiven, the equations that follow, and tbeesolve function form asolve block. This
is similar to the solve block described with #ied function, except here no guess values are
needed.
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See also

pbeta
Syntax

Description

Arguments
X

S

Algorithm
pbinom

Syntax

Description

Arguments
k,n

p
Algorithm

pcauchy
Syntax
Description

Arguments
X
|
s

Mathcad is very specific about the types of expressions that can appear between Given and
Odesolve. The lower derivative terms can appear nonlinearly in the DE (e.g., they can be
multiplied together or raised to powers), but the highest derivative term must appear linearly.
Inequality constraints are not allowed. There must be n independent equality constraints for an
nth order DE. For an initial value problem, the values for y(x) and itsfirst n—1 derivatives at a
singleinitia point a arerequired. For aboundary value problem, then equality constraints should
prescribevaluesfor y(x) and certain derivativesat exactly two pointsa and b. Mathcad will check
for the correct type and number of conditions.

For initial value problems, the default routine employed by Odesolve isrkfixed. If you prefer
Rkadapt, right-mouse click on the word Odesolve and select “Adaptive”. For boundary value
problems, the routine employedsisval followed byrkfixed or Rkadapt. Internally, the output

of each ofthese DE solvers is a table of values, which Mathcad interpolates pisiregollowed

by interp. Note in the Example that, althouglandf are defined to be output 6flesolve (no
independent variable is indicatey(x) andf(t) are functions which can be plotted, etc., like any
other function.

The default value fonstepsis ten times the length of the interva) ] (truncated to an integer).
rkfixed, Rkadapt, sbval, Ispline, interp

Probability Distribution
pbeta(x, sl, s2)
Returns the cumulative beta distribution with shape paransitargis2.

real numberQ<x<1
real shape parametess,>0,s,>0

Continued fraction expansion (Abramowitz and Stegun, 1972)

Probability Distribution
pbinom(k, n, p)

Returns Prk < k ) when the random variaKlbas the binomial distribution with parameters
andp.

integers,0<ks<n
real numbersp<p<1

Continued fraction expansion (Abramowitz and Stegun, 1972)

Probability Distribution
pcauchy(x, |, s)

Returns the cumulative Cauchy distribution.

real number
real location parameter
real scale parametes> 0
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pchisq Probability Distribution
Syntax pchisq(x, d)
Description Returns the cumulative chi-squared distribution.
Arguments
X real number, x=0
d integer degrees of freedom, d >0
Algorithm Continued fraction and asymptotic expansions (Abramowitz and Stegun, 1972)
permut Number Theory/Combinatorics
Syntax permut(n, k)
Description Returns the number of ways of ordering n distinct objects taken k at atime.
Arguments
n, k integers, 0<k<n
Comments Each such ordered arrangement is known as a permutation. The number of permutationsis
n |
Pk (ni—k)'
See also combin
pexp Probability Distribution
Syntax pexp(X, I)
Description Returns the cumulative exponentia distribution.
Arguments
X real number, x=0
r real rate, r >0
pF Probability Distribution
Syntax pF(x, d1, d2)
Description Returns the cumulative F distribution.
Arguments
X real number, x=0
di,d,  integer degrees of freedom, d; >0,d, >0
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972)
pgamma Probability Distribution
Syntax pgammaf(x, s)
Description Returns the cumulative gamma distribution.
Arguments
X real number, x=0
S real shape parameter, s>0
Algorithm Continued fraction and asymptotic expansion (Abramowitz and Stegun, 1972)
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pgeom Probability Distribution
Syntax pgeom(k, p)

Description Returns Pr(X < k) when the random variable X has the geometric distribution with parameter p.

Arguments
integer, k=0

p real number, O<p<1
phypergeom Probability Distribution
Syntax phypergeom(m, a, b, n)

Description Returns Pr( X < m) when the random variable X has the hypergeometric distribution with
parameters a, b and n.

Arguments

m, a, b, n integers,0sm<a,0<n-m<b,0<n<a+b
plnorm Probability Distribution
Syntax plnorm(x, U, O)
Description Returns the cumulative lognormal distribution.
Arguments
real number, x=0
H real logmean
() real logdeviation, 0 >0
plogis Probability Distribution
Syntax plogis(x, 1, s)
Description Returns the cumulative logistic distribution.
Arguments
X real number
| real location parameter
S real scale parameter, s>0
pmt Finance
Syntax  pmt(rate, nper, pv, [[V], [type]])

Description Returnsthe payment for an investment or |oan based on periodic, constant paymentsover agiven
number of compounding periods, nper, using a fixed interest rate, rate, and a specified present
value, pv.

Arguments

rate real rate
nper integer number of compounding periods, nper = 1
pv real present value
fv (optional) real future value, default isfv=0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment

made at the beginning, default istype=0
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Comments

If you know the annual interest rate, ann_rate, you must calcul ate the interest rate per period as
rate = ann_rate/nper.

Paymentsyou make, such asdepositsinto a savings account or payments toward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers.

See also cumint, cumprn, fv, ipmt, nper, ppmt, pv, rate
pnbinom Probability Distribution
Syntax pnbinom(k, n, p)
Description Returns the cumulative negative binomial distribution with parameters n and p.
Arguments
k,n integers, n>0 and k=0
p real number, 0<p<1
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972)
pnorm Probability Distribution
Syntax pnorm(X, U, O)
Description Returns the cumulative normal distribution.
Arguments
X real number
u real mean
o rea standard deviation, 0 >0
Polyhed ron Vector and Matrix
Syntax Polyhedron(S)
Description Generates the uniform polyhedron whose name, number code, or Wytoff symbol is S
Arguments
S string expression containing the name of a polyhedron, its number code, or its Wytoff symbol
Example -
an ll.l
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Comments

A uniform polyhedron has faces which are regular polygons and every vertex isin the same
relationship to the solid. The faces, however, need not beidentical. There are 75 such polyhedra,
aswell astwo infinitefamiliesof prismsand antiprisms. The Polyhedron function can construct

80 examples of these, and is used with the 3D surface plot tool asillustrated. Its argument is

either a name (“cube”), the # symbol followed by a number (“#6"), or a Wytoff symbol (“3|2 4").

PonLookup Vector and Matrix
Syntax PolyLookup(n)
Description Returns a vector containing the name, the dual name, and the Wytoff symbol for the polyhedron
indicated byn.
Arguments
n integer, is the code for a polyhedron; alternatively, a string expression containing the
polyhedron’s number code, name, or Wytoff symbol
See also Polyhedron for example
polyroots Solving
Syntax polyroots(v)
Description Returns the roots of aith degree polynomial whose coefficients arg.i@utput is a vector of
lengthn.
Arguments
v real or complex vector of length+ 1
Example
X3 - 10x + 2 <— Polynomial
2
-10 <— A vector of the coefficients. begin
¥ = with the constant term. Be sure to
0 include all coefficients. even if
1 they are zero.
-3.2b8
<— Returns all roots at once.
polyroots{v)] = | 0.201
3.057
Comments

To find the roots of an expression having the fonp(” +...+ V2x2 +V X+ Vg

you can use thpolyroots function rather than theot function. Unlikeroot, polyroots does
not require a guess value. Moreoyerlyroots returns all roots at once, whether real or complex.

The polyroots function can solve only one polynomial equation in one unknownrdsedor

a more general equation solver. To solve several equations simultaneously, use solve blocks
(Find or Minerr). To solve an equation symbolicatythat is, to find an exact numerical answer

in terms of elementary functiorschooseSolve for Variable from theSymbolics menu or use
thesolve keyword.
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Algorithm

Laguerrewith deflation and polishing (L orczak) i sthedefault method; acompani on matrix-based
method (using Mathcad&igenvals function) is available if you right-click on the word
polyroots and change the selection on a pop-up menu.

See also Seecoeff keyword for a way to create the coefficient vestonmediately, given a polynomial.
po|2xy Vector and Matrix
Syntax pol2xy(r, 0)
Description Converts the polar coordinates of a point in 2D space to rectangular coordinates.
Arguments
r,oe real numbers
Comments x=r cogB), y=r sin(6)
See also xy2pol
ppmt Finance
Syntax ppmt(rate, per, nper, pv, [[fv], [type]l])

Description Returns the payment on the principal, of an investment or loan, for a given perjdised on
periodic, constant payments over a given number of compounding pegedsising a fixed
interest raterate, and a specified present valpe,

Arguments

rate real rate
per integer period numbeper = 1
nper integer number of compounding periods; fier < nper
pv real present value
fv (optional) real future value, defaultfis= 0
type (optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, defaultype = 0

Comments If you know the annual interest ragsn_rate, you must calculate the interest rate per period as

rate = ann_rate/nper.
Payments you make, such as deposits into a savings account or payments toward a loan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers.
See also cumprn, ipmt, pmt
ppois Probability Distribution
Syntax ppois(k, A)
Description Returns the cumulative Poisson distribution.
Arguments
k integer,k >0
A real mean)\ >0
Algorithm Continued fraction and asymptotic expansions (Abramowitz and Stegun, 1972)
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predict Interpolation and Prediction
Syntax predict(v, m, n)
Description Returns n predicted val ues based on m consecutive values from the data vector v. Elementsin v
should represent samples taken at equal intervals.

Arguments
v real vector

m, n integers, m>0,n>0

Example
k-0 99 data, . 6 |-—— | sin|— |
. L 10D, 10
p = predict| data . 6. 100 i« 0% 98
s |
sinbs, P F
5, ot \ e
" II {
nE f i . _
1 L ik 150
k. i = 100
T aistling dats vakues
predicted vakas
Comments Interpolation functions such as cspline, Ispline, or pspline, coupled with interp, allow you to

find data points lying between existing data points. However, you may need to find data points
that lie beyond your existing ones. Mathcad provides the function predict which uses some of
your existing datato predict data points lying beyond existing ones. This function uses alinear
prediction algorithm which is useful when your datais smooth and oscillatory, although not
necessarily periodic. This algorithm can be seen as akind of extrapolation method but should
not be confused with linear or polynomial extrapolation.

The predict function usesthelast mof theoriginal datavaluesto compute prediction coefficients.
After it has these coefficients, it uses the last m points to predict the coordinates of the (m+1)™
point, in effect creating a moving window that is m points wide.

Algorithm Burg’s method (Prest al., 1992)

pspline Interpolation and Prediction
One-dimensional Case

Syntax pspline(vx, vy)

Description Returns the vector of coefficients of a cubic spline with parabolic ends. This vector becomes the
first argument of thénterp function.

Arguments ) _ )
VX, Vy real vectors of the same size; elementexafust be in ascending order
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Two-dimensional Case

Syntax pspline(Mxy, M z)

Description Returnsthe vector of coefficients of atwo-dimensional cubic spline, constrained to be parabolic
at region boundaries spanned by Mxy. This vector becomes the first argument of the interp
function.

Arguments

Mxy nx 2 matrix whose elements, Mxy;  and MxyI 1 » Specify thex- and y-coordinates along the
diagonal of arectangular grid. ThIS matrlx plays exactly the same role as vx in the one-
dimensional case described earlier. Since these points describe adiagonal, the elementsin each
column of M xy must be in ascending order (Mxyi K< Mxyj x Whenever i <j).

Mz n x n matrix whose ijth element is the z-coordinate corresponding to the point x = MxyI 0
ady = MxyJ 1 - Mz plays exactly the same role as vy in the one-dimensional case above.
Algorithm Tridiagonal system solving (Press et al., 1992; Lorczak)
See also Ispline for more details
pt Probability Distribution
Syntax pt(x, d)
Description Returns the cumulative Student’s t distribution.
Arguments
X real number, x=0
d integer degrees of freedom, d >0
Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972).
punif Probability Distribution
Syntax punif(x, a, b)
Description Returns the cumulative uniform distribution.
Arguments
X real number
a, b real numbers, a<b
pv Finance
Syntax pv(rate, nper, pmt, [[fv], [type]])

Description Returnsthe present value of an investment or loan based on periodic, constant payments over a
given number of compounding periods, nper, using afixed interest rate, rate, and a specified
payment, pmt.
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Arguments
rate

nper
pmt
fv
type

Comments

See also
pweibull
Syntax
Description

Arguments
X
s

pwrfit
Syntax

Description
Arguments
VX, VY

vg

Comments

See Also

red rate

integer number of compounding periods, nper = 1
real payment

(optional) real future value, default isfv=0

(optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0

If you know the annual interest rate, ann_rate, you must calculate the interest rate per period as
rate = ann_rate/nper.

Paymentsyou make, such asdepositsinto asavings account or paymentstoward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive humbers.

fv, nper, pmt, rate
Probability Distribution
pweibull(x, s)

Returns the cumulative Weibull distribution.

real number, x=0
real shape parameter, s>0

Regression and Smoothing

pwrfit(vX, vy, vg)

Returns a vector containing the parameters (a, b, ¢) that make the function a kP + ¢ best
approximate the datain vx and vy.

real vectors of the same size
real vector of guessvaluesfor (a, b, €)

Thisisaspecial case of the genfit function. A vector of guessvaluesis needed for initialization.
By decreasing theval ue of thebuilt-in TOL variabl e, higher accuracy in pwrfit might be achieved.

line, linfit, genfit, expfit, logfit, Infit, Igsfit, sinfit, medfit
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qbeta
Syntax

Description

Arguments
p

S

Algorithm
qbinom

Syntax

Description

Arguments
n

p.q
Comments

Algorithm
qcauchy

Syntax

Description
Arguments

p
I

s
qchisq

Syntax

Description

Arguments
p

d
Algorithm

Probability Distribution
gbeta(p, s, s2)
Returns the inverse beta distribution with shape parameters s1 and s2.

real number, 0<p<1
real shape parameters, s; >0,s,>0
Root finding (bisection and secant methods) (Press et al., 1992)

Probability Distribution
gbinom(p, n, q)

Returns the inverse binomial distribution function, that is, the smallest integer k so that
pbinom(k, n, ) = p.

integer,n>0
rea numbers, 0<sp<1,0<qg<l

k is approximately the integer for which Pr(X < k) = p, when the random variable X has the
binomial distribution with parameters n and g. This is the meaning of “inverse” binomial
distribution function.

Discrete bisection method (Pregsl., 1992)

Probability Distribution
gcauchy(p, |, s)
Returns the inverse Cauchy distribution function.

real numberp<p<1
real location parameter
real scale parametes> 0

Probability Distribution
achisa(p, d)
Returns the inverse chi-squared distribution.

real numberp<p<1
integer degrees of freedom > 0

Root finding (bisection and secant methods) (Peeak, 1992)
Rational function approximations (Abramowitz and Stegun, 1972)
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qexp
Syntax

Description

Arguments
p

r
qF

Syntax

Description

Arguments
p

dy, dy
Algorithm
qgamma
Syntax
Description

Arguments
p

S

Algorithm

qgeom
Syntax

Description

Arguments
p. q

Comments

Probability Distribution
aexp(p, r)
Returns the inverse exponential distribution.

real number, 0<p<1
rea rate, r >0

Probability Distribution
gF(p, d1, d2)
Returns the inverse F distribution.

real number, 0<p<1
integer degrees of freedom, d; >0, d,>0
Root finding (bisection and secant methods) (Press et al., 1992)

Probability Distribution
ggamma(p, S)
Returns the inverse gamma distribution.

real number, 0<p<1
real shape parameter, s>0

Root finding (bisection and secant methods) (Press et al., 1992)
Rational function approximations (Abramowitz and Stegun, 1972)

Probability Distribution
ggeom(p, q)
Returnstheinverse geometric distribution, that is, the smallest integer k so that pgeom(k, q) = p.

real numbers, 0<p<1,0<qg<1
k is approximately the integer for which Pr(X < k) = p, when the random variable X has the

geometric distribution with parameter g. This is the meaning of “inverse” geometric distribution

function.
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qghypergeom Probability Distribution
Syntax ghypergeom(p, &, b, n)
Description Returns the inverse hypergeometric distribution, that is, the smallest integer k so that
phypergeom(k, a, b, n) = p.
Arguments
p real number, 0<p<1
a,b,n integers, 0<a, 0<b,0<n<a+b
Comments k is approximately the integer for which Pr(X < k) = p, when the random variable X has the
hypergeometric distribution with parameters a, b and n. This is the meaning of “inverse”
hypergeometric distribution function.
Algorithm Discrete bisection method (Presisl., 1992)
qlnorm Probability Distribution
Syntax glnorm(p, Y, O)
Description Returns the inverse log normal distribution.
Arguments
p real numberQ<p<1
1l logmean
() logdeviation;o >0
Algorithm Root finding (bisection and secant methods) (Peeak, 1992)
qlogis Probability Distribution
Syntax glogis(p, |, s)
Description Returns the inverse logistic distribution.
Arguments
p real numberp<p<1
| real location parameter
S real scale parametes> 0
qnbinom Probability Distribution
Syntax gnbinom(p, n, Q)
Description Returns the inverse negative binomial distribution function, that is, the smallest lnsegbat
pnbinom(k, n, ) = p.
Arguments
n integer,n >0
p.q real numbersP<p<1l Q0<qg<1
Comments k is approximately the integer for which Rr¢ k  pswhen the random variab¥has the
negative binomial distribution with parameta@ndg. This is the meaning of “inverse” negative
binomial distribution function.
Algorithm Discrete bisection method (Presisl., 1992)
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qnorm Probability Distribution
Syntax gnorm(p, K, O)
Description Returns the inverse normal distribution.
Arguments
p real number, 0<p<1
m real mean
S standard deviation, >0
Algorithm Root finding (bisection and secant methods) (Press et al., 1992)
qpois Probability Distribution
Syntax gpois(p, A)
Description Returns the inverse Poisson distribution, that is, the smallest integer k so that ppois(k, A) = p.
Arguments
p real number,
A real mean, A >0
Comments k is approximately the integer for which Pr(X < k) = p, when the random variable X has the
Poisson distribution with parameter A. This is the meaning of “inverse” Poisson distribution
function.
Algorithm Discrete bisection method (Presisl., 1992)
qr Vector and Matrix
Syntax qr(A)
Description Returns aim x (m+n) matrix whose finstcolumns contain thenx m  orthonormal matrix
Q, and whose remainingcolumns contain thenx n  upper triangular maRixXThese satisfy
the matrix equatio® = Q [R
Arguments
A realmxn matrix
Example
I' 1 2 11
53 o4 4
) 2 b1 1 | W= ogri &
o B B
(0312 0278 0411 -0 1EDE 0.1F 1.833
|r|'.|1:~ 0REY 0417 040F 0 RAFE 3415 |
-16F3 OFTE -0.07F 0.064 0 ] BEIE
L nA1F 0am 0417 0 ] noo
0 = submatre W83 00T Ao ki) W03, 4 6]
[ o0 omow 1z -1l
; i1 80 g3 4 a
Lo e Tl QR -
nonovon (-2 &1 1
o onow oy ‘n mA &)
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qt
Syntax

Description

Arguments
p

d

Algorithm
qunif

Syntax

Description

Arguments
p

ab
qweibull
Syntax
Description

Arguments
p

S

qt(p, d)

Returns the inverse Student’s t distribution.

real number, 0<p<1

integer degrees of freedom, d >0

Root finding (bisection and secant methods) (Press et al., 1992).

qunif(p, a, b)

Returns the inverse uniform distribution.

rea number, 0<p<1
real numbers, a<b

gweibull(p, s)

Returns the inverse Weibull distribution.

real number,

real shape parameter, s>0

Probability Distribution

Probability Distribution

Probability Distribution
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rank
Syntax

Description

Arguments
A

Algorithm

rate
Syntax

Description

Arguments
nper
pmt

pv
fv

type

guess
Comments

See also
rbeta

Syntax

Description

Arguments
m

S S
Algorithm

See also

Vector and Matrix
rank(A)

Returnstherank of amatrix A, i.e., the maximum number of linearly independent columnsin A.

real mxn matrix

Singular value computation (Wilkinson and Reinsch, 1971)

Finance
rate(nper, pmt, pv, [[fv], [type], [guess]])

Returns the interest rate per period of an investment or loan over a specified number of
compounding periods, nper, given a periodic, constant payment, pmt, and a specified present
value, pv.

integer number of compounding periods, nper = 1
real payment

real present value

(optional) real future value, default isfv=0

(optional) indicator payment timing, O for payment made at the end of the period, 1 for payment
made at the beginning, default istype=0

(optional) real guess, default is guess = 0.1 (10%)

Paymentsyou make, such asdepositsinto asavings account or payments toward aloan, must be
entered as negative numbers. Cash you receive, such as dividend checks, must be entered as
positive numbers.

If rate cannot find aresult that isaccuratetowithin 1 [IL0~7 percent after 20iterations, it returns
anerror. Insuch acase, adifferent guessvalue should betried, but it will not guarantee asolution.

crate, fv, nper, pmt, pv

Random Numbers
rbeta(m, sl, s2)
Returns a vector of mrandom numbers having the beta distribution.

integer, m>0
real shape parameters, s; >0,s,>0
Best's XG algorithm, Johnk’s generator (Devroye, 1986)

rnd
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rbinom
Syntax

Description

Arguments
m, n

p
Algorithm

See also

rcauchy
Syntax

Description

Arguments
m

|

s

Algorithm
See also
rchisq
Syntax
Description

Arguments
m

d

Algorithm

See also
Re

Syntax

Description

Arguments
z

See also

rbinom(m, n, p)

Random Numbers

Returns a vector of mrandom numbers having the binomial distribution.

integers, m>0,n>0
rea number, 0<p<1
Waiting time and rejection algorithms (Devroye, 1986)

rnd

rcauchy(m, |, s)

Returns a vector of mrandom numbers having the Cauchy distribution.

integer, m>0

real location parameter
real scale parameter, s>0

Inverse cumulative density method (Press et al., 1992)

rnd

rchisq(m, d)

Random Numbers

Random Numbers

Returns a vector of mrandom numbers having the chi-sgquared distribution.

integer, m>0

integer degrees of freedom, d >0
Best's XG algorithm, Johnk’s generator (Devroye, 1986)

rnd

Re(2)

Returns the real part af

real or complex number

Im

Complex Numbers
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READ_BLUE File Access

Syntax READ_BLUE(file)
Description Extracts only the blue component from file of acolor imagein BMP, JPG, GIF, TGA, and PCX
format. The result isamatrix with one-third as many columns as the matrix returned by
READRGB.
Arguments
file string variable corresponding to color image filename or path
READBMP File Access
Syntax READBMP(file)
Description Creates amatrix containing a grayscal e representation of the bitmap imagein file. Each element
inthe 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).
Arguments
file string variable corresponding to grayscale image BMP filename or path
Comments Picture viewer will display the matrix.
Thefunction READ_IMAGE which reads not only BMP files but also JPG, GIF, TGA and PCX
files.
See also For color images, see READRGB.
READ_GREEN File Access
Syntax READ_GREEN(file)
Description Extracts only the green component from file of acolor imagein BMP, JPG, GIF, TGA, and PCX
format. The result isamatrix with one-third as many columns as the matrix returned by
READRGB.
Arguments
file string variable corresponding to color image filename or path
READ_HLS File Access
Syntax READ_HLS(file)
Description Creates amatrix in which the color information in fileis represented by the appropriate values
of hue, lightness, and saturation. fileisin BMP, JPG, GIF, TGA, or PCX format.
Arguments
file string variable corresponding to color image filename or path
See also See READRGB for an overview.
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READ_HLS_HUE File Access

Syntax READ_HLS_HUE(file)
Description Extracts only the hue component from file of a color image in BMP, JPG, GIF, TGA, or PCX
format. The result isamatrix with one-third as many columns as the matrix returned by
READ_HLS.
Arguments
file string variable corresponding to color image filename or path
READ_HLS_LIGHT File Access
Syntax READ_HLS_LIGHT(file)
Description Extracts only the lightness component from file of a color image in BMP, JPG, GIF, TGA, or
PCX format. The result is a matrix with one-third as many columns as the matrix returned by
READ_HLS.
Arguments
file string variable corresponding to color image filename or path
READ_HLS_SAT File Access
Syntax READ_HLS_SAT(file)
Description Extracts only the saturation component from file of a color image in BMP, JPG, GIF, TGA, or
PCX format. The result is a matrix with one-third as many columns as the matrix returned by
READ_HLS.
Arguments
file string variable corresponding to color image filename or path
READ_HSV File Access
Syntax READ_HSV(file)
Description Creates amatrix in which the color information in fileis represented by the appropriate values
of hue, saturation and value. fileisin BMP, JPG, GIF, TGA, or PCX format.
Arguments
file string variable corresponding to color image filename or path
See also See READRGB for an overview of reading color datafiles.
READ_HSV_HUE File Access
Syntax READ_HSV_HUE(file)
Description Extracts only the hue component from file of a color image in BMP, JPG, GIF, TGA, or PCX
format. The result is amatrix with one-third as many columns as the matrix returned by
READ_HSV.
Arguments
file string variable corresponding to color image filename or path
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READ_HSV_SAT File Access

Syntax READ_HSV_SAT(file)
Description Extracts only the saturation component from file of a color image in BMP, JPG, GIF, TGA, or
PCX format. The result is a matrix with one-third as many columns as the matrix returned by
READ_HSV.
Arguments
file string variable corresponding to color image filename or path
READ_HSV_VALUE File Access
Syntax READ_HSV_VALUE(file)
Description Extracts only the value component from file of a color image in BMP, JPG, GIF, TGA, or PCX
format. The result isamatrix with one-third as many columns as the matrix returned by
READ_HSV.
Arguments
file string variable corresponding to color image filename or path
READ_IMAGE File Access
Syntax READ_IMAGE(file)
Description Creates amatrix containing a grayscal e representation of the imagein file. Each element in the
matrix correspondsto a pixel. The value of a matrix element determines the shade of gray
associated with the corresponding pixel. Each element is an integer between 0 (black) and 255
(white). fileisin BMP, JPG, GIF, TGA, or PCX format.
Arguments
file string variable corresponding to grayscal e image filename or path
See also For color images, see READRGB.
READPRN File Access
Syntax READPRN(file)
Description Reads astructured ASCI| datafile and returns amatrix. Each linein the datafile becomes arow
in the matrix. The number of elementsin each row must be the same. Used as follows:
A := READPRN(file).
Arguments
file string variable corresponding to structured ASCI| data filename or path
Comments The READPRN function reads an entire data file, determines the number of rows and columns,

and creates a matrix out of the data.
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When Mathcad reads data with the READPRN function:

» Each instance of tiREADPRN function reads an entire data file.

e Alllines in the data file must have the same number of values. (Mathcad ignores lines with
no values.) If the lines in the file have differing numbers of values, Mathcad marks the
READPRN equation with an error message. Use a text editor to replace the missing values
with zeros before you UREADPRN.

« TheREADPRN function ignores text in the data file.

» The result of reading the data file ismarby-n matrix A, wheremis the number of lines
containing data in the file andis the number of values per line.

WRITEPRN andREADPRN allow you to write out and read inested arrayscreated in Mathcad.

READ_RED File Access
Syntax READ_RED(file)

Description Extracts only the red component frdite of a color image in BMP, JPG, GIF, TGA, or PCX
format.The result is a matrix with one-third as many columns as the matrix returned by
READRGB.

Arguments

file string variable corresponding to color image filename or path
READRGB File Access
Syntax READRGB(file)

Description Creates a matrix in which the color information in the BMPffleis represented by the
appropriate values of red, green, and blue. This matrix consists of three submatrices, each with
the same number of columns and rows. Three matrix elements, rather than one, correspond to
each pixel. Each element is an integer between 0 and 255. The three corresponding elements,
when taken together, establish the color of the pixel.

Arguments

file string variable corresponding to color image filename or path
Example - -
color := "c\imagesimonalisa.bmp®
gray ;= READBMP{color)
packed := READRGB(color)
r .= rows( packed) - 1 c o= cmls(paﬂ
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 ¢ - 1)

Comments To partition the matrix for a color image into its red, green, and blue components, use the
submatrix function formulas shown in the example above. In this example, the color bitmap file
nonal i sa. bnp is read into a grayscale matgxay, as well as the packed RGB matrix
packed, and then converted into three submatrices caiedgreen, andblue.

Picture viewer will display the matrix.
Mathcad includes several specialized functions for reading color images or image components,
including functions for reading images in GIF, JPG, TGA and PCX formats.
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Note

See also
READWAV
Syntax
Description
Arguments
file
Comments

See also

regress

Consult the following table to decide which function to use:

To separate a file into these

components: Use these functions:

red, green, and blue (RGB) READ_RED, READ_GREEN, READ_BLUE
hue, lightness, and saturation READ_HLS, READ_HLS_HUE,

(HLS) READ_HLS_LIGHT, READ_HLS_SAT,

hue, saturation, and value (HSV) READ_HSV, READ_HSV_HUE,
READ_HSV_SAT, READ_HSV_VAL

READ_HLS and READ_HSV work in exactly the same way as READRGB. All the others work
in exactly the same way as READBMP.

For grayscale images, see READBMP.
File Access
READWAV(file)

Creates amatrix containing signal amplitudesin file. Each column represents a separate channel
of data. Each row corresponds to a moment in time.

string variable corresponding to pulse code modulated (PCM) Microsoft WAV filename or path
Datafrom aWAYV fileisnot scaled.
WRITEWAV and GETWAVINFO

Regression and Smoothing

One-dimensional Case

Syntax

Description

Arguments
VX, VY
n

regress(Vvx, vy, n)

Returnsthe vector required by the interp function to find the nth order polynomial that best fits
data arrays vx and vy.

real vectors of the same size
integer,n>0
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Example

Comments
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Theregression functionsregress and loess are useful when you have aset of measured y values
corresponding to x values and you want to fit a polynomial of degree n through thosey values.
(For asimple linear fit, that is, n=1, you may aswell use the line function.)

Useregress when you want to use asingle polynomiad to fit al your datavalues. The regress
function letsyou fit apolynomial of any order. However as apractical matter, you would rarely
needtogobeyond n = 6.

Since regress tries to accommodate all your data points using a single polynomial, it will not
work well when your data does not behave like asingle polynomial. For example, suppose you
expect your y; to belinear from X, to X, and to behavelikeacubic equation from x;; to X, .
If you use regress with n = 3 (acubic), you may get agood fit for the second half but a poor
fit for the first half.

Theloess function alleviatesthese kinds of problemsby performing amorelocalized regression.

For regress, thefirst three componentsof the output vector vr := regress(vx, vy, n) arevry=3
(acodetelling interp that vr isthe output of regress as opposed to a spline function or loess),
vr 1=3 (theindex within vr wherethe polynomial coefficientsbegin), and vr,=n (the order of the
fit). Theremaining n+ 1 componentsarethe coefficients of thefitting polynomial fromthelowest
degree term to the highest degree term.
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Two-dimensional Case

Syntax

Description

Arguments
Mxy

vz
n

Comments

Algorithm

relax
Syntax

Description

regress(Mxy, vz, n)

Returnsthe vector required by the interp function to find the nth order polynomial that best fits
dataarraysMxy 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 M xy.

real mx 2 matrix containing x-y coordinates of the m data points
real m-element vector containing the z coordinates corresponding to the points specified in Mxy
integer,n>0

Assume, for example, that you have a set of measured z values corresponding to x and y values
and you want to fit a polynomial surface through those z values. The meanings of the input
arguments are more general than in the one-dimensional case:

e The argumentx, which was am-element vector of values, becomes an x 2 matrix,
Mxy. Each row oMxy contains arx in the first column and a correspondingalue in the
second column.
e The argument for theinterp function becomes a 2-element veatarhose elements are
thex andy values at which you want to evaluate the polynomial surface representing the best
fit to the data points iMxy andvz.
This discussion can be extended naturally to higher dimensional cases. You can add independen
variables by simply adding columns to iy array. You would then add a corresponding
number of rows to the vectorthat you pass to theterp function. Theregress function can
have as many independent variables as you want. Howegegss will calculate more slowly
and require more memory when the number of independent variables and the degree are greate
than four. Thdoess function is restricted to at most four independent variables.

Keep in mind that foregress, the number of data valuesmust satisfym > %1 + E_ 1%[[%< ,

wherek is the number of independent variables (hence the number of coluMng)m is the
degree of the desired polynomial, anis the number of data values (hence the number of rows
in vz). For example, if you have five explanatory variables and a fourth degree polynomial, you
will need more than 126 observations.

Theloess function works better tharegress when your data does not behave like a single
polynomial.

Normal equation solution through Gauss-Jordan elimination (Braks1992)
Differential Equation Solving
relax(A, B, C, D, E, F, U, rjac)

Returns a matrix of solution values for a Poisson partial differential equation over a planar square
region. More general thanultigrid, which is faster.
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Arguments
A,B,C,D,E real square matricesall of the same size containing coefficients of the discretized Laplacian (for

example, the left-hand side of equations below).

F real square matrix containing the source term at each point in the region in which the solutionis
sought (for example, the right-hand side of equations below).

U real square matrix containing boundary values along the edges of the region and initial guesses
for the solution inside the region.

rjac spectral radius of the Jacobi iteration, 0 <rjac < 1, which controls the convergence of the
relaxation algorithm. Its optimal value depends on the details of your problem.

Example
j=8.31 k=0 1
hl " 1 B = n L = AR d = & # = -4a
w o= 1 s M o Mis defined as in aahigeid ax.

1.k
S1 =~ rulaxia b e d a1 « 9%

g1

Comments Two partial differential equationsthat arise oftenintheanalysisof physical systemsare Poisson’s
equation:
02u + 0 2u _
w2 ay? P(X%Y) and its homogeneous form, L aplace's equation.
Mathcad hastwo functionsfor solving these equations over asguareregion, assuming the values
taken by the unknown function u(x, y) onal four sides of the boundary are known. The most
generd solver isthe relax function. In the special case when u(x, y) is known to be zero on all
four sides of the boundary, you can use the multigrid function instead. This function will often
solve the problem faster than relax. If the boundary condition is the same on all four sides, you
can simply transform the equation to an equivalent onein whichthevalueiszero onal four sides.
The relax function returns a square matrix in which:

« an element's location in the matrix corresponds to its location within the square region, and
« its value approximates the value of the solution at that point.
This function uses the relaxation method to converge to the solution. Poisson's equation on a
square domain is represented by:
CIDUIPIDE S I SRR Y I IV PR - I IR (R

Algorithm Gauss-Seidel with successive overrelaxation (Rtels 1992)

See also multigrid
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reverse

Sorting

One-dimensional Case

Syntax
Description

Arguments
v

reverse(V)

Reverses the order of the elements of vector v.

vector

Two-dimensional Case

Syntax
Description

Arguments
A

See also
rexp
Syntax

Description

Arguments
m

r
See also
Algorithm
rF
Syntax

Description

Arguments
m

di, d2
Algorithm
See also

rgamma
Syntax
Description

Arguments
m

s
Algorithm

See also

reverse(A)

Reverses the order of the rows of matrix A.

matrix
See sort for sample application.

Random Numbers
rexp(m, r)

Returns a vector of mrandom numbers having the exponential distribution.

integer, m>0
real rate, r >0
rnd
Inverse cumulative density method (Press et al., 1992)
Random Numbers
rF(m, di, d2)

Returns a vector of mrandom numbers having the F distribution.

integer, m>0
integer degrees of freedom, d1>0,d2>0
Best's XG algorithm, Johnk’s generator (Devroye, 1986)

rnd
Random Numbers
rgamma(m, S)

Returns a vector ahrandom numbers having the gamma distribution.

integerm>0
real shape parametar> 0
Best's XG algorithm, Johnk’s generator (Devroye, 1986)

rnd
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rgeom Random Numbers
Syntax rgeom(m, p)
Description Returns a vector of mrandom numbers having the geometric distribution.
Arguments
m integer, m>0
p rea number, 0<p<1
Algorithm Inverse cumulative density method (Press et al., 1992)
See also rnd
rhypergeom Random Numbers
Syntax rhypergeom(m, a, b, n)
Description Returns a vector of mrandom numbers having the hypergeometric distribution.
Arguments
m integer, m>0
a,b,n integers, 0<a, 0<b,0<n<a+b
Algorithm Uniform sampling methods (Devroye, 1986)
See also rnd
rkadapt Differential Equation Solving
Syntax rkadapt(y, X1, X2, acc, D, kmax, save)
Description Solvesadifferential equation using aslowly varying Runge-K uttamethod. Provides DE solution
estimate at x2.
Arguments Several arguments for this function are the same as described for rkfixed.
y real vector of initial values
x1, x2 real endpoints of the solution interval
acc real acc > 0 controls the accuracy of the solution; a small value of acc forces the algorithm to
take smaller steps along the trajectory, thereby increasing the accuracy of the solution. Vaues
of acc around 0.001 will generally yield accurate solutions.
D(x,y) real vector-valued function containing the derivatives of the unknown functions
kmax integer kmax > 0 specifies the maximum number of intermediate points at which the solution
will be approximated. The value of kmax places an upper bound on the number of rows of the
matrix returned by these functions.
save real save > 0 specifies the smallest allowable spacing between the values at which the solutions
are to be approximated. save places alower bound on the difference between any two numbers
in the first column of the matrix returned by the function.

Comments Thespecialized DE solvers Bulstoer, Rkadapt, Stiffb, and Stiffr provide the sol ution y(x) over
anumber of uniformly spaced x-valuesin the integration interval bounded by x1 and x2. When
you want the value of the solution at only the endpoint, y(x2), use bulstoer, rkadapt, stiffb,
and stiffr instead.

Algorithm Adaptive step 5th order Runge-Kutta method (Press et al., 1992)
See also rkfixed, amore general differential equation solver, for information on output and arguments;
Rkadapt.
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Rkadapt
Syntax

Description

Arguments

y
X1, x2
npts

D(x, y)
Comments

Algorithm
See also

rkfixed
Syntax

Description

Arguments
y

Differential Equation Solving
Rkadapt(y, x1, X2, npts, D)

Solvesadifferential equation using aslowly varying Runge-K uttamethod; provides DE solution
at equally spaced x values by repeated calls to rkadapt.

All arguments for this function are the same as described for rkfixed.
real vector of initial values
real endpoints of the solution interval

integer npts > 0 specifies the number of pointsbeyond initia point at which the solutionisto be
approximated; controls the number of rows in the matrix output

real vector-valued function containing the derivatives of the unknown functions

Given afixed number of points, you can approximate afunction more accurately 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 property, you may be better off using Rkadapt. Unlike

rkfixed which evaluates asolution at equally spaced intervals, Rkadapt examines how fast the

solution is changing and adapts its step size accordingly. This “adaptive step size control” enables
Rkadapt to focus on those parts of the integration domain where the function is rapidly changing
rather than wasting time on the parts where change is minimal.

AlthoughRkadapt will use nonuniform step sizes internally when it solves the differential
equation, it will nevertheless return the solution at equally spaced points.

Rkadapt takes the same argumentsifixed, and the matrix returned IRkadapt is identical
in form to that returned brkfixed.

Fixed step Runge-Kutta method with adaptive intermediate steps (5th ordere{Rled992)

rkfixed, a more general differential equation solver, for information on output and arguments;
alsoOdesolve, for a solve block approach.

Differential Equation Solving
rkfixed(y, x1, X2, npts, D)

Solves a differential equation using a standard Runge-Kutta method. Provides DE solution at
equally spaced values.

real vector of initial values (whose length depends on the order of the DE or the size of the system
of DEs). For a first order DE like that in Example 1 or Example 2 below, the vector degenerates
to one pointy(0) = y(x1) . For a second order DE like that in Example 3, the vector has two
elements: the value of the function and its first derivative.ator higher order DEs like that

in Example 4, the vector halements for specifying initial conditionsyfy’, y", ..., y("=1) |

For afirst order system like that in Example 5, the vector contains initial values for each unknown
function. For higher order systems like that in Example 6, the vector contains initial values for
then—1 derivatives of each unknown function in addition to initial values for the functions
themselves.
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X1, x2
npts

D(x, y)

Examples

real endpoints of the interval on which the solution to the DEs will be evaluated; initial values
iny arethe valuesat x1

integer npts > 0 specifies the number of points beyond the initial point at which the solution is
to be approximated; controls the number of rows in the matrix output

real vector-valued function containing derivatives of the unknown functions. For afirst order DE
like that in Example 1 or Example 2, the vector degenerates to a scalar function. For a second
order DE like that in Example 3, the vector has two elements:

, [y ]
D(ty) = {V “)} :
(0 y'(t)
For higher order DEs like that in Example 4, the vector hasn elements: D(t,y) = ’
Ly(MW(1)]

For afirst order system like that in Example 5, the vector contains the first derivatives of each
unknown function. For higher order systems like that in Example 6, the vector contains
expressions for the n—1 derivatives of each unknown function in addition to nth derivatives.
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Example 1: Solving afirst order differential equation.
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Example 2: Solving a nonlinear differential equation.
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Example 3: Solving a second order differential equation.
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Example 4: Solving a higher order differential equation.

Suhang noeyelam ol bva son-lineme fusl order dilsrestsl sguniioess

a
Fo-02 K8 |I ; I| £— Inihal condiions

r 2]
g - my - () o ()7 g
i1, w) = {— Furl dorrenirens

E Ry * 5 ||:"I:E+ :“l]z_"l

£ oo refwed | W, B 200 0000

nos o i0D
] T T
., Wk l.f’:ﬂ:] £ P = glt] madd xq 09) fnr e=il, F0
|_~ ..-__-'
ns il
L k] 1] % 1
"'n E

Example 5: Solving a system of first order linear equations.
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Example 6: Solving a system of second order linear differential equations.

For afirst order DE like that in Example 1 or Example 2, the output of rkfixed isatwo-column
matrix in which:

* The left-hand column contains the points at which the solution to the DE is evaluated.

* The right-hand column contains the corresponding values of the solution.

For a second order DE like that in Example 3, the output matrix contains three columns: the left-
hand column contains thealues; the middle column contaiyiét)  ; and the right-hand column
containsy’ (t) .

For higher order DEs like that in Example 4, the output matrix comaiokimns: the left-hand

one for the values and the remaining columns for valueg(®fy’ (t), y"(t), ..., y("=1(t) .

For a first order system like that in Example 5, the first column of the output matrix contains the
points at which the solutions are evaluated and the remaining columns contain corresponding
values of the solutions. For higher order systems like that in Example 6:

* Thefirst column contains the values at which the solutions and their derivatives are evaluated.

« The remaining columns contain corresponding values of the solutions and their derivatives.
The order in which the solutions and their derivatives appear matches the order in which you
put them into the vector of initial conditions.

The most difficult part of solving a DE is defining the functi, y). In Example 1 and Example

2, for example, it was easy to solve §6(x) . In some more difficult cases, you can solve for

y'(x) symbolically and paste it into the definition ©¢x, y). To do so, use theolve keyword

or theSolve for Variable command from th&ymbolics menu.

The functiorrkfixed uses a fourth order Runge-Kutta method, which is a good general-purpose
DE solver. Although it is not always the fastest method, the Runge-Kutta method nearly always
succeeds. There are certain cases in which you may want to use one of Mathcad's more specialize
DE solvers. These cases fall into three broad categories:

Functions 419



* Your system of DEs may have certain properties which are best exploited by functions other
thanrkfixed. The system may be stififfb, Stiffr); the functions could be smooth
(Bulstoer) or slowly varying Rkadapt).
* You may have a boundary value rather than an initial value probleral(@andbvalfit).
* You may be interested in evaluating the solution only at one pailster, rkadapt, stiffb
andstiffr).
You may also want to try several methods on the same DE to see which one works the best.
Sometimes there are subtle differences between DEs that make one method better than another.

Algorithm Fixed step 4th order Runge-Kutta method (Peesk, 1992)
See also Mathcad Resource Center QuickSheets and Differential Equations tutoridddaisave, for
a solve block approach.
rinorm Random Numbers
Syntax rinorm(m, |, O)
Description Returns a vector ah random numbers having the lognormal distribution.
Arguments
m integerm>0
i real logmean
() real logdeviationg >0
Algorithm Ratio-of-uniforms method (Devroye, 1986)
See also rnd
rlogis Random Numbers
Syntax rlogis(m, |, S)
Description Returns a vector ah random numbers having the logistic distribution.
Arguments
m integerm>0
| real location parameter
S real scale parametes> 0
Algorithm Inverse cumulative density method (Pretsal., 1992)
See also rnd
rnbinom Random Numbers
Syntax rnbinom({m, n, p)
Description Returns a vector ah random numbers having the negative binomial distribution.
Arguments
m, n integersm>0,n>0
p real numberp<p<1
Algorithm Based omnrpois andrgamma (Devroye, 1986)
See also rnd
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rnd Random Numbers
Syntax rnd(x)
Description Returns a random number between 0 and x. Identical to runif(1, O, X) if x>0.

Arguments
X real number

Example Plot numbers with random angle and radius

i =0 . 3b0 9, =md(2 n) r -
ol 9;

0.942| 2277
0.067 |4.799
0.491 0.231

063| [p387
0.064] [0.823 ri-cos(8;)
045| [6.067

0.016| |2.582
0.283| [3.1056
0.671 4.309
0.203 1.2 . .
0.23b| |4.544 ri-sin( &)

o o

Note: You won't be able to recreate this example exactly because the random
number generator gives different numbers every time.

)= Rl ol il il

Comments Each time you recal cul ate an equation containing rnd or some other random variate built-in
function, Mathcad generates new random numbers. Recalculation is performed by clicking on
the equation and choosing Calculate from the Math menu.

These functions have a “seed value” associated with them. Each time you reset the seed, Mathca
generates new random numbers based on that seed. A given seed value will always generate th
same sequence of random numbers. Cho@haulate from theM ath menu advances Mathcad

along this random number sequence. Changing the seed value, however, advances Mathcad alon
an altogether different random number sequence.

To change the seed value, cho@gions from theM ath menu and change the value of “seed”
on the Built-In Variables tab. Be sure to supply an integer.

To reset Mathcad's random number generator without changing the seed valueQgiimnse

from theM ath menu, click on the Built-In Variables tab, and click “OK” to accept the current
seed. Then click on the equation containing the random number generating function and choose
Calculate from theM ath menu. Since the randomizer has been reset, Mathcad generates the
same random numbers it would generate if you restarted Mathcad.

There are many other random variate generators in Mathcad.

Algorithm Linear congruence method (Knuth, 1997)
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rnorm
Syntax

Description

Arguments
m

u
o

Example

Algorithm

See also

root

Unbracketed Version

Syntax
Description

Arguments
var

f

rnorm(m, M, O)

Returns a vector of mrandom numbers having the normal distribution.

integer, m>0

real mean
rea standard deviation, o >0

Random Numbers

W

m

= remrm | AO0D0, @ 1

=2l

1&.1m

—— Ganorain g wector of random sambes hegdng die

= betgR( iml . W) s

sdiidand hisinal disirilinon.

S i raddoim earlers ine
Ll 2siad ciin i iany @i
in math k.

— Graph he ressit

Note: You won't be able to recreate this example exactly because the random
number generator gives different numbers every time.

Ratio-of-uniforms method (Devroye, 1986)

rnd

root(f(var), var)

Solving

Returns avalue of var at which the expression f(var) or function f is equal to O.

real or complex scalar; var must be assigned a guess value before using this version of root.
real or complex-valued function.
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Example

Comments

€ o= -10. -88 10 L ] !
w0 w2 T

- | 1

-1 K s

Bl wam Brne milinl queszes o bnd hres ramoeee
% = -2 root(x% - 10 %+ 2 0 = -3.258
|l.'l|.a-|_av:-'I - 10 % +2. %5 = 3301

root{w? - 10-%+2. 0 = 3067

% = 1
¥ !

For expressionswith several roots, your guessval ue determineswhich root Mathcad returns. The
example shows a situation in which the root function returns several different values, each of
which depends on the initial guess value.

You can’t put numerical values in the list of unknowns; for exampte(f(x), -2) or
root(14,-2) is not permitted in the example above.

Mathcad solves for complex roots as well as real roots. To find a complex root, you must start
with a complex value for the initial guess.

Solving an equation of the forfifx) = g(x) is equivalent to usingtlo¢ function as follows:

root(f(x) —g(x), x)

Theroot function can solve only one equation in one unknown. To solve several equations
simultaneously, useind or Minerr. To solve an equation symbolically, that is, to find an exact
numerical answer in terms of elementary functions, ch8ose for Variable from the

Symbolics menu or use theolve keyword.

See als@olyroots for an efficient means to compute all roots of a polynomial at once.
Mathcad evaluates the unbracketed version afdbefunction using theecant method. If that
method fails to find a root, then thueller method is used. The guess value you supplyxfor
becomes the starting point for successive approximations to the root value. When the magnitude
of f(x) evaluated at the proposed root is less than the value of the predefined variable TOL, the
root function returns a result.

If after many approximations Mathcad still cannot find an acceptable answer, it maristthe
function with an error message indicating its inability to converge to a result. This error can be
caused by any of the following:

* The expression has no roots.

» The roots of the expression are far from the initial guess.

* The expression has local maxima or minima between the initial guess and the roots.

» The expression has discontinuities between the initial guess and the roots.

* The expression has a complex root but the initial guess was real (or vice versa).

To find the cause of the error, try plotting the expression. This will help determine whether or
not the expression crosses shaxis and if so, approximately where. In general, the closer your
initial guess is to where the expression crosseséxts, the more quickly theot function will
converge on an acceptable result.
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Algorithm

Here are some hints for getting the most out of the root function:

« To change the accuracy of tteot function, change the value of the built-in variable TOL.

If you increase TOL, theoot function will converge more quickly, but the answer will be
less accurate. If you decrease TOL, et 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 likeTOL :=0.01 . To change TOL for the whole worksheet, ch@jstéons

from theM ath menu, click on the Built-In Variables tab, and replace the number in the text
box beside “TOL.” After you click “OK,” choos€alculate Wor ksheet from theMath

menu to update the entire worksheet using the new value of TOL.

« 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. Refer to the previous example. If two roots are close
together, you may have to reduce TOL to distinguish between them.

« If f(x) has a small slope near its root, thremt(f(x), x) may converge to anthlaeis
relatively far from the actual root. In such cases, even théfiggh < TOL r may be far

from the point wherd(r) = 0 . To find a more accurate root, decrease the value of TOL.

or, try findingroot(g(x),x), whereg(x) = Ff(ﬁ)— .

)

» For an expressioffx) with a known root, solving for additional roots d{x) is equivalent
to solving for roots oh(x) = (f(x))/(x—r) . Dividing out known roots like this is useful

for resolving two roots that may be close together. It's often easier to solve for ra@ds of
as defined here than it is to try to find other rootS(grwith different guesses.

Secant and Mueller methods (Press et al., 1992; Lorczak)

Bracketed Version

Syntax
Description

Arguments
var

f
ab

Comments

Algorithm

root(f(var), var, a, b)

Returns a value ofar lying betweera andb at which the expressid(var) or functionf is equal
to 0.

real scalar

real-valued function

real numbersa<b

For expressions with several roots, your choice of interval endoamdb determines which

root Mathcad returnd(a) andf(b) must be of opposite signs. Observe that an initial guess for
var is not required for the bracketed versionadt to work.

If the optional argumen&andb are not included, then the unbracketed version of root is used.
Note the restriction to real expressions and real variables in the bracketed case.

Mathcad evaluates the bracketed version of the root function usiRidiee method. If that
method fails to find a root, then tBeent method is used.

The above comments concerning convergence and accuracy for the unbracketed version of
also apply to the bracketed version.

Ridder and Brent methods (Pressl., 1992; Lorczak)
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round

Truncation and Round-off

One-argument Version

Syntax
Description

Arguments
X

round(X)

Roundsthe real number x to the nearest integer. Same as round(x, 0).

real number

Two-argument Version

Syntax
Description

Arguments
X

n
See also
rows
Syntax
Description

Arguments
A

See also
rpois
Syntax
Description
Arguments
m
A
Algorithm
See also
rref
Syntax
Description

Arguments
A

Algorithm

round(X, n)

Roundstherea number xto n decimal places. If n<0, xisrounded to theleft of the decimal point.

real number
integer
ceil, floor, trunc
Vector and Matrix
rows(A)

Returns the number of rowsin array A.

matrix or vector
cols for example

Random Numbers
rpois(m, A)

Returns a vector of mrandom numbers having the Poisson distribution.

integer, m>0
real mean, A >0

Devroye, 1986
rnd

Vector and Matrix
rref(A)

Returns a matrix representing the row-reduced echelon form of A.

real mx n matrix

Elementary row reduction (Anton)
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rsort Sorting
Syntax rsort(A, i)
Description Sortsthe columns of the matrix A by placing the elementsin row i in ascending order. Theresult
isthesamesizeasA.
Arguments
A mx n matrix or vector
i integer, 0si<m-1
Algorithm Heap sort (Press et al., 1992)
See also sort for more details, csort
rt Random Numbers
Syntax rt(m, d)
Description Returns avector of mrandom numbers having Studenttistribution.
Arguments
m integerm>0
d integer degrees of freedom > 0
Algorithm Best's XG algorithm, Johnk’s generator (Devroye, 1986)
See also rnd
runif Random Numbers
Syntax runif(m, a, b)
Description Returns a vector ahrandom numbers having the uniform distribution
Arguments
m integerm>0
ab real numbersa<b
Algorithm Linear congruence method (Knuth, 1997)
See also rnd
rweibull Random Numbers
Syntax rweibull(m, s)
Description Returns a vector ahrandom numbers having the Weibull distribution.
Arguments
m integer,m>0
S real shape parametes> 0
Algorithm Inverse cumulative density method (Pretsal., 1992)
See also rnd
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SaveColormap

Syntax

Description

Arguments
file

M

Comments

See also
sbval
Syntax

Description

Arguments
v

X1, x2

D(x,y)
load(x1, v)

score(x2, y)

Example

File Access
SaveColormap(file, M)

Createsacolormap file contai ning thevaluesin thematrix M . Returnsthe number of rowswritten
tofile.

string variable corresponding to CMP filename

integer matrix with three columns and whose elements M j all satisfy 0< M ; < 255.
Thefilefile is the name of a colormap located in the CMAPS subdirectory of your Mathcad
directory. After you use SaveColormap, the colormap is available on the Advanced tab in the
3D Plot Format dialog box. See on-line Help for more information.

LoadColormap

Differential Equation Solving
sbval(v, x1, x2, D, load, score)

Converts aboundary value differential equation to an initial value problem. Useful when
derivatives are continuous throughout.

real vector containing guesses for missing initial values
real endpoints of the interval on which the solution to the DEs will be evaluated
real n-element vector-valued function containing the derivatives of the unknown functions

real vector-val ued functionwhosen elementscorrespond to theval uesof then unknownfunctions
at x1. Some of these values will be constants specified by your initial conditions. If avaueis
unknown, you should use the corresponding guess value from v.

real n-element vector-valued function which measures solution discrepancy at x2
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1 w0 7 ©— hsecries i (1)
[ " lomd| =0 w) = | Y0 |4
ki | nitsaal
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0] x. w ¥3 £ [ weschor for e diforenssl | Y3 | for by nbeal
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-¥g | ¥o | - Dilanenoe betwean
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b-516257) «—y () o bo usedwith rdomd
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Comments

Initial value DE solverslike rkfixed assumethat you know the value of the solution and itsfirst
n—1 derivatives at the beginning of the interval of integration. Two-point boundary value DE
solvers, like sbval and bvalfit, may be used if you lack this information about the solution at
the beginning of the interval of integration, but you do know something about the solution
elsewhereintheinterva. In particular:

* You have amth order differential equation.

* You know some but not all of the values of the solution and itsrfirst
beginning of the interval of integratioxi.

* You know some but not all of the values of the solution and itsrfirst
end of the interval of integratior2.

« Between what you know about the solutiorlaand what you know about itx, you have
n known values.

If there is a discontinuity at a point intermediateltandx2, you should uskvalfit. If continuity

holds throughout, then uskval to evaluate those initial values left unspecifiedlasbval does

not actually return a solution to a differential equation; it merely computes the initial values the

solution must have in order for the solution to match the final values you specify. You must then

take the initial values returned Bisval and solve the resulting initial value problem using

rkfixed or any of the other more specialized DE solvers.

derivatives at the

derivatives at the

Algorithm Shooting method with 4th order Runge-Kutta method (Ratesls 1992)
See also rkfixed for more details; alsOdesolve, for a solve block approach.
search String
Syntax search(S SubS m)
Description Returns the starting position of the subst®igSin Sbeginning from positiom. Returns —1 if
the substring is not found.
Arguments
S string expression; Mathcad assumes that the first chara@és at position O
ubS substring expression
m integer,m=0
sec Trigonometric
Syntax sec(2), for zin radians;
sec(z-deg), forz in degrees
Description Returns the secant of
Arguments
z real or complex numbeg;is not an odd multiple ai/2
sech Hyperbolic
Syntax sech(2)
Description Returns the hyperbolic secantof
Arguments
z real or complex number
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sign Piecewise Continuous
Syntax sign(x)
Description Returns 0 if x=0, 1if x> 0, and —1 otherwise.
Arguments
X real number
See also csgn, signum
signum Complex Numbers
Syntax signum(2)
Description Returns 1if zz0 and /|2 otherwise.
Arguments
z real or complex number
See also csgn, sign
sin Trigonometric
Syntax sin(2), for zin radians;
sin(z-deg), forzin degrees
Description Returns the sine a
Arguments
z real or complex number
sinfit Regression and Smoothing
Syntax sinfit(vx, vy, vg)
Description Returns a vector containing the parameters, €) that make the function a [sin(x + b) + ¢
best approximate the datavir andvy.
Arguments
VX, vy real vectors of the same size
vg realvector of guess values faa, ([, c)
Comments This is a special case of thenfit function. A vector of guess values is needed for initialization.
By decreasing the value of the built-in TOL variable, higher accuratyfih might be achieved.
See Also line, linfit, genfit, expfit, lodfit, Infit, pwrfit, Igsfit, medfit
sinh Hyperbolic
Syntax sinh(2)
Description Returns the hyperbolic sine nf
Arguments
z real or complex number
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skew Statistics
Syntax skew(A)
Description Returns the skewness of the elements of A:
m-1n-1a .—mearn(A)_3
skew(A) = —mn oLl -0
(mn—-1)(mn—-2) . ZO Z OD StdeA) O
1=0])=
Arguments
A red or complex m x n matrix or vector, mh>3
Comments skew(A, B, C, ...) isaso permissible and returns the skewness of the elementsof A, B, C, ....
slope Regression and Smoothing
Syntax slope(vx, vy)
Description Returns the slope of the least-squares regression line.
Arguments
VX, Vy real vector arguments of the same size
Example
j=0.10 X, =] 32.65
159.784
a = slope(X,Y) a = 30.399 «— Eval_uate the slope 114141
b = intercept( X, Y) b = 74.573 and intercept. 133.392
205.079
Y=|275.007
301.222
269.121
270.882
345.993
i | 364.904
[u]
o ) 10
L
1
Comments The functions intercept and slope return the intercept and slope of the line which best fits the
datain aleast-sgquaressense: 'y = intercept(vx, vy) + slope(vx, vy) X .Alternatively, you
may use the line function which returns both parameter estimates via one function call.
Be sure that every element in the vx and vy arrays contains adata value. Since every element in
an array must have a value, Mathcad assigns 0 to any elements not explicitly assigned.
These functions are useful not only when the datais inherently linear, but also when it is
exponential. If xand y arerelated by y = Aek*, you can apply these functions to the logarithm
of the data values and make use of the fact that In(y) = In(A) + kx, hence
A = exp(intercept(vx, In(vy))) and k = slope(vx, In(vy)).
The resulting fit weighs the errors differently from aleast-squares exponential fit (which the
function expfit provides) but is usually a good approximation.
See also intercept, line, stderr, medfit
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sort
Syntax

Description

Arguments
%

Example

Comments

Algorithm
sph2xyz

Syntax
Description

Arguments
re, ¢

Comments

See also

Sorting
sort(v)

Returns the elements of vector v sorted in ascending order.

vector

Soming fnclions
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0. 641 | URER | i a41
" = sorf(x) = reverse | Sel( x| =
0.90% DA 0144
NIREL ba0g | ) il
[T |
Faor makmsces:
) 104
H-||-=|'r||‘.'-|:|,|-3|-]f M =
N 21 0%
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oo 333
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st M. o0 = rsarl [ M, 1] =
1 n 4 4 2% 01
B1mS 'TEE?

All of Mathcad'’s sorting functions accept matrices and vectors with complex elements. However
in sorting them, Mathcad ignores the imaginary part.

To sort a vector or matrix in descending order, first sort in ascending order, theavese.
For examplereverse(sort(v)) returns the elements wefsorted in descending 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 sorting a matrix on the wrong row
or column by specifying an incorratargument forsort andcsort. To sort on the first column

of a matrix, for example, you must ussrt(A, 0).

Heap sort (Press al., 1992)
Vector and Matrix
sph2xyz(r, 6, @)

Converts the spherical coordinates of a point in 3D space to rectangular coordinates.

real numbers

x =r sin(g) cogB), y =r sin(@) sin(B), z=r coq®)
Xyz2sph
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stack
Syntax

Description

Arguments
A,B,C, ..

See also

stderr
Syntax

Description

Arguments
VX, VY

See also

stdev
Syntax

Description

Arguments
A

Comments

See also

Stdev
Syntax

Description

Arguments
A

Comments

See also

Vector and Matrix
stack(A, B, C, ...)
Returns a matrix formed by placing the matrices A, B, C, ... top to bottom.

at least two matrices or vectors; A, B, C, ... must have the same number of columns
augment for example

Regression and Smoothing
stderr(vx, vy)

Returnsthe standard error associated with simple linear regression, measuring how closely data
points are spread about the regression line.

n-1
stderr(vx, vy) = n_iz z (vy; —(interceptvx, vy) + slopgvx, vy) [vxi))Z.
i=0

real vector arguments of the same size
slope, intercept

Statistics
stdev(A)

Returns the standard deviation of the elements of A, where mn (the sample size) is used in the
denominator: stdev(A) = Jvar(A).

real or complex mx n matrix or vector

stdev(A, B, C, ...) isalso permissible and returns the standard deviation of the elements of A,
B,C, ..

Stdev, var, Var
Statistics
Stdev(A)

Returns the standard deviation of the elements of A, where mn — 1 (the sample size lessone) is
used in the denominator: Stdev(A) = /Var(A).

real or complex mx n matrix or vector

Stdev(A, B, C, ...) isaso permissible and returns the standard deviation of the elements of A,
B,C,...

stdev, var, Var
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stiffb
Syntax

Description

Arguments

y
X1, x2

D(x,y)
acc

J(xy)

save

Comments

Algorithm
See also

Stiffb
Syntax

Description

Arguments

y
X1, x2

D(x, y)
npts

J(xy)

Differential Equation Solving
stiffb(y, X1, X2, acc, D, J, kmax, save)
Solves adifferential equation using the stiff Bulirsch-Stoer method. Provides DE solution
estimate at x2.
Several arguments for this function are the same as described for rkfixed.
real vector of initial values.
real endpoints of the solution interval.
real vector-valued function containing the derivatives of the unknown functions.

real acc > 0 controls the accuracy of the solution; a small value of acc forces the algorithm to
take smaller steps along the trajectory, thereby increasing the accuracy of the solution. Vaues
of acc around 0.001 will generally yield accurate solutions.

real vector-valued function which returnsthe n x (n + 1) matrix whose first column contains
the derivatives 0D/ dx and whose remaining columns form the Jacobian matrix (0D/ dy, ) for
the system of DEs.

integer kmax > 0 specifies maximum number of intermediate points at which the solution will
be approximated; places an upper bound on the number of rows of the matrix returned by these
functions.

real save > 0 specifies the smallest allowable spacing between values at which the solutions are
to be approximated; placesalower bound on the difference between any two numbersin thefirst
column of the matrix returned by the function.

Thespecialized DE solvers Bulstoer, Rkadapt, Stiffb, and Stiffr provide the sol ution y(x) over
anumber of uniformly spaced x-valuesin the integration interval bounded by x1 and x2. When
you want the value of the solution at only the endpoint, y(x2), use bulstoer, rkadapt, stiffb,
and stiffr instead.

Bulirsch-Stoer method with adaptive step size for tiff systems (Press et al., 1992)

rkfixed, amore general differential equation solver, for information on output and arguments;
Stiffb.

Differential Equation Solving
Stiffb(y, x1, X2, npts, D, J)
Solves adifferential equation using the stiff Bulirsch-Stoer method. Provides DE solution at
equally spaced x values by repeated calls to stiffb.
Several arguments for this function are the same as described for rkfixed.
real vector of initial values.
real endpoints of the solution interval.
real vector-valued function containing the derivatives of the unknown functions.

integer npts > 0 specifies the number of points beyond initial point at which the solutionisto be
approximated; controls the number of rows in the matrix output.

real vector-valued function which returnsthe n x (n + 1) matrix whose first column contains
the derivatives 0D/ dx and whose remaining columns form the Jacobian matrix (0D/ dy, ) for
the system of DEs. For example, if:

Dlxy) = { zxwwgll then J0xy) = h)l 20Ey zxiyl
_ 1 0 - 1™ 0
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Comments

A system of DEs expressed intheformy = A [k isadtiff system if the matrix A is nearly
singular. Under these conditions, the solution returned by rkfixed may oscillate or be unstable.
When solving a stiff system, you should use one of the two DE solvers specifically designed for
stiff systems: Stiffb and Stiffr. These usethe Bulirsch-Stoer method and the Rosenbrock method,
respectively, for stiff systems.

The form of the matrix returned by these functions isidentical to that returned by rkfixed.
However, Stiffb and Stiffr require an extra argument J(X, Y).

Algorithm Fixed-step Bulirsch-Stoer method with adaptive intermediate step size for stiff systems
(Presset al., 1992)
See also rkfixed, amore genera differential equation solver, for information on output and arguments.
stiffr Differential Equation Solving
Syntax stiffr(y, x1, X2, acc, D, J, kmax, save)

Description Solvesadifferential equation using the stiff Rosenbrock method. Provides DE solution estimate
at x2.

Arguments Several arguments for this function the same as described for rkfixed.

y real vector of initial values.
x1, x2 real endpoints of the solution interval.
D(x,y) real vector-valued function containing the derivatives of the unknown functions.
acc real acc > 0 controls the accuracy of the solution; a small value of acc forces the algorithm to
take smaller steps along the trajectory, thereby increasing the accuracy of the solution. Vaues
of acc around 0.001 will generally yield accurate solutions.

J(X ) real vector-valued function that returnsthe n x (n + 1) matrix whose first column containsthe
the derivatives 0D/ dx and whose remaining columns form the Jacobian matrix (0D/ dy, ) for
the system of DEs.

kmax integer kmax > 0 specifies maximum number of intermediate points at which the solution will
be approximated; places an upper bound on the number of rows of the matrix returned by these
functions.

save real save > 0 specifies the smallest allowable spacing between values at which the solutions are
to be approximated; placesalower bound on the difference between any two numbersin thefirst
column of the matrix returned by the function.

Comments Thespecialized DE solvers Bulstoer, Rkadapt, Stiffb, and Stiffr provide the sol ution y(x) over
anumber of uniformly spaced x-valuesin the integration interval bounded by x1 and x2. When
you want the value of the solution at only the endpoint, y(x2), use bulstoer, rkadapt, stiffb,
and stiffr instead.

Algorithm 4th order Rosenbrock method with adaptive intermediate step size for stiff systems
(Presset al., 1992)
See also rkfixed, amore genera differential equation solver for information on output and arguments,
and Stiffr
434 Chapter 17 Functions



Stiffr
Syntax

Description

Arguments

y
X1, x2

D(x, y)
npts

I y)

Comments

Algorithm

See also

str2num
Syntax

Description

Arguments
S

See also

Differential Equation Solving
Stiffb(y, x1, X2, npts, D, J)
Solvesadifferential equation using thestiff Rosenbrock method. Provides DE solution at equally
spaced x values by repeated callsto stiffr.
Several arguments for this function are the same as described for rkfixed.
real vector of initial values.
real endpoints of the solution interval.
real vector-valued function containing the derivatives of the unknown functions.

integer npts > 0 specifies the number of points beyond initial point at which the solutionisto be
approximated; controls the number of rows in the matrix output.

real vector-valued function which returnsthe n x (n + 1) matrix whose first column contains
the derivatives dD/dx and whose remaining columns form the Jacobian matrix (0D/ dy, ) for
the system of DEs. For example, if:

Dlxy) = { zxwwal then J0xy) = h)l 20Ey zxiyl
_ 120 - 1™ 0

A system of DEs expressed intheformy = A [k isadtiff system if the matrix A is nearly
singular. Under these conditions, the solution returned by rkfixed may oscillate or be unstable.
When solving a stiff system, you should use one of the two DE solvers specifically designed for
stiff systems: Stiffb and Stiffr. These usethe Bulirsch-Stoer method and the Rosenbrock method,
respectively, for stiff systems.

The form of the matrix returned by these functions isidentical to that returned by rkfixed.
However, Stiffb and Stiffr require an extra argument J(X, y).

Fixed-step 4th order Rosenbrock method with adaptive intermediate step size for stiff systems
(Presset al., 1992)

rkfixed, amore genera differential equation solver, for information on output and arguments.
String
str2num(S)

Returns the constant formed by converting the charactersin Sinto a number. Charactersin S
must constitute an integer such as 17, ared floating-point number such as —16.5, a complex
floating-point number such as 2.1+6i or 3.241 — 9.234j, or an e-format number such as 4.51e-3
(for 4.51 (10-3). Mathcad ignores any spaces in the string.

string expression

num?2str
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str2vec String
Syntax str2vec(S)

Description Returnsthevector of ASCII codes corresponding to the charactersin string S. For alist of ASCII
codes, see the Appendix. For example, the ASCII code for letter “a” is 97, that for letter “b” is
98, and that for letter “c” is 99.

Arguments

S string expression
See also vec2str
strien String
Syntax strlen(S)
Description Returns the number of charactersin
Arguments
S string expression
submatrix Vector and Matrix
Syntax submatrix(A, ir, jr, ic, jc)

Description Returns a submatrix & consisting of all elements common to rawghroughjr and columns
icthroughjc. Make certain thaitr <jr and¢<jc , otherwise the order of rows and/or columns
will be reversed.

Arguments

A mx n matrix or vector
ir,jr integers,0<ir<jr<m
ic, jc integers,0<ic<jc<n
Example
] 7 1T 4 4 ORIGIN = @
B -84 -2 3F 3
Moo= | -6 -9 -3 & 3
1 2 1 5
4 & i &
-6 -& -2 | +— Extracis all slements
submerdrin 1 2 0 2] = | | contmined @ Both mws 1 and 2
-6 -8 -3 and colgmng O 1 asd T
-2 -8 -b| ¢~ Swapping the last e
submatrix( M 1.2 2 0] = | | argemests revorses the
3-8 -6 grdor od the colemns
-5 B 4 | 4 Swnpgisg the foel bva
sulwmale | M 2 1 2 0 = | | megumenis revessss lhe
@ B B pedes ol the rows
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substr
Syntax

Description

Arguments
S

m,n

supsmooth

Syntax

Description

Arguments
VX, VY

Example

Comments

Algorithm
See also

svd
Syntax

Description

Arguments
A

String
substr(S m, n)

Returns a substring of Sheginning with the character in the mth position and having at most n
characters.

string expression. Mathcad assumes that the first character in Sis at position O.
integers, m=0,n=0

Regression and Smoothing
supsmooth(vx, vy)

Creates anew vector, of the samesizeasvy, by piecewise use of asymmetric k-nearest neighbor
linear least square fitting procedure in which k is adaptively chosen.

real vectors of the same size; elements of vx must be in ascending order
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The supsmooth function uses a symmetric k nearest neighbor linear least-squares fitting
procedureto makeaseriesof line segmentsthrough the data. Unlike ksmooth which usesafixed
bandwidth for all the data, supsmooth will adaptively choose different bandwidthsfor different
portions of the data.

Variable span super-smoothing method (Friedman)
medsmooth and ksmooth

Vector and Matrix
svd(A)

Returnsan (m+ n) x n matrix whosefirst mrowscontainthe mx n orthonormal matrix U, and
whose remaining n rows contain the n x n orthonormal matrix V. MatricesU and V satisfy the
equation A = U [Wiag(s) VT , where sisthe vector returned by svds(A).

m x n rea matrix, where m=n
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Example
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Algorithm Householder reduction with QR transformation (Wilkinson and Reinsch, 1971)
See also svds
svds Vector and Matrix
Syntax svds(A)
Description Returns a vector containing the singular values of A.
Arguments
A mx n real matrix, where m=n
Algorithm Householder reduction with QR transformation (Wilkinson and Reinsch, 1971)
See also svd
tan Trigonometric
Syntax tan(z) for zin radians;
tan(z-deg), forzin degrees
Description Returns the tangent af
Arguments
z real or complex number
tanh Hyperbolic
Syntax tanh(z)
Description Returns the hyperbolic tangentof
Arguments
z real or complex number
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Tcheb
Syntax

Description

Arguments
n

X
Comments
Algorithm

See also

tr
Syntax
Description
Arguments
M

trunc
Syntax

Description

Arguments
X

See also

Ucheb
Syntax

Description

Arguments
n

X

Comments
Algorithm
See also

UnitsOf
Syntax

Description

Arguments
X

Comments

Special
Tcheb(n, x)
Returns the value of the Chebyshev polynomial of degree n of the first kind.

integer, n=0
real number 5
Solution of the differential equation (1 —x?2) D(;j(—zy—x D(%(y+ n20y = 0.
Recurrence relation (Abramowitz and Stegun, 1972)
Ucheb
Vector and Matrix
tr(M)

Returns the trace of M, the sum of diagonal elements.

real or complex square matrix

Truncation and Round-off
trunc(x)

Returns the integer part of x. Same as floor(x) for x > 0 and ceil(x) for x < 0.

real number
ceil, floor, round

Special
Ucheb(n, X)
Returns the value of the Chebyshev polynomial of degree n of the second kind.

integer, n=0
real number

2
Solution of the differential equation (1—x?) G- Ly -3 (X Oy +n((n+2) [y = 0.

dx
Recurrence relation (Abramowitz and Stegun, 1972)
Tcheb

Expression Type
UnitsOf(X)

Returns the units of x. Returns 1 if x has no units.

arbitrary real or complex number, array, or string

Y ou can divide avalue by the UnitsOf function to make it unitless. For example, some built-in
functions, such as In, require their arguments to be unitless. If an argument to In has units, you
can divide the argument by UnitsOf to remove them.
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var Statistics
Syntax var(A) m-1n-1
Description Returns the variance of the elements of A: var(A) = n%nz z |Ai'j - mean(A)|2 .
i=0j=0
This expression is normalized by the sample size mn.
Arguments
A real or complex mx n matrix or array
Comments var(A, B, C, ...) isaso permissible and returns the variance of the elementsof A, B, C, ....
See also stdev, Stdev, Var
Vvar Statistics
Syntax Var(A) m-1 n-1
Description Returns the variance of the elements of A: var(A) = mnl— 1.20 ZO‘A“ —mean(A)|2.
i=0j=
This expression is normalized by the sample size lessone, mn — 1.
Arguments
A real or complex mx n matrix or array
Comments Var(A, B, C, ...) isalso permissible and returns the variance of the elements of A, B, C, ....
See also stdev, Stdev, var
vec2str String
Syntax vec2str(v)

Description Returns the string formed by converting avector v of ASCII codes to characters. The elements
of v must be integers between 0 and 255.

Arguments

v vector of ASCII codes
See also str2vec
viookup Vector and Matrix
Syntax vlookup(z A, c)

Description Looksin the first column of amatrix, A, for agiven value, z, and returns the value(s)
inthe samerow(s) inthecolumn specified, ¢. When multiplevaluesarereturned, they appear
in avector.

Arguments

z real or complex number, or string
A real, complex or string mx n matrix
c integer, ORIGIN<c<ORIGIN+n-1

Comments The degree of precision to which the comparison adheres is determined by the TOL setting of

the worksheet.
See Also lookup, hlookup, match
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wave
Syntax

Description
Arguments
%

Example

Comments

Algorithm
See also

WRITEBMP

Syntax
Description

Arguments
file

M

Wavelet Transform
wave(V)

Returns the discrete wavel et transform of real data using Daubechies four-coefficient wavel et
filter.

real vector of 2" elements, wheren > 0 is an integer
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When you define a vector v for use with Fourier or wavelet transforms, be sure to start with v
(or changethevalue of ORIGIN). If you do not define v, , Mathcad automatically setsit to zero.
This can distort the results of the transform functions.

Pyramidal Daubechies 4-coefficient wavelet filter (Press et al., 1992)

iwave

File Access
WRITEBMP(file)

Creates agrayscae BMP imagefile file out of amatrix.
Used asfollows: WRITEBMP(file) := M. The function must appear alone on the | eft side of a
definition.

string variable corresponding to BMP filename or path
integer matrix, each element satisfying 0< M. ; <255

L=
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WRITE_HLS File Access
Syntax WRITE_HLS(file)
Description Creates a color BMP image filefile out of a matrix formed by juxtaposing the three matrices
giving the hue, lightness, and saturation components of an image.
Arguments
file string variable corresponding to BMP filename or path
M integer matrix, each element satisfying 0< M i< 255
See also See WRITERGB for an overview of creating color datafiles.
WRITE_HSV File Access
Syntax WRITE_HSV(file)
Description Creates a color BMP image file file out of a matrix formed by juxtaposing the three matrices
giving the hue, saturation, and value components of an image.
Arguments
file string variable corresponding to BMP filename or path
M integer matrix, each element satisfying 0< M ij < 255
See also See WRITERGB for overview.
WRITEPRN File Access
Syntax WRITEPRN(file) := A
Description Writesamatrix A into astructured ASCII datafilefile. Each row becomesalineinthefile. The
function must appear aone on the eft side of a definition.
Arguments
file string variable corresponding to structured ASCI| data filename or path
A matrix or vector
Comments The WRITEPRN and APPENDPRN functions write out data values neatly lined up in rows and
columns. When you use these functions:

« Equations usingvRITEPRN or APPENDPRN must be in a specified form. On the left should
beWRITEPRN(file) or APPENDPRN(file). This is followed by a definition symbol (:=) and
a matrix expression. Do not use range variables or subscripts on the matrix expression.

« Each new equation involvirggRITEPRN writes a new file; if two equations write to the
same file, the data written by the second equation will overwrite the data written by the first.
UseAPPENDPRN if you want to append values to a file rather than overwrite the file.

* The built-in variable$RNCOLWIDTH andPRNPRECISION determine the format of the
data file that Mathcad creates. The valuPBNCOLWIDTH specifies the width of the
columns (in characters). The valueRRNPRECISION specifies the number of significant
digits used. By defaulPRNCOLWIDTH=8 andPRNPRECIS ON=4. To change these
values, choos®ptions from theM ath menu and edit the numbers on the Built-In Variables
tab, or enter definitions for these variables in your Mathcad document ab&VREREPRN
function.

WRITEPRN andREADPRN allow you to write out and read imested arrayscreated in Mathcad.
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See also

WRITERGB

Syntax

Description

Arguments
file

M

Comments

See also

WRITEWAV

Syntax

Description

Arguments
file

s
b
M

Comments

See also
xyz2cyl

Syntax

Description

Arguments
XY,z

Comments

See also

If the array you are writing is either a nested array (an array whose elements are themselves
arrays) or acomplex array (an array whose elements are complex), then WRITEPRN will not
create asimple ASCII file. Instead, WRITEPRN creates afile using a special format unlikely to
be readable by other applications. Thisfile can, however, be read by Mathcad’s READPRN
function.

By using the augment function, you can concatenate several variables and writethem all using
WRITEPRN to adatafile.

APPENDPRN

File Access
WRITERGB(file)

Createsacolor BMPimagefilefileout of asingle matrix formed by juxtaposing thethree matrices
giving thered, green, and blue values of animage. Used asfollows: WRITERGB(file) := M. The
function must appear aone on the |eft side of a definition.

string variable corresponding to BMP filename or path
integer matrix, each element satisfying 0< M ij S 255
The function augment is helpful for combining submatrices prior to using WRITERGB.

Mathcad has functions for creating color BMP files out of matricesin which theimageis stored
in HLS or HSV format. These work in exactly the same way as WRITERGB.

WRITE_HLS and WRITE_HSV

File Access
WRITEWAV(file, s, b)

Creates aWAVsigna filefile out of a matrix.
Used asfollows: WRITEWAV(file, s, b) := M. The function must appear alone on the left side
of adefinition.

string variable corresponding to pulse code modulated (PCM) Microsoft WAV filename or path
integer samplerate

bit resolution

integer matrix

If the specified bit resolution is 1-8, the datais written to file as unsigned byte data. The limits
on unsigned byte data are 0 to 256. If the bit resolution is 9-16, word data (two bytes) iswritten
to file. The limits on word data are -32768 to 32767.

GETWAVINFO and READWAV
Vector and Matrix
xyz2cyl(X, Y, Z)

Converts the rectangular coordinates of a point in 3D space to cylindrical coordinates.

real numbers
x=rcos(B),y=rsin(0),z=z
cyl2xyz
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xy2pol Vector and Matrix
Syntax xy2pol(X, y)
Description Converts the rectangular coordinates of a point in 2D space to polar coordinates.
Arguments
X, Y real numbers
Comments x=r cos(B), y =r sin(6)
See also pol2xy
xyzZsph Vector and Matrix
Syntax xyz2sph(x, Y, z)
Description Converts the rectangular coordinates of apoint in 3D space to spherical coordinates.
Arguments
XY,z real numbers
Comments x=r sin(g) cos(B), y=r sin(g) sin(8), z=r cos(¢)
See also sph2xyz
YO Bessel
Syntax YO(X)
Description Returns the value of the Besse! function Y o(X) of the second kind. Same as Yn(0, X).
Arguments
X real number, x>0
Algorithm Steed’s method (Prestal., 1992)
Y1 Bessel
Syntax Y1(x)
Description Returns the value of the Bessel functié(x) of the second kind. Samélag).
Arguments
X real numberx >0
Algorithm Steed’s method (Prestal., 1992)
Yn Bessel
Syntax Yn(m, x)
Description Returns the value of the Bessel functiép(x) of the second kind.
Arguments
m integer,0 < m< 100
X real numberx>0 5
Comments  Solution of the differential equatiox? Dd%y +X D(;j—xy +(x2-m?) 3y = 0.
Algorithm Steed’s method (Prestal., 1992)
See also In
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ys Bessel
Syntax ys(n, X)
Description Returns the value of the spherical Bessel function of the second kind, of order n, at x.

Arguments
X real number, x>0

n integer, —200<n )
Comments Solution of the differential equation: X Ddd—zy +2[X Ddgxy + (x2— nn+1))y= 0.
X
Algorithm Recurrence relation (Abramowitz and Stegun, 1972)

See also js

Pe) Piecewise Continuous
Syntax d(m, n)
Description Returns the value of the Kronecker deltafunction. Outputis 1 if m=n and O otherwise.
(Totype d, pressd[Ct r | 1G).

Arguments
m, n integers

Algorithm Continued fraction expansion (Abramowitz and Stegun, 1972; Lorczak)

€ Piecewise Continuous
Syntax €34,j,k
Description Returns the value of a completely antisymmetric tensor of rank three. Output is O if any two

arguments are the same, 1 if the three arguments are an even permutation of (0 1 2), and -1 if
the arguments are an odd permutation of (0 1 2). (Todypees[Ct r | ]0).

Arguments
i,j,k integers between 0 and 2 inclusive (or betw@RIGIN andORIGIN+2 inclusive ifORIGIN#0)

r Special
Classical Definition

Syntax (2
Description Returns the value of the classical Euler gamma function. (TdtypessdC r | ]19).

Arguments
z real or complex numbeof); undefined for= 0,-1,-2, ...
Description ForRe@) >0,T(2) = I tz-letqt .
For Reg) <0, function v%tlues analytically continue the above formula. Beda(se 1) = Z!,
the gamma function extends the factorial function (traditionally defined only for positive
integers).
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Extended Definition

Syntax Fxy)
Description Returns the value of the extended Euler gamma function. (To typerl’, pressGCt r | ]g).
Arguments
X, Y real numbers, x>0,y>0
Description Although restricted to real arguments, the function I'(x,y) = J’ tX~letat
y
extends the classical gamma function in the sense that the lower limit of integrationy isfreeto
vary. In the special case when y=0, the classical formulation applies and the first argument may
assume complex values.
(0] Piecewise Continuous
Syntax D(x)
Description Returns the value of the Heaviside step function. Output is 1 if x = 0 and 0 otherwise.
(Totype @, pressF[Ct r | ]g).
Arguments
X real number
Example
pulsex w) = Blx] - B[N - W)
levwppnan| % wl = pulaalz + w. F w)
hpapass K W) = 1 - pglam @ + w, 2w
Bondpass(x w 0] - polas e - 1 w)
ro= -20.-198 20
Tha thras lilers s ploiiad Balow wilb o veticol o o you oas
e Tham mam mnnily
I. I|
b_n-nll:l = 1
Eﬂ-ﬁ1 £ &l -2 | 1 |
bandpaas |z 4 0] + 2 |I Ili
1 | | 1 |
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Chapter 18
Operators

This chapter lists and describes Mathcad’s built-in operators. The operators are listed
according to the toolbar (Calculator, Matrix, Calculus, Evaluation, Boolean, or Pro-

gramming) on which they appear.

Accessing Operators
You can access operators in two ways:

« Simply type in the keystroke shown for that operator, or

« Select the operator from a toolbar.

1. First, seleciiew 0 Toolbars Math.
The Math toolbar appears showing the various operator toolbar buttons.

Math E1
Calculator ——» [ A

Matrix and Yector ——p Iﬁx 4— FEvaluation
Calculus ——p [ <€ |[4—— Boolean
Programming ——m 3] &f |[4———Greek Letters
-

2. Click a button for a specific toolbar. The corresponding toolbar appears.

You can alternatively go directly to an operator toolbar from the View menu
by selecting/iew O Toolbars, and then selecting one of the operator toolbars

listed; for exampléV atrix:

Calculataor
Graph

v ET
Evaluation
Calculuz
Boolean
Frograrmming
Greek
Symbolic:
kd adifier
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The Matrix operator toolbar appears, showing the various matrix operator
buttons:

Ex¥ U HE

3. Click the button of the operator that you want to use.

Finding More Information

Refer to the Resource Center QuickSheets for examples involving operators. Select

Resour ce Center from the Help menu. Then click on the QuickSheetsicon and select

a specific topic.

To change the appearance of certain operators (e.g., multiplication or derivatives),

choose Optionsfromthe M ath menu, click the Display tab and use drop-down options

to make the selection. See “Changing the Display of an Operator” on page 130 for more
information.

About the References

References are provided in the Appendices for you to learn more about the numerical
algorithm underlying a given Mathcad function or operator. References are notintended
to give a description of the actual underlying source code. Some references (such as
Numerical Recipes) do contain actual C code for the algorithms discussed therein, but
the use of the reference does not necessarily imply that the code is what is implemented
in Mathcad. The references are cited for their textbook nature only.

Arithmetic Operators

To access an arithmetic operator:
* type its keystroke, or
« choose the operator from the Calculator toolbar (if it has a button):

448
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sin cos tan In log

i
i

*
T 7
4

1

Refer to “Accessing Operators” on page 447 for more information on how to
access a toolbar.

Parentheses ( X )

Keystroke ' )
Description Groups parts of an expression.
Addition X+Y
Keystroke + +

Description If Xand Y arereal or complex numbers, adds X and Y.
If Xand Y arereal or complex vectors or matrices of the same size, adds elements of X to
corresponding elements of Y.
If Xisareal or complex array and Yisarea or complex number, adds Y to each element of X.

Addition with line break X...
+Y

Keystroke [Ctrl][ O]
Description Adds in the same manner as Addition, but inserts a line break for cosmetic formatting reasons.

Comments This formatting feature cannot be used for multiplication or division. It can be used with
subtraction if X = Yiswritteninstead as X + (- Y).
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Subtraction and Negation X _VY _X

Keystroke

Subtraction

Description

Negation

Description

Multiplication X[

Keystroke

Description

Division

Keystroke

Description

Inline Division X+ z

If Xand Y arereal or complex numbers, subtracts Y from X.

If Xand Y arereal or complex vectors or matrices of the same size, subtracts elementsof Y from
corresponding elements of X.

If Xisanreal or complex array and Yisarea or complex number, subtracts Y from each element
of X.

If Xisareal or complex number, reversesthe sign of X.
If Xisanreal or complex array, reverses the sign of each element of X.

* s

If Xand Y arereal or complex numbers, multiplies Y by X.

If Yisarea or complex array and X isarea or complex number, multiplies each el ement

of Yhby X.

If Xand Y arereal or complex vectors of the same size, returns the dot product (inner product).
If Xand Y arereal or complex conformable matrices, performs matrix multiplication.

To change the appearance of multiplication from adot to across, choose Optionsfromthe Math
menu, click the Display tab and use drop-down options to make the selection.

X

z
/

If Xand zarereal or complex numbers and z is nonzero, divides X by z.
If Xisanrea or complex array and zisanonzero rea or complex number, divides each element
of Xby z

Keystroke  [Ctrl]/
Description If Xand zarereal or complex numbers and z is nonzero, divides X by z.
If Xisanrea or complex array and zisanonzero rea or complex number, divides each element
of Xby z
Factorial n!
ril
Keystroke |
Description Returns n{n—1) {n-2)...21 if nisanintegerand n>1;1ifn=0.
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Complex conjugate ¥

Keystroke

Description

Absolute value |y

Keystroke

Description

Square root

Keystroke

Description
nth root

Keystroke

Description

See also

Comments
Reciprocal

Keystroke

Scalar Case
Description
Matrix Case

Description

See also

Algorithm

If Xisacomplex number, reverses the sign of the imaginary part of X.

x|
|

If zisarea or complex number, |z returns the absol ute value (or modulus or magnitude)
JRe(2)2+1m(2)2 of z

If visreal or complex vector, |v| returnsthe magnitude (or Euclidean norm or length) v [ of
v. If al elementsinv arereal, this definition is equivalent to /v [/ .

If M isarea or complex square matrix, |M| returns the determinant of M.

Wz

\

I

Returns the positive square root for positive z; principa value for negative or complex z.
2z
[Ctrl]\

Returns the positive nth root for positive z; negative nth root for negative z and odd n; principal
value otherwise. n must beaninteger, n=1.

n-

Exponentiation, Square root

This operator gives the same values as the Exponentiation operator except whenz<0andnis
an odd integer and n=3 (by special convention).

1

z

[N
|-

/

Returns the reciprocal (multiplicative inverse) of z, where zisarea or complex number.

If M isarea or complex square matrix, the reciprocal of M is the same as the inverse matrix
M -1 (assuming that M is nonsingular).

Exponentiation

LU decomposition used for matrix inversion (Press et al., 1992)
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Exponentiation 7V

Keystroke

Scalar Case

Description
See also

Comments

Matrix Case

Description

Algorithm

Equals
Keystroke

Description

Definition
Keystroke

Description

See also

A ¥

Returnstheprincipal value of zraised to the power w, wherezand w arereal or complex numbers.
nth root

The principa valueis given by the formula |ZW Cexp(tt 0 Cw) . In the special case z< 0 and
w = 1/n, where nisan odd integer and n = 3, the principal value has a nonzero imaginary part.
Hence, inthisspecia case, Exponentiation doesnot givethe samevalueasthe nth root operator
(by convention).

If M isareal or complex squarematrix and n>0 isaninteger, M" returns the nth power of
M (using iterated matrix multiplication). Under the same conditions, M istheinverseof M"
(assuming additionally that M is nonsingular).

LU decomposition used for matrix inversion (Press et al., 1992)

c=

Returns numerical value of cif cis: avariable previously defined in the worksheet; abuilt-in
variable; aglobally-defined variable; or afunction of several such variables. Appears as an
ordinary = on the screen. Not used for symbolic evaluation.

z:=c, f(xyz..):=expr

Giveszthenumerica value c from that point onward throughout the worksheet. Givesafunction
f(x,y,z...) the meaning prescribed by the expression expr from that point onward throughout the
worksheet. expr need not involve x, y, z, ... but it usually does; it may involve other built-in or
user-defined functions.

Definition (under Evaluation Operators) for example.

Mixed number L

n
v
Keystroke [Ctrl][Shift]+

Description If k, mand n are integers, returns the value of k + m/n.

Comments Todisplay anumerical result asamixed number, double-click on theresult to bring up the Result
Format dialog box. Choose Fraction for the result format on the Number Format tab. Click the
box next to "Use mixed numbers' so that it is checked.

452 Chapter 18 Operators



Matrix Operators
To access a matrix operator:

e type its keystroke, or

» choose the operator from the Matrix toolbar:

B %

|K| 'ﬁ'ﬁ H-:}

o [
k¥ ZW AR

Refer to “Accessing Operators” on page 447 for more information on how to access a
toolbar.

Insert matrix

il

Keystroke [CrlI]M

Description Creates a vector or matrix of specified dimensions.

Vector and matrix subscript Vi Mi j

Keystroke [ "

Description If visavector, v, returns the nth element of v.
If M isamatrix, M; j returns the element in row i and column j of M.

Range variable

Keystroke ; -t
Description Specifies that a variable assume arange of values (for the sake of repeated or iterative
calculations).
Dot product U [V

=1
.
=

*

Keystroke

Description Returns the dot product (scalar or inner product) of two n-dimensional real or complex vectors
uandv.

Cross product U XV
Keystroke [Crl]8

=
®
2

Description Returnsthe cross product (vector product) of two 3-dimensional real or complex vectorsu and v.
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Vector sum 2V

Keystroke

Description

Matrix Inverse

Keystroke
Description

Algorithm

=

[Ctrl]4

Returns the sum (ascalar) of all elements of area or complex vector v. (No range variable or
vector subscripts are needed.)

Al KT

Returns the multiplicative inverse of areal or complex nonsingular square matrix M.

LU decomposition used for matrix inversion (Press et al., 1992)

Magnitude and Determinant |X|

Keystroke

Description

Algorithm

Matrix superscript M ™H

I []
If zisarea or complex number, |z returns the absol ute value (or modulus or magnitude)
JRe(2)2+1m(2)2 of z

If visreal or complex vector, returns the magnitude (or Euclidean norm or length) /v O/ of v.
If all elementsinv areredl, this definition is equivalentto /v O .

If M isarea or complex square matrix, returns the determinant of M.

LU decomposition (Press et al., 1992)

o

Keystroke [Ctrl]6 "
Description Extracts column n (avector) from matrix M.
Matrix transpose \j T
|IIIIIIT
Keystroke [Crl]1
Description If M isavector or matrix, returns amatrix whose rows are the columns of M and whose columns
aretherowsof M.
Vectorize ;
Keystroke [Crl]- i
Description Forces operations in expression X to take place element by element. All vectors or matricesin X
must be the same size.
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Comments

Picture
Keystroke

Description

Mathcad’svectorize operator allows parallel operations to be performed efficiently on each
element of a vector or matrix. For example, to define a mRtbix multiplying corresponding
elements of the matricé andN, you could writeP; . = M, . [N, ; whereandj are range
variables. (This is not matrix multiplication, but raitjher multiplication element by element.) It's
faster, however, to defirfe usingvectorize:

+ Select the whole expression by clicking]
inside and pressingpace] until the £ o.M h_|
right-hand side is held between the editit
lines. [

e PresqCtr| ]-toapply thevectorizeop- | ¥ = [H-H
erator. Mathcad putsan arrow over thetop
of the selected expression.

Extending ordinary scalar multiplication to matrices in this fashion, element by ele-
ment, is referred to as “vectorizing” an expression.

Here are some properties of thetorize operator:

« The vectorize operator changes the meaning of functions and operators but not
constants or variables.

« Operations between an array and a scalar are performed by applying the scalar to
each element of the array. For example,iff a vector and is a scalar, applying

the vectorize operator &'  returns a vector whose elements atb ffmvers of
the elements of.

* You cannot use any of the following matrix operations under a vectorize operator:
dot product, matrix multiplication, matrix powers, matrix inverse, determinant, or
magnitude of a vector. The vectorize operator will transform these operations into
element-by-element scalar multiplication, exponentiation, or absolute value, as
appropriate.

e The vectorize operator has no effect on operators and functionegiia¢ vectors
or matrices: transpose, cross product, sum of vector elements, and functions like
mean. These operators and functions have no scalar meaning.

[Crl]T @

Displays amatrix, M, or animage file, S, as agrayscale image, by default. Each element of M

correspondsto apixel. The value of an element determines the shade of gray associated with the
corresponding pixel. Each element of M isan integer between 0 (black) and 255 (white). When
the argument is astring that indicates the path to an imagefile, the pictureisaso displayed asa
grayscale image. See “Inserting Pictures” on page 69 for more details.
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Calculus Operators
To access a calculus operator:
e type its keystroke, or
 choose the operator from the Calculus toolbar:

d
Tx gan

[ =0
lim Tim lim

=3 —=at —=a-

Refer to “Accessing Operators” on page 447 for more information on how to access a

toolbar.
Summation n
Z X
i £m %
Keystroke [Cirl][Shift]4
Description Performsiterated addition of Xover i = m, m+1, ..., n. X can be any expression; it need not
involvei but it usually does. mand n must beintegers. If m = —o or n = o ,theevauation
must be performed symbolically.
Example
j =0 M :-rl-'.mll:'lllnrl
a1} |
En = 210 l__[ifl'l_l - 5106 10"
& =1l @ =l
| L
x, = b 3 xgn - 63138
n=l n=b
#MoAn
Z En" - 255410
&= =0

See also Range sum

Comments To evaluate multiple summations, place another summation in the final placeholder of the first
summation, asillustrated in the example.
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Product

Keystroke

Description

See also

Range sum

Keystroke

Description

Example

See also

Comments

n

X
I=m —
[Ctrl][Shift]3 u

Performsiterated multiplication of Xover i = m, m+ 1, ..., n. X canbeany expression; it need
not involvei but it usualy does. If m = —o or n = o , the evaluation must be performed
symbolically. Works similar to Summation.

Range product. See Summation for an example.
z X
|
$

Performs iterated addition of X over the range variable i. X can be any expression; it need not
involvei but it usually does.

x

1= 0 2 | =1 10 w, =sm|[01 i ®m]

Si= 2 [Tiie1e=s10000™
1
§ e 0 N b= 63138
]
K]
Y Eil EEH-?EEJII}
i

13
¥ = 210 Erl-?ﬁﬁd 14
i

ip = 2416107

Summation

When you use the Summation operator described earlier, the summation must be carried out |
over integers and in steps of one. Mathcad provides amore general version of thisoperator that
can use any range variable you define as an index of summation.

TheRange sum operator, unlikethe Ssummation operator, cannot stand alone. Itrequires
the existence of arange variable. However, a single range variable can be used with
any number of these operators.

To evaluate multiple summations, place another summation in the final placeholder of
the first summation and use two range variables, asillustrated in the example.
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Range product I—lx

i
" 1

Keystroke

Description Performs iterated multiplication of X over the range variablei. X can be any expression; it need
not involvei but it usually does. Works similar to Range sum.

See also Product. See Range sum for an example.
Definite integral D
9 [ f()a
a

-]
Keystroke & L

Description Returns the definite integral of f(t) over theinterval [a, b] . a and b must be real scalars. All
variablesin the expression f(t), except the variable of integration t, must be defined. The
integrand, f(t), cannot returnanarray. a = —o , b = o, or both are permitted.

Examples
i~B. 5 ffxh = a" + B+ 3
-1 5
o= M) ds = LIESE 1]
-0 A=
| “HHH|
i ] i 0]
1 ]k ] 1 [il=nk
LIl FI [ T 1 B
3 X5 El 15
4 53333 4 5333
5 B8 1ET 5 14167

Figure 18-1: Example 1.

MNednul B le s 5

&
TOL = .00 1
I—I:II = b QREIIOEA G040

Tightiar Gl e * h

@
FOL = e s 1
T dt = HO00HIN0nNTTEs

Lt Eoshin romese

; 1
1oL - 0l n dt = G 0 TREEEE0T TG00

Figure 18-2: Example 2.
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Comments

There are some important things to remember about integration in Mathcad:

< The limits of integration must be real, but the expression to be integrated can be
either real or complex.

« Except for the integrating variable, all variables in the integrand must have been
defined elsewhere in the worksheet.

e The integrating variable must be a single variable name.

« If the integrating variable involves units, the upper and lower limits of integration
must have the same units.

Likeall numerical methods, Mathcad'sintegration algorithm can havedifficulty withill-behaved
integrands. If the expression to beintegrated has singularities, discontinuities, or large and rapid
fluctuations, Mathcad’s solution may be inaccurate.

In some cases, you may be ableto find an exact expression for your definite integral or even the
indefinite integral (antiderivative) by using Mathcad’s symbolics.

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 (as illustrated in Example 1). Such
repeated evaluations may take considerable time depending on the complexity of the integrals,
the length of the interval, and the value of TOL.

Mathcad's numerical integration algorithm makes successive estimates of the value of the integral
and returns a value when the two most recent estimates differ by less than the value of the built-
in variable TOL. Figure 18-2 above shows how changing TOL affects the accuracy of integral
calculations (not to be confused with the mere formatting issue of how many digits to display).

You can change the value of the tolerance by including definitions for TOL directly in your
worksheet as shown. You can also change the tolerance by using the Built-In Variables tab when
you choosé@ptions from theMath menu. To see the effect of changing the tolerance, choose
Calculate Document from theM ath menu to recalculate all the equations in the worksheet.

If Mathcad's approximations to an integral fail to converge to an answer, Mathcad marks the
integral with an appropriate error message.

When you change the tolerance, keep in mind the trade-off 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 tolerance, Mathcad will compute more quickly, but the
answers will be less accurate.

You can also use Mathcad to evaluate double or multiple integrals. To set up a double integral,
press the ampersand kgg] , twice. Fill in the integrand, the limits, and the integrating variable

for each integral. Keep in mind that double integrals take much longer to converge to an answer
than single integrals. Wherever possible, use an equivalent single integral in place of a double
integral.

Calculus Operators 459



Algorithm

Indefinite integral If(t)dt

Because certain numerical integration methods work best on certain kinds of integrals, Mathcad
has an AutoSelect feature for integration. Depending on the kind of integral you are evaluating,
Mathcad automatically chooses the most appropriate integration method to use. Using

AutoSelect, Mathcad examinestheintegral and evaluatesit using one of the following methods:

* Romberg (Romberg trapezoidal approximation with Richard extrapotadqoal intervals)
» Adaptive (if the values dix) vary significantly over the interval unequal intervals)

e Infinite Limit (if a = —o, b = « or both)

» Singular Endpoint (if(a) and/orf(b) is undefined)

If you want to evaluate an integral using a method other than the one chosen during the
AutoSelect process, turn off AutoSelect and choose another method. To do so:

1. Type the integral and allow AutoSelect to return a result.
2. Right-click on the integral.
3. Click on the method you want to use.

The integral is automatically re-evaluated using the method you clicked and is re-evaluated that
way from then on, unless you specify another method or AutoSelect later.

Romberg, Kahan transform, QAGS, Clenshaw-Curtis, Gauss-Kronrod formulas (Piessens 1983,
Lorczak)

Keystroke  [Ctrl]i ‘[
Description Returns the indefinite integral (that is, an antiderivativépfMust be performed symbolically.
The integrandi(t), cannot return an array.
Derivative
D)
dt
d
Keystroke ? o
Description Returns the derivative éft) evaluated at All variables in the expressid(t) must be defined.
The variable must be a scalar value. The functf@th must return a scalar.
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Example

% oo F ¥ o= 10 t e )

qlt) = 6"

Dhia vt Actunl rosul
9« = 70 G00999HI999507 glx) = @0
dx

4 :-IEI y o= TEH S0 00oia006n glx)y = $00
dx

d & 5

— ¥ = 31 99FeaeEaaaaG ®° = 32
dy

d_!llﬁ ¥ = 0 {Bield anpaaasion doas il

at wvvban 1, dhaiendive is i)

Comments 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 asingularity of the function. The accuracy of this algorithm tends to decrease by one
significant digit for each increase in the order of the derivative (see nth derivative operator).
The result of differentiating is not afunction, but a single number: the computed derivative at
theindicated value of the differentiation variable. In the previous example, the derivative of x3
isnot the expression 3x2 but 3x2 evaluated at X = 2 . If you want the expression 3x2, you
will need to use either live or menu symbolics.

Although differentiation returns just one nurgber, you can still define one function asthe
derivative of another. For example: f(x) := —g(X) . Evaluating f(x) will return the numerically
computed derivative of g(x) at x. You can ugé(this technique to evaluate the derivative of a
function at many points viarange variables.

Tochangetheappearanceof the derivative symbol to apartial derivative symbol, choose Options
from the Math menu, click the Display tab and use drop-down options to make the selection.

Algorithm Modified Ridder's method (Pressal., 1992; Lorczak)

nth derivative d n
—f(t)
dth

Keystroke [Ctrl]? 2T

Description Returns theith derivative of(t) evaluated &t All variables inf(t) must be defined. The variable
t must be a scalar value. The functf(i) must return a scalan.must be an integer between 0
and 5 for numerical evaluation or a positive integer for symbolic evaluation.

Comments Forn = 1, this operator gives the same answer as the Derivative operator #6r , itsimply
returns the value of the function itself.

To change the appearance ofittrederivative symbol to amth partial derivative symbol, choose
Options from theMath menu, click the Display tab and use drop-down options to make the
selection.

Algorithm Modified Ridder's method (Pressal., 1992; Lorczak)
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Limit lim (1)
t-a

Keystroke [Crl]L -

Description Returns the two-sided limit of f(t). Must be evaluated symbolically.
Algorithm Series expansion (Geddes and Gonnet, 1989)
Right-Hand Limit  |im f(t)
t-at :
Keystroke [Ctrl][Shift]A o

Description Returns the right-hand limit of f(t). Must be evaluated symbolically.
Algorithm Series expansion (Geddes and Gonnet, 1989)
Left-Hand Limit |im f(t)
t > a
lim_
Keystroke [Ctrl][Shift]B =t

Description Returns the left-hand limit of f(t). Must be evaluated symbolically.
Algorithm Series expansion (Geddes and Gonnet, 1989)

Evaluation Operators
To access an Evaluation operator:
« type its keystroke, or

» choose the operator from the Evaluation toolbar:

= = = = ==

fx xzf zfy fo

Refer to “Accessing Operators” on page 447 for more information on how to access a
toolbar.
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Equals
Keystroke

Description

Definition
Keystroke

Description

Examples

c=

Returns numerical value of cif cis: avariable previously defined in the worksheet; a built-in
variable; aglobally-defined variable; or afunction of several such variables. Appears as an

ordinary = on the screen. Not used for symbolic evaluation.

z:=c, f(xyz..):=expr

Giveszthenumerica value ¢ from that point onward throughout the worksheet. Givesafunction
f(x,y,z...) the meaning prescribed by the expression expr from that point onward throughout the
worksheet. expr need not involve x, y, z, ... but it usually does; it may involve other built-in or

user-defined functions.

Campiling dislances bbb poists ENEFRITEOM )
®l =0 ¥l =14
¥Z = 3 yZ = 4 dist [x. y) =.|u?1}'2
¥E o -1 ¥a3 -1

Compuls destmsces fom orgin FEVL L FRORS)
dist{xl, ¥1 )= 15
dist{=2 ¥#)- 6
dist{x3, ¥3] - 1.414

Compule destmsce hobsmes poinis
dist{x2 - %1, ¥2 -¥1 ) - 3906
dist {23 -x1, ¥y3-¥1):=1.118
dist{s3 - w2 y3-y2) - &

Figure 18-3: Example 1.

SimuBancous dedsibon o throo vanables

o= 2
[ o atani x |
g |=| Inlx) @ = 11071407
LY " f = DEAgI4T2
’ v o= 1 4142106
Smnp s waninkilon
Aoz T B =2
A H
B A
A= 2 B =1

Figure 18-4: Example 2.
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Comments

Global Definition z=c f(X Y,z ...) =expr

Keystroke

Description

Comments

Y ou can define arrays in the same way as scalars, with the array name A ontheleft sideof a:=,
and a corresponding array of valuesto the right.

Y ou can likewise use arraysto define several variables at once, asthe previous example shows.
The left side of a simultaneous definition is an array whose elements are either names or
subscripted variable names. The right side must be an array of values having the same number
of rowsand columns astheleft side. Mathcad defines each variable on theleft sidewith thevalue
of the array in the corresponding position on the right side. Elements on the right side are all
evaluated before assigning any of them to the left side. Because of this, nothing on theright side
of an expression can depend on what is on the |eft side. Y ou a so cannot have a variabl e appear
more than once on the left side.

When you define a function, Mathcad does not try to evaluate it until you useit later on in the
worksheet. If thereis an error, the use of the function is marked in error, even though the real
problem may beinthedefinition of thefunctionitself. For example, if f(X) : = 1/x and you attempt
to evaluate f(0), the error flag occurs not at the definition of f(x) but when Mathcad encounters
f(0) for thefirst time.

Gives z the numerical value c and this holds throughout the worksheet (regardless of where the
global definition is positioned). Likewise, givesafunction f(x,y,z,...) the meaning prescribed by
the expression expr throughout the worksheet. expr need not involvex, y, z, ... but it usually does;
it may involve other built-in or user-defined functions.

Y ou can globally define arraysin the same way as scalars, with the array name A ontheleft side
of a =, and a corresponding array of valuesto theright.

Thisisthe algorithm that Mathcad uses to evaluate all definitions, global and otherwise:

« First, Mathcad takes one pass through the entire worksheet from top to bottom.
During this first pass, Mathcad evaluates global definitions only.

« Mathcad then makes a second pass through the worksheet from top to bottom. This
time, Mathcad evaluates all definitions made witlas well as all equations
containing=.

Although global definitions are evaluated before any local definitions, Mathcad eval-

uates 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 riglst of a

« that variable must also have been defined withand

» the variable must have been defimbdve the place where you are trying to use it.

Otherwise, the variable is marked in red to indicate that it is undefined.

Itisgood practiceto allow only one definition for each global variable. Although you can define

avariable with two different global definitions or with one global and one local definition, this
is never necessary and usually makes your worksheet difficult to understand.
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Symbolic Equals c -
Keystroke [Ctrl].

Description Returns live symbolic “value” af if ¢ is a variable previously defined in the worksheet, is a
built-in variable, is a globally-defined variable, or is a function of several such variables.

Comments The live symbolic equals sign is analogous to the numerical equals sign “=". You can use it to
symbolically simplify or factor algebraic expressions, or to symbolically evaluate derivatives,
integrals and limits. Note thats" applies only to an entire expression (unlike menu symbolics).

Prefix f x

fx

Keystroke NONE

Description Using the prefix custom operatdix returns the valugx), wheref is either a built-in or user-
defined function and is a real or complex number.

Examples
Lomewriing ham degress Coeaming Trom Falirdaiai
1o padiann e Ceislug
(®] = % dag '1_'.&':.-:1.";&:
REDY = 3.2 F
s | =4 F
Appioximataly aquaki
Wea [y — =i B fa- B[00 000
3w ZO000MNY = 1
Figure 18-5: Example 1: Defining your own operators.
:inllg' = LB — [Neplaying a fusciips the usesl way
wnt =088 — Dl aying the sema Tunciios s 1 H wene
El an operaied (ising fe el bamon)
Figure 18-6: Example 2: Displaying an operator asa function and a function
as an operator.
Comments In Figure 18-5, the symbol® " comes from the Symbol font. First define a functiSix)” as

illustrated, then click the Postfix button on the Evaluation toolbar to use postfix notation. For
postfix notation, type the name of the operator in the right placeholder and the operand in the left
placeholder.

Many publishers prefer to omit parentheses around the arguments to certain fusictioradtfer
than sin(x) ). You can do the same thing by treatingsthéunction as an operator with one
operand, as in Figure 18-6.
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Postfix X f

Keystroke
xf

NONE

Description Using the postfix custom operator, x f returns the value f(x), where f is either a built-in or user-
defined function and x isareal or complex number.

Comments In Figure 18-5, on page 465, the symBgl¢omes from the Symbol font. First define a function
“°(x)" as illustrated, then click the postfix button on the Evaluation toolbar to use postfix notation.
For postfix notation, type the name of the operator in the right placeholder and the operand in
the left placeholder.

Infix xfy

Keystroke
NONE xfy

Description Using the infix custom operatotf y returns the valui{x,y), wheref is either a built-in or user-
defined function and, y are real or complex numbers.

Comments In Figure 18-5, on page 465, the symbgl tomes from the Symbol font. First define a binary
function “=(x,y)" as illustrated, then click the infix button on the Evaluation toolbar to use infix
notation. For infix notation, type the name of the operator in the middle placeholder and the
operands in the left and right placeholders.

Likewise, in Figure 18-6, on page 465, the binary functig®,)” is defined and then displayed
in the more conventional manner+y”. Functions and operators are fundamentally the same.
Although notation like #(x,y)" is unconventional, use it if you prefer.

Treefix X f y

}{fjf

Keystroke NONE

Description Using the treefix custom operatgrf,,, returns the valufx,y), wheref is either a built-in or user-
defined function and andy are real or complex numbers.

Comments In Figure 18-5, on page 465, the symbsl tomes from the Symbol font. First define a binary
function “+(x,y)" as illustrated, then click the treefix button on the Evaluation toolbar to use
treefix notation. For treefix notation, type the name of the operator in the middle placeholder and
the operands in the left and right placeholders.
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Boolean Operators
To access a Boolean operator:
e type its keystroke, or

» choose the operator from the Boolean toolbar:

= = =

>
Z =2 A v F

Refer to “Accessing Operators” on page 447 for more information on how to access a
toolbar.

Greater than x>y, S1>8S2

Keystroke >

Description For real scalarsx andy, returns 1 if x>y, O otherwise.
For string expressions SL and 22, returns 1 if Sl strictly follows S2in ASCI| order, O otherwise.

Less than x<y, S1<8&2

Keystroke <

Description For real scalarsx and y, returns 1 if x <y, O otherwise.
For string expressions SL and 2, returns 1 if Sl strictly precedes S2in ASCII order, O otherwise.

Greater than or equalto x>y, S1>S2

=

Keystroke [Ctrl])

Description For real scalarsx andy, returns 1if x>y, O otherwise.
For string expressions S1 and 22, returns 1 if Sl follows S2 in ASCII order, O otherwise.

Less than or equalto X<Yy,S1<S2
Keystroke [ Ctrl](

=

Description For real scalarsx andy, returns 1 if x<y, O otherwise.
For string expressions S1 and 22, returns 1 if S1 precedes 2 in ASCII order, O otherwise.

Not equal to z#w, S1# S2
Keystroke [Ctrl]3

=

Description For scalarszand w, returns 1 if z# w, O otherwise.
For string expressions S1 and 2, returns 1 if Sl is not character by character identical to S2, 0
otherwise.
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Bold Equals z=w

Keystroke [Crl]=
Description Returns 1if z = w, 0 otherwise (also known as Boolean equals). Appears as abold = on the
screen. Also used when typing constraint equationswithin solve blocks or when typing equations
to be solved symbolically.
and x ay
Ful
Keystroke [Ctrl][Shift]7
Description x [ yreturnsthe value 1 if both x and y are nonzero, and O if at least one of x or y is zero.
Comments The value O isregarded as FAL SE; any nonzero value (including 1) isregarded as TRUE. The
Boolean and operator evaluates the right argument if and only if the left argument is TRUE.
x [ yisalso known asthelogical conjunction of x and y.
or x gy y
Keystroke [Cirl][Shift]6
Description x [ yreturnsthe value 1 if at least one of x or y is nonzero, and 0 if both x and y are zero.
Comments The value O isregarded as FAL SE; any nonzero value (including 1) isregarded as TRUE. The
Boolean or operator evaluates the right argument if and only if the left argument is FALSE.
x [ yisalso known asthe logical (inclusive) digunction of x and y.
xor x Oy
_ &
Keystroke [Cirl][Shift]1l
Description x yreturnsthevalue 1if precisely one of x or y isnonzero, and 0 if both x and y are zero or
both are nonzero.
Comments The value O isregarded as FAL SE; any nonzero value (including 1) is regarded as TRUE.
x[ yisthesameas(x[] y)[J= (xO y)andisasoknownasthelogical exclusivedisjunction
of xandy.
not -1 X
=
Keystroke [Ctrl][Shift]5
Description -1 Xreturnsthe value O if x isnonzero and O if xis zero.
Comments The value O isregarded as FAL SE; any nonzero value (including 1) is regarded as TRUE.
= X isalso known asthelogical negation of x.
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Programming Operators
To access a Programming operator:
e type its keystroke, or

» choose the operator from the Programming toolbar:

Frograrmming

Add Line —
it otherwise

far wihile
break continue

return an errar

Refer to “Accessing Operators” on page 447 for more information on how to access a
toolbar.

Joecial Note: these operators are valid only within a Mathcad programming structure.

Local Definition ,, _ f(a,b,c, ...)

{ —

Keystroke

Description Gives w the numerical value of the function f(a,b,c,...) within a program.
Outside the program, w remains undefined.

Add Line
Keystroke ] -
Add Line
Description Inserts alinein a program. When you insert the Add Line operator the first time, a program is

created (avertical bar with two placeholders). If you select either of these placeholdersand insert
the Add Line operator again, more placeholders are created.

Conditional Statement ; if

Keystroke  } if

Description Within aprogram, permits eval uation of astatement only when aspecified conditionismet. Y ou
must insert this operator using its toolbar button or equivalent keystroke. (Conditional if is not
the same as the built-in if function (do not just type the word “if").
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Otherwise Statement

Keystroke

Description

For Loop

Keystroke

Description

While Loop

Keystroke

Description

otherwize

[Ctri][Shift]}

nthenwise

Within a program, used in conjunction with the if statement to exhaust possibilities not yet
covered. Y ou must insert this operator using its toolbar button or equivalent keystroke. (Do not
just type the word “otherwise”.)

for nsn

1
[CtrI][Shift]”

for

Within a program, permits evaluation of a sequence of statements a specified number of times.
Theright hand placeholder usually containsarange variable. Y ou must insert thisoperator using
its toolbar button or equivalent keystroke. (Do not just type the word “for".)

while g

|
[Ctl"]] while

Within a program, permits evaluation of a sequence of statements until a specified condition is
met. The right hand placeholder usually contains a Boolean expression. You must insert this
operator using its toolbar button or equivalent keystroke. (Do not just type the word “while”.)

Break Statement ...

Keystroke

Description

See also

[Ctri][Shift]{ hreak

Within afor or while loop, halts loop execution. Usually used in conjunction witlfistatement,

that is, halting occurs if a specified condition occurs. Execution moves to the next statement
outside the loop. You must insert this operator using its toolbar button or equivalent keystroke.
(Do not just type the word “break”.)

continue andreturn

Continue Statement qptine

Keystroke [Crl]] cantinue
Description Within afor or while loop, halts loop execution, skips remaining steps, and continues at the
beginning of the next iteration of the next loop. Usually used in conjunction witstatement,
that is, halting occurs if a specified condition occurs. You must insert this operator using its
toolbar button or equivalent keystroke. (Do not just type the word “continue”.)
See also break andreturn
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Return Statement return g

Keystroke

Description

See also

returmn

[Ctri][Shift]]

Within a program, halts program execution. Usually used in conjunction with an if statement,
that is, halting occursif aspecified condition occurs. Also, within afor or while loop, haltsloop
execution. Y ou must insert this operator using itstoolbar button or equivalent keystroke. (Do not
just type the word "return™.)

break and continue

On Error Statement

Keystroke

Description

Comments

1 O EITOr g

On error

[Crl)

Within aprogram, permits computation of an alternative expression when an arbitrary numerical
error flagisraised. Y ou must insert this operator using itstool bar button or equival ent keystroke.
(Do not just type the phrase "on error".)

on error executes the right-hand argument first. If no error occurs, it returns the result of the
right argument. If an error occurs, then the error is cleared and the left argument is returned.

on error isageneral purpose error trap. It is more powerful than using the return statement,
coupled with some specific test, to deal with inputs that give rise to numerical error.
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Chapter 19
Symbolic Keywords

This chapter lists and describes Mathcad’s symbolic keywords. The keywords are listed

alphabetically.

Accessing Symbolic Keywords
You can access symbolic keywords in two ways:

Simply type in the keyword as shown for that keyword, or

Select the keyword from the Symbolic toolbar.
1. First, click theSymbolic Toobar button on the math menu:

Math 3|
=
A ]
2 %

aﬁg

The Symbolic toolbar appears.
2. Click the button of the keyword that you want to use.

(I8

Symbolic ]
— " Modifiers
float complex assume
Solve simplify  substitute
factor expand coeffs
collect Series parfrac
fourier laplace fdrans
invfourier invlaplace imctrans
M= ' = | —
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The M odifier s keyword button corresponds to symbolic modifiers.

kM odifier

ATIUME real

RealRange trig

The modifier assume is discussed on page 475. The other three modifiers, real, RealRange
and trig, are used in some cases with the simplify keyword; refer to simplify on page 481
to find out how to use these modifiers.

Most of the keywords have equivalent menu choices on the Symbolics menu.

Window Help
Ewvaluate 3
Simplify
Expand
Factaor
LCallzct
Polynomial Coefficients

Wariable 3
b atrix r
Transform 3

Ewaluation Shyle...

However, these menu choices are not “live,” which means they do not use any previous
definitions in your worksheet and do not automatically update when you revise your
worksheet.

Finding More Information

Refer to the Resource Center QuickSheets for examples involving keywords. Select
Resour ce Center from theHelp menu. Then click on the QuickSheets icon and select
a specific topic.
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Keywords

assume
Syntax
Description

Example

coeffs
Syntax
Description

See also

Comments

collect
Syntax
Description
See also

Comments

assume, constraint

Imposes constraints on one or more variables according to the expression constraint. A typical
constraint might be that var < 10.

assume can also constrain avariable to bereal or to fall within a certain range of rea values.
Use the following modifiers:
var =real evaluates the expression on the assumption that the variable var isreal;

var=RealRange(a,b) evaluates on the assumption that var isreal and lies between
aand b, whereaand b are real numbers or infinity (type [Ctrl][Shift]z to display ).

Symhnlic svaluation Caiplix avaldation

[--]
2 4 [T | . f
1 L] complex = cosin-@) 4 0 -sin{n-8}
e " dy = —1x - ;
2

o

Flearing peint owalialien
" ol
-E':'I dx Moat, 10 —=  BSE2PR9255
-0

Corsiralngd avaliatios

" P | assume &3 7, &= real =
0 i

{ o ks constrained 9 ho groaie thes 1 and ieal )

coeffs, var

Finds coefficients of apolynomial whenitiswrittenin terms of ascending powers of thevariable
or subexpression var. Mathcad returns a vector containing the coefficients. The first element of
the vector isthe constant term and the last element is the coefficient of the highest order termin
the polynomial.

convert, parfrac for example

Another way to find the coefficients of apolynomial isto enclose the variable or subexpression
var between the two editing lines and choose Polynomial Coefficients from the Symbolics
menu.

collect, varl, var2, ..., varn
Collects terms containing like powers of the variables or subexpressions var1 through varn.
expand for example

Another way to collect terms isto enclose the expression between the editing lines and choose
Collect from the Symbolics menu
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complex
Syntax
Description
See also

Comments

complex

Carries out symbolic evaluation in the complex domain. Result is usually of theform a+iD.
assume for example

Another way to evaluate an expression in the complex domain is to enclose the expression
between the editing lines and choose Evaluatell Complex from the Symbolics menu.

convert, parfrac

Syntax

Description

Example

Comments

expand
Syntax

Description

convert, parfrac, var

Converts an expression to a partial fraction expansion in the variable var.

Enpanding oopreshans 1o garil Iraciane

2x%_ 3% .1 snwert, parirac x 1 14 3
Sofyan, & W . — 4 - -
PR L R T [3(x-3)] [six+32] (x+2)

Lk th “roofls™ keyword o fioal a8 adpressions 55 a pelynemial aed walic sur the coefcieas.,

Gpacily sifar 3 vasisbls or 3 function sx an smumsnt in e key
F-a-b
2
#bxt - xa2® . 2-l: - 3-a-bcoofls . x —= 2
* K
1]
ab

]
a

S 4 2-sind a0 coells, sinda -~ 1

4

The symbolic processor triesto factor the denominator of the expressioninto linear or quadratic
factorshavinginteger coefficients. If it succeeds, it expandsthe expression into asum of fractions
with these factors as denominators. All constants in the selected expression must be integers or
fractions; Mathcad does not expand an expression that contains decimal points.

Another way to convert an expressionto apartial fractionisto click onthevariablevar anywhere

in the expression. Then choose Variabled Convert to Partial Fraction from the Symbolics
menul.

expand, expr

Expands all powers and products of sumsin an expression except for the subexpression expr.
Theargument expr isoptional. Theentire expression isexpanded if the argument expr isomitted.
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Example

Comments

factor
Syntax

Description

See also

Comments

float
Syntax

Description

See also

Comments

Fx||i|n-ng H U p RS N
eyt owpand xtcaty ey oaayt eyt

cos(5 x) expand - 18 coalx)® - 20 coaix)® + 5 coe )

a1y szl epand M1 = (X a1y s (X s 10E

Facmarisg sxpossieas
ERIZ9VETEETIY tactar — | 73) f11:]‘-3$‘|3.’3:]l|:|?__-

gt -9x-8.12")
[(x-1)][ix+arix+ad]]

factor =
K+ o+ 2

;.2 - 2 factor .,E - |:_l; + .,IE.: 1 - .l;.:l

Dol e 1 iiiTe

:=-a1,.-1=+i-||=:-:||:-:|b|:t: —-‘I-a-||-:|=+'_21‘=-1:u

P oayx sbyw-axycolesdt xy ~ 1 -ay x+ib-alyx

Another way to expand an expression is to enclose the expression between the editing lines and
choose Expand from the Symbolics menu.

factor, expr

Factors an expression into a product, if the entire expression can be written as a product.

If the expression is a single integer, Mathcad factors it into powers of primes.

If the expression is a polynomial or rational function, Mathcad factorsit into powers of lower-
order polynomials or rational functions. The argument expr is optional.

expand for example

If youwant tofactor an expression over certainradical s, follow the factor keyword withacomma
and the radicals.

Y ou may be able to simplify an expression by factoring subexpressions, even if the expression
taken as awhole can't be factored. To do so, enclose a subexpression between the editing lines
and choose Factor from the Symbolics menu. Y ou can also use the Factor menu command to
factor an entire expression, but the Symbolics menu commands do not use any previous
definitionsin your worksheet and do not automatically update.

float, m

Displays afloating point value with mplaces of precision whenever possible. If the argument m,
an integer, is omitted, the default precisionis 20.

assume for example

Another way to perform floating point evaluation on an expression is to enclose the expression
between the editing lines and choose Evaluateld Floating Point from the Symbolics menu.
In the Floating Point dialog box, specify the number of digitsto the right of the decimal point.
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fourier
Syntax

Description

Example

Comments

invfourier
Syntax
Description
See also

Comments

fourier, var

Evaluates the Fourier transform of an expression with respect to the variable var.

Dirac ('t} fourier. @ —= 1 Fress |Cul] [Shif] . ie insem a translom kgl

a . i 2
imffourer, @ - T-ompl-thdt] ¢ —eampoledd -t
14 ;12 Z k]

1

cxp-ad) laplace, 1 - -
L& + A

imilaplace., s — -a-enp(-a-t; - Dirac(l) <— Dwaci is an mpsbse o 10
£ 4+ & Alrhagh nod sumuricnlby
dafined. Mateoad's symbeahc
PIOGE S EOT PECOENTE 6 Thas

£ fenctinn

:inl. ’-1' Zirans . b = - -
2 ) (1, 2%

[ Sus Ayt 81, “OTser
2 wrirant. 2 — 2" Special Fusclioes”, for inip
-2 oo g Dines daits funcion )

+ o0 .
Mathcad returns afunction of w given by: f(t)e~'@tdt wheref(t) is the expression to be
transformed. -

Mathcad returns afunction in the variable wwhen you perform aFourier transform because this
isacommonly used variable namein thiscontext. |f the expression you aretransforming already
contains an w, Mathcad avoids ambiguity by returning afunction of the variable ww instead.

Another way to evaluate the Fourier transform of an expression is to enter the expression and
click on the transform variable. Then choose Transform Fourier from the Symbolics menu.

invfourier, var
Evaluates the inverse Fourier transform of an expression with respect to the variable var.
fourier for example

+ .
Mathcad returnsafunction of t given by: L J’ F(w)e'Pdw whereF(w) istheexpression
21—
to be transformed.

Mathcad returns afunction in the variable t when you perform an inverse Fourier transform
because thisis a commonly used variable name in this context. If the expression you are
transforming already contains at, Mathcad avoids ambiguity by returning a function of the
variable tt instead.

Another way to evaluate the inverse Fourier transform of an expressionisto enter the expression
and click on the transform variable. Then choose TransformO I nverse Fourier from the
Symbolics menu.

478

Chapter 19 Symbolic Keywords



invlaplace
Syntax
Description
See also

Comments

invztrans
Syntax
Description
See also

Comments

laplace
Syntax
Description
See also

Comments

invlaplace, var
Evaluates the inverse Laplace transform of an expression with respect to the variable var.
fourier for example

O+ico
Mathcad returnsafunction of t given by: ﬁjﬁ e F(s)eStdt whereF(s)istheexpressionto

be transformed and all singularities of F(s) areto theleft of theline Re(s) = ¢ .

Mathcad returns afunction in the variable t when you perform an inverse Laplace transform
because thisis a commonly used variable name in this context. If the expression you are
transforming already contains at, Mathcad avoids ambiguity by returning a function of the
variable tt instead.

Another way to evaluate theinverse L aplace transform of an expressionisto enter the expression
and click on the transform variable. Then choose Transform[ I nver se L aplace from the
Symbolics menu.

invztrans, var
Evaluates the inverse z-transform of an expression with respect to the variable var.
fourier for example

Mathcad returnsafunction of ngiven by acontour integral around theorigin: ﬁ I c F(2)z"~1dz

where F(2) isthe expression to be transformed and C is a contour enclosing all singularities of
the integrand.

Mathcad returns afunction in the variable n when you perform an inverse z-transform since this
isacommonly used variable namein thiscontext. If the expression you aretransforming already
contains an n, Mathcad avoids ambiguity by returning afunction of the variable nn instead.

Another way to evaluate the inverse z-transform of an expression is to enter the expression and
click onthetransform variable. Then choose TransformO I nver seZ from the Symbolics menu.

laplace, var
Evaluates the Laplace transform of an expression with respect to the variable var.
fourier for example

+ 00
Mathcad returns afunction of s given by: I o f(t)e~stdt , where f(t) is the expression to be
transformed.

Mathcad returns afunction in the variable swhen you perform a Laplace transform since thisis
acommonly used variable name in this context. If the expression you are transforming already
contains an s, Mathcad avoids ambiguity by returning afunction of the variable ssinstead.

Another way to evaluate the Laplace transform of an expression is to enter the expression and
click on the transform variable. Then choose TransformO L aplace from the Symbolics menu.
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series
Syntax

Description

Example

Comments

series, var=z, m

Expands an expression in one or more variables, var, around the point z. The order of expansion
ism. Arguments zand m are optional. By default, the expansion is taken around zero and is a
polynomial of order six.

Ganerailng & sories apound S poie €=
; L 1
Inix + ¥ eprigs 0 -~ In(yl + — - —
¥R
Ganuiating @ saiies o sinj=) with arder 6:

o 1
sin(x) eorlet N 6 - x - Su® . ¥
& 120

Ixpmaranng & sevies arpnd the gaint =1 st =1 ks chimae onky thess wrms whose
EEganan sum 1o bess than 3:

. 1 .2
e .y series W=, v, 3 =expl 1 el (x - 105 ¥+ ;“F‘-‘,‘ 1% -1y

Press [Ol] = for the ceeal sign

Mathcad finds Taylor series (seriesin nonnegative powers of the variable) for functionsthat are
analytic at 0, and Laurent series for functions that have a pole of finite order at 0. To develop a
serieswith acenter other than 0, the argument to the series keyword should be of theform var =z,
wherezisany real or complex number. For example, series, x=1 expands around the point x=1.
Press[ Ct r | ] = for the equal sign.

To expand a series around more than one variable, separate the variables by commas. The last
line in the exampl e above shows an expression expanded around x and y.

Another way to generate a series expansion isto enter the expression and click on avariable for
which you want to find a series expansion. Then choose Variable[d Expand to Seriesfrom the
Symbolics menu. A dialog box will prompt you for the order of the series. This command is
limited to aseriesin asingle variable; any other variables in the expression will be treated as
constants. The results also contain the error term using the O notation. Before you use the series
for further calculations, you will need to delete this error term.

When using the approximationsyou get from the symbolic processor, keepinmindthat the Taylor
series for afunction may converge only in some small interval around the center. Furthermore,
functionslike sin or exp have serieswith infinitely many terms, while the polynomials returned
by Mathcad have only afew terms (how many depends on the order you select). Thus, when you
approximate a function by the polynomial returned by Mathcad, the approximation will be

reasonably accurate closeto the center, but may be quiteinaccuratefor valuesfar from the center.
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simplify
Syntax

Description

Example

Comments

simplify

Simplifies an expression by performing arithmetic, canceling common factors, and using basic
trigonometric and inverse function identities.
To control the simplification, use the following modifiers:

assume=real simplifies on the assumption that al theindeterminatesin the expression arereal;

assume=RealRange(a,b) simplifies on the assumption that al the indeterminates are rea and
are between a and b, where a and b are real numbers or infinity ([Ct r | ]2);

trig, simplifies atrigonometric expression by applying only the following identities:

sn(x)+ cos(x)? = 1 cosh(x)? —sinh(x)? = 1,
but does not simplify the expression by simplifying logarithms, powers, or radicals.

2

-3x -4
;+EI-5:II'HFMT = 3x-4

E -4
E_Ell'lll. simpiity = a2

F 2 i v il
gimiImia b2 )™ simplily — 1 - cos(lnad « Inib};
gindinia b gimplily g = 1 . ceslmia b
; C P
'__i'b_' simplity = .Eh_'

ik
L) gimplity assumesreal = 3B % o press [ou] - for tia

— afual mgn,

Ju® gamplty = cegn(x) x

Ju® sienplify | aseume = RealRange - 10, - %) —= -¥ <. Press [Ci] = for the
gl sign.

Y ou can also simplify an expression by placing it between the two editing lines and choosing
Simplify from the Symbolics menu. This method is useful when you want to simplify parts of
an expression. Mathcad may sometimes be able to simplify parts of an expression even when it
cannot simplify theentire expression. If simplifying the entire expression doesn't give theanswer
you want, try selecting subexpressions and choosing Simplify from the Symbolics menu. If
Mathcad can't simplify an expression any further, you'll just get the original expression back as
the answer.

In general, when you simplify an expression, the simplified result will have the same numerical
behavior astheoriginal expression. However, when the expression includes functionswith more
than one branch, such as square root or theinverse trigonometric functions, the symbolic answer
may differ from a numerical answer. For example, smplifying asin(sin(0)) yields 6, but this
equation holds true numerically in Mathcad only when 6 is a number between —172 and 172.
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solve
Syntax solve, var
Description Solves an equation for the variable var or solves a system of equations for the variablesin a

vector var.
Examples
1 -
FrarsR DT
M-:;-E-l:tma.r-- . ’ :
—_—  A1- &L
- 2T oA ]
a - 348
1-:|:=+1:--2+a=d1~u.:|: R L Usiz |Crir] = far the cgssl
i — | wigm.
-1 - Jes

al 1-5"" seve | — -:;1 ® mp:':u-':i-.ﬂi'
I-g (o - cXpl- )]

% 5x% - 4. 2030 solve.x - | CROARIECD)
six

a. v+ 1 solwe.1 = | -w Wil o nesd = when [Tnliag
s

Figure 19-1: Solving equations, solving inequalities, and finding roots.

lsing T “wohen™ kagrwond jpovees [Oil] + | Shif]sPmiode

1
K

olvg
¥

—(t.g-b - &)
-1 = 8w
Given K+ Txyma o Ul [Chi]= o type @e agqusl

K- Sx-faa

-

d4x - y=by - .

¥ —[-4-a + b}
(-1 + 8=
Using & s b block: :

X « ymb
1
o — _E.';I.I:E-n-.b ]
Findix,y| —= | = ) )
48« b
-1 & 8x)

Figure 19-2: Solving a system of eguations symbolically.
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Comments

substitute
Syntax

Description

Example

Comments

Solving equationssymbolically isfar moredifficult than solving them numerically. The symbolic
solver sometimes does not give a solution. Many problems can only be solved via numerical
approach and many more yield symbolic solutions too lengthy to be useful.

Another way to solve for avariableis to enter the equation, click on the variable you
want to solve for in an equation, and choose Variabled Solve from the Symbolics
menu.

Y ou can use either the symbolic solve keyword or a solve block, asillustrated above,
to solve a system of equations symbolically. Noinitial guess values are necessary for
symbolic schemes.

substitute, varl= var2

Replaces all occurrences of avariable var1 with an expression or variable var2.
Press[Ct r | ] = for the equal sign.

To mahalituie = fur & in the espresson belaw, uss the “subyiies © beywond sed an
aigiiimiat indicating wisch vaiable w5 réglace with which a%pressiog Lee [Owl] = far da
susl glgn b the srumeat

! a E

E -gtubﬂillﬂt E=g — A
z L]

Submtiteting Thadsix(] Toi g

|
51 '5'1 eyt y=lignix)} =

| ; 2
A1 = fisnix))

Mathcad does not substitute a variable for an entire vector or a matrix. Y ou can, however,
substitute a scalar expression for a variable that occursin a matrix.
To do so, follow these steps:

1. Select the expression that will replace the variable and choose Copy from the Edit menu.

2. Click onanoccurrenceof thevariableyouwant to replaceand choose Variable Substitute
from the Symbolics menu. Y ou can also use this menu command to perform a substitution
in any expression.
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ztrans
Syntax
Description
See also

Comments

ztrans, var
Evaluates the z-transform of an expression with respect to the variable var.
fourier for example roo

Mathcad returns afunction of z given by: z f(n)z", wheref(n) is the expression to be
transformed. n=0

Mathcad returns afunction in the variable z when you perform az-transform since this
isacommonly used variablenameinthiscontext. If theexpressionyou aretransforming
already contains az, Mathcad avoids ambiguity by returning afunction of the variable
zzinstead.

Another way to evaluate the z-transform of an expressionisto enter the expression and
click on the transform variable. Then choose Transform Z from the Symbolics
menu.
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Special Functions

Mathcad sometimes returns a symbolic expression in terms of afunction that isn't one of Mathcad's built-

in functions.

You can define many of these functions in Mathcad. See the “Other Special Functions” topic in the

QuickSheets of the Resource Center for examples.

The list below gives definitions for these functions. ExcepEfoerf, andZeta, all of which involve
infinite sums, and alsw, you can use such definitions to calculate numerical values in Mathcad.

Function Definitions
Name

Euler’s constant

Hyperbolic cosine integral

Cosine integral

Dilogarithm function

Dirac delta (unit impulse) function

Exponential integral

Complex error function

Fresnel cosine integral

Fresnel sine integral
Incomplete elliptic integral of
the second kind

Complete elliptic integral
of the second kind

Associated complete elliptic integral

of the second kind

Definition
0" O
y = lim Ez E"”(”)EZ 0.57721566..
n - oo
=1 0

Chi(x) = y+In(x) +IXM’ht9;ldt
0

Ci(x) = y+In(X) +J‘X%?;1dt
0

dilog(x) = J‘lx%ﬁ

Dirac(x) = 0 iis not zero.

I Dirac(x)dx = 1

. _ * Xn
Ei(x) = y+In(x) + oo x> 0)

n=1

(_1)n22n+
erf(z) = [ 2 n@n+ 1) (for compleny

X
= %2
FresnelC(x) = IOCOSEQt %ﬂt

X
- iy (42
Fresnel S(x) J’osmEQt %:It

_ k Dle/zdt

LegendreE(x, k) —I 0 2 O

LegendreEc(k) = LegendreE(1, k)

LegendreEc1(k) = LegendreEc(y1—-k?2)
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Incomplete elliptic integral of
the first kind

Complete elliptic integral of
thefirst kind

Associated complete elliptic integral
of thefirst kind

Incomplete elliptic integral

X

dt

_ 1
LegendreF(x, k) = Io J(1-12)(1-k2 @2)

LegendreKc(k) = LegendreF(1, k)

LegendreKcl(k) = LegendreKc(/1—k?2)

X

1

of the third kind LegendrePi(x, n, k) =I dt

Complete dliptic integral
of the third kind

Associated complete elliptic
integral of the third kind

Digamma function

Polygamma function

Hyperbolic sine integral

Sineintegra

Lambert W function

Riemann Zeta function

Comments

0J(1-n? ). J1-2)(1-K212)

LegendrePic(n, k) = LegendrePi(1, n, k)

LegendrePicl(k) = LegendrePic(n, +/1—k>2)

Psi(x) = %m(r(x))

dn
Psi(n, k) = —Psi(x
(1 = Lesicy
X .
shi(x) = [ Sinh(t) g
O t

X .
Si(9) = [ Sn() g

0 t
W (X) isthe principal branch of afunction

satisfying W (x) Cexp(W(X)) = Xx.
W(n, X) isthe nth branch of W(X) .

Zeta(x) = z lx (x>1)
n

n=1

The Psi function and I" appear frequently in the results of indefinite sumsand products. If you useasingle
variable name rather than afull range in the index placehol der of a summation or product, and you choose
Evaluate Symboalically or another symbolic evaluation command, Mathcad will attempt to calculate an
indefinite sum or product of the expression in the main placeholder. The indefinite sum of (i) isan
expression (i) for which S(i + 1) —S(i) = f(i).

The indefinite product of f(i) is an expression P(i) for which Pa+1) _ f(i).

P(i)
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SI Units

Base Units

m (meter), length
A (ampere), current
mole or mol, substance

Angular Measure

rad = 1
Length

cm = 0.010m

ft = 0.3048 On

mi = 5280 [ft
Mass

_3

gm = 10 " [kg

mg = 10-3 gm

oz = Ib

16

Time

min = 60 (&

yr = 365.2422 [tay
Area, Volume

hectare = 104 [n?

mL = 103 0L

Velocity, Acceleration

h:ﬂi
mp hr

Force, Energy, Power

N = kgE’%
S
kgf = glkg
cal = 4.1868 [
W:‘_]
S

kg (kilogram), mass
K (kelvin), temperature

= I
deg = 150 (rad
km = 1000 Cm
in = 254 [tm

tonne = 1000 [kg
ton = 2000 b

hr = 3600 [

acre = 4840 Gyd?
fl_oz = 29.57353 [tm3

km
kph = =—
P hr
dyne = 105 [N
J=ND[On
kcal = 1000 [ktal
kW = 1000 OW

s (second), time
cd (candela), luminosity

sr = 1[&r
mm = 0.001 Cm
yd = 30t

Ib = 453.59237 [gm
slug = 32.1740b

day = 24 Chr

L = 0.001[m°
gal = 128 [fl_oz

g = 9.80665 1
S
Ibf = gb
erg = 1077
BTU = 1.05506 (103 [J
hp = 550 tDSbf
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Pressure, Viscosity

in_Hg = 3.37686 (1103 [Pa

poise = 0.1 [Pals

Electrical
C=AG
kv = 1030V
MQ = 108
-V
H= A
HA = 1076 A
F = 9
Vv
uF = 108 [F
_ 1000
0= Tt

Frequency, Activity

Hz = 1
s

GHz = 10°[Hz

Temperature
R = 0.556 [K
Dose

J
Gy = =
Y G

Luminous Flux, Illuminance

Im = cd [&r

_ lof

psi =
in2

torr = 1.33322 (1102 [Pa

V:g
C
-V
Q=x
-1
S=3
pH = 108 H
mA = 103[A
pF = 1072 [F
Wb =V s
T:VLb
m2
kHz = 103[Hz
1
Bg = =
q S
J
Sv = =
kg
_ cd [kt
Ix = -

atm = 1.01325 [110° [Pa

2
stokes = 104 E’%

mV = 103 [V
kQ = 103

mho = é

mH = 103 H
kA = 103[A

nF = 109[F

gauss = 104 [T

MHz = 106 [Hz

Hza = 20t1[Hz

SI Units

489



CGS units

Base Units

cm (centimeter), length
coul (coulomb), charge

Angular Measure

rad = 1
Length

m = 100 [tm

ft = 30.48 [tm

mi = 5280 [t
Mass

kg = 1000 Chm

mg = 10-3 gm

0z = lb

16

Time

min = 60 [sec

yr = 365.2422 [tay

Area, Volume
hectare = 108 [tm?
mL = cm3

Velocity, Acceleration

h:ﬂi
mp hr

¢ = 2.997925 (o0 (EM
Sec

Force, Energy, Power

dyne = gm e
sec?

kgf = glkg
cal = 4.1868 (107 [krg
watt = joule

sec

gm (gram), mass
K (kelvin), temperature

= I
deg = 150 (fad
km = 1000 Om
in = 254 [tm

tonne = 1000 [kg
ton = 2000 Ob

hr = 3600 [kec

acre = 4840 Oyd?
fl_oz = 29.57353 [tm3

km
kph = =—
P hr
c_:chic
m

newton = 10° [Hyne

erg = dyneltm

BTU = 1.05506 (1010 [krg

kW = 1000 Ovatt

sec (second), time

mm = 0.1[tm
yd = 3Ot

Ib = 453.59237 [gm
slug = 32.1740b

day = 24 [hr

liter = 1000 (tm3
gal = 128 [fl_oz

g = 980.665 (FL
S€C2

Ibf = glb

joule = 107 [krg
kcal = 1000 [tal

hp = 550 LI
Sec
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Pressure, Viscosity

Pa = 10 gLne psi = Ibt

cm? in2
in_Hg = 3.38638 103 [Pa torr = 1.33322 [102 [Pa

poise = 0.1 [(Pal%ec

Electrical

atm = 1.01325 [110° [Pa

2
cm

stokes = —
sec

These are CGS-esu units, based only on mass, length, and time. The “stat” units are defined i

terms of dyne, cm, and sec.

statamp = dyne®5 [bm [sec! statcoul = dyne®> [km

statohm = sec [bm™! statsiemens = cm Csec1

statweber = dyne®> [tm stathenry = sec? [bm™1
Frequency

- 103
Hz = 1 kHz = 103 Hz
sec

GHz = 10°[Hz Hza = 201[Hz
Temperature

R = 0.556 [K

Conversions to SI Units

- C _ watt
amp = 10 Cktatamp volt amp
coul = amp [kec farad = coul

volt

U.S. Customary Units

Base Units
ft (foot), length Ib (pound), mass
coul (coulomb), charge K (kelvin), temperature

Angular Measure
rad = 1 _ _TU

deg = 180 (fad

statvolt = dyne®5

statfarad = cm

stattesla = dyne®5 [bm [Bec—2

MHz = 106 [Hz

ohm = Yolt
amp
henry = volt ==
amp

sec (second), time

U.S. Customary Units
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Length

in = {L

12

cm = 0.01Cim

mm = 0.001 Cm
Mass

slug = 32.1740b

Ib

kg = —————

9 = 045350237

mg = 10-3 ym
Time

min = 60 [sec

yr = 365.2422 [tay

Area, Volume

acre = 4840 yd?

liter = 0.035 [Ft°

Velocity, Acceleration

h= M
mp hr

Force, Energy, Power

Ibf = gOb
kgf = glkg
cal = 4.1868 [Joule
watt = joule
sec

Pressure, Viscosity

_ lbf

psi = :
in2

in_Hg = 3.386 (103 [Pa

poise = 0.1 [(Pal[%ec

M = 03048
mi = 5280 [ft
0z = 1B

16

tonne = 1000 [kg

hr = 3600 [kec

hectare = 104 [m2
mL = 103 Oiter

km
kph = =—
P hr

newton = kg Di2
SEC

joule = newton m
kcal = 1000 [ktal

hp = 550 CLLDf
Sec

pa = newton
m?2
torr = 1.333 (1102 [(Pa

yd = 30t

km = 1000 [m
ton = 2000 Ob
gm = 103 kg
day = 24 [hr

fl_oz = 29.57353 [tm3
gal = 128 [fl_oz

g = 217404

sec?

dyne = 10-5 [hewton
erg = 10~ Joule

BTU = 1.05506 (103 Joule
kW = 1000 Civatt

atm = 1.01325 [110° [Pa

2
cm

stokes = —
sec
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Electrical

volt = Watt
amp

ohm = Yolt
amp

Q = ohm

henry = weber

p
amp = coul
KA = 103 Camp

nF = 10-° Farad

_ 1000
oersted = 1on DammE

Frequency

Hz = —
Sec

GHz = 10°[Hz
Temperature
R = 0.556 [K

MKS Units

Base Units

m (meter), length
coul (coulomb), charge

Angular Measure
rad = 1

mV = 1073 Gvolt

-1
mho = P
KQ = 103 Cbhm

puH = 1076 Chenry
HA = 108 Camp
coul

volt

uF = 10-% Farad

farad =

tesla = webzer

kHz = 103[Hz

Hza = 20Ot[Hz

kg (kilogram), mass

K (kelvin), temperature

= T
deg = 180 (fad

KV = 103 volt

siemens = —
ohm

MQ = 106 [bhm
mH = 10-3 Chenry

mA = 103 Camp
pF = 10712 Farad

weber = volt [kec

gauss = 104 [Gesla

MHz = 106 [Hz

sec (second), time

MKS Units
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Length

cm = 0.010m

ft = 0.3048 [m

mi = 5280 [t
Mass

_ 43

gm = 10 " [kg

mg = 10-3 gm

0z = lb

16

Time

min = 60 [sec

yr = 365.2422 [tay

Area, Volume
hectare = 104 M2
mL = 103 Oiter

Velocity, Acceleration

h:ﬂi
mp hr

Force, Energy, Power

newton = kg RALLE
sec?

kgf = glkg
cal = 4.1868 [Joule

watt = Loule
sec

km = 1000 Om
in = 254[tm

tonne = 1000 [kg

ton = 2000 Ob

hr = 3600 [kec

acre = 4840 Gyd?
fl_oz = 29.57353 [tm3

km
kph = =—
P hr

dyne = 1075 [hewton

joule = newton [m
kcal = 1000 [tal
kW = 1000 Civatt

mm = 0.001 Cm
yd = 3Ot

Ib = 453.59237 [gm

slug = 32.1740b

day = 24 [hr

liter = (0.1 On)3
gal = 128 [fl_oz

g = 9.80665 (>
Sec

Ibf = gb

erg = 10~ Joule
BTU = 1.05506 (103 [joule

hp = 550 CLLLIB!
Sec
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Pressure, Viscosity

newton

Pa = ==

m

in_Hg = 3.38638 (1103 [Pa

poise = 0.1 [Pa[sec

Electrical
volt = watt
amp
ohm = Yolt
amp
= ohm
henry = weber
p
amp = M
kA = 108 Camp

nF = 10-° Farad
_ 1000
oersted = 1on DammE

Frequency

Hz = —
Sec

GHz = 10°Hz
Temperature
R = 0.556 [K

_ lof

psi =
in2

torr = 1.33322 (1102 [Pa

mV = 1073 Gvolt

-1
mho = s
kQ = 103 bhm

puH = 1078 [henry
HA = 108 Camp
coul

volt
UF = 1078 Farad

farad =

tesla = Weber
m2
kHz = 103 [Hz

Hza = 20Ot[Hz

atm = 1.01325 [110° [Pa

2
stokes = 104 (1=
sec

kV = 103 Cvolt

. 1
siemens = ——
ohm

MQ = 106 [bhm
mH = 1073 [henry

mA = 103 Camp
pF = 10712 Farad

weber = volt [kec

gauss = 104 Resla

MHz = 106 [Hz

MKS Units
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Predefined Variables

Mathcad’s predefined variables are listed here with their default starting values.

Constant=Value

= 3.14159...
e=2.71828...

o0 = 10307

% =0.01

CTOL = 103

CWD = “[system path]”

FRAME =0
inn=0

ORIG N=0
PRNCOLW DTH=8
PRNPRECI S| ON=4

TOL = 10°3

Meaning

Pi. Mathcad uses the value of 1tto 15 digits. To type Tt, press
[Crl][sShift]p.

The base of natural logarithms. Mathcad uses the value of eto 15

digits.

Infinity. This symbol represents values larger than the largest real

number representable in Mathcad (about 10307). To type oo, press
[Crl][shift]z.

Percent. Use in expressions like 10* %(appears as 10 %) or asa
scaling unit at the end of an equation with an equal sign.

Constraint tolerance used in solving and optimization functions:
how closely aconstraint must be met for asolution to be considered
acceptable.

String corresponding to the working folder of the worksheet.
Counter for creating animation clips.

Input variablesi(n0, i n1, etc.) in a Mathcad component in a
MathConnex system. See thiathConnex User’'s Guider details.

Array origin. Specifiesthe index of the first element in arrays.
Column width used in writing files with WRITEPRN function.

Number of significant digits used when writing files with the
WRITEPRN function.

Tolerance used in numerical approximation algorithms (integrals,
equation solving, etc.): how close successive approximations must
be for a solution to be returned. For more information, see the
sections on the specific operation in question.
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Suffixes for Numbers

Thetable bel ow shows how Mathcad i nterprets numbers (sequences of a pha-numerics
beginning with anumber and ending with a letter).

Radix

Suffix Example Meaning
b, B 100001b Binary

h, H 8BCh Hexadecimal
0,0 10070 Octal

Units and other

Suffix Example Meaning

iorj 4i, 1j, 3+ 15j Imaginary

K -273K Standard absolute temperature unit

L —2.54L Standard length unit

M 2.2M Standard mass unit

Q -100Q Standard charge unit

S 6.97S Standard substance unit in SI unit system
T 3600T Standard time unit

C 125C Standard luminosity unit in S| unit system

Note Because Mathcad by default treats most expressionsinvolving anumber followed immediately
by aletter to mean implied multiplication of a number by a variable name, you will need to
backspace over the implied multiplication operator to create expressions like 4. 5M
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Greek Letters

To type a Greek letter into an equation or into text, press the Roman equivalent from
the table below, followed by [Ct r | ]G. Alternatively, use the Greek toolbar.

Name Uppercase Lowercase Roman equivalent
alpha

beta

chi

delta

epsilon

eta

gamma

iota

kappa
lambda

mu

nu

omega
omicron

phi

phi (alternate)
pi

psi

rho

sigma

tau

theta

theta (alternate)
upsilon

Xi

zeta

00N ZZI>X"—"T1TImMmbBb XwW>

DA QO£ €68 0 = <T X —< 35 m oaxX ™K

MmC
NXCoecO-dmnwIBT<TVToweTNMOSZZI-rX—OIMOUOm>

NIl <0 -4dM7DT€ 3

4

Note The Greek |etter Ttis so commonly used that it hasitsown keyboard shortcut: [Ct r | ][Shi f t ]P.
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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.

[1] Move crosshair down. In math: move editing lines down. In text:
move insertion point down to next line.

[<] Move crosshair left. In math: select |eft operand. In text: move
insertion point one character to the | eft.

[-] Move crosshair right. In math: select right operand. In text: move
insertion point one character to the right.

[PgUp] Scroll up about one-fourth the height of the window.

[PgDn] Scroll down about one-fourth the height of the window.

[Shi ft][] In math: move crosshair outside and above expression. In text:
highlight from insertion point up to previous line.

[Shi ft][:] In math: move crosshair outside and below expression. In text:
highlight from insertion point down to next line.

[Shift][-] In math: highlight parts of an expression to the |€ft of the insertion
point. In text: highlight to left of insertion point, character by
character.

[Shift][-] In math: highlight parts of an expression totheright. Intext: highlight
to right of insertion point, character by character.

[Crl][] In text: move insertion point to the beginning of aline.

[Cril]fe] In text: move insertion point to the end of aline.

[Crl][-] In text: move insertion point left to the beginning of aword.

[Crl][-] In text: move insertion point to the beginning of next word.

[Crl][O Insert a hard page break. In math: insert addition with line break

operator. In text: set the width of the text region.

[Ctrl][Shift][+] Intext: highlight from insertion point up to the beginning of aline.
[Crl][Shift][:] Intext: highlight from insertion point to end of the current line.
[Crl][Shift][-] Intext: highlight left frominsertion point to the beginning of aword.
[Crl][Shift][-] Intext: highlight from insertion point to beginning of the next word.
[Space] In math: cycles through different states of the editing lines.

[Tab] In text: moves the insertion point to the next tab stop. In math or plot:
move to next placeholder.

[Shi f t ][Tab]
[Shi f t ][PgUp]
[Shi f t ][PgDn]

In math or plot: move to previous placeholder.
Move up to previous pagebreak.
Move down to next pagebreak.

[Horre] Moveto beginning of previous region. In text, move to beginning of
current line.
[End] Move to next region. In text, move to end of current line.
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[Ctr]][Hone] 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.

[d] In text: start new line. In equation or plot: move crosshair below
region, even with left edge of region.

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 or template.

[Al t ][F4] Close Mathcad.

[F5] Open a worksheet or template.
[Ctrl][F5] Search for text or math characters.
[Shi ft][F5] Replace text or math characters.
[F6] Save current worksheet.
[Ctr]][F6] Make next window active.
[Crl][F7] Inserts the prime symbol (‘).

[F7] Open a new worksheet.

[F9] Recalculate a selected region.
[Crl][F9] Inserts blank lines.

[Ctrl][F10] Deletes blank lines.

Note These function keys are provided mainly for compatibility with earlier Mathcad versions.
Mathcad also supports standard Windows keystrokes for operations such as file opening,
[Ctrl]0, and saving, [Ct r | ]S], copying, [Ct r | ]C], and pasting, [Ct r | ]V]. Choose
Prefer ences from the View menu and check “Use standard Windows shortcut keys” on the
General tab to enable all Windows shortcuts.
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ASCII codes

Decimal ASCII codes from 32 to 255. Nonprinting characters are indicatetpby “
Code Character Code Character Code Character Code Character Code Character

32  [space] 80 P 130 , 182 1 230 &
33 ! 81 Q 131 f 183 - 231 ¢
34 82 R 132, 184 | 232 &
35 # 83 S 133 .. 185 1 233 é
36 % 84 T 134 ¢ 186 © 234 &
37 % 85 u 135 % 187 » 235 &
38 & 86 V 136 ° 188 Vi 236 i
39 87 W 137 %o 189 % 237 i
40 88 X 138 S 190 % 238 1
41 ) 89 Y 139« 191 ¢ 239 i
42 * 90 z 140 & 192 A 240 B
43+ 91 | 141-4npc 193 A 241 A
44 , 92\ 145 ¢ 194 A 242 9
45 - 93 ] 146 195 A 243 6
46 . 94 A 147 196 A 244 6
47 95 148 197 A 245 &
48 0 96 149 . 198 /[ 246 6
49 1 97 a 150 - 199 C 247 =+
50 2 98 b 151 — 200 E 248 g
51 3 99 c 152 - 201 E 249 0
52 4 100 d 153 ™ 202 E 250
53 5 101 e 154 § 203 E 251
54 6 102 f 155 > 204 1 252 0
55 7 103 ¢ 156 e 205 | 253 vy
56 8 104 h 157-8pc 206 1 254 b
57 9 105 i 159 Y 207 1 255
58 : 106 160 npc 208 D

59 : 107 k 161 209 N

60 < 108 | 162 ¢ 210 O

61 = 109 m 163 £ 211 O

62 > 110 n 164 = 212 O

63 ? 111 o 165 ¥ 213 O

64 @ 112 p 166 ! 214 O

65 A 113 q 167 § 215  x

66 B 114 r 168 - 216 @

67 o 115 s 169 © 217 U

68 D 116 t 170 @ 218 U

69 E 117 u 171 « 219 U

70 F 118 v 172 = 220 U

71 G 119 w 173 - 221 Y

72 H 120 «x 174 ® 222 b

73 I 121 vy 175 ~ 223 R

74 122 z 176 ° 224 A

75 K 123 { 177 + 225 &

76 L 124 | 178 2 226 &

77 M 125 '} 179 3 227 &

78 N 126 ~ 180 228 &

79 O 127-9npc 181 229 &
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I n d ex animation

compressing AVI files 125
creating 125

O (Enter key) 2 playback 126
[ (integral) 142 saving 125
- (symbolic equal sign) 260 saving with worksheet 126
X (vector cross product) 136 speed 125-126
2 (vector sum) 136 antisymmetric tensor function 155, 445
— (vectorize operator) 136, 213 APPEND function 200
2 and [ (summation and product) 136 APPENDPRN function 200, 320
I (factorial) 129 approximations
% 496 root of expression 166
() (parentheses) 51 arccosecant 319
+,—, -, and /131 arccosine 319
, 377,429 arccotangent 319
:= (definition) 13, 101 arcsecant 321
<, >, <, 2 (inequalities) 131 arcsine 321
= (Boolean equal) 132 arctangent 321
= (evaluating expression) 14, 103 area
| - | (determinant) 136 collapsing 91
| - | (magnitude/absolute value) 136 deleting 93
oo (infinity) 496 inserting 91
# (not equal to) 132 locking and unlocking 91
Vv (square root) 131 naming 92
3D Plot Format dialog box 246 password protecting 91
absolute value 133, 451 arg function 321
accessing Mathcad from other applications 314 arguments
accessing other applications from Mathcad 297-298 of functions 109
acos function 319 arithmetic mean 377
acosh function 319 arithmetic operators 131
acot function 319 absolute value 451
acoth function 319 addition 449
acsc function 319 addition with line break 449
acsch function 319 complex conjugate 451
ActiveX 308, 314 division 450
adaptive smoothing of data 183 exponentiation 451-452
add line 469 factorial 450
addition 131, 449 multiplication 450
with line break 449 negation 450
Ai function 320 nth root 451
Airy functions 153, 320, 323 parentheses 449
algorithms range variable 453
See numerical methods square root 451
aligning subtraction 450
output tables 211 arrays
regions 85 calculations by element 213
text 62 copying and pasting 212
and 131 creating 37, 203
and function 468 defining with range variables 204
angle function 320 displaying in results 210
Animate command 125 exporting data from 215
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extracting arow or column 209
functions for 159
graphical display of 215
importing data into 208
nested 117, 217
operators for 133
ORIGIN used with 209
See also matrices and vectors
arrow keys, for editing 9, 499
ASCII codes
entering in strings 38
table 501
asec function 321
asech function 321
asin function 321
asinh function 321
assume keyword 264, 475
assume keyword modifier 266
atan function 321
atan2 function 322
atanh function 322
augment function 162, 322
Author’s Reference 28, 97
Auto (on status bar) 122
automatic calculation mode 122
autoscaling of axis limits 229
AutoSelect
in numerical integration 142
in solving 171
overriding 143, 172
AVI files
compression 125
creating 125
hyperlinking from worksheet 126
playback 126
Axum component 297
Axum graphs in Mathcad 227
Axum LE 227
background color 89
bar plots (3D)
formatting 246
base of results (decimal/octal/binary) 117
base units 119
bel function 153, 322
ber function 323
Bessel functions 153
Ai function 320
bei function 322
ber function 323
Bi function 323
10 function 354

11 function 355
In function 357
JO function 360
J1 function 360
Jn function 361
jsfunction 361
KO function 361
K1 function 361
Kn function 362
YO function 444
Y1 function 444
Yn function 444
ys function 445
Bessel Kelvin functions 153
beta distribution 334, 389, 398, 403
Bi function 153, 323
binary numbers 36, 117
binomial distribution 334, 389, 398, 404
bitmaps
color palettes 73
copying from the Clipboard 72
creating pictures from 71
functions for reading 200
blank lines, inserting or deleting 87
blank pages in printouts 98
blank space between regions 10
BMP files 71, 91, 200
bold equals 468
bookmarks 26
Boolean operators 131, 133, 155, 169
and function 468
bold equals 468
greater than 467
greater than or equal to 467
less than 467
less than or equal to 467
not equal to 467
not function 468
or function 468
xor function 468
border around a region
regions
putting borders around 10
boundary value 325, 384, 411, 427
boundary value problems 195
break statement 289, 470
breaking equations 270
bspline function 323
B-splines 178
built-in functions
listed by type 149

504

Index



built-in variables 103
bulleted paragraphs 62
Bulstoer function 324
bulstoer function 324
business functions 183
bvalfit function 196, 325
CAD drawings 306
Calc on message line 123
calculation 14
controlling 122
disabling for individua equation 124
equations 14, 103
locking area 91-92
order in worksheets 103
result format 115
units in 118
calculator, using Mathcad as 12
calculus operators
definite integral 458
derivative 460
indefinite integral 460
left-hand limit 462
limit 462
nth derivative 461
product 457
range product 458
range sum 457
right-hand limit 462
summation 456
calling Mathcad from other applications 314
Cauchy distribution 334, 389, 398, 404
cell function 326
Celsius 114, 120
CFFT function 327
cfft function 326
CGS units 119, 490
characters, deleting or inserting in math 46
Chebyshev polynomials 439
Chi function 486
chi-squared distribution 335, 390, 398, 404
cholesky function 328
Ci function 486
Clipboard 53, 270
closing a worksheet 20
closing Mathcad
See exiting Mathcad
CMP (colormap) files 202
cnorm function 176
cnper function 328
coeffs keyword 263, 475
Collaboratory 22, 29

collapsing an area 92
collect keyword 263, 475
colon (:) as definition symbol 13, 101
color
Electronic Book annotation 24
equation highlight 89
in equations 55
in text 61
of worksheet background 89
color images
displaying 69
reading 200
color palettes for bitmaps 73
colormap 367, 427
colormap files 202, 249
cols function 328
column vectors
See vectors
combin function 329
combinatorics functions 155
combin function 329
permut function 390
combining matrices
augment function 322
stack function 432
common logarithm 369
complex conjugate 133, 451
complex keyword 262, 476
complex numbers
arg function 321
conjugate 133
csgn function 332
determining angle 133
display of 117
entering 36
Im function 357
imaginary unit symbol 117
magnitude of 133
operators and functions for 133, 156
Re function 404
real and imaginary parts 133
signum function 429
vector field plots 244
complex threshold 117
Component Wizard 298
components
application-based 297
customizing 310
inserting 298
overview of 297
redistributing 310
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scripted 308
computing results 14, 103
concat function 329
cond1 function 329
cond2 function 329
conde function 329
condi function 329
condition number of matrix 329
conditional

functions 155, 199

statement 286
conditional function if 356
conditional statement if 469

confluent hypergeometric function 379, 393

conjugate (complex) 133
conjugate, complex 451
constants

changing the font style of 54

See also numbers and predefined variables

constraint
in solve blocks 169
tolerance 171
congtraints in solve blocks 344, 387
context menu
See pop-up menu
continue statement 290, 470
contour integrals 145
contour plots
creating 243
formatting 246
See also plots, 3D
control components 311
convert keyword 263, 269
Convert to Partial Fraction command 269
convert, parfrac keyword 476
converting to partia fractions 263
coordinate system transform functions 162
copy and paste 10, 74, 121
copying
expressions 53
from Electronic Book 25
regions 10
results 121
copying regions 10
corr function 330
correlation coefficient 330
cos function 330
cosh function 330
cosineintegral 486
cot function 330
coth function 330

covariance 334
crate function 330
CreateMesh function 331
CreateSpace function 331
creating
2D plots 219
3D plots 235
contour plots 243
Electronic Books 97
hyperlinks 95
pop-up window 95
region tags 96
Space curve 239
surface plots 237, 240
text regions 57
vector field plots 244
worksheet templates 79
creating arrays 203
cross product 136, 453
crosshair for insertion 10
csc function 332
csch function 332
csgn function 332
csort function 165, 332
cspline function 332
CTOL variable 171, 344, 387, 496
cuberoot 117
cubic spline interpolation 177
cumint function 333
cumprn function 333
cumulative distribution functions 174
cumulative probability
See probability distribution
curve fitting
functionsfor 179
polynomial 180
using cubic splines 177
curves, finding area under 142
custom operators 146
cvar function 334
cyl2xyz function 334
O function 445
d/dx
See derivatives
dashed selection rectangle 10
data
entering into atable 207
graphing 227
Data Acquisition component (DAC) 313
datafiles
exporting from an array 217
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functions for reading and writing 200

importing data from 208

reading data from 205

reading into a matrix 205

writing from an array 215
datainput 208
databases, exchanging data with 300, 303
date in header or footer 91
dbeta function 334
dbinom function 334
dcauchy function 334
dchisg function 335
debugging aworksheet 127
decimal places

in displayed results 116

internal precision 115
decimal points

numerical calculation 116

symbolic calculation 262
decomposition

matrix 165

partial fraction 263
default formats

2D plots 231

3D plots 246

numerical results 115

template 79

worksheet layout 79
defining

complex numbers 36

functions 109

global variables 104

local variablesin program 284

multiple definitions of variable 104

numbers 36

operators 146

programs 283

range variables 106

See also creating

strings 38

units 114, 119

variables 13, 101
definiteintegral 273, 458
definition 452, 463

global 464

local 469
definition symbol (:=) 13, 101
degrees, converting to radians 121, 152
deleting

blank lines 87

charactersin math 46

equations 12
hard page breaks 90
hyperlinks 96
operators 50
parentheses 52
parts of an expression 53
regions 12
text 58
deltafunction 445, 486
derivative 460
derivatives 139
higher order 141
symbolic 271
determinant 136, 278, 454

Developer's Reference 28, 309, 311, 314

device-independent bitmap 72
dexp function 335
dF function 175, 335
dgamma function 335
dgeom function 335
dhypergeom function 336
diag function 336
dialects (spell-checker) 68
DIB
See device-independent bitmap
dictionaries (spell-checker) 68
differential equation solvers
Bulstoer function 324
bulstoer function 324
bvalfit function 325
multigrid function 384
Odesolve function 387
relax function 411
Rkadapt function 415
rkadapt function 414
rkfixed function 415
sbval function 427
Siffb function 433
stiffb function 433
Siffr function 435
stiffr function 434
differential equations 187
higher order 187, 190
partial 197
second order 187, 190
slowly varying solutions 193
smooth systems 193
stiff systems 193
systems 191
differentiation 460—461
See derivatives
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differentiation variable 139, 141
dilog function 486
dilogarithm function 486
dimensions 113
Dirac function 486
disabling equations 66, 124
display of arrays 210
display of operators 130
displayed precision
See decimal places
distribution functions 174
division 131, 450
dinorm function 336
dlogis function 336
dnbinom function 336
dnorm function 337
dot product 135, 453
double integrals 145, 458
Down One Level command 217
dpois function 337
drag and drop 10, 25, 53, 74, 76, 254
dragging regions 10
drawings
See pictures
dunif function 337
dweibull function 338
€ function 155, 445
e, base of natural logarithms 102, 367, 496
Edit Go to Page command 9
Edit Links command 77
editing equations
annotated example 45
applying an operator 46
changing a number 46
changing avariable or function name 46
compared to word processors 45
deleting an operator 50
deleting parentheses 52
deleting parts of expression 53
inserting an operator 47
making expression an argument to a function 52
moving parts of an expression 53
moving/rearranging egquations 85
editing lines 16, 45
eff function 338
Ei function 486
eigenanaysis 338-339, 351
eigenvals function 338
eigenvalues 164
eigenvec function 338
eigenvecs function 339

eigenvectors 164
Electronic Book
browsing history 24
copying information from 25
creating 97
moving around in 23, 26
searching for information in 24
toolbar 23, 26
Electronic Books 21, 95, 97
elliptic integral 486
Email 99
endpoints for ranges 108
engineering notation 116
Enter key 2
epsilon function 155
equal sign (=)
in numerical calculations 103
in solve blocks 168
symbolic calculations 260, 275-276
equality constraints 169
equals 452, 463
bold 468
equations
as constraints in solve blocks 169
breaking 270
calculating results 14, 103
color 55
disabling calculation for 66, 124
dragging and dropping 53
effect of range variables in 108
errors in 126
font 54
global definitions 104
in text 65
locking in area 91-92
order of evaluation 103, 122
processing and calculating 13, 122
properties 66, 124
solving for root 166
solving symbolically 275-277
solving with solve blocks 167
styles 54
units in 112
variable definition 101
equations, solving 344, 387, 422
erf function 339, 486
erfc function 339
ERR variable 379
ERR variable an#linerr 171
error function 340
error messages
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correcting 128

custom 198

in equations 126

in programs 293

tracing the source of 127

with units 114
error string function 293
Euclidean norm 454
Euler's constant 486
Euler's gamma function 445
Evaluate Complex command 269
Evaluate Floating Point command 262, 269
Evaluate in Place option 270
Evaluate Symbolically command 269-270
evaluation operators

definition 463

equals 463

global definition 464

infix 466

postfix 466

prefix 465

symbolic equals 465

treefix 466
Excel

Excel component 300

reading an Excel data file 205

writing data to an Excel file 215
exclusive or 131
exiting Mathcad 20
exp function 340
Expand command 269
expand in series 263
expand keyword 262, 269, 476
expand nested arrays 117
Expand to Series command 262
Expert Solver 168, 172
expfit function 340
exponent 131
exponential

function 153

notation, entering 37

notation, in displayed results 116
exponential distribution 335, 390, 399, 413
exponential function 340
exponential integral 486
exponentiation

matrix case 451-452

scalar case 451-452
exporting

components as MCM 310

worksheets as HTML 80

worksheets as RTF 83

exporting data 215

expression type functions
IsArray function 359
IsScalar function 360
IsSring function 360
UnitsOf function 439

expressions
applying a function to 52
converting to partial fractions 269
correcting errors in 128
deleting parts of 53
error messages in 126
evaluating 103
expanding 262, 269
factoring 263
finding the coefficients of 263
moving parts of 53
selecting several 85
simplifying 270
symbolic evaluation of 260-261

Extending Mathcad in the Resource Center 22

Extension Packs 149

extrapolation 395

F (function) keys, table of 500

F distribution 335, 390, 399, 413

@ function 446

Factor command 269

factor keyword 263, 477

factorial 450

factorial (1) 131

Fahrenheit 114, 120

fast Fourier transform 157, 341, 343

FFT function 343

fft function 340-341

fhyper function 343

file access functions 199—-200
APPENDPRN function 320
GETWAVINFO function 352
LoadColormap function 367
READ_BLUE function 405
READ_GREEN function 405
READ_HLSfunction 405
READ HLS HUE function 406
READ_HLS LIGHT function 406
READ_HLS SAT function 406
READ_HSV function 406
READ_HSV_HUE function 406
READ_HSV_SAT function 407
READ_HSV_VALUE function 407
READ_IMAGE function 407
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READ_RED function 408
READBMP function 405
READPRN function 407
READRGB function 408
READWAYV function 409
SaveColormap function 427
WRITE_HLSfunction 442
WRITE_HSV function 442
WRITEBMP function 441
WRITEPRN function 442
WRITERGB function 443
WRITEWAV function 443
File Read/Write component 205, 215
File Send command 99
files
opening 80
reading data from 200, 205
saving 20
See also datafiles
See also worksheets
writing datato 200
filters
for exporting data 215
for importing data 205
finance
cnper function 328
crate function 330
cumint function 333
cumprn function 333
eff function 338
fv function 348
fvadj function 349
fvc function 349
ipmt function 359
irr function 359
mirr function 384
nom function 385
nper function 386
npv function 387
pmt function 391
ppmt function 394
pv function 396
rate function 403
finance functions 183
Find function 168, 277, 344, 387
first order differential equation 189
float keyword 262, 477
floor function 348
font
changing in header or footer 91
changing in math 54

changing in text 60
footers 90
for loop 287
for loop statement 470
Format Header/Footer command 90
Format Properties command 66
Format Style command 63
formatting
2D plots 229
3D plots 246
numbersin matrices 211
operators 130
results 115
symbolic 270
worksheets 89
Formatting toolbar 8
math styles 56
text styles 64
fourier keyword 263, 279, 478
Fourier transform functions
fft function 340
Fourier transforms
aternate form 343
CFFT function 327
cfft function 326
FFT function 343
fft function 341
ICFFT function 355
icfft function 355
IFFT function 357
ifft function 357
numeric functions 157
symbolic 263, 279
fractions
displaying results as 116
FRAME for animation 125
frequency
Fourier analysis 341
statistical counts 352
Fresnel cosineintegral 486
Fresnel C function 486
Fresnel Sfunction 486
FTP 29
functions
applying to an expression 52
built-in 149
business 183
colormap 202, 249
combinatorics 155
complex arithmetic 133
defining 16, 109

510

Index



error message 198
file access 199
finance 183
Fourier transform 157
hyperbolic 153
inserting 149
interpolation 177
inverse trigonometric 152
list of categories 317
log and exponential 153
matrix decomposition 165
number theory 155
optimization 166
other special 486
piecewise continuous 155, 199
population statistics 173
prediction 177
probability distribution 174
recursive 111
regression 179
See also built-in functions
smoothing 183
solving 166
specia 156
statistical 173
string manipul ation 198
tensor 155, 198
that take vector arguments 159
to find roots of expressions 166
to manipulate strings 198
trigonometric 151
uniform polyhedra 202
user-defined 39, 109
vector and matrix 159
future value calculations 185
fv function 348
fvadj function 349
fvc function 349
I" function 445
gamma (Euler's constant) 486

gamma distribution 335, 391, 399, 413

gamma function 445

Gauss hypergeometric function 343
Gaussian distribution 176, 337, 392, 401, 422

ged function 349
generalized
regression 182
genfit function 350
geninv function 350
genvals function 351
genvecs function 351

geometric distribution 335, 391, 399, 414

geometric mean 352
GETWAVINFO function 352
Given function 344, 387
Given, in solve blocks 168, 277
global definition 464
global definitions 104—-105
gmean function 352
Gopher 29
graphics, inserting 69
graphing

data 225

expressions 224

functions 224, 236

in 2D 219

in 3D 235

uniform polyhedra 202

vector 225
graphs

creating 18, 202, 235

formatting 19

resizing 19

Seealso plots, 2D
greater than 131, 467
greater than or equal to 131, 467
greatest common divisor 349
greatest integer function 348
Greek letters

in equations 40

in text 59

table of 498
Greek toolbar 41, 59, 498
guess

for solve blocks 168
guidelines for aligning regions 86
hard page breaks 90
harmonic mean 354
HBK files 22
headers and footers 90
Heaviside step function 446
Help

Author’s Reference 28

context-sensitive 27

Developer's Reference 28

on-line 27

See also Resource Centend technical support

Her function 352

Hermite polynomial 352
hexadecimal numbers 37
highlighting equations 88
highpass filter 446
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hist function 352
histogram 352
histogram function 353
history of browsing in Electronic Book 24
hlookup function 354
hmean function 354
HTML 25, 80
HTTP 29
hyperbolic cosineintegral 486
hyperbolic functions 153
cosh function 330
coth function 330
csch function 332
sech function 428
sinh function 429
tanh function 438
hyperbolic sineintegral 487
hypergeometric 336, 343, 379, 391, 393, 400, 414
hyperlinks
deleting 96
editing 96
to other file types 97
to regions 96
to worksheets 95
Hypertext Markup Language
See HTML
i (imaginary unit) 36
10 function 354
11 function 355
ibeta function 355
IBM’s techexplorer™ Hypermedia Browser 81
ICFFT function 355
icfft function 355
identity function 356
if conditional statement 469
if function 155, 199, 356
if statement 286
IFFT function 357
ifft function 357
Im function 357
image file
BMP format 71, 200
in headers and footers 91
imaginary Bessel Kelvin function 322
imaginary numbers
entering 36
symbol for 36, 117
imaginary value 117
implied multiplication 45, 112, 497
importing data 205, 208
impulse function 445, 486

In function 357
incompatible units (error message) 113
incomplete
beta function 355
elliptic integral 486
gamma function 445
increments for ranges 108
indefinite integral 273, 460
indented paragraphs 62
index variables
Seerange variables
inequalities
as constraints in solve blocks 169
infinity (o0) 40, 496
infix 466
in-line division 135
inner product 453
in-place activation 74, 300
Input Table component 207-208
input to a component 298
Insert Area command 91
Insert Function command 149
Insert Hyperlink command 95
Insert key 47, 58
Insert Link command 95
Insert Math Region command 66
insert matrix 453
Insert Matrix command
to create array 37, 203
to resize array 204
Insert Object command 10, 74, 121
Insert Reference command 94-95
Insert Unit command 113, 118
inserting
blank lines 87
characters 46
equations in text 65
functions 52
graphic objects 74
graphics computationally linked 77
hyperlinks 95
math region 66
minus sign in front of expression 51
parentheses around expression 51
pictures 69
text 58
units 113
worksheet 93
insertion point 12
installation instructions 6
integral transforms

512

Index



Fourier 263, 279
Laplace 264, 279
z 264, 279
integrals 142
algorithms 142
AutoSelect 142
contour 145
double 145
indefinite 273
symbolic evaluation of 273
tolerance 144
variable limits 144
integration 458, 460
adaptive 143
infinite limits 143
Romberg 143
singular endpoints 143
IntelliMouse support 9, 257
intercept function 358
interest rate 185
internal rate of return 186
International System of units (SI) 119
Internet
access 28
Collaboratory 29
Web browsing 25
Internet Explorer
See Microsoft Internet Explorer
Internet setup 29
interp function 358
interpolation
cubic spline 177
functions 177
linear 177
interpolation functions
bspline function 323
cspline function 332
interp function 358
linterp function 366
Ispline function 371-372
pspline function 395

interrupting calculations in progress 124

inverse
cumulative distributions 174
Fourier transform 263, 279
Laplace transform 264, 279
matrix 136
trigonometric functions 152
z-transform 264, 279
inverse cumulative probability

See inverse probability distribution

inverse hyperbolic functions
acosh function 319
acoth function 319
acsch function 319
asech function 321
asinh function 321
atanh function 322

inverse of matrix 454

inverse probability distribution functions

gbeta function 398
gbinom function 398
gcauchy function 398
gchisg function 398
gexp function 399
gF function 399
ggamma function 399
ggeom function 399
ghypergeom function 400
glnorm function 400
glogis function 400
gnbinom function 400
gnorm function 401
gpois function 401
gt function 402
qunif function 402
gweibull function 402
inverse trigonometric functions
acos 319
acot function 319
acsc function 319
angle function 320
asec function 321
asin 321
atan function 321
atan2 function 322
invfourier keyword 263, 279, 478
invlaplace keyword 264, 279, 479
invztrans keyword 264, 279, 479
ipmt function 359
irr function 359
IsArray function 359
IsScalar function 360
IsSring function 360
iterated product 136
iterated sum 136
iteration
in programs 287
with range variables 15
iwave function 360
j (imaginary unit) 36
JO function 360

Index
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J1 function 360
Jac function 360
Jacobi polynomia 360
Jacobian matrix 194, 433
JavaScript 309
Jn function 361
jsfunction 361
JScript 309
KO function 361
K1 function 361
keywords, symbolic 261-263, 473
assume 475
coeffs 475
collect 475
complex 476
convert, parfrac 476
expand 476
factor 477
float 477
fourier 478
invfourier 478
invlaplace 479
invztrans 479
laplace 479
series 480
simplify 481
solve 482
substitute 483
ztrans 484
Kn function 362
knots 323
Kronecker’s delta function 445
ksmooth function 183, 362
Kummer function 379, 393
kurt function 363
kurtosis 363
Lag function 363
Laguerre polynomial 363
Lambert W function 487
laplace keyword 264, 279, 479
Laplace transforms 264, 279
Laplace’s equation 197, 384, 411
last function 363
Laurent series 263
Icm function 363
least common multiple 363
least integer function 326
least squares
<function>regress 409
genfit function 350
intercept function 358

linfit function 365
|oess function 368, 427
slope function 430
stderr function 432
Leg function 364
Legendre function 343
Legendre polynomial 364
LegendreE function 486
LegendreEc function 486
LegendreEcl function 486
LegendreF function 487
LegendreKc function 487
LegendreKcl function 487
LegendrePi function 487
LegendrePic function 487
LegendrePicl function 487
length function 364
less than 131, 467
less than or equal to 131, 467
Igsfit function 364
limit 462
left-hand 462
right-hand 462
limits, evaluating 130, 274
line break
in text 58
line function 364
linear
equations 344, 387
independence 403
interpolation 177, 366
prediction 177, 395
programming 167, 374, 381
regression 179, 409

system solver and optimizer 167
systems of differential equations 191

systems of equations 167
linfit function 365
link

See also hyperlinks

to objects 74

to other worksheets 93, 95
linterp function 177, 366
literal subscripts 41
In (natural log) function 367
Infit function 367
LoadColormap function 249, 367
local definition 469
local result format 17
lockable area

Sce area
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locked calculations 91-93
locking and unlocking an area 91
loess function 368, 427
log and exponential functions
exp function 340
In function 367
log function 369
log function 153, 369
logarithms and exponential functions 153
logfit function 369
logical operators
See Boolean operators
logistic distribution 391, 400, 420
lognormal distribution 391, 400, 420
long equations 270
lookup function 370
lookup functions 163
looping
for loop 287
while loop 288
lowpass filter 446
Isolve function 370
Ispline function
one-dimensional case 371
two-dimensional case 372
LU decomposition 373
lu function 373
magnitude 454
complex numbers 133
vector 136
mailing worksheets 99
mantissa 348
manual mode 122
Mapping functions 162
margins 89
match function 374
Math Optimization command 282
Math Options command 103
math styles
applying 55
Constants 54
editing 54
saving 56
Variables 54
Math toolbar 8, 41
Mathcad
accessing from other applications 314
Mathcad 6, 7, or 8 83
Mathcad OLE automation objects 314
Mathcad Overview 22
Mathcad Web Libary 22

Mathematical Markup Language
See MathML

MathML 81

MathSoft
contacting 6

MathSoft Control Components 311

MathSoft home page 26

MATLAB component 303

matrices
adding/deleting rows or columns 204
as array elements 217
calculations by element 213
creating 37
creating from bitmaps 200
creating with components 298
decomposition functions 165
defining by formula 204
defining with two range variables 204
definition of 37
determinant 136, 278
displayed as pictures 69
displayed as scrolling output tables 210
extracting a column 208
extracting elements 208
functions for 159
inverting 136
limits on size 203, 211
matrix arithmetic 135
numbering elements 209
operators for 133
ORIGIN used with 209
plotting in contour plot 243
plotting in surface plot 240
Seealso arrays
sorting by row or column 165
start with row and column zero 209
subscripts 208
transpose 136

matrix
changing size 204

Matrix Determinant command 278

Matrix display style 117

matrix function 374

Matrix Invert command 278

matrix operators
combining 322, 432
cross product 453
determinant 454
dot product 453
insert matrix 453
inverse 454
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magnitude 454 multiple roots

picture 455 finding with polyroots 167
raising to a power 451452 finding with solve blocks 170
subscript 453 multiple summations 137
sum 454 multiplication 44, 450, 453, 457-458
superscript 454 implied 45, 112, 497
transpose 454 multivalued functions 117
vectorize 454 names of variables and functions 39
Matrix Transpose command 278 National Instruments
max function 374 supported data acquisition devices 313
Maximize function 374 natural logarithm 367
MCD file 79 negating an expression 51
MCM file 310 negation 450
MCT file 79 negative binomial distribution 336, 392, 400, 420
mean function 377 nested arrays
measurement for the ruler 86 defining 217
medfit function 377 displaying 217
median function 377 expanding 117, 217
medsmooth function 377 nom function 385
metafile 72 nonlinear
mhyper function 379, 393 equations 344, 387, 422
Microsoft Internet Explorer 22, 25, 309 regression 350, 365
Microsoft Office 77 nonlinear systems of equations 167
min function 379 nonscalar value (error message) 107
Minerr function 171, 379 norm
Minimize function 381 of vector 136
minus sign 450 norml function 386
for negation 131 norm2 function 386
inserting in front of expression 51 normal distribution 176, 337, 392, 401, 422
MIP norme function 386
See mixed integer programming normi function 386
mirr function 384 not 131
mixed integer programming 172 not converging (error) 144
mixed number 452 not equal to 131, 467
mixed numbers not function 468
displaying results as 116 notations in thisgJser's Guide2
MKS units 119, 493 nperfunction 386
mod function 384 npvfunction 387
mode nth derivative 461
Seemanual mode nth order derivative 141
mode function 384 nth root 451
modifiers, symbolic 474 nth root 131
modulus 454 num2strfunction 387
moving number format
crosshair 10, 499 Seeresult format
editing lines 46, 499 number theory functions 155
insertion point 46, 499 gcdfunction 349
regions 10 Icm function 363
moving regions 10 modfunction 384
multigrid function 198, 384 numbered paragraphs 62
multiple integrals 145, 458 numbers 35
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binary 36, 117
complex 36
decimal 117
displayed as zero 117
exponential notation for 37, 116
format for computed results 115
formatting 17, 115
hexadecimal 37
imaginary 36
octal 36, 117
radix (base) for results 117
numerical methods
differentiation 139, 141
integration 142
root finding 166
solving and optimization 171
object linking and embedding
SeeOLE
objects
embedding 74
linking 74
octal numbers 36, 117
ODBC component 304
Odesolve function 187, 387
OLE
automation 308, 314
drag and drop 76
editing links 77
in-place activation 74, 77, 300
scripting objects 309
via components 297
on error statement 292, 471
on-line resources 21
OpenGL 235
opening worksheets 80
operator placeholder 50
operators
arithmetic 448
Boolean 131, 467
calculus 456
changing the display of 130
customizing 146
defined 42
deleting 50
derivative 139, 271
evaluation 462
for complex numbers 133
for vectors and matrices 133
indefinite integral 273
inserting 47
integral 142

iterated product 136

iterated sum 136

logical 131, 155

matrix 453

nth order derivative 141

programming 469

replacing 50

symbolic 130

toolbars 8, 129

vector sum 138
operators, accessing 447
optimization

Maximize function 374

Minerr function 379

Minimize function 381
Optimize Palette command 74
optimizers 167
or 131
or function 468
or, exclusive 131
order

of derivative 142

of polynomial regression 180

of worksheet evaluation 105
ORIGIN variable 209
otherwise statement 470
output from a component 298
output table 210

alignment 211

resizing 211

versus matrix display style 117
overlapping regions 88
overtyping text 58
overview of Mathcad features 22
page

breaks, inserting and deleting 90

headers and footers 90

length 90

numbering 91
Page Setup diaog box 89, 98
palettes, color, for bitmaps 73
paragraphs 57

bullets 62

hanging indent 62

indenting 62

numbers 62

properties 61

tab stops 63

text alignment in 62
parametric plot

creating 224
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parametric surface plots
creating 241-242
Seealso plots, 3D
parentheses 449
deleting from expression 52
inserting into an expression 51

partial differential equations 197, 384, 411

partial fractions 263, 476

password protecting an area 91

Paste command 11, 76

Paste Special command 11, 72, 76

pasting
bitmaps 72
device-independent bitmaps 72
from Clipboard 53, 72
metafiles 72
OLE objects 11, 76

payment calculations 186

pbeta function 389

pbinom function 389

pcauchy function 389

pchisg function 390

Pearson’s correlation coefficient 330

pending computations 122-123

percent 496

permut function 390

permutations 155

personal
dictionary (spell-checker) 68
QuickSheets 147

pexp function 390

pF function 175, 390

pgamma function 390

pgeom function 391

phypergeom function 391

pi ([, product symbol) 136

pi (3.14159...) 46, 102, 496, 498

picture 455

picture operator 69, 215

pictures
border on 73
creating from bitmap file 71
creating from matrix 70
creating using SmartSketch 306
formatting 73
importing into an array 200
pasted from Clipboard 72
resizing 73

Piecewise 155

piecewise continuous functions 155
d function 445

€ function 445
® function 446
if function 356
sign function 429

placeholder 12, 35
placeholder for an operator 50
Playback command 126
plnorm function 391

plogis function 391

plots 3D

graphing functions 236

plots, 2D

autoscaling of axis limits 229
changing perspective 232
copying format from existing plot 231
creating 220

default formats 231
formatting 229

graphing expressions 221
graphing functions 221
graphing vectors 226
multiple traces on 222

of data 227

QuickPlot 18

read-out of coordinates 233
reference lines in 230
resizing 19

setting axis or data limits 230
setting default formats 231
Show Markers 230

tittes and labels 229

traces on 222

tracing coordinates on 233
zooming 232

plots, 3D 235

3D Plot Format dialog box 247
3D Plot Wizard 236
annotations 254
backplanes 247

color 248, 253

colormaps 249-250
contour lines 251

contour plots 243
converting 254

creating 235

examples 236, 240

fill color 248

filling contours 250

fog 246

formatting 246

graphic annotations on 254
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lighting 253
line color 252
lines 250
multiple plots on 245
OpenGL graphics 235
parametric surface plots 241-242
point color 252
point symbols 252
QuickPlot 236
resizing 19
rotating 256
space curves 239
spinning 257
surface plots 237, 240
text on 254
titles 248
uniform polyhedra 202
vector field plots 244
wireframe 250
zooming 256-257
pmt function 391
pnbinom function 392
pnorm function 392
Poisson distribution 337, 394, 401, 425
Poisson’s equation 197, 385, 412
pol2xy function 394
polar plots
creating 220
formatting 229
See also plots, 2D
polygamma function 487
polyhedra 202
Polyhedron 392
Polyhedron function 392
PolyLookup function 393
polynomial
finding roots of 344, 387, 393, 422
finding the roots of 166

regression 180, 350, 365, 368, 409, 427

Polynomial Coefficients command 263
polyroots function 166, 393
population statistics 173
popup hyperlink 95
pop-up menu
3D plots 254
animation playback 126
component 299
Data Acquisition component 313
Excel component 302
Input Table component 208
integration 143

MathSoft Control component 312
MATLAB component 303
OBDC component 304
Scriptable Object Component 310
SmartSketch component 306
solving 172
Web browsing 26
pop-up window, creating 95
postfix 466
power 131
ppmt function 394
ppois function 394
precision, internal 115
predefined variables 102
predict function 395
prediction, linear 177
prefix 465
present value calculations 187
principal branch of function 117
Print Preview command 99
printing 20, 98
and calculation of worksheet 123
and pagination 90
blank pages in 89, 98
color 89
print preview 99
wide worksheets 98
PRNCOLWIDTH variable 496
PRNPRECISION variable 496
probability density functions
dbeta function 334
dbinom function 334
dcauchy function 334
dchisg function 335
dexp function 335
dF function 335
dgamma function 335
dgeom function 335
dhypergeom function 336
dinorm function 336
dlogis function 336
dnbinom function 336
dnorm function 337
dpois function 337
dunif function 337
dweibull function 338
probability distribution functions
pbeta function 389
pbinom function 389
pcauchy function 389
pchisg function 390
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pexp function 390
pF function 390
pgamma function 390
pgeom function 391
phypergeom function 391
plnorm function 391
plogis function 391
pnbinom function 392
pnorm function 392
ppois function 394
pt function 396
punif function 396
pweibull function 397
probability distributions 174
processing equations 13, 122—-123
results of 122
product 136, 450, 453, 457-458
cross product 136
dot product 135
iterated 136
programming operators
add line 469
break 470
continue 470
for 470
if 469
local definition 469
on error 471
otherwise 470
return 471
while 470
programs 283
adding lines 284
break statement 289
continue statement 290
controlling or interrupting 289
defining 283
error handling 291
error messages in 293
for loop 287
generating symbolic results 285
if statement 286
local assignment 283
looping 287
nested 294
on error statement 292
output of 283
recursion 295
return statement 290
statements 284
subroutines 294

symbolic evaluation of 285
while loop 288

properties
of components 299
of controls 304
region 88

proxy server 29

Psi function 487

Psin function 487

pspline function 395

pt function 396

punif function 396

pv function 396

pweibull function 397

pwrfit function 397

gbeta function 398

gbinom function 398

gcauchy function 398

gchisg function 398

gexp function 399

gF function 175, 399

ggamma function 399

ggeom function 399

ghypergeom function 400

glnorm function 400

glogis function 400

gnbinom function 400

gnorm function 401

gpois function 401

QR decomposition 401

gr function 401

gt function 402

guadratic equation solving 172

QuickPlot 18, 221, 236

QuickSheets 21
See also Resource Center
storing custom operators 147

qunif function 402

gweibull function 402

radians
converting to degrees 121, 152
trig functions 152

radix of displayed results 117

random number generators
rbeta function 403
rbinom function 404
rcauchy function 404
rchisq function 404
rexp function 413
rF function 413
rgamma function 413
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rgeom function 414
rhypergeom function 414
rinorm function 420
rlogis function 420
rnbinom function 420
rnd function 421
rnorm function 422
root function 422
rpois function 425
rt function 426
runif function 426
rweibull function 426
range product 458
range sum 457
range variable creation 453
range variables
array calculations with 213
creating arrayswith 204
defining 15, 106, 108
fundamental principle for 108
how Mathcad eval uates equations with 108
setting endpoints and increments 108
rank function 403
rate function 403
rbeta function 403
rbinom function 404
rcauchy function 404
rchisq function 404
Re function 404
READ_BLUE function 405
READ_GREEN function 405
READ_HLSfunction 405
READ_HLS HUE function 406
READ_HLS LIGHT function 406
READ_HLS SAT function 406
READ_HSV function 406
READ_HSV_HUE function 406
READ_HSV_SAT function 407
READ_HSV_VALUE function 407
READ_IMAGE function 407
READ_RED function 408
READBMP function 405
reading adatafile 205
READPRN function 407
READRGB function 408
READWAYV function 409
real Bessel Kelvin function 323
recursion 111
reference tables in the Resource Center 22
references
and relative paths 94

to other worksheets 93
regions 10

aligning 85

blank space between 10

copying 10

deleting 12

dragging 10

dragging across documents 11

equation 10

hyperlinking to 96

locking 91

moving 10

overlapping 88

separating 88

tags, creating 96

text 57

unlocking 93

viewing 10, 88
region-to-region hyperlinking 96
regress function

one-dimensiona case 409

two-dimensional case 411
regression

functions 179

generalized 182

linear 179

localized 180

multivariate 180

polynomial 180

using linear combinations of functions 182
regression functions

expfit function 340

genfit function 350

intercept function 358

Igsfit function 364

line function 364

linfit function 365

Infit function 367

loess function 368, 427

logfit function 369

medfit function 377

pwrfit function 397

regress function 409

sinfit function 429

slope function 430

stderr function 432
relational operators 155
relative paths

for references 94
relax function 198, 411
Repaginate Now command 90
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replacing charactersin math or text 67
replacing operators 50
reports
for asolve block 172
resizing
graphs 19
pictures 73
Resource Center 21
accessing worksheets on Web 25
bookmarks 26
Mathcad Web Library 22
Web browsing in 25
resources, on-line 21
result format 115
results
caculating 14
calculating with equations 103
complex 117
copying 121
formatting 115
unitsin 118
wrapping 270
return statement 290, 471
reverse function 165, 413
rexp function 413
rF function 175, 413
rgamma function 413
rgeom function 414
rhypergeom function 414
Riccati equation 344, 387
rich text format (RTF) 83
Riemann Zeta function 487
right page margin 89
Rkadapt function 415
rkadapt function 414
rkfixed function 189, 415
rinorm function 420
rlogis function 420
rnbinom function 420
rnd function 176, 421
rnorm function 422
root function 166, 422
roots
finding 166
finding multiple with solve blocks 170
finding symbolicaly 275
numerical approximations used 166
of polynomials 166
round function 425
row vectors
See vectors

rows function 425
rpois function 425
rref function 425
rsort function 165, 426
rt function 426
RTFfile 79
See also rich text format
ruler
for formatting a worksheet 86
for formatting text 62
runif function 426
rweibull function 426
Save As dialog box 20
SaveColormap function 249, 427
saving
new file 20
templates 84
worksheets 20, 80
sbval function 195, 427
scalar
addition 135
division 135
multiplication 135
scalar product 453
scatter plots (3D)
formatting 246
Seealso plots, 3D
scientific notation 116
Scriptable Object component 308
scripting languages, supported 309
search
Electronic Book 24
in equations 67
in text 67
Search Book command 24
search function 428
sec function 428
sech function 428
second derivatives, calculating 141
second order differential equations 190
seed for random number generator 421
selecting
graphs 19
math expression 48
page break 90
regions 10
text 59
selection rectangle 10
semicolon, in range variable definitions 106
Separate Regions command 88, 90
separating overlapping regions 88, 90
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series 263
series keyword 263, 480
Shi function 487
Show Border option 73
S function 487
sigma (summation symbol) 136
for vector 136
sign function 429
signum function 429
Simplify command 270
simplify keyword 262, 270, 481
simultaneous equations, solving 344, 387
simultaneous equations, solving numerically 164, 167
sin function 429
sineintegral 487
sinfit function 429
singular matrix 370
singular value decomposition 437-438
sinh function 429
skew function 430
skewness 430
slope function 430
SmartSketch component 77, 306
smooth systems (differential equations) 193
smoothing functions
ksmooth function 362
medsmooth function 377
supsmooth function 437
smoothing of data 183
soft page breaks 90
solve block 344, 387
solve blocks 167, 187
constraints in 169
definition of 168
expressions allowed in 169
finding multiple solutions 170
Givenin 168
reports for 172
tolerance 171
using to solve differential equations 187
using to solve numerically 168
using to solve symbolically 277
Solve command 483
solve keyword 263, 275-276, 482
Solving and Optimization Extension Pack 168
solving equations 167
AutoSelect of algorithm 171
linear systems 171
nonlinear systems 171
See also solve blocks
with root function 166

with solve blocks 167, 277
with Solve for Variable 275
with solve keyword 275
solving functions
Find 344
Find function 387
Maximize function 374
Minerr function 379
Minimize function 381
polyroots function 393
root function 422
sorting functions 165
csort function 332
reverse function 413
rsort function 426
sort function 165, 431
sorting vectors and matrices 165
space curves
creating 239
Seealso plots, 3D
spaces, inserting or deleting 87
special functions 156
eff function 338
erf function 339
erfc function 339
fhyper function 343
I" function 445
Her function 352
ibeta function 355
Jac function 360
Lag function 363
Leg function 364
mhyper function 379, 393
other
complete elliptic integral
of the first kind 487
of the second kind 486
of the third kind 487
complex error function 486
cosine integral 486
digamma 487
dilogarithm 486
Dirac delta 486
Euler's constant 486
exponential integral 486
Fresnel cosine integral 486
Fresnel sine integral 486
hyperbolic cosine integral 486
hyperbolic sine integral 487
incomplete elliptic integral
of the first kind 487
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of the second kind 486
of the third kind 487
Lambert W 487
polygamma 487
Riemann Zeta 487
sineintegral 487
Tcheb function 439
Ucheb function 439
spell-checking 68
sph2xyz function 431
spherical Bessel functions 361, 445
spline functions 177-178, 371
spreadsheets, exchanging data with 297
square root 451
stack function 162, 432
stack overflow error 112
standard deviation 432
standard error 432
standard normal distribution 176
Standard toolbar 8
statistics
cubic spline interpolation 177
cumulative distribution functions 174
functions 173
generalized linear regression 182
interpolation 177
inverse cumulative distributions 174
linear interpolation 177
linear prediction 177
linear regression 179
multivariate polynomial regression 180
polynomial regression 180
probability density functions 174
statistics functions
corr function 330
cvar function 334
gmean function 352
hist function 352
histogram function 353
hmean function 354
kurt function 363
mean function 377
median function 377
mode function 384
skew function 430
Sdev function 432
stdev function 432
Var function 440
var function 440
stderr function 432
Sdev function 432

stdev function 432
step function 446
step size
for differential equation solving 193
for iteration 108
Siffb function 433
stiffb function 433
Siffr function 435
stiffr function 434
str2num function 435
str2vec function 436
string functions
concat function 329
error function 340
num2str function 387
search function 428
str2num function 435
str2vec function 436
strlen function 436
substr function 437
vec2str function 440
strings
arguments to file access functions 199
as elements of vectors 38
comparing 133
converting to numbers and vectors 198
defining 38
editing 49
evaluating 38
manipulating 198
variables 38
strlen function 436
Student’s t distribution 396, 402, 426
styles
math 54
text 63
submatrix function 436
subroutines 294
subscripts
in text 61
literal 41
non-numeric 41
ORIGIN used with 209
start with zero 209
Substitute for Variable command 263
substitute keyword 263, 483
substr function 437
subtraction 131, 450
summation 449, 456
iterated 136
of vector elements 136
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variable upper limit 138
superscript 454

array 136

to get column from matrix 209
supsmooth function 183, 437
surface plots

creating 237, 239-240

formatting 246

parametric 241-242

Seealso plots, 3D
svd function 437
svds function 438
symbolic

equal sign 260

evaluation 260

evaluation of programs 285

keywords 261
symbolic equals 465
symbolic keywords 473

assume 475

coeffs 475

collect 475

complex 476

convert, parfrac 476

expand 476

factor 477

float 477

fourier 478

invfourier 478

invlaplace 479

invztrans 479

laplace 479

series 480

simplify 481

solve 482

substitute 483

ztrans 484
symbolic modifiers 474
symbolics menu 474
Symbolics menu commands 269
Symbolics menu, using 269

system requirements for Mathcad 5

t distribution 396, 402, 426
tab stops in a worksheet 86
tables of data 207
tabs in a paragraph 63
tag
region, creating 96
tan function 438
tanh function 438
Taylor series 263

Tcheb function 439
techexplorer™
See IBM’s techexplorer™ Hypermedia Browser
technical support 6
temperature conversions 114, 120
templates 79
creating new 84
modifying 85
See also QuickSheets
used to save calculation mode 122
using to create a worksheet 80
tensor 445
text 57
alignment 62
bullets in 62
changing font 60
color 61
editing 60
entering 14
Greek letters in 59
inserting equations in 65
moving 59
moving insertion point in 58
Occupy Page Width option 60
Push Regions Down As You Type option 61
regions 57
selecting 59
spell-checking 68
styles 63
tools 67
text box 14, 57
text regions 57
changing width 60
creating 14, 57
editing 60
how to exit 15, 57
text ruler 62
text styles 63
applying 63
creating 64
modifying 64
text tools 67
tilde (~), used in global definitions 105
time in header or footer 91
Tip of the Day 28
TOL variable 102, 344, 387, 422, 496
and integrals 144
and solve blocks 171
tolerance
constraint (CTOL) 344, 387
convergence (TOL) 422
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See TOL variable and CTOL variable
toolbar
Boolean 467
calculator 448
calculus 456
evaluation 462
Formatting 8
Math 8
matrix and vector 453
programming 469
standard 8
symbolic 473
toolbars 129
customizing 9
Electronic Book 23, 26
operator 129
programming 284
Web 26
Tools
text 67
top-to-bottom evaluation 103
tr function 439
trace 439
traces, on 2D plots 222
tracing the source of an error 127
trailing zeros 116
training 23
transcendental functions 151
transform
inverse
Laplace transform 264
transforms
discrete Fourier 157
Fourier (numerical) 341, 343
Fourier (symbolic) 263, 279, 478
Laplace 264, 279, 479
symbolic 263
wavelet 159, 441
z 264, 279, 484
transpose 454
transpose of matrix 136, 278
treefix 466
trig keyword modifier 266
trigonometric functions 151
cos function 330
cot function 330
csc function 332
inserting without parentheses 148
sec function 428
sin function 429
tan function 438

with degrees and radians 121
trunc function 439
truncation and round-off functions
ceil function 326
floor function 348
round function 425
trunc function 439

two-point boundary value problems 195

typing over text 58

U.S. Customary units 119
Ucheb function 439
undefined variables 104, 106

uniform distribution 337, 396, 402, 426

uniform polyhedra 202
units
aternative definitions 118
base units 119
CGS system 119
common sources of error 114
converting calculated results 120
default 112
defining 114, 119
dimensional consistency 113
errorsin dimensions 113
in calculated values 118
in equations 112
metric 119
MKS system 119
placeholder 118
prefixes 119
Sl 119
simplifying 117
U.S. customary 119
UnitsOf function 114, 439
Up One Level command 217
update
window manually 123
worksheet 123
worksheet window 123
URL
MathSoft home page 26
Use Default Palette command 74
user-defined functions 109
evaluating variablesin 110
valid names 39
Var function 440
var function 440
Variable Differentiate command 271
Variable Integrate command 273
Variable Solve command 275
variables
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changing the font style of 54
defining 13, 101
global definitions of 104
inred 106, 126
matrices 37, 203
names 39
predefined 102
range variables 15, 106
string 38
substituting for 263
undefined 127
vectors 37

variance of adata set 440

VBScript 309

vec2str function 440

vector
changing size 204
definition of 37

vector and matrix functions
augment function 322
cholesky function 328
cols function 328
cond1 function 329
cond2 function 329
conde function 329
condi function 329
CreateMesh function 331
CreateSpace function 331
cyl2xyz function 334
diag function 336
eigenvals function 338
eigenvec function 338
eigenvecs function 339
geninv function 350
genvals function 351
genvecs function 351
hlookup function 354
identity function 356
last function 363
lookup function 370
lookup functions 163
|solve function 370
|u function 373
match function 374
matrix function 374
max function 374
min function 379
norml function 386
norm?2 function 386
norme function 386
normi function 386

pol 2xy function 394
Polyhedron function 392
PolyLookup function 393
gr function 401
rank function 403
rows function 425
rref function 425
sph2xyz function 431
stack function 432
submatrix function 436
svd function 437
svds function 438
tr function 439
vlookup function 440
xyz2cyl function 443
xyz2pol function 444
xyz2sph function 444
vector and matrix functions functions
length function 364
vector and matrix subscript 453
vector field plots
creating 244
from complex matrices 244
Seealso plots, 3D
vector norm 454
vector product 453
vector sum 454
vector sum operator 138
vectorize 454
vectorize operator 213-214
effect of 214
how to type 213
properties of 214, 455
vectors
as array elements 217
calculations by element 213
column vectors 136
creating 37
cross product 136
displayed as scrolling output tables 210
dot product 135
functions for 159
graphing 226
magnitude 136
numbering elements 209
operators for 133
ORIGIN used with 209
row 136
Seealso arrays
sorting elements 165
start with element zero 209
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subscripts 208
sum elements of 136

undefined elements filled with zeros 209

vector arithmetic 135
vectorize operator 213
View Animate command 125
View Zoom command 9
Visual Basic Scripting Edition 309
viookup function 440
W function 487
wait message 123

WAV files, pulse code modulated (PCM) 201

wave function 441
wavelet transform functions
iwave function 360
wave function 441
wavelet transforms 159
Web
See World Wide Web
Web Store 23
Web toolbar 26
Weibull distribution 338, 397, 402, 426
while loop statement 470
while loops 288
windows
update results manually 123
working with 9
zooming in and out of 9
Windows keystrokes 9, 500
wireframe, in 3D plots 250
Wizards
for inserting 3D plots 236
for inserting a component 299
worksheet ruler 86
worksheets
closing 20
exporting asHTML 80
exporting as RTF 83
formatting 89
gathering in an Electronic Book 97
hyperlinking 95
in pop-up window 95
including by reference 95
opening 80
opening from Internet 26
order of evaluation 103
printing 20, 98
referencing in another worksheet 93

saving 20, 79-80
saving as templates 84
saving in an earlier format 83
sending by Email 99
World Wide Web
accessing 26
bookmarks for browsing 26
browsing 25, 80
Collaboratory 29
HTML browsing 25, 80
MathSoft home page 26
toolbar 26
WRITE function 200
WRITE_HLSfunction 442
WRITE_HSV function 442
WRITEBMP function 441
WRITEPRN function 200, 442
WRITERGB function 443
WRITEWAYV function 443
writing data to a data file 215
Www
See World Wide Web
Wythoff symbol for a polyhedron 202
xor 131
xor function 468
X-Y plots
creating 220
formatting 229
QuickPlot 18
Seealso plots, 2D
xyz2cyl function 443
xyz2pol function 444
xyz2sph function 444
YO function 444
Y1 function 444
y-intercept 358
Yn function 444
ys function 445
zero threshold 117
zeros of expressions or functions
See roots
Zeta function 487
zooming
2D plots 232
3D plots 257
windows 9
ztrans keyword 264, 279, 484
z-transforms 264, 279

528

Index



	Online Resources
	Notations and Conventions
	Chapter 1
	Welcome to Mathcad
	What Is Mathcad?
	Highlights of the Mathcad 2001 Release
	Faster Performance in the Computational Engine
	New Components and Add-ins
	Improved Web Integration
	Authoring Tools
	Other Features

	System Requirements
	Installation
	Contacting MathSoft
	Technical Support


	Chapter 2
	Getting Started with Mathcad
	The Mathcad Workspace
	Working with Windows

	Regions
	Selecting Regions
	Moving and Copying Regions
	Moving regions
	Copying Regions

	Deleting Regions

	A Simple Calculation
	Definitions and Variables
	Defining Variables
	Calculating Results

	Entering Text
	Iterative Calculations
	Creating a Range Variable
	Defining a Function
	Formatting a Result

	Graphs
	Creating a Graph
	Resizing a graph

	Formatting a Graph

	Saving, Printing, and Exiting
	Saving a Worksheet
	Printing
	Exiting Mathcad


	Chapter 3
	Online Resources
	Resource Center and Electronic Books
	Content in the Resource Center
	Finding Information in an Electronic Book
	Full-text search

	Annotating an Electronic Book
	Saving annotations

	Copying Information from an Electronic Book
	Web Browsing

	Help
	Special reference areas

	Internet Access in Mathcad
	The Collaboratory
	Logging in
	Reading Messages
	Posting Messages
	Searching
	Changing Your User Information
	Other Features

	Other Resources
	Online Documentation
	Samples Folder
	Release Notes


	Chapter 4
	Working with Math
	Inserting Math
	Numbers and Complex Numbers
	Types of numbers
	Imaginary and complex numbers
	Binary numbers
	Octal numbers
	Hexadecimal numbers
	Exponential notation

	Vectors and Matrices
	Creating a vector or matrix

	Strings
	Names
	Built-in names
	User-defined variable and function names
	Greek letters
	Literal subscripts

	Operators

	Building Expressions
	Typing in Names and Numbers
	Typing in Operators
	Multiplication
	An Annotated Example

	Editing Expressions
	Changing a Name or Number
	Inserting an Operator
	Applying an Operator to an Expression
	Controlling the editing lines

	Deleting an Operator
	Replacing an Operator
	Inserting a Minus Sign
	Inserting Parentheses
	Deleting Parentheses
	Applying a Function to an Expression
	Moving Parts of an Expression
	Deleting Parts of an Expression

	Math Styles
	Editing Math Styles
	Applying Math Styles
	Saving Math Styles


	Chapter 5
	Working with Text
	Inserting Text
	Creating a Text Region
	Moving the Insertion Point
	Selecting Text
	Greek Letters in Text
	Changing the Width of a Text Region

	Text and Paragraph Properties
	Changing Text Properties
	Changing Paragraph Properties
	Indent
	Bullets and numbered lists
	Alignment
	Tab stops


	Text Styles
	Applying a Text Style to a Paragraph in a Text Region
	Modifying an Existing Text Style
	Creating and Deleting Text Styles
	Creating a text style
	Deleting a text style


	Equations in Text
	Inserting an Equation into Text
	Disabling Embedded Equations

	Text Tools
	Find and Replace
	Searching for text
	Replacing characters

	Spell-Checking


	Chapter 6
	Working with Graphics and Other Objects
	Overview
	Inserting Pictures
	Creating a Picture
	Creating pictures from a matrices
	Creating a picture by reference to an image file
	Modifying a picture
	Creating a picture by importing from the Clipboard

	Formatting a Picture
	Resizing a picture
	Framing a picture
	Controlling color palettes


	Inserting Objects
	Inserting an Object into a Worksheet
	Insert Object command
	Pasting an object into a worksheet
	Dragging and dropping an object into a worksheet

	Editing an Object
	Editing a Link

	Inserting Graphics Computationally Linked to Your Worksheet

	Chapter 7
	Worksheet Management
	Worksheets and Templates
	Creating a New Worksheet
	Saving Your Worksheet
	Saving your worksheet in HTML format
	Saving your worksheet in RTF format
	Saving your worksheet in an earlier format

	Creating a New Template
	Modifying a Template

	Rearranging Your Worksheet
	Aligning Regions
	Using commands
	Using the worksheet ruler

	Inserting or Deleting Blank Lines
	Separating Regions
	Highlighting Regions
	Changing the worksheet background color

	Layout
	Setting Margins, Paper Size, Source, and Orientation
	Page Breaks
	Headers and Footers

	Safeguarding an Area of the Worksheet
	Inserting an Area
	Locking and Collapsing an Area
	Unlocking and Expanding an Area
	Deleting an Area

	Worksheet References
	Hyperlinks
	Creating Hyperlinks Between Worksheets
	Creating hyperlinks from worksheet to worksheet
	Creating hyperlinks from region to region

	Creating Hyperlinks to Other Files

	Creating an Electronic Book
	Printing and Mailing
	Printing Wide Worksheets
	Print Preview
	Mailing


	Chapter 8
	Calculating in Mathcad
	Defining and Evaluating Variables
	Defining a Variable
	Built-in Variables
	Evaluating Expressions Numerically
	How Mathcad Scans a Worksheet
	Global Definitions
	Range Variables
	Defining and using range variables
	Types of ranges


	Defining and Evaluating Functions
	Variables in User-Defined Functions
	Recursive Function Definitions

	Units and Dimensions
	Dimensional Checking
	Defining Your Own Units

	Working with Results
	Formatting Results
	Setting the format of a single result
	Setting worksheet default format
	The Result Format dialog box

	Complex Results
	Displaying Units of Results
	Unit systems
	Unit conversions

	Copying and Pasting Numerical Results

	Controlling Calculation
	Calculating in Automatic Mode
	Calculating in Manual Mode
	Interrupting Calculations
	Disabling Equations

	Animation
	Creating an Animation Clip
	Playing an Animation Clip
	Playing a Previously Saved Animation

	Error Messages
	Finding the Source of an Error
	Fixing Errors


	Chapter 9
	Operators
	Working with Operators
	Inserting an Operator
	Additional Operators
	Changing the Display of an Operator

	Arithmetic and Boolean Operators
	Arithmetic Operators
	Boolean Operators
	Complex Operators

	Vector and Matrix Operators
	Summations and Products
	Variable Upper Limit of Summation

	Derivatives
	Derivatives of Higher Order

	Integrals
	Integration Algorithms and AutoSelect
	Romberg
	Adaptive
	Infinite Limit
	Singular Endpoint

	Variable Limits of Integration
	Tolerance for Integrals
	Contour Integrals
	Multiple integrals

	Customizing Operators
	Defining a Custom Operator
	Using a Custom Operator


	Chapter 10
	Built-in Functions
	Inserting Built-in Functions
	Built-in Mathcad functions
	Mathcad Extension Packs
	Insert Function Feature
	Assistance for Using Built-in Functions

	Core Mathematical Functions
	Trigonometric Functions
	Inverse Trigonometric Functions
	Hyperbolic Functions
	Log and Exponential Functions
	Bessel Functions
	Complex Numbers
	Piecewise Continuous Functions
	Number Theory/Combinatorics
	Truncation and Round-Off Functions
	Special Functions

	Discrete Transform Functions
	Fourier Transforms on Real and Complex Data
	Wavelet Transforms

	Vector and Matrix Functions
	Size and Scope of an Array
	Special Types of Matrices
	Special Characteristics of a Matrix
	Forming New Matrices
	Mapping Functions
	Lookup Functions
	Eigenvalues and Eigenvectors
	Solving a Linear System of Equations
	Decomposition
	Sorting Functions

	Solving and Optimization Functions
	Finding Roots
	Linear/Nonlinear System Solving and Optimization
	Solve Blocks

	Solve Blocks
	Constraints
	Tolerances for solving
	Solving algorithms and AutoSelect
	Linear
	Nonlinear


	Statistics, Probability, and Data Analysis Functions
	Statistics
	Probability Distributions
	Probability Distributions
	Interpolation and Prediction Functions
	Regression and Smoothing Functions
	Linear regression
	Polynomial regression
	Specialized regression
	Generalized regression
	Smoothing functions


	Finance Functions
	Rate and period
	Cumulative interest and principal
	Interest rate
	Future value
	Payment
	Internal rate of return
	Present value

	Differential Equation Functions
	Solving a Differential Equation Using a Solve Block
	General Purpose Differential Equation Solver: rkfixed
	First order differential equations
	Second and higher order differential equations
	Systems of differential equations

	Specialized Differential Equation Solvers
	Smooth systems
	Slowly varying solutions
	Stiff systems

	Evaluating Only the Final Value
	Boundary Value Problems
	Two-point boundary value problems
	Partial differential equations


	Miscellaneous Functions
	Expression Type
	String Functions
	File Access Functions
	Reading and writing ASCII data files
	Reading and writing image files
	Reading and writing WAV files

	Functions Related to 3D Graphs
	Loading and saving colormaps
	Graphing 3D polyhedra



	Chapter 11
	Vectors, Matrices, and Data Arrays
	Creating Arrays
	Insert Matrix Command
	Changing the size of a vector or matrix

	Creating Arrays with Range Variables
	Reading a Data File
	Entering Data into a Table
	Importing Once from a Data File

	Accessing Array Elements
	Subscripts
	Accessing Rows and Columns
	Changing the Array Origin

	Displaying Arrays
	Changing the Display of Arrays — Table versus Matrix
	Changing the Format of Displayed Elements
	Copying and Pasting Arrays

	Working with Arrays
	Doing Calculations in Parallel
	Properties of the vectorize operator

	Graphical Display of Arrays
	Writing to a Data File

	Nested Arrays
	Defining a Nested Array


	Chapter 12
	2D Plots
	Overview of 2D Plotting
	Creating an X-Y Plot
	Creating a polar plot

	Graphing Functions and Expressions
	2D QuickPlots
	Defining an independent variable
	Plotting Multiple 2D Curves
	Creating a parametric plot

	Plotting Vectors of Data
	Plotting a single vector of data
	Plotting one data vector against another
	Using Axum to Plot Data
	Inserting an Axum graph object
	Inserting a Dynamic Axum graph


	Formatting a 2D Plot
	Setting Axis Limits
	Specifying Other Limits

	Setting Default Formats
	Copying Defaults from an Existing Graph
	Setting Defaults Without Using a Graph

	Adding Custom Titles, Labels, and Other Annotations

	Modifying Your 2D Plot’s Perspective
	Zooming in on a Plot
	Getting a Readout of Plot Coordinates


	Chapter 13
	3D Plots
	Overview of 3D Plotting
	Inserting a 3D Plot
	3D Plot Wizard

	Creating 3D Plots of Functions
	Creating a Surface, Bar, Contour, or Scatter Plot
	Step 1: Define a function or set of functions
	Step 2: Insert a 3D plot

	Creating a Space Curve
	Step 1: Define a function or set of functions
	Step 2: Insert a 3D scatter plot


	Creating 3D Plots of Data
	Creating a Surface, Bar, or Scatter Plot
	Creating a Parametric Surface Plot
	Creating a Three-dimensional Parametric Curve
	Creating a Contour Plot
	Creating a Vector Field Plot
	Graphing Multiple 3D Plots

	Formatting a 3D Plot
	The 3D Plot Format Dialog Box
	Fill Color
	Filling the Surface
	Filling Contours

	Lines
	Drawing a Wireframe
	Drawing Contour Lines
	Line Color

	Points
	Lighting
	Changing One 3D Plot to Another
	Annotations
	Modifying 3D QuickPlot Data

	Rotating and Zooming on 3D Plots
	Rotating a Plot
	Spinning a Plot
	Zooming a Plot


	Chapter 14
	Symbolic Calculation
	Overview of Symbolic Math
	Live Symbolic Evaluation
	Customizing the Symbolic Equal Sign Using Keywords
	Keyword modifiers
	Modifiers for “assume”
	Modifiers for “simplify”

	Using More Than One Keyword
	Ignoring Previous Definitions

	Using the Symbolics Menu
	Long Results
	Displaying Symbolic Results

	Examples of Symbolic Calculation
	Derivatives
	Integrals
	Limits
	Solving an Equation for a Variable
	Solving a System of Equations Symbolically: “Solve” Keyword
	Solving a System of Equations Symbolically: Solve Block
	Symbolic Matrix Manipulation
	Transformations

	Symbolic Optimization

	Chapter 15
	Programming
	Defining a Program
	Conditional Statements
	Looping
	“For” Loops
	“While” Loops

	Controlling Program Execution
	The “Break” Statement
	The “Continue” Statement
	The “Return” Statement

	Error Handling
	“On Error” Statement
	Issuing Error Messages

	Programs Within Programs
	Subroutines
	Recursion


	Chapter 16
	Advanced Computational Features
	Overview
	Exchanging Data with Other Applications
	How to Use Application Components
	Step 1: Inserting a component
	Step 2: Configuring a component
	Step 3: Exchanging data

	Excel Component
	Inserting an Excel component
	Changing the inputs and outputs
	Accessing Excel

	MATLAB Component
	Inserting a MATLAB component

	ODBC Component
	Inserting an ODBC component

	SmartSketch Component
	Inserting a SmartSketch drawing
	Creating a new drawing


	Scripting Custom OLE Automation Objects
	How to Use Scriptable Object Components
	Scripting Languages
	Inserting a Scriptable Object
	Customizing and Redistributing Components
	Saving Scripted Objects as customized components

	MathSoft Control Components
	Inserting a MathSoft Control component

	Data Acquisition Component (DAC)
	Inserting a Data Acquisition component


	Accessing Mathcad from Within Another Application
	Mathcad Add-ins


	Chapter 17
	Functions
	Function Categories
	Finding More Information
	About the References
	Functions

	Chapter 18
	Operators
	Accessing Operators
	Finding More Information
	About the References
	Arithmetic Operators
	Matrix Operators
	Calculus Operators
	Evaluation Operators
	Boolean Operators
	Programming Operators

	Chapter 19
	Symbolic Keywords
	Accessing Symbolic Keywords
	Finding More Information
	Keywords
	Special Functions
	Function Definitions
	Comments

	SI Units
	Base Units
	Angular Measure
	Length
	Mass
	Time
	Area, Volume
	Velocity, Acceleration
	Force, Energy, Power
	Pressure, Viscosity
	Electrical
	Frequency, Activity
	Temperature
	Dose
	Luminous Flux, Illuminance

	CGS units
	Base Units
	Angular Measure
	Length
	Mass
	Time
	Area, Volume
	Velocity, Acceleration
	Force, Energy, Power
	Pressure, Viscosity
	Electrical
	Frequency
	Temperature
	Conversions to SI Units

	U.S. Customary Units
	Base Units
	Angular Measure
	Length
	Mass
	Time
	Area, Volume
	Velocity, Acceleration
	Force, Energy, Power
	Pressure, Viscosity
	Electrical
	Frequency
	Temperature

	MKS Units
	Base Units
	Angular Measure
	Length
	Mass
	Time
	Area, Volume
	Velocity, Acceleration
	Force, Energy, Power
	Pressure, Viscosity
	Electrical
	Frequency
	Temperature

	Predefined Variables
	Constant=Value Meaning

	Suffixes for Numbers
	Radix
	Units and other

	Greek Letters
	Arrow and Movement Keys
	Function Keys
	ASCII codes
	References


