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Warning: MATHSOFT IS WILLING TO LICENSE THE ENCLOSED SOFTWARE TO YOU ONLY UPON
THE CONDITION THAT YOU ACCEPT ALL OF THE TERMS CONTAINED IN THIS LICENSE
AGREEMENT. PLEASE READ THE TERMS CAREFULLY BEFORE OPENING THE PACKAGE WITH
THE CD-ROM OR OTHER MEDIA, AS OPENING THE PACKAGE WILL INDICATE YOUR ASSENT
TO THEM. IF YOU DO NOT AGREE TO THESE TERMS, THEN MATHSOFT IS UNWILLING TO
LICENSE THE SOFTWARE TO YOU, IN WHICH EVENT YOU SHOULD RETURN THIS COMPLETE
PACKAGE WITH ALL ORIGINAL MATERIALS AND THE UNOPENED PACKAGE WITH THE CD-
ROM OR OTHER MEDIA AND YOUR MONEY WILL BE REFUNDED.

MATHSOFT, INC. LICENSE AGREEMENT

Both the Software and the documentation are protected under applicable copyright laws, international treaty
provisions, and trade secret statutes of the various states. This Agreement grants you a personal, limited, non-
exclusive, non-transferable license to use the Software and the documentation. This is not an agreement for the se
of the Software or the documentation or any copies or part thereof. Your right to use the Software and the
documentation is limited to the terms and conditions described therein.

You may use the Software and the documentation solely for your own personal or internal purposes, for non-
remunerated demonstrations (but not for delivery or sale) in connection with your personal or internal purposes:

(a) if you have a single license, on only one computer at a time and by only one user at a time, the user of the comput
on which the software is installed may make a copy for his or her exclusive use on a portable computer so long as
the Software is not used on both computers at the same time;

(b) if you have acquired multiple licenses, the Software may be used on either stand alone computers, or on comput
networks, by a number of simultaneous users equal to or less than the number of licenses that you have acquired; ¢

(c) if you maintain the confidentiality of the Software and documentation at all times.

Persons for whom license fees have not been paid may not access or use the Software, or any part thereof, throu
“programmatic access” or otherwise. Anyone wishing programmatic access will need to be established as users und
the terms of this Agreement.

You may make copies of the Software solely for archival purposes, provided you reproduce and include the copyrigh
notice on any backup copy.

You must have a reasonable mechanism or process which ensures that the number of users at any one time does
exceed the number of licenses you have paid for and prevents access to the Software to any person not authorize
under the above license to use the Software. Any copy which you make of the Software, in whole or in part, is the
property of MathSoft. You agree to reproduce and include MathSoft's copyright, trademark and other proprietary
rights notices on any copy you make of the Software.

You may receive the Software in more than one medium. Regardless of the type or size of media you receive, yol
may use only one medium that is appropriate for your single computer. You may not use or install other medium or
another computer. You may not loan, rent, lease, or otherwise transfer the other medium to another user.

You may notreverse engineer, decompile, or disassemble the Software, except and only to the extent that such activi
is expressly permitted by applicable law notwithstanding this limitation.

If the Software is labeled as an upgrade, you must be properly licensed to use a product identified by MathSoft as
being eligible for the upgrade in order to use the Software. Software labeled as an upgrade replaces and/or suppleme
the product that formed the basis of your eligibility for the upgrade. You may use the resulting upgraded product
only in accordance with the terms of this license, which superseded all prior agreements.

MathSoft reserves all rights not expressly granted to you by this License Agreement. The license granted herein i



limited solely to the uses specified above and, without limiting the generality of the foregoing, you are NOT licensed
to use or to copy all or any part of the Software or the documentation in connection with the sale, resale, license, or
other for-profit personal or commercial reproduction or commercial distribution or computer programs or other
materials without the prior written consent of MathSoft. You will not export or re-export the Software without the
appropriate United States and/or foreign government licenses.

LIMITED WARRANTY

MathSoft warrants that the media on which the Software is recorded will be free from defects in materials and
workmanship under normal use for a period of ninety (90) days from the date of purchase as evidenced by a copy of
your receipt. The liability of MathSoft pursuant to this limited warranty shall be limited to the replacement of the
defective media. If failure of the media has resulted from accident, abuse, or misapplication of the product, then
MathSoft shall have no responsibility to replace the media under this limited warranty.

THIS LIMITED WARRANTY AND RIGHT OF REPLACEMENT IS IN LIEU OF, AND YOU HEREBY
WAIVE, ANY AND ALL OTHER WARRANTIES BOTH EXPRESS AND IMPLIED, RELATING TO THE
SOFTWARE, DOCUMENTATION, MEDIA OR THIS LICENSE, INCLUDING BUT NOT LIMITED TO
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE AND
NONINFRINGEMENT. IN NO EVENT SHALL MATHSOFT BE LIABLE FOR INCIDENTAL OR CON-
SEQUENTIAL DAMAGES, INCLUDING BUT NOT LIMITED TO LOSS OF USE, LOSS OF REVENUES
OR PROFIT, LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR LOSSES SUSTAINED
BY THIRD PARTIES EVEN IF MATHSOFT HAS BEEN ADVISED OF THE POSSIBILITIES OF SUCH
DAMAGES. NO ORAL OR WRITTEN INFORMATION OR ADVICE GIVEN BY MATHSOFT, ITS
EMPLOYEES, DISTRIBUTORS, DEALERS, OR AGENTS SHALL INCREASE THE SCOPE OF THE
ABOVE WARRANTIES OR CREATE ANY NEW WARRANTIES; WE DISCLAIM AND EXCLUDE ALL
OTHER IMPLIED OR EXPRESS WARRANTIES. This warranty gives you specific legal rights which may
vary from state to state. Some states do not allow the limitation or exclusion of liability for consequential
damages, so the above limitation may not apply to you.

MathSoft hereby warns you that due to the complexity of the Software it is possible that use of the Software could
lead unintentionally to the loss or corruption of data. You assume all risk for such data loss or corruption; the
warranties provided hereunder do not cover any damage or losses resulting therefrom.

MathSoft's licensors do not warrant the Software, do not assume any liability regarding the Software and do not
undertake to furnish any support or information regarding the Software.

IN NO CASE WILL MATHSOFT’S LIABILITY EXCEED THE AMOUNT OF THE LICENSE FEE ACTUALLY
PAID BY YOU TO MATHSOFT.

The Software and documentation are provided with restricted rights. Use, duplication, or disclosure by the Govern-
ment is subject to restriction as set forth in subparagraph (c)(1)(ii) of the Rights in Technical Data and Computer
Software clause at DFARS 252.227-7013 or subparagraphs (c)(1) and (2) of the Commercial Computer Software—
Restricted Rights at 48 CCFR 52.227-19, as applicable. Manufacturer is MathSoft, Inc., 101 Main Street, Cambridge,
MA 02142.

Without prejudice to any other rights, MathSoft may terminate this license if you fail to comply with the terms and
conditions of this Agreement. If this license is terminated, you agree to destroy all copies of the Software and
documentation in your possession.

This License agreement shall be governed by the laws of the Commonwealth of Massachusetts and shall insure to
the benefit of MathSoft, its successors, representatives, and assigns. The license granted hereunder may not be
assigned, sublicensed, or otherwise transferred by you without the prior written consent of MathSoft. If any provisions
of this Agreement shall be held to be invalid, illegal or unenforceable, the validity, legality, and enforceability of the
remaining provisions shall in no way be affected or impaired thereby.
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How to Use This User’s Guide

ThisUser’s Guideis organized into the following parts:
1 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.

1 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.

1 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.

TheUser’s Guideends with reference appendices and a comprehensive index.
As far 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 just
select a topic of interest and read about it.

The on-line Mathcad Resource Center (chd®ssource Centerfrom theHelp menu)
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.

Notations and Conventions
ThisUser’s Guideuses the following notations and conventions:
Italics represent scalar variable names, function names, and error messages.
Bold Courier 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 irGraphU X-Y Plot” indicates a pull-right menu command.

Function keys and other special keys are enclosed in brackets. For eXainplé,
[-], and[ -] are the arrow keys on the keybod#el], [F2], etc., are function keys;
[BkSp] is the Backspace key for backspacing over chara¢®@es] is the Delete key
for deleting characters to the righis ] is the Insert key for inserting characters to
the left of the insertion poinkTab] is the Tab key; anfiSpace ] is the space bar.

[Ctrl ], [Shift ], and JAlt ]are the Control, Shift, and Alt keys. When two keys are
shown together, for exampltrl 1V, press and hold down the first key, and then
press the second key.




Pro

The symbol[[J] and[Enter ] refer to the same key.

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

ThisUser’s Guideapplies to Mathcad 2000 Professional and Mathcad 2000 Standard.
If you’re not using Mathcad 2000 Professional, certain features describedisetie
Guidewill not be available to you. The word Pro appears:

* In the page margin, as it does above, whenever a section in a chapter describes a
feature or a function that is unique to Mathcad 2000 Professional.

* In the page footer, whenever all features described in that chapter are unique to
Mathcad 2000 Professional.

ThisUser’s Guidealso 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 th8olving and Optimization Extension Pg&ikpert Solver).

How to Use This User’s Guide



Chapter 1
Welcome to Mathcad

1T What Is Mathcad?

1 Mathcad Editions

1 New in Mathcad 2000
1 System Requirements
1 Installation

1 Contacting MathSoft

What | s Mathcad?

Mathcad is the industry standard calculation software for technical professionals,
educators, and college students. Mathcad is as versatile and powerful as programming
languages, 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*C1))/(2*Al)
And that's assuming you can see them. Usually all you see is a number.

In Mathcad, the same equation looks the way you might
it on a blackboard or in a reference book. And there is n -b +Jb2 -4-ac

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 on-line reference system called the Resource Center. It
gives you access to tutorials as well as many useful formulas, data values, and reference
material 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
graphics in a single worksheet, Mathcad makes it easy to keep track of the most complex
calculations. By printing the worksheet exactly as it appears on the screen, Mathcad
lets you make a permanent and accurate record of your work.

Mathcad Editions

Mathcad 2000 is available in two versions:

» Mathcad Professionalis the industry standard for applied math in technical fields,
delivering complete calculation and reporting functionality for professional results.
With the most complete set of features available, the Professional edition delivers
an integrated environment for performing, sharing, and communicating technical
work.

* Mathcad Standard is the ideal application for everyday technical calculations,
well suited for quick and easy use when pencil and paper, calculators, and spread-
sheets aren’t up to the job.

New in Mathcad 2000

Improved Com putational Features
* New boolean operators faND, OR, NOT, andXOR logical statements
* Improvements to theoot function

* New special-purpose fitting functions for statistical analysis of exponential, loga-
rithmic, power, sinusoidal, and logistic data

Pro * New differential equation solve block amtlesolvefunction for solving a differ-
ential equation more easily using real math notation

* 19 new functions for financial calculations

Math Display
» Better display of characters and operators in equations

» Choice of appearance of certain operators for presentations

Visualization and Gra phing
* New 3D QuickPlots for quickly graphing a function of two variables
Pro » Axum LE extends the 2D plotting capabilities of Mathcad via the Axum component
* SmartSketch LE for Mathcad allows you to insert technical drawings that are
computationally linked to your Mathcad equations

Document Pre paration, Presentation, and Publishin g Features
» Control for layering regions on top of one another

» New ruler for aligning regions and setting tabs and indents in text
Pro » Ability to create an Electronic Book with a table of contents and index

4 Chapter 1 Welcome to Mathcad



Usabilit y Enhancements

New error tracing tool for finding errors in a worksheet
Improved support for sharing Mathcad worksheets over a network
Improved Collaboratory for communicating with Mathcad users around the world

System Re quirements

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

I nstallation

Pentium 90-based IBM or compatible computer
CD-ROM drive

Windows 95 or higher or Windows NT 4.0 or higher

At least 16 megabytes of memory. 32 is recommended.

For improved appearance and full functionality of on-line Help, installation of
Internet Explorer 4.0 or higher is recommended. |IE does not need to be your default
browser.

You should first read and accept the license agreement found in the beginning of the
Mathcad User's GuideThen install 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
D:ASETUP (where “D:" is your CD-ROM drive). Click “OK.”

Click the Mathcad icon on main installation page.

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 Axum LE, SmartSketch LE, or on-line documentation,
follow step 1 above. Then click the icon for the item you want to install.

System Requirements 5



Contactin g MathSoft

General
US and Canada All other countries
MathSoft, Inc. MathSoft International
101 Main Street Knightway House
Cambridge, MA 02142 Park Street
Phone: 617-577-1017 Bagshot, Surrey
Fax: 617-577-8829 GUI19 5AQ

United Kingdom

Phone: +44 1276 452299
Fax: +44 1276 451224

Web Site: http:/ / www.mathsoft.com

Technical Su pport

MathSoft provides free technical support for individual users of Mathcad. In the United
States and Canada, contact MathSoft Technical Support:

* Email: support@mathsoft.com

» Fax: 617-577-8829

» Automated support and fax-back system: 617-577-1778
*  Web:http://www.mathsoft.com/support/support.htm

* Phone: 617-577-1778

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)
* 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
Gettin g Started with Mathcad

1 The Mathcad Workspace

1 Regions

1 A Simple Calculation

1 Definitions and Variables

1 Entering Text

1 Iterative Calculations

1 Graphs

1 Saving, Printing, and Exiting

The Mathcad Works pace

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, chooleell Background
from theFormat menu

&% Mathcad Professional - [Untitled:1]

File Edit “iew |nsert Format Math  Symbolic: Window Help ;IEILI
DR (8R_RY | E@d |-« 7t wo= 20 A([o -2
|[Nomal ][ dn HB ru===EE
RN EEES KRN R N O R KR R R
3

o

nloi man % x|

In & ! T |Graph 3| ] ==

log ™ () =2 [ A I% <

w7 8 9 / D 4 [6] : i

ws 4 5 B =

sin 1 2 3 +

= g — =
" ’.
Press F1 for help. [80TO [ [NUM [Page1

Figure 2-1: Mathcad Professional with various toolbars displayed.
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Tip

Each button in thiath toolbar, shown in Figure 2-1, opens another toolbar of
operators or symbols. You can insert many operators, Greek letters, and plots by
clicking the buttons found on these toolbars:

Button Opens math toolbar...

] Calculator—Common arithmetic operators.
e Graph—Various two- and three-dimensional plot types and graph tools.
[:::] Matrix —Matrix and vector operators.

Evaluation—Equal signs for evaluation and definition.

I% Calculus—Derivatives, integrals, limits, and iterated sums and products.
E Boolean—Comparative and logical operators for Boolean expression.

=
23 Programming—Programming constructd/@thcad Professional onjy

afl Greek—Greek letters.

- Symbolic—Symbolic keywords.

The Standard toolbar is the strip of buttons shown just below the main menus in
Figure 2-1:
Standard =]

DEH SRY $B2RY oo T mp= 2L [ 3] @8R

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 characteristics in
equations and text.

[Normal | - B zuo|==

— 1—
= i=
T iT

To learn what a button on any toolbar does, let 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 tieew menu. You can also detach and drag a toolbar
around your window. To do so, place the mouse pointer anywhere other than on a button
or a text box. Then press and hold down the mouse button and drag. You'll find that
the 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.

Chapter 2 Getting Started with Mathcad



Tip

The Standard, Formatting, and Math toolbars are customizable. To add and remove buttons from
one of these toolbars, click with the right mouse button on the toolbar and €ugieenize
from the pop-up menu to bring up the Customize Toolbar dialog box.

Theworksheet ruler is shown towards the top of the screen in Figure 2-1. To hide or
show the ruler, chooseuler from theView menu. To change the measurement system
used in the ruler, click on the ruler with the right mouse button, and chabse
Centimeters Points, orPicasfrom the pop-up menu. For more information on using the
ruler to format your worksheet, refer to “Using the worksheet ruler” on page 79.

Workin g with Windows

Tip

Tip

When you start Mathcad, you open up a window on a MativcaldlsheetYou 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.

« ChooseZoom from theView menu or clickii= 5 on the Standard toollvar
choose a number smaller than 100%.

You can also use the scroll bars, mouse, and keystrokes to move around the Mathcad
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 IntelliMouse and compatible pointing devices. Turning the
wheel scrolls the window one line vertically for each click of the wheel. When you press
[Shift ]and turn the wheel, the window scrolls horizontally.

See “Arrow and Movement Keys” on page 314 in the Appendices for keystrokes to

move the cursor in the worksheet. If you are working with a longer worksheet, choose
Go to Pagefrom 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 as file opetmingd},

saving, Ctrl ]S], printing, [Ctrl ]P, copying, Ctrl ]C], and pasting,gtrl ]V]. Choose
Preferencedrom theView 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 and text anywhere in the worksheet. Each equation,
piece of text, or other element isegion Mathcad creates an invisible rectangle to

hold each region. A Mathcad worksheet is a collection of such regions. To start a new
region in Mathcad:

1.

Click anywhere in a blank area of the worksheet. You see a small cros

Anything you type appears at the crosshair. *

If the region you want to create is a math 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.

To create a text region, first chodsext Regionfrom 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 17 for an example of inserting a two-dimensional plot.

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

Selectin g Regions
To select a single region, simply click it. Mathcad shows a rectangle around the region.

To select multiple regions:

1.

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

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

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@trthg
key while clicking. If you click one region anj@hift ]-click another, you select both regions
and all regions in between.

Movin g and Copying Regions
Once the regions are selected, you can move or copy them.

Moving regions
You can move regions by dragging with the mouse or by @intgandPaste

To drag regions with the mouse:

1. Select the regions as described in the previous section.
2. Place the pointer on the border of any selected region. The pointer turns into a small

hand.
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3. Press and hold down the mouse button.

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

At this point, you can either drag the selected regions to another spot in the worksheet,
or you can drag them to another worksheet. To move the selected regions into 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 usCigt andPaste
1. Select the regions as described in the previous section.

2. ChooseCut from theEdit menu (keystroke:Gtrl ] X), or click dh on the
Standard toolbar. This deletes the selected regions and puts them on the Clipboard

3. Click the mouse wherever you want the regions moved to. Make sure you've clicked
in an empty space. You can click either someplace else in your worksheet or in a
different worksheet altogether. You should see the crosshair.

4. ChoosePastefrom theEdit menu (keystroke:Gtrl ] V), or click on the
Standard toolbar.

Note You can move one region on top of another. If you do, you can move a particular region to the
top or bottom by clicking on it with the right mouse button and chodiimg to Front or Send
to Back from the pop-up menu.

Copying Regions
You copy regions by using t@opy andPastecommands:
1. Select the regions as described in “Selecting Regions” on page 10.

2. ChooseCopy from theEdit menu (keystroke:Gtrl ] C), or click on the
Standard toolbar. This copies the selected regions to the Clipboard.

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

4. ChooseéPastefrom theEdit menu (keystroketrl ] V), or click 8| on the
Standard toolbar.

Tip  Ifthe regions you want to copy are coming from a locked area (see “Safeguarding an Area of the
Worksheet” on page 85) or an Electronic Book, you can copy them simply by dragging them
with the mouse into your worksheet.

Deletin g Regions
To delete one or more regions:
1. Select the regions as described in “Selecting Regions” on page 10.
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2. ChooseCut from theEdit menu (keystroke:Gtrl ] X), or clicki on the
Standard toolbar.

ChoosingCut removes the selected regions from your worksheet and puts them on the
Clipboard. If you don’t want to disturb the contents of your Clipboard, or if you don’t
want to save the selected regions, chdasletefrom theEdit menu (Keystroke:

[Ctrl ] D) instead.

A Sim ple 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 +

2. Typel5-8/104.5= . When you type the equal sig

Tz . 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,
expanded fully in two dimensions. 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.

* Assoon 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.

» Asyou type each operator (in this casand/ ), Mathcad shows a small rectangle
called aplaceholderPlaceholders 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 113.

Once an equation is on the screen, you can edit it by clicking in the appropriate spot
and typing new letters, digits, or operators. You can type many operators and Greek
letters by clicking in the Math toolbars introduced in “The Mathcad Workspace” on
page 7. Chapter 4, “Working with Math,” explains in detail how to edit Mathcad
equations.

12
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Definitions and Variables

Mathcad’s power and versatility quickly become apparent once you begin using
variablesandfunctions 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.

Definin g Variables
To define a variablé follow these steps:

1. Typet followed by a colon or click| *= | on the t o=
Calculator toolbar. Mathcad shows the colon as the

definition symbol:= .

2. 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@gt from theEdit menu (keystrokeGtrl ] 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. Type the variable name to be defined.

2. 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.

3. Type the value to be assigned to the variable. The value can be a single number, ac
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 lik¢, you can compute with it anywhdselow and to the righdf the equation
that defines it.

Now enter another definition.

1. Presg0]. This moves the crosshair below the fir, , ._ g
equation.

2. Todefineaccas—9.8,typeacc:—9.8 .Then press
[O] again. Mathcad shows the crosshair cursor | .
below the last equation you entered.
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Calculatin g Results
Now that the variableaccandt are defined, you can use them in other expressions.

1. Click the mouse a few lines below the two ‘=10
definitions.

2. Typeacc/2 [Space]*t"2 . The caret symbof\] acc = -9.8
represents raising to a power, the asterighg acc .2 | 490,
multiplication, and the slash ) represents division 2

3. Press the equal sign (=).

This equation calculates the distance traveled by a falling body irt tiritle
acceleratioracc When you enter the equation and press the equal sign (=), or click
E on the Evaluation toolbar, Mathcad returns the result.

Mathcad updates results as soon as you make changes. For example, if you click on the
10 on your screen and change it to some other number, Mathcad changes the result as
soon as you pre$8]] or click outside of the equation.

Enterin g Text

Mathcad handles text as easily as it 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. ChooseText Regionfrom 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.

3. TypeEquations of motion . Mathcad _ _
shows the text in the worksheet, next to the | [Eduations of motion]
equations.

Note If Ruler under th&/iew menu is checked when the cursor is inside a text region, the ruler 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 59.

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 you $pese |.

To enter a second line of text, just prESkand continue typing:
1. PresgO]].
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2. Then typéfor falling body under gravity.

3. Clickin a different spot in the worksheet or pre gquations of motion
[Ctrl ][Shift ][00 to move out of the text for falling body under gravity.
region. The text box disappears and the cursq
appears as a small crosshair.

+

Note Use[Ctrl ][Shift ][] to move out of the text region to a blank space in your worksheet. If
you presgL]], Mathcad inserts a line break in thigrrenttext region instead.

You can set the width of a text region and change the font, size, and style of the textin
it. For more information on how to do these things, see Chapter 5, “Working with Text.”

|terative Calculations

Mathcad can do repeated or iterative calculations as easily as individual calculations.
Mathcad uses a special variable calledrage variableto 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.

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

definition. Click on thel0 in the equatio:=10 . The t:= 10

insertion point should be next to the 10 as shown on the
right.

2. Type, 11. This tells Mathcad that the next number i

i t =10, 11
the range will be 11. L

3. Type; for the range variable operator, or cl| m-- ot == 10, 11 .. 20|
the Calculator toolbar, and then type the last nun#er,

This tells Mathcad that the last number in the range will be 20. Mathcad shows the
range variable operator as a pair of dots.
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4. Now click outside the equation foMathcad beginsto comput| ;.. ,
with t defined as a range variable. Site®w takes on elever] "2~ =

different values, there must also be eleven different answe 00

These are displayed in aatput tableas shown at right. You -5829

may have to resize your window or scroll down to see the wi 7058

-8281

table. T

Definin g a Function 1;23132
You can gain additional flexibility by defining functions. Here's| [-1s1516

how to add a function definition to your worksheet: -1.488-10°

-1.769-10%

1. Firstdeletethe table. To do so, drag-select the entire region 196103

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

chooseCut from theEdit menu (keystrokeGtrl ] X) or click # | onthe 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 [O] dity = 1600+%-12
The definition you just typed defines a function. The fur
tion name igl, and the argument of the function.i¥ou can use this function to evaluate
the above expression for different values. dfo do so, simply repladewith an
appropriate number. For example:

1. Toevaluate the function at a particular value, such as[3
typed(3.5)= . Mathcad returns the correct value ag d(3.5) =154 =10

shown at right.

3

2. To evaluate the function once for each value of the range varf gt _
t you defined earlier, click below the other equations and typg TR
d(t)= . As before, Mathcad shows a table of values, as show 1007108
right. 894.4
EEA R
Formattin g a Result £33.6
You can set the display format for any number Mathcad calculateg :i;:
displays. This means changing the number of decimal places sh 1838
changing exponential notation to ordinary decimal notation, and s 1;;;
-360
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For example, in the example above, the first two valliels] 013 1007016 ,
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

the mouse.
Humber Farmat | Display Dptionsl Unit Displayl Tolerancel

2. ChooseResultfrom theFormat 3 _
menu. You see the Result Forma  [fesny btz |
dialog box. This box contains B I Show tailng zecs
settings that affect how results are Evporentialthieshold — [37 3
displayed, including the number of
decimal places, the use of
exponential notation, the radix, |

and S0 On. Cancel | Set gz Defaultl Help |
3. The default format scheme is General which has Exponentig ) _
Threshold set to 3. This means that only numbers greater thg 0

equal to10% are displayed in exponential notation. Click the 12311

arrows to the right of the 3 to increase the Exponential Thresh 713

to 6. £39.6
4975

4. Click "OK.” The table changes to reflect the new result formg 39556

For more information on formatting results, refer to “Formatting —

Results” on page 110. 1689
-360

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

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

This section describes how to create a simple two-dimensional graph showing the points
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 choosgraph U X-Y Plot from thelnsert menu or clich tf: on the Graph
toolbar. An empty graph appears with placeholders or-thés andy-axis for the
expressions to be graphed. X-Y and polar plots are ordinarily driven by range variables
you define: Mathcad graphs one point for each value of the range variable used in the
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graph. In most cases you enter the range variable, or an expression depending on the
range variable, on theaxis of the plot. For example, here’s how to create a plot of the
functiond(t) defined in the previous section:

1. Position the crosshairin a blank spot and ty
d(t) . Make sure the editing lines remain| 4t}
displayed on the expression.

2. Now choosé&raphU X-Y Plot from the

Insert menu, or cIicLM\;’- on the Graph
toolbar. Mathcad displays the frame of thg dit]

graph.
3. Typet in the bottom middle placeholder o . o
the graph. .
4. Click anywhere outside the graph. Mathc 2000

calculates and graphs the points. A samp
line appears under the(t).” This helps you

identify the different curves when you plo| — oL i
more than one function. Unless you speci

otherwise, Mathcad draws straight lines -1000 & 5 20
between the points and fills in the axis limi t

For detailed information on creating and

formatting graphs, see Chapter 12, “2D Plots.” In particular, refer to Chapter 12 for
information about th@uickPlotfeature in Mathcad which lets you plot expressions
even when you don't specify the range variable directly in the plot.

Resizing a graph

To resize a plot, click in the plot to select it. Then move the cursor to a handle along
the 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.

Formattin g a Graph

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

1. Click on the the graph and choose
GraphU X-Y Plot from theFormat
menu, or double-click the graph to
bring up the formatting dialog box.
This box contains settings for all
available plot format options. To learr
more about these settings, see Chap
12, “2D Plots.”

Click the Traces tab.

3. Click “trace 1" in the scrolling list
under “Legend Label.” Mathcad

W fwes  Traces | Labelsl Defaultsl

dot
dash
dadot

biu
gin
mag

lines 1
lines 1
lines 1
1
1

trace 2
trace 3
trace 4
trace 5
trace B

none
none
none
none zolid cya  lines
hohe dot b lines

Inone j Isolid j Ired j IIines

™ Hide Arguments

Itrace 1

v Hide Legend

Formatting Currently Selected X-Y Plot E

places the current settings for trace 1 o | e

Cancel | Lol |

the boxes under the corresponding

columns of the scrolling list.

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

Select “bar” from this drop-down list.

5. Click “OK” to show the result of

1500
changing the setting. Mathcad show| |
the graph as a bar chart instead of 1000 .
connecting the points with lines. Not
that the sample line under tig) now | dit) soo

has a bar on top of it.

[

6. Click outside the graph to deselect i

Saving, Printin g, and Exitin g

Once you've created a worksheet, you will probably want to save or print it.

Saving a Worksheet

To save a worksheet:

1. Choosesavefrom theFile menu (keystrokeGtrl ] S) or click on the

Standard toolbar. If the file has never been saved befor&atve Asdialog 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 MathcatCQ) 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.”

Saving, Printing, and EXxiting
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Printin g

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.”

Exitin g Mathcad

Note

When you're done using Mathcad, cho@set 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.

To close a particular worksheet while keeping Mathcad open, cl@losefrom the
File menu.

20
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Chapter 3
On-Line Resources

1 Resource Center and Electronic Books
T Help

1 Internet Access in Mathcad

1 The Collaboratory

1 Other Resources

Resource Center and Electronic Books

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 World Wide Web from

within Mathcad, choosBesource Centerfrom theHelp menu or cIich@ on the
Standard toolbar. The Resource CenteNathcad Electronic Boothat appears in a
custom window with its own menus and toolbar, as shown in Figure 3-1.

%8 Resource Center: Welcome to Mathcad 20000 !Elm
File Edit “iew |nsert Format Math Symbolics Book Help

A ® = | NRBRES

+Mathcadm RESOURCE CENTEFIN

.Jng,-’Sr.mpon
o

return to Startup

o1 = o

Press F1 for help. Auto LI i

Figure 3-1: Resource Center for Mathcad Professional. Topics available in
Mathcad Standard differ somewhat.
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Note A number of Electronic Books are available on the MathSoft Web Library which you can access

Tip

Note

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, choog@pen Bookfrom theHelp 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
World Wide 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

The Resource Center may open automatically every time you start Mathcad. To prevent it from
opening automatically, choo&eeferencesfrom theView menu, click the General tab, and
check “Open Resource Center at startup.”

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

Content in the Resource Center

Here are brief descriptions of the topics available in the Resource Center. Exact topics
vary in Mathcad Professional and Mathcad Standard.

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

* QuickSheets and Reference Table®©ver 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. Dozens of discipline- and industry-specific examples, taken
from Mathcad Electronic Books and Extension Packs, show how you can apply
Mathcad to your work.

» 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 technical content and
resources for Mathcad users.

» MathSoft.com. MathSoft's Web page with access to Mathcad and mathematical
resources and the latest information from MathSoft.

22
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» 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.

Findin g I nformation in an Electronic Book
The Resource Center idvtathcad Electronic Boak-a hyperlinked collection of
Mathcad worksheets. 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, the page that appears when you first open
the Electronic Book.

® Opens a toolbar for entering a World Wide Web address.

= Backtracks to whatever document was last viewed.

o Reverses the last backtrack.

@ Goes backward one section in the Electronic Book.

@ Goes forward one section in the Electronic Book.

Displays a list of documents most recently viewed.
Searches the Electronic Book for a particular term.

% p

Copies selected regions to the Clipboard.

= Saves current section of the Electronic Book.

=) Prints current section of the Electronic Book.

Mathcad keeps a record of where you've been in the Electronic Book. When you click

&= | Mathcad goes back to the last page you were on when you left it. Backtracking
is especially useful when you have clicked to look at a cross- reference and then want
to return to the section you just came from.
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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:

: .
1. Click @ | to open the Search dialo ™= """

bOX- olynomials, accuracy of repeated roots

Search

polynomial regreszion and regress function ;I
polynomial regression, weekly sales example
polynomial regreszion

polynomial roat finding g ezt

2. Type aword or phrase in the “Seart
for” text box. Select a word 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 wal
to search for. Click “Next” or
“Previous” to bring the next or previous occurrence of the entry into the window.

GoTo

polynomial, zeros of quadratic
accuracy of repeated roots
~rurary of rnts with lane dear 2

Brevious

ninjunnmialz
Cloge

FLLEL

Found 1 <polynomials, accuracy of repeated rootss:

The polyraots Function [1]

Annotatin g 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
annotationsin 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, chd@sker [ Annotation from theFormat
menu. To suppress the highlighting of Electronic Book annotations, remove the check from
Highlight Changeson the Electronic Book’'Book menu.

Saving annotations

Changes you make to an Electronic Book are temporary by default: your edits disappear
when you close the Electronic Book, and the Electronic Book is restored to its original
appearance the next time you open it. You can choose to save annotations in an
Electronic Book by checkingnnotate Bookon theBook menu or on the pop-up menu

that appears when you click with the right mouse button. Once you do so, you have the
following annotation options:

» ChooseSave Sectiorfrom theBook menu to save annotations you made in the
current section of the Electronic Book, or cho8se&e All Changego save all
changes made since you last opened the Electronic Book.
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» ChooseView Original Section to see the Electronic Book section in its original
form. ChooseView Edited Sectionto see your annotations again.

» ChooseRestore Sectiorto revert to the original section, or choddestore Allto
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

one of the methods described in “Selecting Regions” on page 10 k on the
Electronic Book toolbar or chooszopy from theEdit menu, click on the
appropriate spot in your worksheet, and chd@astefrom 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.

Web Browsin g

Note

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 World Wide
Web. You can also use the Resource Center window to browse to any location on the
World Wide Web and open standard Hypertext Mark-up Langu#geL() 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.

When the Resource Center window is in 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 later to be installed 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.microsoft.com/ for licensing and support information about Microsoft Internet
Explorer and to download the latest version.

To browse to any World Wide 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:

%3 Resource Center =] E3
File Edit “iew |nsert Format Math  Symbolics Book Help

e e ENHhAd BEHS
| °| Address:l j

2. Inthe “Address” box type a Uniform Resource LocatiRL() for a document on
the World Wide Web. To visit the MathSoft home page, for example, type
http://www.mathsoft.com/ and pressEnter ]. If you have Internet
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Help

Note

Tip

Note

Note

access and the server is available, you load the requested page in your Resource
Center window. Under Windows NT 3.51 or if you do not have a supported version
of Microsoft Internet Explorer installed, you launch your default Web browser
instead.

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

Button Function
Bookmarks current page for a later visit.
Reloads the current page.
(] Interrupts the current file transfer.

When you are in Web-browsing mode and click with the right mouse button 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 previously viewed. When you ¢ ﬁ , you return to the Table of Contents for
the Resource Center and disconnect from the Web.

You can use the Resource Center in Web-browsing mode to open Mathcad worksheets anywhere
on the World Wide Web. Simply type the URL of a Mathcad worksheet in the “Address” box in
the Web toolbar.

Mathcad provides several ways to get help on product features through an extensive
on-line Help system. To see Mathcad’s on-line Help at any time, cMatkead Help

from theHelp menu, click ? on the Standard toolbar, or pf€4g. 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.

To run the 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. You can hide the status bar by removing the
check fromStatus Bar on theView menu.
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E? Mathcad Help [_To] x]
& o &

Hide: Back  Forward  Home Frint  Options

Lzt |Igdex I gearc:hl Controlling calculation

K The Basics =

R Equations

= Tent

m Computational features
: Controlling calculations ¥ Autornatic mode in which results are updated
@ lteration continuously, and...

@ Doing calculations in parallel
[7] Errors in numerical calculstions ¥ Manual mode in which you control when results are
@ Simplifying expressions before num updated.

R Layout tools
S wiorksheet management While in either mode, you can turn specific equations
@ vectors and matrices on or off or interrupt a calculation in progress.

R Strings

& Functions Related Topicsl
R Operators _|_,|
. —

vour calculation mode controls how often the results on
your screen are updated, Your worksheet will always
be in one of two calculation modes:

Figure 3-2: Mathcad on-line Help is deliveredHT™ML Help.

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.

To get help on menu commands or on any of the toolbar buttons:

1. PresgShift ][F1]. Mathcad changes the pointer into a question mark.

2. Choose a command 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§&sc]. The pointer turns back into an arrow.

Tip ChooseTip of the Day from theHelp menu for a series of helpful hints on using Mathcad.

Mathcad automatically displays one of these tips whenever you start it if “Show Tips at Startup”
is checked.

Internet Access in Mathcad
Many of the on-line 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 InterrBC®/IP) application. Such
software is usually part of the networking services of your operating system; see
your operating system documentation for details.
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» Addirect 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.

Before accessing the Internet through Mathcad, you also need to know whether you
use aproxy serveto access the Internet. If you use a proxy, ask your system
administrator for the proxy machine’s name or Internet Proteepha@dress, 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 Maithcer):for the

World Wide WebfFTP, a file transfer protocol; ar@brHER an older protocol for access

to information archives.

Once you have this information,

choosePreferencesfrom theView
menu, and click the Internet tab.
Then enter the information in the

Preferences =]

General Intermet I

Uszer Mame: ||

Email: I

dialog box.

LCollaboratory: I
The remaining information inthe In:| P Sewver
ternet tab of the Preferences dialo¢. | Ise"’e' IF'”"
was entered at the time you installe == | |
Mathcad: -

GOPHER: | |

* Your name
* Your Internet electronic mail [ ok | cocel | Hep |

address

» TheURL for the Collaboratory server you contact when you click the Collaboratory
button on the Resource Center home page

The Collaborator y

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 World Wide 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 a key word or phrase, be notified of new messages in forums that interest
you, and view only the messages you haven'tread yet. You'll find that the Collaboratory
combines some of the best features of a computer bulletin board or an on-line news
group with the convenience of sharing worksheets and other files created using
Mathcad.

Logging in
To open the Collaboratory, chod®esource Centefrom theHelp menu and click on
the Collaboratory icon. Alternatively, you can open an Internet browser and go to the
Collaboratory home page:
http://collab.mathsoft.com / ~mathcad2000/
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Note

You'll see the Collaboratory login screen in a browser window:

Welcome! Name: |

Password: |
To participate in the
Mathcad Collaboratory,
you can log in as an

Existing User, a MNew
User, or a Guest.

[T Remember my passward

Forgot vour password?

Mew users click here to create a
personalized profile.

GUEST Guests entering conferences are

limited to read-only access.

The first time you come to the login screen of the Collaboratory, click “New User.”
This brings you to a form that you should 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 and to notify you of important information concerning Mathcad.

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:

File Edit “iew |nsert Format Math  Symbolics Book Help

I RSN e Y=y = =

J | ] | Address: |httD:.-".-"Collab.mathsoft.com

MathCad Collaboratory  Post | Refresh | Search | More Options | Help | Log Off

Forums
All Messages | 1 Mew | 2 Attn

Welcome to the Collaboratory!

To view topics within a forurn, click a plus symbol ([#) next

to a forum name (or the forum name itself) in the frame to
Announcements (1) the left.

Astronomy and Navigation (5)

# Biology (1, 1 Mew, 1 Attr) ! EXXE You have 1 new message(s).
Business, Finance and Fconomics (4)
Chemistry and Chemical Engineerin | Thank you for using the Collaboratory!

# Civil and Structural Engineering (41) "Collaboratory Manager, collab@mathsoft.com”
Electrical Engineering 32}
- Signal Processing O'Reilly wWebBoard 4.0.422 ©1335-1939 Duke Engineering/0'Feilly & Associate

[l o
Expand : Auto |

Figure 3-3: Opening the Collaboratory from the Resource Center. Available
forums change over time.

A list of forums and messages appears on the left side of the screen. The menubar at
the top of the window gives you access to features such as searches and on-line Help
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Note

After you log in, you may want to change your password to one you'll remember. To do so, click
More Options on the menubar 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.

Reading Messages

When you enter the Collaboratory, you see text telling you how many messages are
new and how many are addressed to your attention. Click the links on the text to see
these messages or examine the list of messages in the right part of the screen. To read
any message in any forum of the Collaboratory:

1. Click on the[® next to the forum name or click on the forum name.

2. Click on a message to read it. Click e to the left of a message to 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.

Postin g 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. Decide which forum you want to post a message in. Click on the forum name to
show the messages under it. If you want to reply to a message, click on the message.

2. ChoosedPostfrom the menubar at the top of the Collaboratory window to post a
new message. Or, to reply to a message, Rply 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:

Post a Mew Topic in "Biology"

Topic:l ml
¥ Caonvert line breaks to HTML breaks [T Preview message
[T Pre-formatted text (Mo HTML) ¥ Spell check

[ Attach file

To add users to vour Address Book, select
"Addresz Book! from the More Options
menu.

Attn:[Ermpty Address Book

Type your message here. ;I

3. Enter the title 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 a file.
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5. Type your text in the message field.

Tip  You can include 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. Ifyou are attaching a file, a new page appears. Specify the file type and file on the
next page and click “Upload Now.”

Note For more information on reading, posting messages, and other features of the Collaboratory,
click Help on the Collaboratory menubar.

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

Searchin g

To search the Collaboratory, cli@earchon the Collaboratory menubar. 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 | nformation
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. To do so:
1. Click More Options on the menubar 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.

Note For privacy when posting messages, you can hide your email address or change your login name
by editing your profile. Be aware, however, that if you hide your email address, other
Collaboratory participants cannot send you email messages.

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
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announcements when specific forums have new messages, bhares®ptions from
the Collaboratory menubar.

The Collaboratory also supports participation via email or a news group. For more
information on these and other features available in the CollaboratoryHglipkon
the Collaboratory menubar.

Other Resources

On-line Documentation

Pro

Pro

The following pieces of Mathcad documentation are available in PDF form on the
MathcadcCD in theDOC folder:

* Mathcad User’s GuideThis User’s Guide with the latest information, including
updates since the printed edition was created.

» Mathcad Reference ManualAn in-depth guide to Mathcad’s built-in functions,
operators, and symbolic keywords.

* MathConnex User’s GuideA guide to using MathConnex, an environment for
visually integrating and linking applications and data sources.

» Creating a UserDLL . A file with instructions for usin@ or C++to create your
own function in the form of aLL.

You canread theseDFfiles by installing Adobe Acrobat Reader which is also available
on the Mathcad D in theDOC folder. See the readme file in theC folder for more
information about the on-line documentation.

Samples Folder

The SAMPLESfolder, located in your Mathcad folder, contains sample Mathcad and
MathConnex files which demonstrate components such as the Axum, Excel, and
SmartSketch 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.

Release Notes

The release notes are located inDi@xC folder located in your Mathcad folder. It
contains the latest information on Mathcad, updates to the documentation, trouble-
shooting instructions, and more.
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Chapter 4
Workin g with Math

1 Inserting Math

1 Building Expressions
1 Editing Expressions
1 Math Styles

I nsertin g Math

You can place math equations and expressions anywhere you want in a Mathcad
worksheet. All you have to do is click in the worksheet and start typing.

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

2. Type numbers, letters, and math operators, or insert t 8
by clicking buttons on Mathcad’s math toolbars, to cre| 156 - —— - 14.923

. 1045
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 créexeé regioninstead,
follow the procedures described in Chapter 5, “Working with Text.”

You can also type math expressions in any mibeholderwhich 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. See the chapters in the
Computational Featuressection of thidJser's Guidefor details on nhumerical and
symbolic calculation in Mathcad.

Numbers and Com plex 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 ca#iedlar. For
information on entering groups of numberaimays, see “Vectors and Matrices” on
page 35.
Types of numbers

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
* adecimal point
 digits after the decimal point
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Note

» one of the letterb, h, oro, for binary, hexadecimal, and octal numbers, orj
for imaginary numbers. These are discussed in more detail below. See “Suffixes
for Numbers” on page 312 in the Appendices for additional suffixes.

Mathcad uses the period)(to signify the decimal point. The commg) (s used to separate

values in a range variable definition, as described in “Range Variables” on page 101. 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 wittor j, as inli or2.5j

You cannot useorj alone to represent the imaginary unit. You must alwaysiyper 1j . If
you don’t, Mathcad thinks you are referring to a variable named eéithgr\Wwhen the cursor is
outside an equation that containof 1j, however, Mathcad hides the (superfluous) 1.

Although you can enter imaginary numbers followed by eitbej, Mathcad normally
displays them followed bl To have Mathcad display imaginary numbers ith
chooseResult from theFormat menu, click on the Display Options tab, and set
“Imaginary value” td' j(J).” See “Formatting Results” on page 110 for a full description
of the result formatting options.

Mathcad accepts complex numbers of the farmbi a(erbj ), wharelb are
ordinary numbers.

Binary numbers

To enter a number in binary, follow it with the lowercase Iditdfor example,
11110000b represents 240 in decimal. Binary numbers must be les2fian

Octal numbers
To enter a number in octal, follow it with the lowercase |attéor example256360
represents 11166 in decimal. Octal numbers must be les@#han

Hexadecimal numbers

To enter a number in hexadecimal, follow it with the lowercase letteéor example,
2b9eh represents 11166 in decimal. To represent digits above 9, use the upper or
lowercase letter& throughF. To enter a hexadecimal number that begins with a letter,
you must begin it with a leading zero. If you don’t, Mathcad will think it's a variable
name. For example, uSa3h (delete the implied multiplication symbol betwen
anda) rather thara3h to represent the decimal number 163 in hexadecimal.

Hexadecimal numbers must be less tBdh
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 nuBrifi? 38 .
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Vectors and Matrices

Strings

Tip

Tip

Note

A column of numbers isector, and a rectangular array of numbers is called#ix.
The general term for a vector or matrix isaray.

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.

You 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 51 for a description of how to do this.

Creating a vector or matrix

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

_ e
1. ChooseMatrix from thelnsert menu or click Eiel

on the Matrix toolbar. The dialog box shown on tt| B E
nght appears- LColumns: |3 Inzert |

Delete

Cancel

i

2. Enter a number of rows and a number of column
the appropriate boxes. In this example, there are [ﬂ . -]
[ I B |

rows and three columns. Then click “OK.” Mathcg
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.

Thelnsert Matrix dialog box also allows you to insert or delete 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 192.

Throughout thidJser's Guidethe term “vector” refers to @olumn vectarA column vector is
simply a matrix with one column. You can also creatavectorby creating a matrix with one
row and many columns.

Although in most cases the math expressions or variables you work with in Mathcad
are numbers or arrays, you can also work witings(also calledstring literalsor

string variable$. 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 316 in the Appendices. Strings differ from
variable names or numbers because Mathcad always displays them between double
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Tip

guotes. 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 ofa |[* = i
variable definition.

2. Type the double-quoté Y key. Mathcad displays 4

pair of quotes and an insertion line between the

3. Type any combination of letters, numbers,
punctuation, or spaces. Click outside the expresg
or press the right arrow keys() twice when you are
finished.

To enter a special character corresponding to one @f3td codes, do the following:

¢ = "The result 5 is valid]" ‘

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

2. Hold down theAlt ] key, and type the number “0” followed immediately by the
number of theASCIl codeusing the numeric keypad at the right of the keybaard
number-entry mode.

3. Release theAlt ] key to see the symbol in the string.

For example, to enter the degree symBoli a string, pressilt ] and type “0176”
using the numeric keypad.

The double-quote key { has a variety of meanings in Mathcad, depending on the exact location
of the cursor in your worksheet. When you want to enter a string, yowahnastshave a blank
placeholder selected.

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 187. Use strings also to specify system paths for arguments to some Mathcad built-in
functions; see “File Access Functions” on page 188.

Names
A namein Mathcad is simply a sequence of characters you type or insert in a math
region. A name usually refers to a variable 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.
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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-inariablesand built-infunctions

Mathcad includes several variables that, unlike ordinary variables, are already
defined when you start Mathcad. Thesedefinedrbuilt-in variables either have

a conventional value, lika (3.14159...) oe (2.71828...), or are used as system
variables to control how Mathcad calculates. See “Built-in Variables” on page 98
for more information.

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

Insert menu or click E on the Standard toolbar to insert one of Mathcad’s
predefined units. See “Units and Dimensions” on page 106 for more on built-in
units in Mathcad.

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 buillaeanfunction, which calculates the
arithmetic mean of the elements of an array, and the name “eigenvals” as the name
of the built-ineigenvaldunction, which returns a vector of eigenvalues for a matrix.

b

You can also choodeunction from thelnsert menu or clici®"| 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.
The digits 0 through 9.
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 titgeo( pressCtrl ][F7] to insert it.

The percent symboP4.

Greek letters. To insert a Greek letter, click a button on the Greek toolbar or type
the equivalent roman letter and prgSl ]G The section “Greek letters” on page
38 gives more details.

The infinity symboleo, which you insert by clickin(, on the Calculus toolbar
or by typing[Ctrl ][Shift ]Z.
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The following are examples of valid names:

alpha b
xyz700 Al _B2_C3_D4%%%
F1' a%%

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 numts#r (- 3jor ), a binary, octal,
or hexadecimal number (e.g., 50, 7h), or as a nutithesa variable 8 [k ).

* The infinity symbol,., can only appear as the first character in a name.

» Any characters you type after a periodappear as a subscript. This is discussed
in “Literal subscripts” on page 39.

» 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 51.

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

» 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
mear{v) can no longer be used.

Mathcad distinguishes between uppercase and lowercase letters. For edemmser different
variable fromDIAM. Mathcad also distinguishes between names in different fonts, as discussed
in “Math Styles” on page 51. ThuBjamis also a different variable froDiam.

To type symbols such as $ in a name, pr€sd [ ][Shift ]K, type the symbol(s), and type
[Ctrl ][Shift ]K again.

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

B L

» Click on the appropriate letter on the Greek toolbar. To see this toolbal
on the Math toolbar, or choo3®olbars[] Greek from theView menu.

» Type theRoman equivalerdf the Greek symbol and then pré&srl ]G For
example, to entep, presd[Ctrl|G . See “Greek Letters” on page 313 in the
Appendices for a table of Greek letters and their Roman equivalents.

Although many of the uppercase Greek letters look like ordinary capital letters, thj tue
same. Mathcad distinguishes between Greek and Roman letters, even if they appear visually
equivalent.
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Operators

Because it is used so frequently, the Greek lettan also be typed by pressing
[Ctrl ][Shift ]P.

Literal subscripts

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

like vel i 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

Do not confuse literal subscripts walray subscripts, which are generated with the left 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.

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

Operators are symbols like “+” ane™that link variables and numbers together to
form expressionsThe variables and numbers linked together by operators are called
operands For example, in an expression like:

axty
the operands for the “+” aseandy. The operands for thexponenbperator ara and
the expressiox + y
You type the common arithmetic operators using the standard keystrokésalike

+, 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
CES

you insert Mathcad’s derivative operator by typtay by clickin on the Calculus
toolbar. See “Operators” on page 298 in the Appendices for a complete list of operators.
Mathcad’s operators are also discussed in detail in Chapter 9, “Operators.”

Buildin g Expressions

You can create many mathematical expressions by simply typing in a stream of
characters, or by inserting appropriate operators from the Math toolbars.
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For example, if you type the characters

3/4+5"2= 3

you get the result shown at the right. 4+5°2

=0.103

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 you aypéick | on
the Calculator toolbar to create a fraction, Mathcad stays in the denominator until you
presg Space] to select the entire expression.

Typing in Names and Numbers

When you type in names or numbers, Mathcad behaves very much like a standard word
processor. As you type, you see the characters you type appear behind aadsfitical

line. The left and right arrow keys move this vertical editing line to the left or to the
right a character at a time, just as they would in a word processor. There are, however,
two important differences:

* As it moves to the right, the vertical editing line leaves behji
a trail. This trail is a “horizontal editing line.” Its importance
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 awmperand 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.
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Here's how to create the expressiafit ¥ using the first method:

A
1. Presg to create the exponent operator, or ¢ * on the o

Calculator toolbar. You see two placeholders. The editing line
“hold” the exponent placeholder.

2. Click in the lower placeholder and type
3. Click in the upper placeholder. o
4. Type+. g e
5. Click in the remaining placeholders and typandy . P

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

1. Typea. The editing lines hold th@indicating thatn becomes the
first operand of whatever operator you type next.

2. Presg to create the exponent operator. As promiaegcomes the|
first operand of the exponent. The editing lines now hold anotl |a®
placeholder.

3. Typex+y in this placeholder to complete the expression. |
El)( + ¥

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 meag**yY @X+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 expressidt y insteaak &8

1. Entera”x asyou did in the previous example. Note how the edi
lines hold thex between them. If you were to typeat this point,
thex would become the first operand of the plus.

2. Pres$Space]. The editing lines now hold the entire express®n

3. Now type+. Whatever was held between the editing lines now
becomes the first operand of the plus. a” + 4
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Multi plication

Note

Tip

4. In the remaining placeholder, type
xX

El+x|

A common way to show multiplication between two variables on a piece of paper is to
place them next to each other. For example, expressiorexlikea(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 meatifiesx” or “the variable
namedax.” Similarly, when you typa(x+y) , Mathcad cannot tell if you meaa “

times the quantity plusy” or whether you mean “the functi@applied to the argument
X+y.”

To avoid ambiguity in your everyday work, we recommend that you always*ress
explicitly to indicate multiplication, as shown in the following example:

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

In the special case when you type a numerical constant followed immediately by a variable
name, such a4X, Mathcad interprets the expression to mean the constant multiplied by the
variable:4 [x . Mathcad displays a space between the constant and the variable to indicate that
the multiplication is implied. In this way, you can produce math notation that closely
approximates the notation you see in textbooks and reference books. However, Mathcad
reserves certain letters, such &s6r 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.

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 cW@mse
Multiplication As... Or to change all the multiplication operators in a worksheet, choose
Options from theMath menu, click on the Display tab, and choose from the selections next to
“Multiplication.” See “Changing the Display of an Operator” on page 124 for additional
information.

An Annotated Exam ple

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 see in most word processors. Aword processor can use a simple vertical bar because
text is inherently one-dimensional, like a line. New letters go either to the left or to the
right of old ones. An equation, on the other hand, is réalbydimensionalwith a

structure more like a tree with branches than like a line of text. As a result, Mathcad
has to use awo-dimensionaVersion of that same vertical bar. That's why there are

two editing lines: a vertical line and a horizontal line.
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Suppose, for example, that you want to type the slightly more complicated expression

x—3[n?
-4+ Jy+l+m

Watch what happens to the editing lines in 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 | [* -3 @

Since we want the whole expression; 3 [h? , to be the

numerator, we must make the editing lines hold that entire expression.
2. Todo so, pregsSpace ]. Each time you predSpace], 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 numera 2
is whatever was enclosed between the editing lines when
pressed .

4. Now type-4+ and click 1| on the Calculator toolbar. Thet|__*-38"a
typey+1 under the radical to complete the denominator. 4+ .,y +1

5. To add somethingutsidethe radical sign, pre¢Space] 2
twice to make the editing lines hold the radical. For exam| | ———
to add the numbetto the denominator, prefSpace ] twice. | | 4+ dﬂ

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

presst. Ayl

i

7. Click on the Calculator toolbar or press Xx-3-a
[Ctrl ][Shift ]P.Thisis one of Mathcad’s built-in variable| |_4. [y. 1.

Editin g 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
[Delete ]removes the character to the right of the vertical editing line.
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Insertin g an

Note

If you need to change several occurrences of the same name or number, you may find
it useful to choosReplacefrom theEdit menu. To search for a sequence of characters,
chooseFind from theEdit menu. These commands are discussed further in “Text
Tools” on page 64.

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.

You never need to insert a space 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 a text 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.

2. Press thé key or click 7| on the Calculator toolbar. Mathcad |2
reformats the expression to accommodate the division. b

Some operators require only one operand. Examples are the square root, absolute value,
and complex conjugate operators. To insertone of these, place the editing lines on either
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 ¢ ) on the
Calculator toolbar.

Applying an Operator to an Ex pression

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 expressiorthere are two ways to proceed:

» Surround that expression in parentheses and proceed as described in the previous
section, or
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* Use the editing lines to specify the expression to which you want to apply the
operator.

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 48 and “Deleting Parentheses” on page
49 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*c results in completely different expressions depending on what was
selected.

* Here, the two editing lines hold only the numerator. This mej 2.0
+
any operator you type will apply only to the numerator. a—
e Typing*c results in this expression. Note how the express (a+b)d
held between the editing lines became the first operand of T a
+
multiplication.
» Here, the editing lines hold the entire fraction. This means | 5
operator you type will apply to the entire fraction. i p
o+
* Typing*c results in this expression. Note how everything S
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 p
. . . . . +
is on theleft side instead of on the right side.
* Typing*c results in this expression. Note how the expresgi a0
enclosed by the editing lines becamegbeondather than the| |¢f i d
. . . . . +
first operand of the multiplication. This happened because|

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

Controllin g the editin g 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
[Insert 1.

* 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.

» PresgSpace ]to select progressively larger parts of the expression with the editing
lines. Each time you pregSpace ], the editing lines enclose more and more of the
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Tip

Note

expression, until eventually they enclose the entire expression. PrESsace |
one more time brings the editing lines back to where they were when you started.

You can alsa@rag-selecparts of an expression to hold it between the editing lines. When you
do this, the selected expression is highlighted in reverse video. Note that whatever you type next
overwrites the highlighted expression.

The following example walks you through a short cycle of ug8pace ]:

1. This is the starting position. The two editing lines hold just tife 210

single variable d. x+ d

2. PressingSpace] makes the editing lines grow so that they ngy < b
. - +

hold the entire denominator. T d

3. Pressin§Space ] once makes the editing lines grow again so t 2+ b

they now hold the entire expression. S

4. Atthis point, the editing lines can’t become any longer. Press 5

[Space ] brings the editing lines back to the starting point of tF | 2" d
o+

cycle. d

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 ther just theb in the numerator. That's
because the sequence of steps the editing lines go through as yd$peess)

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 it involves
summations, integrals, and other advanced operators.

Editing of strings differs from editing of other math expressions because you must use the arrow
keys or click outside the string to move out of a string. PresSipa¢e ], which can be used

in other expressions to change the position of the editing lines, is interpreted as just another
character in a string.

Deleting an Operator

Tip

To delete an operator connecting two variable names or constants:

2. Pres$BkSp].
Now you can easily insert a new operator to replace the one you dé+ew=
just by typing it in.

1. Place the vertical editing line after the operator.

You can also delete an operator by placing the editing inésreit and pressingDelete 1.
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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 say/erb,” putting the editing lines “after”

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

1. Place the vertical editing linedter the division bar.

2. Pres$BkSp].

To delete an operator having only one operand (for examfdlelx| , xI or ):
1. Position the editing lines just after the operator.

2. Pres$BkSp].

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

For example, it is not clear when looking|gt 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 fead x esrfjugate,” the bar is treated as
beingafter thex.

Replacin g an Operator

To replace 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:

a C

1. Position the editing lines just after the operator. b +E

2. PresgBkSp]. An operator placeholder appears. a

b ”E

3. Type the new operator. = I

Insertin g a Minus Sign E_E

The minus sign that means “negation” uses the same keystroke as the

one that means “subtract.” To determine which one to insert, Mathcad looks at where
the vertical editing line is. If it's on the left, Mathcad inserts the “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, jbesert .

The following example shows how to insert a minus sign in front of&sin(

1. Click on the sirg). If necessary, pre¢Space | to select the entirel” —
expression. sin(a)

Editing Expressions 47



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

3. Type-, or click on the Calculator toolbar, to insert a minuj || sin(a)

sign.

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 44. Then replace
the operator with a minus sign as described in the section “Deleting an Operator” on

page 46. Notice that in Mathcad the unary negation symbol in the expressiga)
appears smaller than the minus sign in expressions such as(a)

Note 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 anthtype
order to put a subtraction minus sign in the placeholder. Otherwise Mathcad inserts a hegation
sign.

Insertin g Parentheses
Mathcad places parentheses automatically as needed to maintain the precedence of
operations. There may be instances, however, when you want to place parentheses to
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 lineq
this by clicking on the expression and pres$tgace ] one or
more times.

—

o

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

It is sometimes necessary to insert parentheses one at a time ugirantije keys.
For example, to change—b+c to-(b+c) do the following:

1. Move the editing lines just to the left of theMake sure the
vertical editing line is on the left as shown. Prigssert ] if
necessary to move it over.

E+C

ni]
1

2. Type( and click to the right of the. Make sure the vertical
editing line is to the right as shown. Prélssert ] if
necessary to move it over.

3. Type).

a-I(b+c)
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Deletin g Parentheses

You cannot delete one parenthesis at a time. Whenever you delete one parenthesis,
Mathcad deletes the matched parenthesis as well. This prevents you from inadvertently
creating an expression having unmatched parentheses.

To delete a matched pair of parentheses:

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

2. PresgBkSp]. Note that you could also begin with the editir
lines to the left of the “)"and pre$Belete ] instead.

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

1. Click in the expression and pr¢S&pace] until the entire

expressionw X—k [ , is held between the editing lines M

2. Type the single-quote key), or click (] onthe Calculator |(w t - k- 2}
toolbar. The selected expression is enclosed by parenthcocs-

3. PresgSpace]. The editing lines now hold the parenthes

as well. (wt-kz)

4. If necessary, press thiasert ] key so that the vertical
editing line switches to the left side. If the vertical editing li

is already on the left side, skip this step.

5. Now type the name of the function. If the function you w
to use is a built-in function, you can also chobsaction

from thelnsert menu or click Lisd on the Standard toolbar
and double-click the name of the function.

cogl{wt - k-z)

Movin g Parts of an Ex pression
The menu command3ut, Copy, andPastefrom theEdit menu are useful for editing
complicated expressions. They function as follows:

e Cut ( & on the Standard toolbar @2tfl ]X on the keyboard) deletes whatever
is between the editing lines and copies it to the Clipboard.

g
* Copy ( on the Standard toolbar aZtfl ]Con the keyboard) takes whatever
is between the editing lines and copies it to the Clipboard.

» Paste( @ on the Standard toolbar aZffl ]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.
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TheCopy andPastecommands use the Clipboard to move expressions from one place
to another. You can, however, bypass the Clipboard by using Mattecpdiion drag
and dropfeature.

Suppose you want to build the expression

cog(wt + x) + sin(wt + x)

1. Drag-select the argument to the cosine :
function so that it is highlighted in reverse ‘005( ST ) + sin(«)
video.

2. Press and hold dow€trl ] and the mouse [ ]
button. The pointer changes to indicate thal Cosqgg_—’fp + sinfa)
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 o
the pointer over the placeholder. cos(w-t + x|) + é."ﬂ_%___i

4. Release the mouse button. The pointer drd
the expression into the placeholder. It then| |cos{w-t + x] + sin{w-t + x]) ‘
recovers its original form.

Tip  You can drag and drop expressions, or even entire math regions, into placeholders in other
expressions or into any blank space in your worksheet. Just be sure you don't let go of the mouse
button before you've dragged the 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.

Deletin g Parts of an Ex pression
You can delete part of an expression by using eithditbkete ] key or thel BkSp]
key. If you use this method, whatever you deleteitplaced on the Clipboard. This
is useful when you intend to replace whatever you delete with whatever is currently on
the Clipboard.

To delete part of an expressisithoutplacing it on the Clipboard:

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

2. PresgDelete ]or[BkSp]. This removes the numerator ar |
leaves behind a placeholder. cos (%)

Note If you select an expression with the editing lines instead of drag-selecting as shown above, you
must pressBksp] or [Delete ] twiceto remove it. In this caseBksp ] removes the expression
to the left of the editing lines, anDélete ] removes to the right.
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Math Styles

Editin g Math

You may already have encountesgylesin your other applications to determine the
appearance of text or other elements. By making changes to text styles rather than to
individual text elements in a word processing document, you can make sweeping and
strikingly uniform changes in the way that documents looks. (See Chapter 5, “Working
with Text,” for an explaination of Mathcad’s text styles) You can get this same kind of
leverage by usingnath stylego 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:
» 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:

» Assigns to it a math style named “Constants.”

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

Styles

To change Mathcad'’s default style for all variables and plots:

1. Click on a variable name in your worksheet.

2. Chooseequation from theFormat menu. Equation Format <]

The style name “Variables” is selected. Math Styls
. . ) Style Mame

3. Click “Modify” to change the font associate | pmmm odiy.._ |
with the “Variables” style. You'll see a dialo¢ | new Style Name
box for changing fonts. [Varicbles

4. Make any changes using the dialog box an  pefaut Equation Color ok |
click “OK.” Mathcad changes the font of all [ siack [ |
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. Choosequation from theFormat menu to see the Equation Format dialog box.
The style name “Constants” is now selected.
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Note

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.

Farmatting

[Normal | - B zuo|==

— 1—
= i=
T iT

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 cho8sipgrate Regiongrom theFormat

menu.

You may wish to have your equations display in a different color than your default text
regions to avoid confusing the two. To change the default color of all equations in your
worksheet,

1. Choosequation from theFormat 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.

Alternatively, click the name or number and
chooseEquation from theFormat menu. The Math Sty
math style associated with whatever you click. | 2¥=Name

. . . . I ariables 'l Maodify...
on appears in the drop-down list in the Equati NVEW Sbtl_n,lleName |
Format d|alog bOX- _IV ariables
‘I‘f you chckﬂpn t_he button to the.nght of Dl Equaton Color ok |
Variables” in either the Formatting toolbar or th [ e |
Equation Format dialog box, you'll see a drop: [ coed |

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

* individual numbers in a math expression (but notin computed results, which always
display in the “Constants” style).

52

Chapter 4 Working with Math



Note

Saving Math

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

1. Chooseequation 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 meaasithat
x refer to different variables, ari(k) andf(x) refer to different functions. In deciding whether
two variable names are the same, Mathcad actually chmegtksstylesather 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.

Styles

Once you've completed a set of math styles that you like, you need not repeat the proces:
for other worksheets. You can save math style information by saving a worksheet as a
template. Choos8ave Asfrom 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
File menu 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
Workin g with Text

T Inserting Text

1 Text and Paragraph Properties
1 Text Styles

1 Equations in Text

1 Text Tools

I nsertin g 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, instructions for 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 63.

Creatin g a Text Region

Note

To create atext 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. ChooseText Regionfrom 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 pd
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. +

You cannot leave a text region simply by pres$idly You must leave the text region by
clicking outside the region, by pressir@tfl ][Shift (L, or by repeatedly pressing one of
the arrow keys until the cursor leaves the region.

To insert text into an existing text region:

» 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. Presg§BkSp] to delete the character to the left of the insertion point, or
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Tip

2. PresdgDelete ] 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. Presdinsert ] to begin typing irovertypemode. To return to the defaitsert
mode, presfinsert ] again.

You can also overtype text by first selecting it (see “Selecting Text” on page 56).
Whatever you type next replaces your selection.

To break a line or start a new line in a text region, pifgssMathcad inserts a hard return and
moves the insertion point down to the next line. Prgk#f] ][] to start a new line in the same

paragraph. When you rewrap the text by changing the width of the text region, Mathcad
maintains line breaks at these spot in the text.

Movin g 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. PressingCtrl ] 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

[-] Move right one character.

[-] Move left one character.

[1] Move up to the previous line.

[+] Move down to the next line.

[ctrl 1[-] Move to the end of the current word. If the insertion point is already
there, move to the end of the next word.

[ctrl 1[-] Move to the beginning of the current word. If the insertion point is
already there, move to the beginning of the previous word.

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

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

[Homd Move to the beginning of the current line.

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

Selectin g Text

One way to select text within a text region is:

1. Click in the text region so that the text box appears. _ _
Equations pf mation

2. Drag across the text holding the mouse button dowr |for a falling body under graity. ]
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On-line Help

Tip

Mathcad highlights the selected text, including any full li
between the first and last characters you selected.

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

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

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 entire text region or group of regions, follow the same steps that
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 Cobpse
Delete Paste or Copy from theEdit menu, or click the corresponding buttons on the
Standard toolbar.

Greek Letters in Text

Tip

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 toolbal aff oy
on the Math toolbar, or choo3®olbars[] Greek from theView menu, or

» Type theRoman equivalerdf the Greek symbol and then pré&srl ]G For
example, to entep, presd [Ctrl ]G See “Greek Letters” on page 313 in the
Appendices for a table of Greek letters and their Roman equivalents.

As discussed in the section “Inserting Math” in Chapter 4, tyfging [ |Gafter a letter in a math
region also converts it to its Greek equivalent. In additiOtr] [ ]G converts a nonalphabetic
character to its Greek symbol equivalent. For example, ty@hit[ ]2[Ctrl ]Gin a text
region produces thdt character.

To change a texgelectioninto its Greek equivalent, select the text and then:

1. Choosé€Text from theFormat menu.

2. From the Font list select the Symbol font.

You can also change the font of a text selection by using the Formatting toolbar.

Changing the Width of a Text Re gion

When you start typing in a text region, the region grows as you type, wrapping only
when you reach the right margin or page boundary. (The location of the right margin
is determined by the settings in the Page Setup dialog box, which you can modify by
choosingPage Setugrom theFile menu.) Presg]] whenever you want to start a new
line. To set a width for your whole text region and have lines wrap to stay within that
width as you type. To do this:

1. Type normally until the first line reaches the width you want.
2. Type a space and prg&rl ][0].
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Tip

All other lines break to stay within this width. When you add to or edit the text, Mathcad
rewraps the text according to the width set by the line at the end of which you pressed

[Ctrl ][O

To change the width of an existing text region, do the following:
1. Click anywhere in the text region. A selection box encloses the text region.

2. Move the 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—nby dragging the mouse.

You can specify that a text region occupies the full page width by clicking on the region and
choosingProperties from theFormat 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 Para graph Properties

This section describes changing various font properties and changing the alignment
and indenting oparagraphswithin a text region.

Changing Text Properties

To change the font, size, style, gy =]
position, or color of a portion of | Fant: Fort Styl: Siee:
the text within a text region, first & [Fegular [10 —
select the text. (See “Selecting ol Black = i = _Cored |
Text” on page 56.) Then Cho0Se |1 il Ramed T e |3aditsic i

&l Baskenvills BE Regul.x | = e =

Text from theFormat menu to

accessthe Text Formatdialog bo| [ Effect Senplo

The Text Format dialog box also ; E:"j:[::; -
appears when you click with the | - ¢,

r|ght mouse bUtton on SeleCted ™ Superscript This is a TrueType font. This zame font will be
teXt and ChOOSEOI’It from the oo uzed on both your screen and your printer.
pop-up menu. |

Many of the options of the Text
Format dialog box are also available via the buttons and drop-down lists on the
Formatting toolbar:

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 61 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 heverridethe properties associated with the style for

that text region.
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Tip

Tip

Tip

If you simply 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:

* Font
* Font style
* Fontsize

» Effects such as subscripts and superscripts
» 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@aparate Regiongrom theFormat menu if
necessary.

You can specify that a text region automatically pushes following regions down as it grows by
clicking on the region and choosiRgoperties from theFormat menu. Click the “Text” tab and
select “Push Regions Down As You Type.”

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

Changing Paragraph Properties

Note

A paragraph in atext region is any stream of characters followed by a hard return, which
is created when you tygée]] . You can assign distinct properties to each paragraph in

a text region, includin@lignment,ndentingfor either the first or all lines in the
paragraphtab stopsandbulletsor sequential numberingp begin the paragraph.

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

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

When you type$hift  ][[J] Mathcad inserts a new line within the current paragraph; it does not
create a new paragraph.
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You can change the properties for a paragraph within a text region by doing the
following:

1. Select the paragraph by clicking in i
to place the insertion point, by drag- e inshes) o]

Cancel |

selecting it, or by triple-clicking it. Lt [ | Specist [oner ]
2. Chooséaragraphfrom theFormat Right [0 |
menu, or click with the right mouse
button and choosearagraph from | Bulets firore) ] _ T |
the pop-up menu. Mathcad displays #ianment
the Paragraph Format dialog box. | €&t C 8ot O Cener

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

You can change the following paragraph properties:

By: I

Indent

To indent every line in the paragraph the same amount, enter numbers in the “Left” and
“Right” text boxes. To indent thiest 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 ¢tulese
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 buttamsthe Formatting toolba

or

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.”

Altenatively, 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.
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Tip

To change the measurement system used in the Paragraph Format dialog box or in the text ruler
chooseRuler from theView menu to show the text ruler if it is not already showing, click on

the ruler with the right mouse button, and chooshes, Centimeters, Points, or Picasfrom

the pop-up menu.

Text Styles

Mathcad usetext stylego 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 Re gion

Tip

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—within the text region:

1. Click in the text region on the paragraph whe SN
you want to change the style. Styles:
.
2. Choosestyle from theFormat menu, or click eagn
with the right mouse button and cho&tgle Indented paragraph _ MNow. |
from the pop-up menu, to see a list of the ave | "™ Modiy... |
able text styles. Available text styles depend Delete |
the worksheet template used. Ckse |
3. Select one of the available text styles and clit
“Apply.” The default text in your paragraph ac

quires the text and paragraph properties associ-
ated with that style.

As an alternative to choosir&tyle from theFormat menu, you can apply a text style to a text
paragraph simply by clicking in the paragraph and choosing a style from the left-most drop-
down list in the Formatting toolbar. To apply a text 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 56.

Modif ying an Existin g Text Style

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

tions of that text style.

4. Click “Font” to modify

text formats such as the | | Beserton _ -
font, font size, font styl- | st b tetiueted -
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 58 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.

INormaI | Font... I 0K |

Based On: I[none] j Paragraph...l Cancel |

Creatin g and Deletin g 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.

Creating a text style
To create a new text style:

1. ChooseStyle from theFormat 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 61. When you save the worksheet, the new text style is saved with it. If you want
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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 If you base a new 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.”

Insertin g an Equation into Text

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

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

1. Clickinthe text region or paragrap
: : : The universal gravitational constant, G, has the
toplace the insertion pointwhere yg value |and can be used to determine the

want the equation to start. acceleration of a less massive object toward a
more massive object.

2. ChooseMath Region from the The universal gravitational constant, G, has the

Insert menu. A placeholder appear| value b and can be used to determine the
acceleration of a less massive object toward a
more massive object.

3. Type in the equation just as you

) ) The universal gravitational constant, G, has the
would in a math region.

3
o o value G = 6.67259.10° .- and can be used
4. When you've finished typing in the kg &
equation, click on any text to retury to determine the acceleration of a less
to the text region Mathcad adjust< massive object toward a more massive object.
the line spacing in the text region to
accommodate the embedded math region.
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To paste an existing equation into a text region, follow these steps:

1.

2.
3.

4,

Select the equation you want to paste into the text.

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

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

Choosd&Pastefrom theEdit menu, or click 2] on the Standard toolbar.

Disablin g Embedded E quations

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:

Text Tools

1.
2.
3.
4,

Click on the equation you want to disable.

ChooseProperties from theFormat menu. Click on the Calculation tab.
Click the “Disable Evaluation” check box.

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 118.

Mathcad has tools for finding and replacing text as well as checking the spelling of text.

Find and Re place

Mathcad’sFind andReplacecommands 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.

Choosé=ind from theEdit menu. | =]
Mathcad brings up the Find dialog . | g |
box. ) -

I Match whale word anly Direction ﬂl
Enter the sequence of charactersy . @ Wy (0 G
want to flnd' ¥ Find in Text Flegions
Click “Find Next” to find the occur- | [ Findin iath Regions

rence of the character sequence inr
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
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On-line Help

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.

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. Choosd&Replacefrom theEdit menu
to bring up the Replace dialog box. ot | Fralicn |
2. Enter the string you want to find (the g .. . | |
target string) in the “Find what” box. ezl |
. ™ Match whole word anly —
3. Enter the string you want to replace P Mt e Cancel |

with in the “Replace with” box. Check & o 0 0 o
the appropriate boxes to match whol

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.

[ Find in Math Fiegions

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.

Spell-Checkin g

Note

After creating text, you can have Mathcad search the text for misspelled words and
suggest replacements. You can also add words that you commonly use to your persona
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. There are
two ways to do this:

» 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 spell-
checking.

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

1. Choos&heck Spellingfrom theEdit

Mot Found: Iradias

f‘k}/
menu, or click on the Standard
toolbar.

Change To:

lgnare I

Lhange |
Add |
Suggest |

Cancel |

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.

Tip  To determine whether a word is misspelled, Mathcad compares it with the words in two
dictionaries: a general dictionary of common English words supplemented by mathematical
terms and a personal dictionary. If there are certain correctly spelled words throughout your
worksheet which Mathcad nevertheless shows as being misspelled, you may want to add them
to your personal dictionary.

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

» 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.”

» Toleave 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.

Note To choose a dialect associated with the English dictionary, clirveterencesfrom theView
menu, click on the General tab, and choose an option below “Spell Check Dialect.”
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Chapter 6
Workin g with Graphics
and Other Ob jects

1 Overview

1 Inserting Pictures

T Inserting Objects

1 Inserting Graphics Computationally Linked to Your Worksheet

Overview

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

* 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 a bitmap file

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

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

The remaining 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.”

I nsertin g Pictures

This section describes techniques for creating and formaiithges—static graphic
images—in your Mathcad worksheet.

Creatin g a Picture
You can create a picture in a Mathcad worksheet in the following ways:

* By using thepicture operatorand supplying either the name of a Mathcad matrix
or the name of an external bitmap file, or

* By importing an image from another application via the Clipboard.
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Note

Tip

Creatin g a picture from a matrix
You can view any matrix in Mathcad as a picture by using the picture operator:
1. Click in a blank space in your Mathcad worksheet.

. e .
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 operator.

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

Mathcad’s picture operator assumes a 256-color model with the value O 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.

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 188. For example, you can
use theREADBMP function to read an external graphics file into a matrix, and then use
the picture operator to see the picture in Mathcad.

To display an image in color, you must provide the picture operator with the names of three
matrices of the same size containing the red, green, and blue color values of the image. Type the
three names, separated by commas, in the placeholder of the picture operator. Otherwise, the
image appears in grayscale.

Creatin g a picture b y reference to a bitma p file

Mathcad can create a picture directly from an external file in Windows bitBna) (
format. To do so, click in a blank space in your worksheet and then:

1. ChoosePicture from thelnsert menu,

= .
or click || on the Matrix toolbar, to
insert the picture operator.

2. In the placeholder, type a string
containing the name of a bitmap file i
the current directory, or type a full pat|
to a bitmap file. You create a string in
the placeholder by first typing the to Meruplseresnetwork by
double-quote’() key. -

3. Click outside the picture operator. Th

11

g 70 .
bitmap appears in your worksheet. — +C 3
Each time you open the worksheet or [ 1 g7o
calculate the worksheet, the bitmap file ig * Q) nmot 30 4
read into the picture operator. +.: 3 R
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Note

Note

Note

Note

Note

If you modify the source bitmap file, you must recalculate your worksheet to see the modified
image. If you move the source bitmap file, Mathcad can no longer display the picture.

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 tieaste Speciatommand 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 bitmapDi®, is stored in a bitmap format

that is portable to other operating systems.

If you use théPastecommand on MathcadB&dit menu to paste in an image from the Clipboard

(or use drag-and-drop from another application), you typically paste a linkedé&into

your Mathcad worksheet, as discussed in “Inserting Objects” on page 71. 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 via a
Copy command on th&dit menu. Many Windows applications have this feature.

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

ChooséPaste Speciafrom theEdit 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 choices in the Paste Special dialog box will vary, depending on the application from
which you originally copied a picture.

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 makes the file size larger. It also means that when you copy the
worksheet, the picture information travels along with it.

To avoid making your Mathcad file too large, paste bitmaps that have been saved in as few colors
as possible such as 16 or 256 colors.
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Formattin g a Picture

Tip

Note

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. Pressandhold 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 picture region, the picture inside 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 picture itself, or chooBeoperties from theFormat 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.

This default color palette, however, may not be the exact one that any color bitmaps in
a worksheet were designed to use. To improve the appearance of bitmaps in your
worksheet, you can tell Mathcad to optimize its default color palette so that it chooses
the best possible 256 colors to display bitmaps in the worksheet. To do so:

1. ChooseColor Optimize Palettefrom theFormat menu. Mathcad surveys the
pictures in the worksheet and generates an optimal 256-color palette to use for all
of them.

2. Make sure thaolord Use Default Palettan theFormat menu is checked. Then
Mathcad uses the new default palette it generates.

If your display driver supports more than 256 colors, the palette-setting optionskorriiet
menu are grayed.
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I nsertin g Objects

Tip

Insertin g an

Tip

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

An object can be eithembeddedh orlinkedto a Mathcad worksheet. An object that

is linked must exist in an external saved file. An object that you embed may be created
at the time of insertion. When you edit a linked 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 there is one, is unchanged.

For information about using specialized objects caltadponentso 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.”

Object into a Worksheet

You insert an object into Mathcad, which is@E 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 objec
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, causinm-place activatiorof the originating application in most cases.

In general, you use the same methods to inddethcad objecinto another application and edit

it inside that application as you do to insert objects into 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.

Insert Object command

When you use th®bject command from thénsert 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. Firstclick in your worksheet where you want to insert the object. Make sure you
see the crosshair.
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2. ChooséObject from the

Insert menu to bring up Obiec Type: -
the Insert Object dialog | & cresenien  REEEEE=EG— | x|
AmiPro Document Cancel |

bOX. By defau It “Cl’eal'e " Create from File Apollonius Model
- Axum Equation 2.0

NeW” iS Se|eCtedZ Agum GraphShest
3. Check “Display As Icon” Cati o EREG
' CorelPHOTO-PAIMT! Picture LI

if you want an icon, rather

than the aCtUaI ObjeCt’ to et Insertz a new 1-2-3 Worksheet object inta your
appear in your worksheet document

The icon is typically the
icon of the application that
created the object.

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 finished

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

If you want to insert a Insert Object [Z]x]
previously created file:
1. Click “Create from File” = © Sestelien o Corcel |

inthe Insert Objectdialog ' Ereats fom Fie

box. The dialog box then I Link _

changes appearance. ™ Display s on
2. Type the path to the .

ObjeCl' f||e or C”Ck N Inzerts the contents of the file az an obie_c:t in_to

“ Browsen to |Ocate |t fr?:::?g;;?:ghi?hﬁ?;:ﬁ;g ?;ay activate it using

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

4. Click “OK."

Pasting an object into a worksheet

You can copy an object from a source application to the Clipboard and paste it 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 pressingfrl ]C.

3. Click in the Mathcad worksheet where you'd like to place the object.
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4. ChoosePasteorPaste Speciafrom 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:

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

» Atextregionjf you are pasting text that does not contain numeric data exclusively.
» A bitmapor picture (metafile)if the originating application generates graphics.
» An embedded object, if the originating application suppoOLis.

If you choosePaste Speciglyou 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 linked E object (if the object was stored in a saved file i0aB-
compatible source application), a picture (metafile), or a bitmap. See “Creating a picture
by importing from the Clipboard” on page 69 for more information on pasting metafiles
and bitmaps.

Dragging and dro pping an object into a worksheet

A third way to insert ail©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.

Editin g 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 calléd-
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.

Editin g 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.
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On-line Help

Choose the link you Links [21x]
want to edit from the list

. Links: T Upd.
of links. Then make o - i [ =

changes using the Update Now |
aVailabIe OptionS. Open Source |
LChange Source. .. |

Break Link

See the on-line Help topic
“Links dialog box” for
information on each option

C:AMSOFFICESWINWORDMetter doclOLE_LINKS
in the dlalog box. Type:  Microsoft Word Document

Source:

Update: & Automatic ' Manual

Insertin g Graphics Com putationall y Linked to Your Worksheet

If you want to insert a drawing or other kind of graphic that is computationally linked
to your Mathcad worksheet, you can insesbmponentA component is a specialized
OLE object. Unlike other kinds of OLE objects you can insert into a worksheet, as
described in “Inserting Objects” on page 71, a component can receive data from
Mathcad, return data to Mathcad, or both, linking the object dynamically to your
Mathcad computations.

The SmartSketch component, for example, allows you to insert SmartSketch drawings
whose dimensions are computationally linked to your Mathcad calculations.

Depth =6 Amount of water in the ditch Rougt =0.013 Roug} coefficient
Bottom = 10  Width of the ditch at the bottom Slope = 0.01 Slope of the ditch
SideAngle = 120 Side angle of the ditch

Tw -
[SLength) -

{Depth Bottom SideAngle)

Figure 6-1: The SmartSketch component inserted into a Mathcad worksheet.

An example 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, Axum, and MATLAB. For more information on
these and other components, refer to Chapter 16, “Advanced Computational Features.
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Worksheet Mana gement

1  Worksheets and Templates

1 Rearranging Your Worksheet

T Layout

1 Safeguarding an Area of the Worksheet
1 Hyperlinks

1 Creating an Electronic Book

1 Printing and Mailing

Worksheets and Tem plates

As you use Mathcad and save your work for later use, you typically creatd&sheet
that contains unique text, math, and graphic regions. Mathcadueess the default
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 utengplatethat 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. The new worksheet
therefore inherits the appearance and formatting instructions of the template, allowing
you to maintain consistency in the appearance of multiple worksheets.

Mathcad comes with a variety of predefined templates for you to use as you create new
Mathcad worksheets. You extend the collection of templates by saving any of your
Mathcad worksheets as a template. Mathcad.wg&E as the default file extension for
templates.

Other saving options are available in Mathcad. You can save a worksheet in rich-text
format RTF), so that it can be opened by most word processors, or in Hypertext Mark-
up LanguageHTML), so that the file can be viewed through a Web browser. You can
also save a worksheet in a format that can be read by earlier versions of Mathcad.

Creating a New Worksheet

When you first open Mathcad or cli 0] on the Standard toolbar, you see an empty
worksheet based on tiank worksheet templafaormal.mct). You can enter and

format equations, graphs, text, and graphics in this space, as well as modifying
worksheet attributes such as the page margins, numerical format, headers and footers
and text and math styles. The blank worksheet is only one of the templates Mathcad
provides. Other built-in templates are specific to types of worksheets you might be
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creating. For example, there is a template for Electronic Books, one for engineering
reports, and one for specification sheets.

To create a new worksheet based on a template:

1. ChooseNew from theFile menu. Mathcad
displays a list of available worksheet W
templates. The exact templates available = [ETRIEEE.
differ depending on the templates you ha LabFegort Cancel |

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.”

Project 1 Termplate Browse. .. |

Project 2 Termplate
Corporate Header

Saving Your Worksheet

Tip

When you want to save the worksheet, choose egaeeor Save Asfrom theFile
menu and enter a file name with the extensia@D. After the first time you save the

worksheet, simply chooS&avefrom theFile menu or clich = on the Standard toolbar
to update the saved copy of the worksheet.

']

To work on a worksheet you saved before, ch@ysen from theFile menu or click = on

the Standard toolbar. Mathcad prompts you for a name by displaying the Open dialog box. You
can locate and open a Mathcad worksheet from other directories or drives just as you would in
any other Windows application. At the bottom of Hie menu, Mathcad maintains a list of the
most recently used worksheets, which you can choose directly, if you wish.

Saving your worksheet in RTF format

To save a worksheet so you can open it in a word processor capable of readifg an
file with embedded graphics:

1. Scroll to the bottom of your worksheet to update all calculated results.
2. Choosesave Asfrom theFile 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 aRTFfile 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 processors 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
Mathcad worksheets or regions in a word processing document in a form that allows
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you to continue to edit the original Mathcad worksheets, see “Inserting Objects” on
page 71.

Tip 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 todgipand choosPaste
from theEdit menu in your word processing application.

Saving your worksheet in HTML format

To save a worksheet so that a Web browser can open it:

1. Scroll to the bottom of your worksheet to update all calculated results.
2. Choosesave Asfrom theFile menu.

3. Inthe Save As dialog box, choosermL File” from the “Save as type” drop-down
list.

4. Enter a file name and then click “Save.”

Note When you save a worksheet as HTML, regions other than text regions are saved as individual
JPEG files. If your worksheet contains many regions other than text, save the worksheet in a new
folder so that all the files will be accessed in a single location.

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 Mathtd@dotopen in earlier

versions. Mathcad 2000, however, allows you to save a worksheet as a Mathcad 8, 7,
or 6 worksheet.

Note Features in your worksheet available only in Mathcad 2000 will not be recognized in earlier
versions of Mathcad. Regions or features that won’t work in an earlier version are rendered as
bitmaps.

To save a worksheet in a form that can be read by an earlier version of Mathcad:
1. ChooseSaveor Save Asfrom theFile menu.

2. Inthe “Save as type” drop-down list, select “Mathcad 8 Worksheet,” “Mathcad 7
Worksheet,” or “Mathcad 6 Worksheet” and provide a file name.

3. Click “Save.” A message appears warning you that certain features available only
in Mathcad 2000 will not work in earlier versions.
Creating a New Tem plate

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 customizec
information in the headers and footers (see “Layout” on page 83). The template also
specifies:

» Definitions of all math styles (Chapter 4).
» Definitions of all text styles (Chapter 5).
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* Margins for printing (see “Layout” on page 83).

» 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 79).

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 Asfrom 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 choolsiew from theFile menu. To make a new worksheet based
on a template you've created, simply choNgevfrom theFile menu and select your
template from the list. If you did not save your template ta&@PLATE folder, you
need to browse to find the template.

o kN

Modifying a Template

Tip

To modify an existing worksheet template:

']

1. Choosépen from theFile menuor click|[=* | 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 mER®LATE 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, clsasfrom theFile menu or click

= on the Standard toolbar. If you want to give a new name to the modified template,
chooseSave Asfrom theFile menu and enter a new name for the template.

To modify the default template for a blank worksheet, modify the template fle NORMAL.MCT.

Note When you modify a template, 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.
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Rearranging Your Worksheet

Note

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.

You can get an overall view of how your worksheet looks by cho@iogn from theView

menu or clicking @] on the Standard toolbar and choosing a magnification. Choose a
magpnification less than 100% to zoom out of the worksheet, or use a magnification greater than
100% to zoom in. Alternatively, use tReint Preview command as described under “Print
Preview” on page 94.

Aligning Regions

Note

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 Regiondd Across(to align horizontally) oAlign Regiond] Down
(to align vertically) from the Format menu. Or choose these commands by clicking

DI]D

and & | on the Standard toolbar.

When you choosAlign Regiond] Down from the pull-right menu or clic| & 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.

DI]D

ChoosingAlign Regiond1 Acrossor 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 regions to overlap. Mathcad warns you when this will
occur, but you can separate overlapping regions as described in “Separating Regions” below.

Using the worksheet ruler

When you choosRuler from theView menu while the cursor is in a blank spot or in
a math region, you see the worksheet ruler at the top of the window. You can use
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Note

Tip

alignment guidelines on the ruler to align regions at particular measurements along the
worksheet.

To set an alignment guideline on the ruler:

1. Click on the ruler wherever you want the alignment guideline to appear. A tab stop
symbol appears on the ruler.

2. Click on the tab stop symbol with the right mouse button and ct&luse
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 regions to
the guideline. Figure 7-1 shows how you can use an alignment guideline to align math
regions.

ﬁfile Edit Wiew Inzet Fomat Math Symbolics ‘Window Help
N R AN R

Enter a fupction f(x) you want to integrate:

fix) =2 x+3+ cos(x)2
Enter endpoints of interval:

a=-23 b=12

Insert the integral operator:

h
J fx) dx = -442.466

a

Figure 7-1: Using an alignment guideline to align regions vertically.

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.

Toremove an alignment guideline, click on the ruler with the right mouse button where
the guideline is located and cho&eow Guidelinefrom 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 choosiitiches Centimeters, Points, or Picasfrom the pop-up menu. To
change the ruler measurement for all documents, make this change to normal.mct.

Insertin g or Deletin g Blank Lines

You 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. Presg$Enter ]to inserta blank line and move the cursor to the left margin. Do this
as many times as you want to insert lines.
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Tip

To delete one or more blank lines from your worksheet:

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

2. Presselete ] as many times as there are lines you want to delete. Mathcad
deletes blank lines below your cursor. Alternatively, pf&Sp] as many times
as there are lines you want to delete. Mathcad deletes blan&ltioes/our cursor.

If you press eithefDelete ] or[BkSp] and nothing seems to be happening, check to
make sure that the cursoris on aline all by itself. If any region in your worksheet extends
into the line you are trying to delete, Mathcad won’t be able to delete that line.

To quickly insert or delete specific numbeof lines from your worksheet, click in a blank part
of the worksheet with the right mouse button, chdosert Lines or Delete Linesfrom the pop-
up menu, and enter the number of lines in the dialog box.

Separating Regions

Note

Highlightin g

As you move and edit the regions in a Mathcad worksheet, they may end up overlapping
one another. Overlapping regions don't interfere with each other’s calculations, but
they may make your worksheet hard to read.

A good way to determine whether regio
overlapis to choodRegionsfrom theView
menu. As shown at right, Mathcad displa
blank space in gray and leaves the regid se the Moody method to compute
in your default background color. To tur ood “’SJM“’ the
the blank space back into the default 128 g hf Q°
background color, choodgegionsfrom 8 5

the View menu again.

Re - 143 gl46y

To separate all overlapping regions, cho
Separate Region$rom theFormat menu.
Wherever regions overlap, this comman
moves the regions in such away as to av
overlaps while preserving the order of t
calculations, as shown at right.

Be careful with theSeparate Regionsnenu 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. As an alternative, you can drag regions individually, add lines by piéssieg ], or

cut and paste the regions so they don’t overlap.

Regions
Mathcad allows you to highlight regions so that they stand out from the rest of the
equations and text in your worksheet:
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Note

To apply a background highlight color to a region:

1.
2.
3.
4

5.

Click in the region you want to highlight.
ChooseéProperties from theFormat menu.
Click the Display tab.

Check “Highlight Region.” Click “Choose Color” to choose a highlight color other
than the default choice.

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.

The appearance of a highlighted region on printing depends very much 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 in the process. Others render just the right gray to highlight the
equation without obscuring it.

To change the default background color of highlighted regions, do the following:

1.
2.

3.

ChooseColor from theFormat menu.

Pull right and choosighlight to bring up a dialog box containing a palette of
colors. Click the appropriate color.

Click “OK.”

Changing the worksheet back ground color
Mathcad allows you to change the color of the background of your worksheet. To do so:

1.
2.

ChooseColor from theFormat menu.

Pull right and choos$Background to bring up a dialog box containing a palette of
colors. Click the appropriate color.

Click “OK.”
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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 appropriately

Settin g Margins, Paper Size, Source, and Orientation
Mathcad worksheets have user- Page Setup BE
specifiable margins at the left, right, tof
and bottom of the worksheet. To set
these margins, choofageSetupfrom
theFile menu.

Use the four text boxes in the lower righ
ofthe Page Setup to specify the distanc
from the margin to the corresponding | | P
edge of the actual sheet of paper on Size:
which you are printing. Source: Auto Select =l

You can also use settings in the Page P
Setup dlalog_box tp change the size, & Potai et iz mee iz
source, or orientation of the paper on

which you print your worksheet. See | © e | I [12" - otem 127
“Printing and Mailing” on page 93 for
more about printing your Mathcad
worksheets. [ o ] Cood [ B |

— Orientation

[+ Frint single page width

Tip  If you want the margin and other page setup settings in the current worksheet to be used in other
worksheets, save the worksheet as a template as described in “Creating a New Template” on
page 77.

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, and you see them 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 the
appropriate place in your worksheet and chooBiage Breakfrom 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. Chooséeletefrom theEdit menu.
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Headers and

Tip

Tip

Because Mathcad is a WYSIWYG environment, any region that overlaps a soft or hard page
break prints by default in pieces on successive pages. To separate a region from a hard page
break, choos8eparate Regiongrom theFormat menu. However, this command does not
separate regions from any overlappsudt page breaks. ChooBepaginate Nowfrom the

Format menu to force Mathcad to insert a soft page break above any region that otherwise
would print in pieces on successive pages.

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
Headers/Footersfrom theFormat menu. The Header/Footer dialog box appears:

Header/F ooter [ ]
Header | Footer |
Left LCenter Right

™ Use full width for each section

Tool O ption: Frame
ul El | I Format... | Start at page number |1 _I; I~ Page
" Header
= I Different header and foater —
ﬂl | |E| ®I Image... | on first page " Eooter
ok I Cancel

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.

Mathcad by default begins numbering at page 1. You can set a different starting page number in
the Options group in the Header/Footer dialog box.
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Safeguardin g an Area of the Worksheet

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

Pro You can use Mathcad Professional to lock an area of your worksheet. To do so:
1. You create aareain your worksheet to contain the regions to be protected.
2. You place the regions that you want to safeguard into that area.
3. You lock the area. Optionally you can password protect and collapse the area.

Once aregion is safely inside alocked 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.

Insertin g 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 boundariesig
the lockable area.

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.

Tip To name an area in your worksheet, click on an area boundary, dPropssgties from the
Format menu, and enter a name on the Area tab. The Area tab also lets you modify other display
attributes of an area, such as whether a border or icon appears.

Lockin g and Colla psing an Area

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.
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Note

To lock an area:
1. Click in the area. Lock Area =]
2. Choosm\ream LOCk from theFOI’mat Password [optional]:

menu. I |
Cancel
Beenter password:

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.

™ Collapse when locked
V' Show lock timestamp

5. Click "OK.” Mon Apr 27 14:40:43 1998
The areais now locked and by default shows padl
on the boundaries and a timestamp. Mon Apr 27 14:40:43 1898

If you choose to 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. Click in the area.

2. ChooseéAreall Collapsefrom theFormat menu.

A collapsed area appears by default as a single line in your worksheet.

Unlockin g and Expanding an Area

Tip

If you want to make changes to a region inside a locked area, you have to unlock it. If
the area is collapsed, you must also expand it.

To unlock a locked area:

1. Click in the area you want to unlock.

2. ChooseAreald Unlock from theFormat menu.

3. If a password is required, you are prompted for the password.
To expand a collapsed area:

1. Click on the boundary line.

2. ChooseAreald Expand from theFormat menu.

Once an area is 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
Areal] Unlock from theFormat menu.
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Deletin g an Area
You can delete a lockable area just as you would any other region. To do so:
1. Make sure the area is unlocked. You cannot delete a locked area.

2. Select either of the two lines indicating the extent of the locked area by dragging
the mouse across it.

3. ChooseCut from theEdit menu or click d¢ | on the Standard toolbar.

Hyperlinks

Mathcad allows you to credtgperlinks—that s, to create “hotspots” in your Mathcad
worksheets that, when double-clicked, open Mathcad worksheets or other files.

Creatin g Hyperlinks Between Worksheets

You can create a hyperlink from any Mathcad region, such as a text region or a graphic
element, to any Mathcad worksheet. When you double-click the hyperlink, Mathcad
opens the Mathcad worksheet designated by the hyperlink. In this way you can connect
groups of related worksheets in a form similar to Mathcad’s Electronic Books, or simply
cross-reference a related Mathcad worksheet from within the current worksheet.

You have two options for the appearance of the linked worksheet when you double-
click the hyperlink:

* The hyperlinked worksheet can open in a full-sized Mathcad worksheet window
that overlays the current worksheet window and allows you to edit its contents.

» The hyperlinked worksheet can open in a spafi-up windowthat displays the
contents of the worksheet, but does not allow you to edit its contents. This type of
hyperlink is called &opup

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, 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.

Tip In general, either selected text or an embedded graphic works best as a hyperlink to another
worksheet.
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Note

Note

The next step is to specify the target. To do so:

1. ChooseHyperlink Insert Hyperlink <]
fromthelnsert menu. | o fie o UL
Mathcad opens the | Bowse._ |
Insert Hyperll nk Enter ar locate the path to the document yau want ta link ta. This can b:e an Internet address
dialog bOX. [URL). & docurnent on pour hard dive, or a document on your compary's netwark.

™ Use relative path for hyperlink ™ Display as pop-up document

Meszage that appears on the status line when mouse iz over link:

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
addressRL) to create a hyperlink to a file on the World Wide Web.

3. Click “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.

Cancel |

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.”

When you double-click a hyperlink, Mathcad opens the target worksheet in the kind of
window (either pop-up or full) you specified. Close a pop-up window by clicking on
the close box in the upper right corner.

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
theInsert menu. Make any changes you wish in the Edit Hyperlink dialog box.

To remove a hyperlink, click the hyperlink and choblsgerlink from thelnsert
menu. Click “Remove Link” in the dialog box. Mathcad removes all traces of the link.

If you launch a hyperlink from selected text, Mathcad underlines the text and makes it bold to
indicate the existence of a hyperlink. Mathcad changes the mouse pointer to a “hand” cursor
when you hover over any hyperlink, and any message you specified appears on the status line at
the bottom of the window when the cursor is over the hyperlink.

Creatin g Hyperlinks to Other Files

The methods described in the previous section can 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 World Wide Web. Use this
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Note

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—any file type that you want.

When you double-click a hyperlink to a file other than a Mathcad worksheet, you launch either
the application that created the file or an application associated with a file of that type in the
Windows Registry. You cannot display such hyperlinked files within a pop-up window.

Creatin g an Electronic Book

Tip

As described in Chapter 3, “On-Line 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
in the window. The worksheets in an Electronic Book are live so areader can experiment
directly within the book.

If you have several Mathcad worksheets which you want to collect together and you
have Mathcad Professional, you can create your own Electronic Book. The steps to
creating an Electronic Book are easy; they include:

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

ok~ w DN E

Developing an index

Each step is explained in more detail below. The process of creating a sample Electronic
Book called “Explorations in Algebra” is described. After you've created an Electronic
Book, you or others can open it in Mathcad and navigate through it using the toolbar
buttons on the Electronic Book window.

Step 1: Creating Mathcad files

Create as many Mathcad worksheets as you would like to include in your book. Put all
the worksheets into a special folder designated for your Electronic Book.

If you want to include data from a data file in a worksheet, you should insert an input table and
import the data into it. This will ensure your book is readable even ifitis on a CD or on a Web
site. Refer to “Importing Once from a Data File” on page 196 for information on importing data

to an input table.

For example, for the Electronic Book titled “Explorations in Algebra,” you have created
three Mathcad worksheets callBACTIONS.MCD PRIMES.MCD and
SQUARE.MCD Store these files in a folder calladGEBRA.

To create a consistent look to your worksheets, you can create and use templates anc
text styles. Refer to “Worksheets and Templates” on page 75 and “Text Styles” on page
61 for more information.

Creating an Electronic Book 89



Steps 2 and 3: Pre paring a Table of Contents and addin g hyperlinks

Prepare a file calleGONTENTS.MCDcontaining a list of the topics that describe the
worksheets in your Electronic Book. Then insert hyperlinks from the list of topics to
the worksheets. Follow the steps on page 87 for inserting hyperlinks.

For example, the “Explorations in Algebra” book, CONTENTS.MCD could contain
the following text:

S Explorations in Algebra

Continued Fractions

Searching for Prime Numbers

Journey Around the Square

You would create hyperlinks from “Continue Fractions,” “Searching for Prime
Numbers,” and from “Journey Around the Square” to the ARSCTIONS.MCDO
PRIMES.MCD andSQUARE.MCD respectively.

The table of contents allows readers to browse to the sections as they prefer.
Step 4: Creatin g an HBK file

An HBK file for a Mathcad Electronic Book serves the same function as a traditional
book binding: it specifies the order for the individual files in the book as the reader
browses through it. To create HBK file:

1. Use any text editor or word processing application.

2. Enter the following four required keywords at the beginning ofigi¢ file:
.version 2000
title
SPLASH
TOC

Note thaSPLASHandTOC must be capitalized. In the second column of these lines,
follow .title with the title of the book; follovBPLASHandTOC with the names of
.MCD files. See Figure 7-2. Use tabs to separate the columns.

3. Enter a line for each file in the book with three columns. Use tabs to separate
columns. In the first column, type the logical name of the file (the filename without
the extension). In the second column, type the filename. In the third column, type
a colon (), a space, and the title of the file that should appear in the title bar of the
book window. See Figure 7-2.

4. Save the file as a text-only file with BBK extension and a name that is the same
as the name of your folder containing the Mathcad worksheets that are included in
the book. For example, if the folder callekdGEBRA contains all the worksheets
for the Electronic Book “Explorations in Algebra,” save the HBK file as
ALGEBRA.HBK.
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Tip

5.

Look for a subfolder called HANDBOOK located under the Mathcad Professional
folder. If you do not have a subfolder called HANDBOOK, create one.

6. Place the HBK file and the folder containing your worksheets iAANDBOOK

folder. For example, placeLBEGRA.HBK and theALGEBRA folder in the
HANDBOOK folder.

You can create an HBK file using any text editor or word processing application. Just be sure to
save the HBK file as text-only.

Lines that begin —=  ;This is the HBK file for my book titled "Explorations in Algebra™
with ; are H
ignored. ;

.version 2000
These four keywords title Explorations in Algebra <— Title of the book that appears in the title bar
must be included.

SPLASH welcome.mcd <« First page to appear when the book opens

TOC contents.mcd Marre of the Table of Contents file
fractions fractions.mcd : Continued Fractions
primes primes.mcd : Searching for Prime Numbers
square square.mcd  : Journey Around the Square Third calumn:
T 1 The title of the
section that
First colurmn: Secand colurnn: appears in the title
irst colurnn: Marnes of the Mathcad bar. You may use
Marnes of the Mathcad workshests
. a space between
worksheets without the

the colon and the

extensions .
title narme.

Figure 7-2: Sample HBK file.

Tips for creating amBK file:

Limit the worksheet filenames to eight characters to avoid problems some networks
may have reading long filenames.

If the titles of your files are very long, abbreviate the title so it is not cut off when
it appears at the top of the window. Think of this as the running head or header that
appears at the top of book page.

You may not include any blank lines in tHek file.

Files to which hyperlinks popup rather than jump and files linked to from subdi-
rectories do not have to be listed in HeX file.

Any lines beginning with a semicolon is ignored.

If you include a space and the keyword “skip” following the name of a file in the
second column of the HBK file, a reader of the book will not be able to browse to
that file. This is helpful if you want people to link to a file but not browse to it.

Step 5 (optional): Developing a searchable index

You can create a searchable phrase index for your Electronic Book much as the author
of a printed book creates an index. To see an example of a searchable index, choose

Resource Center from the Help menu and click of ¢ button.
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Note To create anindex, use a DOS utility called NEWDICT.EXE located in your Mathcad directory.

Tip

You should only create a searchable index if you are comfortable working in DOS.

To create a searchable index:
1. Create a text file with any name you wish and the extension .

2. Type entries into the text file. For example, for the “Explorations in Algebra” book
type entries such as those shown in Figure 7-3. Each line consists of an index entry,
a region number enclosed in | | characters, and a filename.

region number in the file
where topic is discussed

index entry or —filewhere topic is
phrase discussed

fractions|1| fractions.mcd
denominator/3| fractions.mcd
prime numbers, searching for/1|primes.med

searching for prime numbers|1|square.med
factors|10| square.mcd

Figure 7-3: Sample index file.

To find the region number in a Mathcad file, open the file in Mathcad, click inside the
region, and pres<iirl ] [Shift ] L. You will see a message on the status bar at the
bottom of the Mathcad window that says, for example, “Region Label is 3, Region
Count is 2.” The region number, 2 in this example, is the Region Count number.

If you are using unusual terms for a concept, you may want to include standard terms that readers
might be looking for. The more entries you add to the index, the more helpful it will be for your
users. It is also a good idea to list terms in multiple ways. For example, the topic “Prime
Numbers” might be indexed under “numbers, prime” and “prime numbers.”

3. Before processing the index file, you need to sort it alphabetically. You can do this
manually or use the sort routine from a number a variety of other applications such
as Microsoft Word.

4. Place the following files in theANDBOOK folder:

* NEWDICT.EXE (index utility located in the main Mathcad folder)
« the TXT file
* theHBK file

5. In MSDOS or Command Prompt mode, change to the \HANDBOOK folder and

type:
newdict index.txt book.hbk

If there is an error in the index file, NEWDICT.EXE stops its execution and issues a

line number on which the error occurs. If an error occurs, check and fix errors in the

TXT or HBK file and run NEWDICT.EXE until it executes completely without issuing

an error.
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Note Errors will occur if there are any blank lines in either the index or the HBK file. Many errors also
occur because of discrepancies between filenames in the index file and the HBK file or because
filenames are missing.

6. This process will create two files, OUT.DCT and OUT.RFS. Rename them to
correspond to the name of the HBK file and folder for your Electronic Book. For
example, if you have a folder called ALGEBRA and an HBK file called
ALGEBRA.HBK, rename the files to ALGEBRA.DCT and ALGEBRA.RFS.

7. Place the DCT and RFS files inside your Electronic Book folder. For example, put
them in the ALGEBRA folder.

Note If you make any changes to the files in the Electronic Book that affect the position or number of
regions or if you make any changes to the HBK file, you must re-create the index.

Additional information about creating Electronic Books is available in the Resource
Center and on the MathScftP site atftp:/ftp.mathsoft.com/pub/
author

Opening your Electronic Book

To open your Electronic Book:

1. Start Mathcad and choo&pen Bookfrom theHelp menu.

2. Browse to the location of youiBK file and click on it.

3. Click “Open.”

Your book opens in the Electronic Book window. Use the buttons on the toolbar at the

top of the window to navigate. For example, ¢ fal to go to the Table of Contents

or click #4 to open the searchable index. For more information on Electronic Books
and the navigation tools, refer to Chapter 3, “On-Line Resources.”

Printin g and Mailin g

To print a Mathcad worksheet N -] =]
choosePrint from theFile ~ Printer

menu. The Print dialog box lets | name:  [FEIwSmEE Properties |
you control whether to print the | siws  Defeut printer: Resdy

entire worksheet, selected Type:  HPLaserletliISi

pages, or selected regions; whi ‘é“:::;nt WPLUTOATech I
printer to print on; and the

number of copies to print. The | Fintrang Gl

particular dialog box you see | © & Number of gopies: [T =]
depends on the printer you've | | & s o[ e [ @
selected. A typical dialog box is | © &=eion

shown at right.

()8 I Cancel
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Printin g Wide Worksheets

Tip

Tip

Print Preview

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.

You can think of the
worksheet as being pmrloto-w
divided into vertical
strips. Mathcad »
begins printing at the seliarn g
top of each strip and
continues until it

reaches thelastregiol PRINTS AS ..
in this strip. It prints —

. P p pmnsle-a si=liarey a=Zan
successive strips left s N 2 » o 73
to right. Note that

certain layouts will
produce one or more
blank pages.

You can control whether a wide worksheet is printed in its entirety or in a single page width. To
do so, choosPageSetup from theFile 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.”

You can ask Mathcad to print a range of pages in the worksheet by using the Print dialog
box. The page numbers in the dialog box refer only to horizontal divisions. For example,
if your worksheet looks 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 operators includitrg thiee bold equals,

the derivative operator, and the multiplication operator. Before you print, you can choose
Options from theMath 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.

To check your worksheet'’s layout before printing, chdtréet 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:

MNext Page | Prev Page | Two Page Zoom |n Zoorn Out Cloze
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Mailin g

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 settings in your mail system determine how Mathcad worksheets are attached to or encoded
in the mail message. We recommend that you use an encoding method such as MIME or
UUENCODE, if available, to attach Mathcad worksheets to mail messages.

To send a Mathcad worksheet by electronic mail:
1. Open the worksheet you want to send.
2. Choosesendfrom theFile menu.

Once you do so, your mail system launches and creates a new message with your
worksheet as an attachment. You 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
Calculatin g in Mathcad

1 Defining and Evaluating Variables
1 Defining and Evaluating Functions
1 Units and Dimensions

T Working with Results

1 Controlling Calculation

T Animation

1 Error Messages

Definin g and Evaluatin g Variables

When you type an expression into a worksheet, 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 99 for details on numerical evaluation.

Definin g 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. Type the variable name to be defined. Chapter 4, “Working kel
Math,” contains a description of valid variable names. —

2. Press the colon J key, or click = | on the Calculator toolbal |KE = i
The definition symbol:€) appears with a blank placeholder 0
the right.

3. Type an expression to complete the definition. This expres
can include numbers and any previously defined variables|| KE = R 0.98°
functions.

The left-hand side of a=" can contain any of the following:
* A simple variable name like

* A subscripted variable name like
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* A matrix whose elements are either of the above. For exa%)p()}e, . Thistechnique
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.

. . o OO0
e A superscripted variable name liké

Built-in Variables

Note

Note

Mathcad includegredefinedor 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 311 in the Appendices for a list of built-in
variables in Mathcad.

In addition to the built-in variables described here, Mathcad treats the names of all iiii-in
as predefined variables. See “Units and Dimensions” on page 106.

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 ealli¢hd a

value other than the one Mathcad provides, enter a new definitiorg 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 100.

Mathcad’s predefined variables are defined for all fonts, sizes, and styles. This means that if you
redefineeas described above, you can still aséor example, as the base for natural logarithms.
Note, however, that Greek letters are not included.

You can modify many of Mathcad’s

built-in variables without having to ex
plicitly define them in your worksheet,
To do so, choos®ptions from the
Math menu, and click the Built-In
I\(/)zrﬁlg)lfs tab on the Math Options di R, -
FRHM File Setting

To set new starting values for any of | Frecision [ERNPRECISION) =
these variables, enter anewvalue int | coumnwidh PRNCOLWDTH)  [F 2] @
appropriate text box and click “OK.”

Built-In Variables | Ealculationl Display I Uit Systeml Dimensionsl
Array Origin [ORIGIM] IE 3: [0]
Convergence Tolerance [TOL) ID.DD‘I [0.0071)
Constraint Tolerance [CTOL) ID.DD‘I [0.007)

Then choos€alculate Worksheet s Uizl |
from theMath menu to ensure that al
existing equations take the new valug K| Concel | Wb |

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.”
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Evaluatin g Expressions Numericall y
To evaluate an expression numerically, follow these steps:

1. Type an expression containing any valid combination
numbers, variables, and functions. Any variables or f I -y
tions in this expression should be defined earlier in tl 2
worksheet.

2. Pressthe=" key, or click on the Calculator toolbar| 1 m-v2 = 567108
Mathcad computes the value of the expression and sh| 2
it after the equal sign.

Figure 8-1 shows some results calculated from preceding variable definitions.

Motion at Constant Speed
t=1156
s = 100
5
¥ o= —
t
¥ = 8.696
m:= 15
m-y = 130.435
1 2
1 —mv° = 567.108
KE = —m-¥ 2
2
KE = 567.108

Figure 8-1: Calculations based on simple variable definitions.

Tip  Whenever you evaluate an expression, Mathcad shows a final placeholder at the end of the
equation. You can use this placeholder for unit conversions, as explained in “Working with
Results” on page 110. As soon as you click outside the region, Mathcad hides the placeholder.

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, dReggmsfrom
theView menu. Mathcad displays blank space in gray and leaves regions in your
background color.

Figure 8-2 shows examples of how placement of equations in a worksheet affects the
evaluation of results. In the first evaluation, bptindy are highlighted (Mathcad

shows them in red on screen) to indicate that they are undefined. This is because the
definitions forx andy 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.
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The second evaluation, on the other hand, is below the definitionanafy. By the
time Mathcad gets to this equation, it has already assigned values tograti

fou must define
variables above the Thiz variable or function
place in the worksheet iz not defined above.

where you use them.
x=215 ¥=-3

X+y=-085

a=12
This wariable ar function
is not defined above.

Figure 8-2: Mathcad evaluates equations from top to bottom in a worksheet.
Undefined variables are highlighted.

Note You can define a variable more than once in the same worksheet. Mathcad simply uses the first
definition for all expressions below the first definition and above the second. For expressions
below 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.

To type a global definition, follow these steps:

1. Type a variable name or function to be defined.

2. Press the tilde~{ key, or click = | on the Evaluation toolbar. || ® = 1
The global definition symbol appears.

3. Type an expression. The expression can involve numbers or
i . . R =.0820562|
globally defined variables and functions. ——

You can use global definitions for functions, subscripted variables, and anything else
that normally uses the definition symbok".

Thisis 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.

100 Chapter 8 Calculating in Mathcad



Note A global definition of a variable can be overriden by a local definition of the same variable name
with the definition symbol “:=".

Figure 8-3 shows the results of a global definition for the varidblbich appears at
the bottom of the figure.

Start with these definitions and calculations . . .

Vv = 1000 n =3 T =378
P - n-R-T
v P = 0.092

Now change the definitions of Yand T . ..

V = 500 T - 323
p-nRT P - 0159
v

Since R is defined globally. its definition applies everywhere in the
document . ..

R = .0820562

Figure 8-3: Using the global definition symbol.

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 righttf a “

» that variable must also have been defined witg,a4nd
» the variable must have been defimdbvethe place where you are trying to use it.
Otherwise, the variable is marked in red to indicate that it is undefined.

Tip Itis good practice to allow only one definition for each global variable. Although you can do
things like define a variable with two different global definitions or with one global and one local
definition, this may make your worksheet difficult for others to understand.

Range Variables
Iterative processes in Mathcad worksheets depemdrage variablesExcept 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

Defining and Evaluating Variables 101



description of more advanced iterative operations made possible by the programming
operators in Mathcad Professional, turn to Chapter 15, “Programming.”

Definin g and usin g 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 variatalaging from 0 to 15 in steps
of 1:

1. Typej and then press the colon key),(or clickE on the j=a
Calculator toolbar. The empty placeholder indicates that Mathcaa
expects a definition fgr At this point, Mathcad does not know whethéesr to be

a conventional variable or a range variable.

m..n

2. TypeO. Then press the semicolon key),(or click on the j = 0.15
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 typif in the remaining placeholder.

This definition indicates thamnow 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
103.

Once you define a range variable, it takes on its complete range of gakrggime

you use itIf you use a range variable in an equation, for example, Mathcad evaluates
that equation once for each value of the range variable.

You must define a range variable exactly as shown above. There must be:
» avariable name on the left,

wn

» eijther a“:=" or a £" in the middle, and

» avalid range on the right.

Note Youcannotdefine a variable in terms of a range variable. For example, if after having defined
as shown you now define=j +1 , Mathcad assumes you are trying to set a scalar variable
equal to a range 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

o Typex[:j*2 [Space]+1.

Figure 8-4 shows the vector of values computed by this equation.jSin@eange
variable, the entire equation is evaluated once for each vaju@&tus deﬁnes<j for

each value of from 0 to 15.
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Tip

j=0.15
xi ::]2+1
A
1
2
= | ¥g = 1
5 0
10 ¥ =2
17
1 ¥q = 10
26 3
537 X? = 50
[s1¢]
55 | Xy = 122
82 X5 = 226
101
122
1456
170

Figure 8-4: Using a range variable to define the values of a vector.

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 evaluates the expression once
for each value of the range variable.

If you use two or more range variables in an equation, Mathcad evaluates 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 changes its
appearance. To learn how to interrupt a calculation in progress, see “Interrupting Calculations”
on page 118.

Types of ranges

The definition ofj 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 value to any other value, using any constant increment or decrement.

To define a range variable with a step size other than 1, type an equation of this form:
k:1,1.1;2

This appears in your worksheet window as:
k:=1,11..2

In this range definition:
e The variablek is the name of the range variable itself.
e The number 1 is the first value taken by the range varlkable
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e The number 1.1 is the second value in the raNgée that this is 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.

» 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.

Note You can use arbitrary scalar expressions in range definitions. However, these values must

always beeal numbers. Also note that if you use a fractional increment for a range variable, you
will not be able to use that range variable as a subscript because subscripts must be integers.

Definin g and Evaluatin g Functions

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 includes@ument list The example below

shows how to define a function calldit(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 Istix vl

It makes no difference whether or not the names in the argument list have been defined or used
elsewhere in the worksheet. What is important is that these argumesitbe named hey
cannot be more complicated expressions.

« Pressthe colon | key, or click *= | on the Calculato| | dist(x.y) = a
toolbar. You see the definition symbot).

» Type an expression to define the function. In this
example, the expression involves only the names| dist(x, y) = §x% +y
the argument list. In general though, the expression
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.
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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.

Computing distances between points
X1 =0 ¥l 15
X2 =3 y2 =4

X3 = -1 ¥3 = 1 dist(x, y) = .‘x2+y2

Compute distance from origin:
dist(x1,y1) =156
dist(x2, y2) - 6
dist(x3, y3) - 1.414

dist = function

Figure 8-5: A user-defined function to compute the distance to the origin.

Note Asshown inFigure 8-5if you type only the name of a function without its arguments, Mathcad
returns the word “function.”

The arguments of a user-defined function can represent scalars, vectors, or matrices.

For example, you could define the distance functiodig v) := A;02+ V12 . This is

an example of a function that accepts a vector as an argument and returns a scalar resul
See Chapter 11, “Vectors, Matrices, and Data Arrays,” for more information.

Note User-defined function names are font and case sensitive. The fuf(gjiendifferent from the
function f(x) and SINK) is different from sirX). Mathcad’s built-in functions, however, are
defined for all fonts (except the Symbol font), sizes, and styles. This measm(Ratsin(x),
andsin (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 Mathcadhat to dowith 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. It is only
when Mathcacdkvaluatesa function that it needs to know the argument types.

However, if in defining a function you use a variable nameishadtin 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.
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Using Variables in User Functions:
a =2
f(x) = x°
The value of f depends on its argument . . .
f(2)- 4 t=-4
f(3)-9
f(t) - 16
f(J5) - 5
... but not on the value of a. f(2) - 4
a=3
f(2) -4
a=>5
f(2) -4
Since a is not an argument of f, the value of f depends on the value of a
at the point where f is defined.

Figure 8-6: The value of a user function depends on its arguments.

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.

Recursive Function Definitions

Note

Pro

Mathcad supportsecursivefunction 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:
» An initial condition that prevents the recursion from going forever.
» A definition of the function in terms of some previous value(s) of the function.

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

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

106

Chapter 8 Calculating in Mathcad



A simple recursive function definition.

factorial( 5) = 120

Using recursion to define a periodic sawtooth wave.

Fix) = 2x period = 2

Gi(x) = if(x< period, F{x). G(x - period)})

factorial(n} = f{n=0_ 1 n-factorial{n - 1}

Figure 8-7: Mathcad allows recursive function definitions.

Units) in theresultsof any calculations, but you may use any supported units you wish
in creating your expressions. See “Displaying Units of Results” on page 113 for more

information about selecting a unit system for results.

For example, type expressions like the following:
mass:75*kg
acc:100*m/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

m
acc = 100-—:2
5
m
acc g = 98—
5

F = mass (acc + acc_g)

F = 823bx 103N

mass = 7bkg <-Mathcad treats the multiplication as impli

an expression like mass :I'}'Skg '

mass = 7bkg

1 when you type

Figure 8-8: Equations using units.

Units and Dimensions
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Tip 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 as implied. See the definition of mass at the bottom of Figure 8-8.

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 chobksgt from thelnsert menu, or clich EF
on the Standard toolbar. Mathcad opens the Insert Unit dialog box.

2. The list at the bottom shows built-in nsetunt K
units, along with their Mathcad names, pinernsi System
corresponding to whatever physical = [ E
guantity is selected in the top scrolling gﬁg\:& inset_|
list. When “Dimensionless” is selected bes = Cocel_|
atthe top, a list of all available built-in =
units shows on the bottom. ,T_\r;'ie'_ o o vy [l B

3. If necessary, use the top scrolling list EEE%EE%E
to display only those units correspond gtmosphelnleas []c'-tm]
ing to a particular physical quantity. | [eTus 1sc jeruts) =
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 performs some dimensional analysis by 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 Checkin g
Whenever you enter an expression involving units, Mathcad checks it 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 example, suppose you had defiaed

as1000h/ s instead o100/ &2 as "
shown at right. Sincaccis in units of ace = 100"
velocity andacc_gis in units of accelera
tion, itis inappropriate to add them toget
er. When you attempt to do so, Mathca
displays an error message.

mass = 75 kg

m
acc_g = 9.8 >
s

. F - mass (acc| + acc_g) ‘
Other unit errors are usually caused by d T —
of the following: do ot match

* An incorrect unit conversion.
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Tip

» A variable with the wrong units.

* Units in exponents or subscripts (for example,, ..

2B ),

* Units as arguments to inappropriate functions (for exangdg0 Chenry) ).

If you want to temporarily remove units from an argumendjvide x by UnitsO{x). For

example, ifp is defined as & then sin(p) gives an error bL*HinEU.--------p---------E| = 0.57%

nitsOf( p

Definin g Your Own Units

Although Mathcad recognizes many common units, you may need to define your own
unit if that unit isn’t one of Mathcad’s built-in units or if you prefer to use your own

Note

Note

abbreviation instead of Mathcad’s abbreviation.

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 examples of how to define these temperature scales and to convert betweel

them.

You define your own units in terms of existing units in exactly the same way you would
define a variable in terms of an existing variable. Figure 8-9 shows how to define new

units as well as how to redefine existing units.

A=-10""m ps = 10°°-g
week = 7 day kilo = 1-kg

Results are displayed by default in terms of the base units
of the current unit system, but you can type other units into
the units placeholder to see the result in different units.

A-1x10%m week = 6048 x 107 s
week = 0.019 yr us = 1.667 x 10 S min
kilo = 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 variabls in your worksheet, you won't be able to use the built-in orfibr

meters anywhere below that definition. However, Mathcad automatically displays theianit
any results involving meters, as described in “Displaying Units of Results” on page 113.

Units and Dimensions
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Workin g with Results

Formattin g Results

Note

The way that Mathcad displays numbers (the number of decimal places, whether to use
i orj for imaginary numbers, and so on) is calledrdslt format You can set the
result format for a single calculated result or for an entire worksheet.

Setting the format of a single result

When you evaluate expressions numerically in Mathcad, results are formatted in the
worksheet according to the worksheet default result format. You can modify the format
for a single result as follows:

1. Click anywhere in the equation whose result yo
want to format. ‘

7-10% - 3142 x10% 4

2. ChooseResultfrom theFormat

menu. Alternatively, double-click
the equation itself. The Result For
mat dialog box appears.

3. Change the desired settings. See |
low to learn about the various set-
tings in the dialog box. To display €
result with six decimal places, you

wouldincrease “Number of decima
” ()8 I Cancel | Set az Default | Help |
places” from 3 to 6.

4. Click "OK.” Mathcad redisplays
the result using the new format.

Humber Farmat | Display Dptionsl Unit Displayl Tolerancel

Mumber of decimal places I |4} 3:

[ Show trailing zeros

Exponential threshold |3 3:

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 presgo replace the equal sign. The result is now restored to the
default worksheet settings.

When the format of a result is changed, onlydppearanceof the result changes in the
worksheet. Mathcad continues to maintain full precision internally for that result. To see a
number as it is stored internally, click on the result, préss [1[Shift ]N, and look at the
message line at the bottom of the Mathcad window. If you copy a result, 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. ChooseResultfrom theFormat menu.

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.
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Tip

Note

On-line Help

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.”

Changing the worksheet default result format affects only the worksheet you are working in
when you make the change. Any other worksheets open at the time retain their own default result
formats. If you want to re-use your default result formats in other Mathcad worksheets, save your
worksheet as a template as described in Chapter 7, “Worksheet Management.”

The Result Format dialog box

The tabs in the Result Format dialog box lead to pages containing options for formatting
various aspects of a result.

TheNumber Format page lets you control the number of decimal places, trailing zeros,
and whether a result is in exponential notation. Depending on the format scheme you
choose under the Format section, you see different options.

* 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 when the exponential threshold is exceeded. You can display trailing zeros
to the right of the decimal until you exceed 15 digits total.

» ChoosingDecimallets 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.

Settings that are grayed can only be changed for the entire worksheet, as described in “Setting
worksheet default format” on page 110.

TheDisplay 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. You can also specify another radix such as Binary or Octal.

TheUnit Display page gives you options to format units (as fractions) or simplify the
units to derived units.

The Tolerance page allows you to specify when to hide a real or imaginary part of a
result and how small a number has to be for it to display as zero.

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.
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x=52574 y =7 - 10  Definitions

% =5.26 General format, Exponential threshold = 15,
Number of decimal places=2

Decimal format, Number of decimal places =4

X = 5.2574

% = 5.25740 Decimal format, Number of decimal places =5
Show trailing zeros

y=3.142 x 10* Scientific format

y=31416 x 10° Engineering format

% =9.257 E+000 Engineering format, Show exponents as Ex000

Figure 8-10: Several ways to format the same number.

Com plex Results
Complex numbers can arise in results if you enter an expression that contains a complex
number. Even a Mathcad expression that involves only real numbers can have a
complex value. For example, if you evaluafel , Mathcad retuBee Figure 8-11
for examples.

3|'_ 1--1 +— nth root operator always
returns a real valued root.

n:=113_5%8
: - 3
exp(n-i -60-deg) exp(n-i -60-deg) +«— Just as every number has two
0.5 + 0.866i m square roots, every number also
T m has three cube roots.
0.5 - 0.866i n Here, "i" is the imaginary unit.

Type ™i" to enter it.

+—Returns "principal value” of cube root. the one
corresponding to n=1 in the above list.

w| =

(-113 - 0.5 + 0.866i

Figure 8-11: Examples of complex results.

Note When complex numbers are available, many functions and operators we think of as returning
unigue results become multivalued. In general, when a function or operator is multivalued,
Mathcad returns therincipal value:the value making the smallest positive angle relative to the

positive real axis in the complex plane. For example, when it eval(atys’3 , Mathcad

returns.5+ .86G despite the fact that we commonly think of the cube root of —1 as being —1.
This is because the numbér+ .866 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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Displaying Units of Results

Tip

Note

Mathcad by default displays results in terms of the fundamental units of the unit 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 110) 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. Click in the result. You'll see an empty placeholder to its right. This ianfe
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 106.

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—suchhgscal, 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 bplbut gives you several variants, such

as water horsepower, metric horsepower, boiler horsepower, and electric horsepower.

Another way to insert a unit is to type its 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.

Unit systems

When you start Mathcad, tige system of units is loaded by default. This means that
when you use the equal sign to display a result having units, Mathcad automatically
displays the units in the result in terms of base or degveuahits.

You can have Mathcad display results in terms of the units of any of the other built-in
unit systems in Mathcad:GS US customaryMKS, or no unit system at all. To do so,
chooseOptions from theMath menu and click the Unit System tab.

Working with Results 113



Tip

Select the default unit system in whicl ey <

you want to display results. Tlseunit
system, widely used by scientists an
engineers in many countries, provide
two additional base units over the othe
systems, one for luminositggndela
and one for substancméle), and the
basesielectrical unit émperg differs
from the base electrical unit in the ott
er systemsdoulomb).

Built-ln \.-"ariablesl Ealculationl Display ~ Unit Spstem | Dimensionsl

— Default Uitz

The following table summarizes the
base units available in Mathcad’s uni

systems: [ ok | cancel Help
Unit System Base Units
Sl m, kg, s, A, K, cd, andmole
MKS m, kg, se¢ coul, andK
CGS cm, gmseg coul, andK
u.s. ft, Ib, seg coul, andK
None Displays results in terms of fundamental dimensions of length, mass,

time, charge, and absolute temperature. All built-in units are disabled.

The standar&! unit names—such asfor amperelL for liter, s for secondandSfor
siemens—are generally available only in tis¢unit 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 suahfasmilli-, 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 109.

For examples of units with prefixes not already built into Mathcad, see the QuickSheets in the
on-line Resource Center.

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 masstime charge andtemperatureHowever, 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. Chooséptions from theMath menu.
2. Click the Dimensions tab.

3. Check “Display dimensions.”

4. Click “OK.”
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Unit conversions

There are two ways to convert from one set of units to another:
» 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. ChoosédJnit from thelnsert menu, or click E7 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 showB displayed both in terms of fundamengalunits 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-k2v[5 is not a unit of force. Mathcad
therefore insertsn™  to cancel the extra length dimension.

mass = 75kg acc=100.m.s 2 acc_g =98 m-. s?

F .= mass - (acc + acc_g)

3 _7 <— Default display using fundamental
F =8235x10"kgms Sl units. Click on result to see the
"units placeholder®

F = 8235 x 10°N

<— Type desired unit in the units
placeholder.

F = 8235 x 10% dyne

J
F =8235— <— You can type combinations of
cm units in the units placeholder.
F-823m 1 KW.s <— Since kW s is not a force unit,

Mathcad inserts an extra m-1 to
make the units come out right.

Figure 8-12: A calculated result displayed with different units

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 numbgmesthe expression you entered for the placeholder—

is a correct value for the equation.
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Copying and

Note

Tip

Note

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.

You can enteany 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 a result as a multijle iaf

engineering notation (as a multiple® 10% | etc.).

You can also use the units placeholder for dimensionless units like degrees and radians. Mathcad
treats the unitad as a constant equal to 1, so if you have a number or an expression in radians,
you can typeleginto the units placeholder to convert the result from radians to degrees.

Pastin g Numerical Results

You can copy a numerical result and paste it either elsewhere in your worksheet or into
a new application.

To copy a single 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. ChooseCopy from theEdit 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, choosdéPastefrom that application’&€dit menu. If you're pasting into a

Mathcad worksheet, chooRastefrom Mathcad’sEdit menu or click L on the
Standard toolbar.

When you paste a humerical 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.

« A number if you paste it directly into text or into a placeholder in text created using
theMath Region command on thinsert menu.

To copy more than one number, follow the steps for copying from an array. See
“Displaying Arrays” on page 198 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.
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Controllin g Calculation

Tip

When you start Mathcad, you aresintomatic modeThis means that 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 choosidgitomatic Calculation from theMath menu. The word
“Auto” disappears from the message line and the check basidenatic Calculation
disappears to indicate that automatic mode is now off. You are nowannal 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.

Calculatin g in Automatic Mode

Note

Here is how Mathcad works in automatic mode:
» As soon as you press the equal sign, Mathcad displays a result.

» As soon as you click outside of an equation havingradr 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.

Although the equation you altered may affect equations throughout your worksheet, Mathcad
performs only those calculations necessary to guarantee that whatever you can see in the window
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 woklAIT” 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 Worksheetfrom theMath menu.
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Calculatin g in Manual Mode

Interru pting

Note

Tip

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 choogxadculate from theMath menu or cIickinE

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, chooséalculate Worksheetfrom theMath menu.

When you print a worksheet in manual calculation mode, the results on the printout are not
necessarily up-to-date. In this case, make sure to cl@aisalate Worksheetfrom theMath
menu before you print.

Calculations
To interrupt a computation in progress:

1. PresgEsc]. The dialog box shown at right appears.
2. Click “OK" to stop the calculations or “Cancel” to resurmr @ A
calculations.

Cancel |

If you click “OK,” the equation that was being processed wt L
you pressefEsc] is marked with an error message (see “Error
Messages” on page 121) 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 cIic@ 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.

Disablin g Equations

You candisablea 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. ChooseProperties from theFormat menu, and click the Calculation tab.

3. Under “Calculation Options” check “Disable Evaluation.”

118

Chapter 8 Calculating in Mathcad



4. Mathcad shows a small rectangle after the equation to

oL . . 21
cate that it is disabled. An example is shown at right. | KE :

N | =

Tip  An easy shortcut for disabling evaluation is to click with the right
mouse button on an equation and sdlésable Evaluationfrom the pop-up menu.

To re-enable calculation for a disabled equation:

1. Click on the equation to select it.

2. ChooseProperties 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

Animation

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.

Creatin g an Animation Cli p
Mathcad comes with a predefined constant c#RAME whose sole purpose is to
drive animations. The steps in creating any animation are as follows:
1. Create an expression or plot, or a group of expressions, whose appearance ultimate

ly depends on the value BRAME. This expression need not be a graph. It can be
anything at all.

2. ChooseAnimate from theView
menu to bring up the Animate dialo( rorFrame e |
box. From: [

. . Cancel

3. Drag-select the portion of your work | = [¢ [ Core |
sheet you want to animate as show ﬁ[‘;msgch” i
in Figure 8-13. Draw a rectangle Options... |
around as many regions as you wa FRAME=
to appeal’ in the animation. Select an area of your worksheet whose contents are bazed on

L the FRAME var_iable, enter starting and ending FRAME values,

4. Set the upper and lower limits for R AGER

FRAME in the dialog box. When you
record the animation, ttHeRAME 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 valueRKME. This won't necessarily
match the playback speed since at this point you'recjesttingthe animation.

7. To save your animation clip as a Windot file, suitable for viewing in other
Windows applications, click “Save As” in the dialog box.
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Tip

x =0,01. 30
r{x) = x + FRAME ———
—For
Animate
ey FEram: Im |__I
Ty IS_ Cancel |
Ak |1 [i] Savels |
Frames/Sec
DOptions |
@ FRAME=
Select an area of your work sheet whose contents are based on
the FRARME wariable, enter starting and ending FRAME walues,
x H and choose Animate.

Figure 8-13: Selecting an area of a worksheet for animation.

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.

Playing an Animation Cli p

Tip

As soon as you've created an animation clip as describe
the previous section, Mathcad opens a Playback windoy

The first frame of the animation clip you just created is
already in the window. To play back the animation clip, clit

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.

A —

You can control the playback speed by clicking the button to the
right of the play button, which then opens a pop-up menu. Clgpsedfrom the menu and
adjust the slider control.

Playing a Previousl y Saved Animation

If you have an existing Windowsv file on your disk, you can play it within Mathcad.
To do so:

1. ChoosePlayback 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 chQgsen from the menu.
Use the Open File dialog box to locate and opemthefile you want to play.

Once you've loaded a Windowy/I file, proceed as described in the previous section.
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Tip

To launch an animation directly from your worksheet, you can insert a hyperlink to an AVI file
by choosingHyperlink from thelnsert menu. You can also embed a shortcut to the AVI file in
your worksheet by dragging the icon 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 71).

Error Messa ges

Tip

If Mathcad encounters an error when evaluating an expression, it marks the expression
with an error message and highlights the offending name or operator in red.

An error message is visible only when ydick onthe

3
associated expression, as shown to the right. 9% = X

Mathcad cannot process an expression containing an| f® =9 10
If the expression is a definition, the variable or functid|f(0) = afn

is supposed to define remains undefined. This can ¢
any expressions that reference that variable to be ur
fined as well.

Found a singularity while evaluating thiz
exprezzion, v'ou may be dividing by zero.

You can get on-line help about some error messages by clicking on them and fjregsing

Findin g the Source of an Error

When a Mathcad worksheet contains an expression that is dependent on one or more
definitions made earlier in the worksheet, an error on that expression may originate in
an earlier definition.

For example, in the figure above, the error appears on the third r§@poowever,
f(x) is based on the definition gfx). When x is zerag(x)is the first region that exhibits
the error.

You can try 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 onthe region showing the error with the right mouse button and choose Trace
Error from the pop-up menu. The Trace Error dialog box appears:

le< First | % Frevious|  Mest » | Last »3| | Il Cloze |

2. Use the buttons in the dialog box to navigate among the regions associated with the
region showing the error.

For example, click Back to step back

the previous dependent region. 9 =

f(x) = jaixy - 10

f(0) =

|

Found a singularity while evaluating thiz
exprezzion, v'ou may be dividing by zero.
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Or click First to jump to the first region
causing the error. 9% :=ﬂ
X

Found a singularity while evaluating thiz
exprezzion, v'ou may be dividing by zero.

f(x) = gi(x) 10
f(0) =

Tip  If you anticipate time-consuming calculations, switch to manual mode as described in
“Controlling Calculation” on page 117. When you are ready to recalculate, cBatzgate

from theMath menu or clicE on the Standard toolbar turn. Alternatively, turn on automatic
mode again.

Fixin g 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 removes the error message. When you click
outside the equation (or in manual calculation mode, when you recalculate), 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 a function, Mathcad does not try to evaluate it until you subsequently use itin
the worksheet. If there is an error, the use of the function is marked 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

Pro

1 Working with Operators

1 Arithmetic and Boolean Operators
1 Vector and Matrix Operators

T Summations and Products

1 Derivatives

1 Integrals

1 Customizing Operators

Workin g with O perators

Insertin g an Operator

Note

Tip

You insert the common arithmetic operators into math expressions in Mathcad using
the standard keystrokes, likeand+, that you use in 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 tyginghooseToolbars

from theView menu to see any of the math toolbars. See “Operators” on page 298 in
the Appendices 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
already clicked in a math region. To use operators in text, first click in the text and bratbse
Regionfrom thelnsert menu. This creates a math placeholder in the text into which you can
insert operators.

You can find out 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 ¢xaggholders
appears in the worksheet. The placeholders are for you to enter expressions that are th
operandsof 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. Click in a blank space in your worksheet and ¢ + ont|a + »
Calculator toolbar, or simply type The addition operator with
two placeholders appears.

2. Enter2 in the first placeholder. -
2+
3. Click in the second placeholder, or preBatf] to move the 2 + 6|
cursor, and entes. =

4. Press =, orclic = | onthe Evaluation toolbar, to see the [|[2+6 =8

numerical result.

See Chapter 4, “Working with Math,” for a discussion of how to build and edit more complex
math expressions, including how to usedH#ing linesto specify what becomes the operand of
the next operator you insert or delete.

Additional O perators

Pro

This chapter focuses on those Mathcad operators you can use to calculate numerical
answers. Additional operators in Mathcad include:

» Symbolic operatorsvhich 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 toolbaniyan

be evaluated symbolically: indefinite inteq I , two-sided | I , limit from

lim - i . .
above=3*| | and limit from beloy23-| . To evaluate an expression symbolically,

click| = |on the Evaluation toolbar.

» Programming operatorsvhich 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 colowr click on the Calculator toolbar, Mathcad
shows the colon as the definition symbol This is a special symbol used by Mathcad
to indicate a variable or function definition.

There may be times when you want to control the appearance of a special symbol such
as the 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 functions in
your worksheet. Mathcad therefore allows you to change the appearance of some
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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 worksheet:

1. ChooseOptions from theMath

menu. Built-In Variablesl Calculation  Display |Unit Systeml Dimensionsl
2. Clle the DISpIay tab — Operator Display

) Wigw Az

3. Use the drop-down options next t' | wuligication TS

each operator to select a display Dervative Dertvative |

Option_ Literal Subszcript Large Subscript 'l
4. Click “OK.” Definition N IEo.Ion Equal 'l

Global Definition IW
For information on the options avail- Lacal Defiriticn Left Anow |
able for each operator, click the Help | Equsity BoldEqud |
button at the bottom of the Display ta
in the Math Options dialog box.
ak. I Cancel | Help

To change the appearance of an opera-

tor in one or more individual expressions, cli
with the right mouse button and use the pop-
menu. For example, to change the multiplic
tion in an expression from a dot to 4n

PO v Default

AutoSelect
Dot

Large Dot
1. Click on the multiplication with the right Propaties.. B
mouse bUtton' Dizable Evaluation 1 e
- - Mo Space

2. ChooseView Multiplication As... O X 3
from the pop-up menu. 3§

Arithmetic and Boolean O perators

Arithmetic Operators
You 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 @ooleanoperators on the Boolean toolbar. Unlike other
operators, the Boolean operators can return only a zero or a one. Despite this, they car
be very useful to perform tests on your expressions.
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a=" Predefined variable

a=3.142

b = 123456789012 Large floating point number b = 1235 1011
c=5-Ti Complex number _ B _7i
(could use 5-7j as well) c=5-7i
e =3.5m Dimensional value e=35m

5 (S1 unit system)
a+4.10 " = 3.142

d 31 31

a — =481x10"— a d-e=481x10"—
e m m

b.c=6173x10"" _8642ix 10"

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 typiag

Appearance Button Description Keystroke
W=z E Equal to; displays as bold equal [Ctrl ]=
sign.
X<y Less than <
X>y Greater than >
X<y Less than or equal to Clrl 19
X2y Greater than or equal to Cfrl 10
W% Z Not equal to Ctrl 13
-z ~ Not [Ctrl ][Shift 11
wlz And [Ctrl J[Shift 17
wlz Or [Ctrl ][Shift 16
wl z Xor (Exclusive Or) Ctrl 1[Shift 15

Note The Boolean operators return 1 if the expression is true, 0 otherwise. The four operators
>, <, <, and= cannot take complex numbers because the concepts of greater than and less than
lose their meaning in the complex plane.
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\1,7 .
10-0=1 10<0=0 3+46=7=0 Evaluation equals
T B

5=1_1

2 14 =10 = 1 12345 < 12345 = 0
1~<1—1 2
327 197 > 360 = 1 2000 = 2000 = 0
1wt =1 1/,0=0 -1=0
101-0 2,0=0 ~1-1) =1

Figure 9-2: Using boolean operators.

Tip The comparative boolean operators such as < and > can also be used to sbingare
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 316 in the Appendices.

Complex Operators
Mathcad has the following arithmetic operators for working with complex numbers:

Appearance Button Description

Z Complex conjugate of. To apply the conjugate
operator to an expression, select the expression,
then press the double-quote k&y.(The conjugate

of the complex numbesi+ b0  is— b0

|Z || The magnitude of the numbzr
Figure 9-3 shows some examples of how to use complex numbers in Mathcad.

Vector and Matrix O perators

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 performs the standard element-by-element addition. Mathcad also
uses the conventional arithmetic operators for matrix subtraction, matrix multiplication,
integer powers, and determinants, among others.

Some of Mathcad’s operators have special meanings for vectors and matrices, and many

of these are grouped on the Matrix toolbar (C“ 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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3w
r.=2 g =— Type q [Ctrl] G for @
4

Define complex variables z1 and 22
z1 = ,J—] 72 =71 e[ i-9) Type 1i for the complex variable i
zl =i z2 = -1.414 + 1.414i

Now compute with them

z1+22 = -1.414 + 2.414i Re(z2) = -1.414
z1:22 = -1.414 - 1.414i Im(z2) = 1.414

22 - —1.414 - 1.414i sin(z2) = -2.152 + 0.302i
22 A14+14140 sinh(z2) - -0.802 + 2.152i
z1

In(z2) = 0.693 + 2.356i

Decompose z2 in polar form

|z2| = 2 arg(z2) = 2.356

Figure 9-3: Complex numbers in 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
201. Figure 9-4 shows some ways to use vector and matrix operators.

Matrix M . .. Yectors vand w. ..
012 3+10 13 26
M =[(302 ¥y =|1-4 V[S] w =2y w=|-6
531 5-10 50 100
Sum . .. Determinant _ _ . Dot and Cross Product . _ . 0
2. v =60 M| - 25 v'w=536610"  vxw-= [0
Inverse . .. 0
I 024 02 o008 Transpose . . .
Moo 028 04 024 w' = (26 -6 100)
036 02 -012 Solve linear system Mx=v with inverse . ..
100 x =M.y
MM'=-lo10 0-28 18
00 1 X =116.84 M x=|-3
-1.92 50

Figure 9-4: Vector and matrix operations.
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In the following table,

» A andB represent arrays, either vector or matrix.

e U andv represent vectors.

« M represents a square matrix.

* u; andy; represent the individual elements of veatioasdv.

* zrepresents a scalar.
* mandn represent integers.

Appearance
Alk

ulyv

A [B

ALy

vs]
c
—
—
o
=]

=k
=t

=
=k

=k
==k

Description

Scalar multiplication. Multiplies each element of
A by the scalar.

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 8 must
match the number of rows B

Vector/matrix multiplication. Returns the product
of A andv. The number of columns s must
match the number of rows in

Scalar division. Divides each element of the array
A by the scalar.

Scalar division. Divides each element of the array
A by the scalaz. Type [Ctrl ]/ toinsert.

Vector and matrix addition. Adds corresponding
elements oA andB. The array#\ andB must
have the same number of rows and columns.

Scalar addition. Addzto each element &.

Vector and matrix subtraction. Subtracts
corresponding elements AfandB. The array#\
andB must have the same number of rows and
columns.

Scalar subtraction. Subtraatfrom 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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Tip

Mn - nth power of square matrid (using matrix

multiplication).n must be an integen -1
represents the inverse ldf. Other negative
powers are powers of the inverse. Returns a

matrix.

\ ] Magnitude of vectorReturns /v ¥ wher@ is
the complex conjugate of

M| I DeterminantM must be a square matrix.

AT Transpose. Interchanges row and column&.of

uxv . Cross productu andv must be three-element

A vectors; result is another three-element vector.

A Complex conjugate. Takes complex conjugate of
each element &&. Insert in math with the double-
quote key ).

pAY, Vector sum. Sum elementsin

N

A W Vectorize. Treat all operations A element by
element. See “Doing Calculations in Parallel” on
page 201 for details.

AmO s Array superscriptnth column of arraA. Returns
a vector.

Vi 5 Vector subscriptth element of a vector.

"
Ann 5 Matrix subscriptm,rth element of a matrix.
’ h

Operators and functions that expect vectors always expect column vectors. They do not apply to
row vectors. To change a row vector into a column vector, use the transpose operator by clicking

on the Matrix toolbar.

Summations and Products

The summation operator sums an expression over all 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.

To create a summation operator in your worksheet:

m

1. Click in a blank space. Then cli = on the Calculus toolbar. A !
summation sign with four placeholders appears. Z '
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Tip

2. Type avariable name in the placeholder to the left of the equal sign
variable is the index of summation. It is defined only within the
summation operator and therefore has no effect on, and is not influg
by, variable definitions outside the summation operator.

3. Type integers, or any expressions that evaluate to integers, in the[
placeholders to the right of the equal sign and above the sigma.

=

7

-

- =
= |

4. Type the expression you want to sum in the remaining placeholde
Usually, this expression involves the index of summation. If this n2

expression has several terms, first type an apostrophe ¢reate noi
parentheses around the placeholder.
Iterated products are similar to summations. Just I on the Calculus toolbar and

fill in the placeholders as described earlier.

Use the keyboard shortcl@{rl ][Shift ]4 to enter the iterated sum and the shortcut
[Ctrl ][Shift ]3 to enter 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 placeholder of
the first summation. An example appears at the bottom of Figure 9-5.

i=0.20 X; = sin(0.1 - xi)

20 20
> n=210 [T o+ =5109x10"
n=10

n=10

2

% Xy = 0 D Xa-n=-63.138
n=10

n=10

=

20 10
> > n™-2554x10"

n=0m=10

Figure 9-5: Summations and products.

When you use the summation operator shown in Figure 9-5, the summation must be
carried out over subsequent integers and in steps of one. Mathcad provides more genera
versions of these operators that can use any range variable you define as an index of
summation. To use these operators:

1. Define a range variable. For example, tyfe?;10 . |i;=1,2_ 10
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Tip

Tip

2. Clickin ablank space. Then cli 2 on the Calculus toolk Z 1
A summation sign with two placeholders appears. .

3. Click on the bottom placeholder and type the name of a rg
variable.

4. Click on the placeholder to the right of the summation sign |
type an expression involving the range variable. If this Z =
expression has several terms, first type an apostrophe ( i
create parentheses around the placeholder.

5. Press =, orclici = | on the Evaluation toolbar, to get a re Zi3| = 385 4

To enter the expression in the example above using fewer keystrokes and mouse clicks, type
i$in2

A generalized version of the iterated product also exists. To use it U k

Calculus toolbar. Then fill in the two placeholders.

on the

The operation of summing the elements of a vector is so common that Mathcad provides a

special operator for it. The vector sum operator ( on the Matrix toolbar) sums the
elements of a vector without needing a range variable.

Variable U pper 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 tesgm returns the value 1
whenever it is true and 0 whenever it is false. Although the summation operator still
sums over each value of the index of summation, those terms for which are
multiplied by 0 and hence do not contribute to the summation.

You 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.

132

Chapter 9 Operators



i=0_10 noJ
, gm=>. > . m
fo=>"1 (=% i=tm=1
i
K1=-4.5 a(7) =84
3
D= 1o oo (20 = 154 x 10
1]
| 0] f(5) = 55
1]
m f-4) = 0
0|
1|
| 5|
m
[0 |
&)

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 derivativé of  with respeat the
pointx = 2:

1. First define the point at which you want to evaluate the
derivative. As a shortcut, type2

2. Click below the definition of. Then click fx on the Calculug |d K

toolbar. A derivative operator appears with two placeholder|d

3. Typex in the bottom placeholder. You are differentiating wi
respect to this variable. In the placeholder to the right of thq| —x=

di’ enterx"3 . This is the expression to be differentiated.

X

4. Press=,orclicc = | onthe Evaluation toolbar, to get the re d 34,
Figure 9-7 shows examples of differentiation in Mathcad. dx

With Mathcad’s derivative algorithm, you can expect the first deriv-

ative 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 135).
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Note

X = 2 y = 10 t=0
2
4
git]) =51t ¥ o= Z =,
-8
Derivative
d
9 x5-80 9 x5y-800 9 ,5y-3
dx dx dy
d 5 _ - .
—xy=20 (Since expression does not
dt involve 1, derivative is zero)
d _5 4
—2z° = 2.048-10 (ewvaluating the derivative
dz at a vector element)
In the above examples, results may vary depending on settings
for Displayed Precision in the Result Format dialog box.

Figure 9-7: Examples of Mathcad differentiation.

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  is not the expresSSgR Dt evaluated a2 .To
evaluate derivatives symboalically, see Chapter 14, “Symbolic Calculation.”

Although differentiation returns just one number, you can still define one function as
the derivative of another. For example:

f(x) = %g(x)

Evaluatingf(x) returns the numerically computed derivativeypf) atx.

You can use this technique to evaluate the derivative of a function at many points. An
example of this is 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.

» 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).
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g(x) = 5x*
d
fix):="—gqgix)
dx
i =-2.6
(i) = i) = ]
30 160 f(-2) = -160
5 -20
f(2) = 160
0 0 (2)
5 20 ) 3
50 50 f(4)=128-10
405 540
128103 128103
31265107 25-10°
6.48 10° 432 10°

Figure 9-8: Evaluating the derivative of a function at several points

Tip  You can change the display of the derivative operator to partial derivative symbols. For example

.0 . L .
you can maked1 look |Ik%7( . To change the display of a derivative operator to partial
X
derivative symbols, click on it with the mouse button and ch¥@seg Derivative As...[]
Partial. Or to change the display of all the derivative operators in a worksheet, ptizes
from theMath menu, click on the Display tab, and select “Partial Derivative” next to Derivative.
See “Changing the Display of an Operator” on page 124 for additional information.

Derivatives of Hi gher Order
To evaluate a higher order derivative, insertritiederivative operator using steps
similar to those for inserting the derivative operator described above.

As an example, here’s how to evaluate the third derivatiu€ of  with respeat to
the pointx = 2 : After definingcas 2:

dI'l

1. Click below the definition ok. Then click a==| on the dq"
Calculus toolbar. A derivative operator appears with fo|| ——2

placeholders.

2. Click on the bottom-most placeholder and type 4"

3. Click on the expression above and to the right of the [ 3
previous placeholder and tyBe This must be an integer &3'
between 0 and 5 inclusive. Note that the placeholder i

numerator automatically mirrors whatever you've typed.
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Note

Integrals

Note

4. Click on the placeholder to the right of th%é and tyg £ x93
dx dx

x"9 . This is the expression to be differentiated.

5. Press =, orclicl = | on the Evaluation toolbar, to see| 9~ 8 _ 3,061 .
: )
result. dx

Forn = 1, thenth derivative operator gives the same answer as the first-derivative operator
discussed on page 133.

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 integsihéfx) fromu04o
(In Mathcad you entesin?(x) asn(x)2 .) Follow these steps:

b

1. Click in a blank space and cli .[a on the Calculus J " da
toolbar. An integral symbol appears, with placeholderslf *
the integrand, limits of integration, and variable of
integration.

2. Click on the bottom placeholder and typeClick on the -
top placeholder and tyggCtrl]G/4 . These are the J a
upper and lower limits of integration. o

sin{x) 2 da

“d.” Then typesin(x)*2 . This is the expression to be

3. Click on the placeholder between the integral sign and 7y =
integrated. J

sin{x 2 dx = 0.143

variable of integration. Then press =, orc| = ont
Evaluation toolbar, to see the result.

4. Clickonthe remaining placeholder and typ&his is the
k—[

Some points to keep in mind when you evaluate integrals in Mathcad: 1) The limits of integration
must be real. The expression to be integrated can, however, be either real or complex. 2) Except
for the integrating variable, all variables in the integrand must have been defined previously in
the worksheet. 3) The integrating variable must be a single variable name. 4) If the integrating
variable involves units, the upper and lower limits of integration must have the same units.

Integration Al gorithms 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
Mathcad uses atwtoSelecprocedure to choose the most accurate integration method.
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If you have Mathcad Professional, you can override AutoSelect and choose from among
the available integration algorithms yourself.

Here are the methods from which Mathcad chooses when you evaluate an integral
numerically:

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 isco or —oo,

Singular End point

Applies a routine that avoids use of the interval endpoints in cases where the integrand
is undefined at either limit of integration.

Note Although designed to handle a wide range of problems, Mathcad’s integration algorithms—like
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.

Pro With Mathcad Professional, you can override Mathcad's integrati==

AutoSelect
AutoSelect as follows: o
omberg

1. Evaluate the value of the integral as described on page 13t

Infinite: Linnit
allowing Mathcad to AutoSelect an integration algorithm. Singular Endpoint
2. Click with the right mouse button on the integral. Ci

Copy
3. Click one of the listed integration methods on the pop-up me__ s

Mathcad recalculates the integral using the method you sele  Propeies..

Dizable Evaluation

Tip In some 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 evialdefiaite
integrals. See Chapter 14, “Symbolic Calculation.”

Variable Limits of I nte gration

Although the result of an integration is a single number, you can always use an integral
with a range variable to obtain results for many numbers at once. You might do this,
for example, when you set up a variable limit of integration. Figure 9-9 shows how to
do this.

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
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Tolerance for

Note

Contour I nte

i=0.5b f(x)::x2+3-x+2
i 0
g; = fix)dx f; = fix)dx
Jo J-i
0 0
3.833333 0.833333
g - 12 666667 ‘- 0. 666667
285 15
53.333333 5.333333
89.166667 14166667

Figure 9-9: Variable limits of integration.

of the integrals, the length of the interval, and the value of the tolerance paramieter
(see below).

Inte grals

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 98, 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 clmisms
from theMath menu. To see the effect of changing the tolerance, cl@alselate
Documentfrom theMath 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 a result. Conversely, if you increase (loosen) the tolerance, Mathcad
computes more quickly, but the answers are less accurate.

grals

You can use Mathcad to evaluate 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. Figure 9-10 shows an example. Note that the imaginarysed

in specifying the path must be typedlas
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X(t) =2 cos(t) y(t] = 2-sin(t)
Path : Z(t) = x(t)+iy(t)
i ] 1
Function to integrate : f(Z) = —
z
4
fz(t))- L z(t) dt = 3.142i
dt
L0

Figure 9-10: A complex contour integral in Mathcad.

Multiple inte grals
You can also use Mathcad to evaluate double or multiple integrals. To set up a double

b
integral, for example, clic .[a on the Calculus toolbar twice. Fill in the integrand,
the limits, and the integrating variable for each integral. Figure 9-11 shows an example.

Center of mass of triangle described
by: 0<x=<1 and O=y<x

and mass density proportional to the
distance from the origin.

dlx. y) = Ax?
1

+y2
X
mass = { { d(x. y) dy dx mass = 0.383
L0

0

1 1 1mx
xclr = : x-&(x. y)dy dx xctr = 0.75
mass

1 1mx
yeir = L { { y &(x y)dy dx ycir = 0.398
mass |5 g

Figure 9-11: Double integrals.

Note Multiple integrals generally take much longer to converge to an answer than single integrals.
Wherever possible, use an equivalent single integral in place of a multiple integral.
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Customizin g Operators

Pro

This section describes how you can use Mathcad Professional to define and use your
own customized operators.

You can think of operators and functions as being fundamentally very similar. A
functiontakes “arguments” and returns aresult. An operator, likewise, takes “operands”
and returns a result. The differences are largely notational:

» Functions usually have names you can spell,tiieor 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 &g, y) but you'll rarelyxseg
Similarly, you'll often find “x + y ” but you rarely find *(x, y) .”

Definin g a Custom O perator

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 symbot .

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 (dRessarce Centeron 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

vix,y

3. Press the colon | key, or click *= | on the Calculator toolbar.
You see the definition symbol followed by a placeholder.

4. Type the function definition in the placeholder. O x.y) - stack(x.y)

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 (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.
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Tip

Once you've defined the new operator, click on “Personal QuickSheets” in the QuickSheets of
the Mathcad Resource Center. Then chdoseotate Book from theBook menu and drag or

type the definition into the QuickSheet. Then cho®aee Sectiorfrom 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 O perator

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-like “ " or “5!”) or two
(like “1+2").
To use an operator having two operands:

1. Define any variables you want to use as arguments. EJ EJ
vi=|2 u=|4

2. Click on the Evaluation toolbar. You'll see three empty
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.

5. Press =, orclicic = | on the Evaluation toolbar, to get
result.

Yo u-=

B N W N =S
= - -
:
c ic -
(=1 -

An alternative way to display an operator having two operands is t on the Evaluation
toolbar. If you follow the preceding steps using this operator, you'll see a tree-shaped display.

To insert an operator having only one operand, decide first whether you want the
operator to appear before the operand, as-in “ ,” or after the operand as in “5!.” The
former is called grefix operator; the latter isostfixoperator. The example below
shows how to use a postfix operator. The steps for creating a prefix operator are almost
identical.
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The following example shows how to define and use a new logical
operator. First define an operatdi(X)” . To do so, follow the steps fol
defining(x, y) in the previous section, substituting the symbdl for
“0” and using only one argument instead of two.

FK)= X

Then, to evaluate with the new operator:

1. CIick on the Evaluation toolbar to make@astfixoperator.
Otherwise, clic . In either case, you see two empty placeholders.

2. Ifyou clicke , put the operator name in the second placeho| [" il
Otherwise put it in the first placeholder. In either case, you may tma
it more convenient to copy the name from the operator definition and paste it into
the placeholder.

3. Inthe remaining placeholder, place the operand.

4. Press =, orclici = | on the Evaluation toolbar, to see the resu| 0 =1x

Tip Just as Mathcad can display a custom operator as if it were a function, you can conversely
display a function as if it were an operator. For example, many publishers prefer to omit
parentheses around the arguments to certain functions such as trigonometric funcsions, ie.

rather tharsin(x) . To create this notation, you can treaitifenction as an operator with one
operand.
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Chapter 10
Built-in Functions

Pro

1 Inserting Built-in Functions

1 Core Mathematical Functions

1 Discrete Transform Functions

T Vector and Matrix Functions

1 Solving and Optimization Functions

1 Statistics, Probability, and Data Analysis Functions
1 Finance Functions

1 Differential Equation Functions

T Miscellaneous Functions

I nsertin g Built-in Functions

Pro

Pro

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

Thisis 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, and wavelets. To find out more about these and other Extension Packs, contac
MathSoft or your local distributor, or visit MathSoft's Web site at:

http://www.mathsoft.com/

or refer to Mathcad Add-on Products in the on-line Resource Center (dResserce
Center from theHelp menu). After you purchase and install an Extension Pack, the
additional functions appear in the Insert Function dialog box.

Built-1n functions you write yourselfin C

If you have Mathcad Professional and a supported 324bit+compiler, you can write
your own built-in functions. For details see the Adobe AcrobaCREATING A USER
DLL.PDF included on your installation CD.
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Insert Function Feature

To see a list of built-in functions available with your copy of Mathcad, arranged
alphabetically or by category, or to insert a function together with placeholders for its
arguments, use the Insert Function dialog box:

1. Click in a blank area of your worksheet or on a placeholder.

2. Choosd-unction from the Insert Function <]
. Function Category: Function M ame:
Insert menu or clickf® | on the
Standard toolbar. Mathcad oper |2\ .. aecsh
the Insert Function dialog box. = [PrereriaEauetonSoting iy
. . File & b.
3. Click a Function Category or E'oineﬁ?nsrmm Zr"?.?le ’
click “All" to see all available =200 =, |
functions sorted alphabetically. l=e!
Fieturns the angle [in radians] whose cogine iz 2. Principal value for ;I
complex z.
=
Help | Insert I Cancel |

4. Double-click the name of the
function you want to insert from the right-hand scrolling list, or c
“Insert.” The function and placeholders for its arguments are inserted
into the worksheet.

5. Fillin the placeholders. -
acos(.866)

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.

Tip  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 a math region exactly as it appears in the tables throughout this chapter: uppercase,
lowercase, or mixed, as indicated.

Note Throughout this chapter and in the Insert Function dialog box, brackets, [ ], around an argument
indicate that the argument is optional.

Assistance for Usin g Built-in Functions
Mathcad includes several sources of assistance for using built-in functions:

» 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.
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» The on-line Help system (choagathcad Help from theHelp menu, or clich
on the Standard toolbar) provides both overview and detailed help topics on
functions and function categories.

* The Resource Center (chod®esource Centerfrom theHelp menu, or clich &
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.

* TheMathcad Reference Manuathich provides details on the syntax, arguments,
algorithms, and behavior of all of Mathcad'’s built-in functions, operators, and
keywords. The&Reference Manuas provided as an Adobe Acrobat file on all
Mathcad installation media. Mathcad Professional includes a printed copy.

Core Mathematical Functions
Trigonometric Functions

anglek, y) Returns the angle (in radians) from the positaxis to pointX, y) in the
x-y plane. The result is between 0 arrd 2

cos@) Returns the cosine af In a right triangle, this is the ratio of the length of
the sideadjacentto the angle over the length of the hypotenuse.

cot(2) Returnsl/tan(z) , the cotangent nfz should not be a multiple af

csc@) Returnsl/sin(z) , the cosecantofz should not be a multiple of

secQ Returnsl/ cos(z) , the secant nfz 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

sideoppositethe angle over the length of the hypotenuse.

tan@) Returnssin(z)/ cos(z) , the tangent afin a right triangle, this is the ratio
of the length of the sideppositethe angle over the length of the side
adjacentto the anglez should not be an odd multiple ¥ 2

Mathcad'’s trig functions and their inverses accept any scalar argument: real, complex,
or imaginary. They also return complex numbers wherever appropriate.

Note Trigonometric functions expect their argumentsadians To pass an argument in degrees, use
the built-in unitdeg.For example, to evaluate the sine of 45 degrees siyp45*deq)

Tip  In Mathcad you enter powers of trig functions sshhz(x) Simﬁx)2 . Alternatively, you can
use the prefix operator in Mathcad Professional, described on “Customizing Operators” on page

140. For example, to typgin?(x) . Cli on the Evaluation toolbar, entein 2 in the
left-hand placeholder, entéx) in the right-hand placeholder.
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Inverse Tri gonometric Functions

acosp) Returns the angle (in radians) whose cosire is
acot@) Returns the angle (in radians) whose cotangent is
acscp) Returns the angle (in radians) whose cosecant is
asecy) Returns the angle (in radians) whose secant is
asing) Returns the angle (in radians) whose sire is
atang) Returns the angle (in radians) whose tangent is

atan2k,y) Returns the angle (in radians) from the posikaxis to pointX, y) in
thex-y plane.

With the exception oftan2andacot, the inverse trigopnometric functions can take
either a real or complex argument and return an angle in radians betwé2n and
T/ 2, or the principal value in the case of a complex arguna¢an2takes only real
arguments and returns a result betwesn  Tanacotreturns an angle in radians
between 0 andt for a real argument or the principal value in the case of a complex
argument.

To convert a result into degrees, either divide the result by the built-idegur type

deg in the units placeholder as described in “Displaying Units of Results” on page 113.

Hyperbolic Functions

acoshg) 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() Returns1/tanh(z) , the hyperbolic cotangentzof
cschg) Returnsl/ sinh(z) , the hyperbolic cosecantzof
sechg) Returnsl/ cosh(z) , the hyperbolic secantzof
sinh(2) Returns the hyperbolic sine of

tanh@) Returnssinh(z)/ cosh(z) , the hyperbolic tangentzof
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Log and Exponential Functions

expE) Returnse raised to the powex
In(2) Returns the natural log af (z# 0).

logz, B  Returns the badelogarithm ofz. (z#z 0, b # 0). Ifb is omitted, returns
the base 10 logarithm.

Mathcad’s exponential and logarithmic functions can accept and return complex
argumentsin returns therincipal branchof the natural log function.

Bessel Functions
Pro Ai(x) Returns the value of the Airy function of the first kimdnust be real.
Pro bei(n, x) Returns the value of the imaginary Bessel Kelvin function of arder
Pro ber(n,x)  Returns the value of the real Bessel Kelvin function of onder
Pro Bi(x) Returns the value of the Airy function of the second kimdust 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.

In(m, ¥ Returns the value of theth order modified Bessel function of the first
kind. x must be realnis an integer,0< m<100 .

JO(x) Returns the value of the zeroth order Bessel function of the firstxind.
must be real.

J1(x) Returns the value of the first order Bessel function of the first kind.
must be real.

Jn(m, X Returns the value of thth order Bessel function of the first kindreal,
0<m<100.

Pro js(n, X) Returns the value of the spherical Bessel function of the first kind, of
integer orden. x>0, n=-200.

KO(x) Returns the value of the zeroth order modified Bessel function of the
second kindx real, x>0 .

K1(x) Returns the value of the first order modified Bessel function of the
second kindx real, x>0 .

Kn(m, X Returns the value of thath order modified Bessel function of the
second kindx>0 mis an integerD<m<100 .
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YO(x) Returns the value of the zeroth order Bessel function of the second kind.
xreal, x>0 .

Y1(x) Returns the value of the first order Bessel function of the secondxkind.
real,x>0 .

Yn(m, X Returns the value of theth order Bessel function of the second kind.
x>0, mis an integerP<m< 100 .

Pro ys(n, X) Returns the value of the spherical Bessel function of the second kind, of
integer orden. x must be realx>0 n=-200

Complex Numbers

arg@ Returns the angle in complex plane from real axis The result is
between-mtandm radians.

csgng) Returns 0ifz = 0 , 1ifRe(z) >0 orRe(z) = 0 andm(z)>0 ),

-1 otherwise.
Im(2) Returns the imaginary part of a number
Re@ Returns the real part of a numizer

signum@)  Returns 1ifz = 0 ,2/|4 otherwise.

Piecewise Continuous Functions

if(cond, tvl, f¥J Returngvl if condis nonzero (truefyl if condis zero (false)cond
is usually a Boolean expression.

o(m, n Kronecker's delta function. Returns 1nif = n , O 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 betwerrsIN and
ORIGIN + 2 inclusive iforIGINZ0). Result is 0 if any two are the

same, 1 for even permutations, for odd permutations.

®(x) Heaviside step function. Returns Ixit 0, O otherwismust be
real.
sign) Returns Oifx = 0 , 1ifx>0 ,and1l otherwisemust be real.

Note Theif function is generally useful for branching in calculation: choosing one of two values based
on a condition. Although the first argument of thiunction,cond,can be any expression at all,
it is usually a Boolean expression that relates two math expressions with a Boolean operator. See
“Arithmetic and Boolean Operators” on page 125.
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Number Theor y/ Combinatorics

combing, K Returns the number of combinations: the number of subsets of size
k that can be formed fromobjectsn andkintegersO<k<n .

gcd@, B, C, ..) Returns the greatest common divisor: the largest integer that evenly
divides all the elements in arrays or scafrB, C, ...The elements
of A, B, C, ...must be non-negative integers.

lcm(A, B, C, ..) Returns the least common multiple: the smallest positive integer that
is a multiple of all the elements in the arrays or scaaB, 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 .

Truncation and Round-Off Functions

ceil(x) Least integek x (x real).
floor(x) Greatest integes x (x real).
roundg, n) Rounds real numbexto n decimal places. lh< 0 ¥ is rounded to

the left of the decimal point. ifis omitted, returns rounded to the
nearest integer.

trunc) Returns the integer part of a real numbéy removing the
fractional part.

Special Functions
erf(x) Returns the value of the error functiorxax must be real.

erfc(x) Returns the value of the complementary error function at
1-erf(x).xreal.

Pro fhyper(@, b, ¢x) Returns the value of the Gauss hypergeometric function at the point
X given parameterg, b, c -1<x<1.

2 Returns the value of the classical Euler gamma functiapeateal
or complex number. Undefined far= 0,-1,-2, ...

rxy Returns the value of the extended Euler gamma function for real
numbersx>0 y=20 .

Pro Her(n, X) Returns the value of the Hermite polynomial of degraéx.

Pro ibetag@, X, y) Returns the value of the incomplete beta functior afidy with
parameten. 0<a<l
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Pro Jac@,a, b, X Returns the value of the Jacobi polynomial of degratx with

parametersa andb.
Pro Lag(n, X) Returns the value of the Laguerre polynomial of degratx.
Pro Leg(n, X) Returns the value of the Legendre polynomial of degrasx.

Pro mhyper@, b,x) Returns the value of the confluent hypergeometric function at the
pointx given parametersandb.

Pro Tchebf, X) Returns the value of the Chebyshev polynomial of degreéthe
first kind, atx.

Pro Uchebg, X) Returns the value of the Chebyshev polynomial of degreéthe
second kind, at.

Discrete Transform Functions

Mathcad contains a variety of functions for performing discrete transforms. All of these
functions require vectors as arguments.

Note When you define a vecterfor 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 a value other than 0 (see page 98). If you do not degfjne , Mathcad automatically sets it to
zero. This can distort the results of the transform functions.

Fourier Transforms on Real and Com plex Data

cfft(A) 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 as its argument.

icfft(A) Returns the inverse Fourier transform of a vector or matrix of data
corresponding tefft. Returns an array of the same size as its argument.

fft(v) Returns the fast discrete Fourier transform 2fla element vector of real
data representing measurements at regular intervals in the time domain.
m>2.

ifft(v) Returns the inverse Fourier transform of a vector of data corresponding
to fft. Takes a vector of size+ 2"=1 | and returns a real vector of size
2N . n>2.

CFFT(A) Returns a transform identical¢éft, except using a different normalizing
factor and sign convention.

ICFFT(A)  Returns the inverse Fourier transform of a vector or matrix of data
corresponding t@FFT. Returns an array of the same size as its argument.
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Note

FFT(V) Returns a transform identical fit, except using a different normalizing
factor and sign convention.

IFFT(V) Returns the inverse Fourier transform of a vector of data corresponding
to FFT. Takes a vector of size+ 21—1 | and returns a real vector of size
2n,

Mathcad comes with two types of Fourier transform péirgifft (or the alternative
FFT/IFFT) andcfft / icfft (or the alternativEFFT / ICFFT). These functions are discrete:
they apply to and return vectors and matrices only. You cannot use them with other
functions.

Use thefft andifft (or FFT / IFFT) functions if:

» 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 you@&edto 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.

. . i

i =0.863 X = sm[ﬂ-ﬁJﬂndh)—_ﬁ Signal

Take complex transform :

c = fit(x) |
N = last(c) N = 32

j=0._N

a0

Take inverse transform :

z = ifft{c)
N2 = last{z) N2 = &3

40

Figure 10-1: Use of fast Fourier transforms in Mathcad. Since the random
number generator gives different numbers every time, you may not be able to
recreate this example exactly as you see it.

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
functionsfft, ifft, cfft, andicfft use1//N as a normalizing factor and a positive exponent in
going from the time to the frequency domain. The functleR§, IFFT, CFFT, andICFFT

usel/N as a normalizing factor and a negative exponent in going from the time to the
frequency domain.
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Wavelet Transforms

Pro  wavef) Returns the discrete wavelet transfornmvod 2M element vector
containing real data, using the Daubechies four-coefficient wavelet filter.
The vector returned is the same size.as

Pro iwave)  Returns the inverse discrete wavelet transform a2™ element vector
containing real data. The vector returned is the same size as

Vector and Matrix Functions

Note that functions that expect vectors always expect column vectors rather than row
vectors. To change a row vector into a column vector, use the transpose operator (click

on the Matrix toolbar).

Size and Sco pe of an Array

cols@d)

last{v)

length{)
max(@A, B, C, ..)

min(A, B, C, ..)

rows()

Special Types of Matrices

Pro diag(v)

Pro geninv@)

identity(n)

rref(A)

Returns the number of columns in arif A is a scalar, returns 0.
Returns the index of the last element in vegtor
Returns the number of elements in veator

Returns the largest of the strings, arrays, or scAlgs C, .. If any
value is complex, returns the largest real part plinses the largest
imaginary part.

Returns the smallest of the strings, arrays, or scalabs C, ...If
any value is complex, returns the smallest real partigloges the
smallest imaginary part.

Returns the number of rows in arrAy|f A is a scalar, returns 0.

Returns a diagonal matrix containing on its diagonal the elements
of v.

Returns the left inverse matrixof A, such thal. [A = | , where
| is the identity matrix having the same number of columms.as
Matrix A is anm x n real-valued matrix, where= n

Returns am x n  matrix of 0’s with 1's on the diagonal.

Returns the reduced-row echelon formof
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2 2 0 0 0
v |8 _ 0800
- diag(v) = <— A diagonal matrix
g g
00 9 0 formed from a vector.
7 000 7 (Mathcad Professional)
1 0 -1
- <— The reduced-row echelon
A = mef(A) = 0 1 2 form of a matrix.
2 7 12 000
b+ 2 2
B = 2b4 - 3i Im(B) = |-3 <— The imaginary part of a
3+ (4+ 8)i 48 matrbx
Figure 10-2: Functions for transforming arrays.

Special Characteristics of a Matrix

Pro cond1)
Pro cond2M)
Pro condeM)
Pro condiM)
Pro norml1lM)
Pro norm2M)
Pro normeM)
Pro normi(M)
rank(A)
tr(M)

Formin g New Matrices

augmentd, B, C, ..)

Returns the condition number of the matixbased on thé¢; norm.

Returns the condition number of the matixbased on thé, norm.

Returns the condition number of the mafvixbased on the Euclidean
norm.

Returns the condition number of the matvixbased on the infinity
norm.

Returns theL; norm of the matiik.

Returns the_, norm of the matia.

Returns the Euclidean norm of the matvix
Returns the infinity norm of the matri.
Returns the rank of the real-valued matkix

Returns the sum of the diagonal elements, known asabe of M.

Returns an array formed by placidgB, C, ...left

to right. A, B, C, ...are arrays having the same
number of rows or they are scalars and single-row
arrays.
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CreateMeslH, [[s(, Returns a nested array of three matrices

[s1], [tO], [t1], [sgrid], representing the-, y-, andz-coordinates of a

[tgrid], [fmap]]) parametric surface defined by the functiBnF is
a three-element vector-valued function of two
variablessQ, s1, t0, andtl are the variable limits,
andsgrid andtgrid are the number of gridpoints.
All must be real scalarémap is a three-element
vector-valued mapping function. All arguments
but the function argument are optional.

CreateSpacé€([[tQ], [t1], Returns a nested array of three vectors

[tgrid], [fmap]]) representing the-, y-, andz-coordinates of a space
curve defined by the functiok, F is a three-
element vector-valued function of one varialle.
andtl are the variable limits, artdrid is the
number of gridpoints. All must be real scalars.
fmap is a three-element vector-valued mapping
function. All arguments but the function argument
are optional.

matrix(m, n, ) Creates a matrix in which thgth element
containsf(i,j) wheré¢ = 0,1,...,m-1 and
j = 0,1, ...,n—1. Functionf must have been
defined previously in the worksheet.

stack@, B, C, ..) Returns an array formed by placiAgB, C, ...top
to bottom.A, B, C, ...are arrays having the same
number of columns or they are scalars and vectors.

submatrix@, ir, jr, ic, jc) Returns a submatrix & consisting of all
elements contained in rowsthroughijr and

columnsic throughjc. Make surdr <jr and
ic <jc or the order of rows or columns will be
reversed.

Note For the function€reateMestandCreateSpacenstead of using a vector-valued functién,
you can use three functiorfg, f2, andf3, representing the-, y-, andz-coordinates of the
parametric surface or space curve. Your call to one of these functions might look something like
this: CreateMesh %, 2, f3) .
Alternatively, forCreateMesh you can use a single function of two variables such as

F(X, y) — Sln!X! ‘; cosy) .

Figure 10-3 shows examples of usstgckandaugment
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M1 = identity( 3 )

Use "augment” to place one matrix

beside another.

augment( M1, M2 ) =

stack(2,5,9,12.3) =

1.01 2.04 30 50
M2 = | 98 196 M3 = |20 10
97 2.03 60 80

Use "stack” to place one matrix
above another.

1 0 0 101 204 1.01 2.04

0 1 0 098 196 098 1.96

0 0 1 097 203 097 2.03
stack( M2, M3 ) =

2 30 50

20 10

60 80

123

Figure 10-3: Joining matrices with treaigmentand stackfunctions.

Eigenvalues and Ei genvectors

Pro

Pro

Pro

eigenvalsil)
eigenveci/, 2)

eigenvecd(l)

genvalsi, N)

genvecs{l, N)

Returns a vector containing the eigenvalues of the square matrix

Returns a vector containing the normalized eigenvector
corresponding to the eigenvalmef the square matriil.

Returns a matrix containing normalized eigenvectors corresponding
to the eigenvalues of the square malfixThenth column of the
matrix returned is an eigenvector corresponding tathe

eigenvalue returned bgigenvals

Returns a vector of computed eigenvalues each of which satisfies
the generalized eigenvalue probléhx = v, IN[X . Vest®s

the corresponding eigenvectdt. andN are real square matrices
having the same number of columns.

Returns a matrix containing the normalized eigenvectors
corresponding to the eigenvaluesvirthe vector returned by
genvals Thenth column of this matrix is the eigenvector

satisfying the generalized eigenvalue problnix = v [N [X

MatricesM andN are real-valued square matrices having the same
number of columns.

Figure 10-4 shows how some of these functions are used.
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To find all the corresponding eigenvectors at once:
(Mathcad Professional)

v = eigenvecs| A) v = |-0408 081 -0574

The first column of v is the eigenvector corresponding to 0.105, the first
element of c. Similarly. the second column of v is the eigenvector
corresponding to 7.497, the second element of c.

6 0.10b
10 c = eigenvals(A) ¢ 7.497
-1 -7.602

0873 0.244 -0.5b4

-0.266 0534 0603

Figure 10-4: Eigenvalues and eigenvectors in Mathcad.

Solvin g a Linear System of E quations

Pro

Note

IsolveM, V) Returns a solution vectarsuch thaM X = v vis a vector having the

same number of rows as the matvix

With MathcadProfessionalyou can use thisolve function to solve a linear system of
equations whose coefficients are arranged in a misltrix

The argumenM for Isolvemust be a matrix that is neither singular nor nearly singular. An
alternative tdsolveis to solve a linear system by using matrix inversion. See “Solving and
Optimization Functions” on page 157 for additional solving functions.

Decom position

Pro

Pro

Pro

choleskyM)

lu(M)

ar(A)

Returns a lower triangular matrixsuch thal. LT = M . This
uses only the upper triangular pari\of The upper triangular ol
when reflected about the diagonal, must form a positive definite
matrix.

Returns a single matrix containing the three square mafides
andU, all having the same size lslsand joined together side by
side, in that order. These three matrices satisfy the equation
POM = L U, whereL andU are lower and upper triangular
respectively.

Returns a matrix whose firatcolumns contain the square,
orthonormal matriXQ, and whose remaining columns contain the
upper triangular matrb®. MatricesQ andR satisfy the equation

A = Q [R, whereA is a real-valued array.
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Pro svd@A)

Pro svds@)

Sortin g Functions

CSOrt@, n)

reverseg)

rsort(A, n)

sortf)

Returns a single matrix containing two stacked mattitaadV,
whereU is the uppemx n submatrix aMdis the lowern x n
submatrix. Matriced) andV satisfy the equation

A = U [Wiag(s) VT, wheresis a vector returned by svesy
Aisanmx n array of real values, whare> n

Returns a vector containing the singular values ohthen real-
valued arrayA, wherem=n .

Returns an array formed by rearranging rows of the mAtsxch
that the elements in colunmare in ascending order. The result has
the same size &s.

Returns an array in which the elements of a vector, or the rows of a
matrix, are in reverse order.

Returns an array formed by rearranging the columns of the matrix
such that the elements in rovare in ascending order. The result has
the same size &s.

Returns the elements of the vectosorted in ascending order.

Tip  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 examplesog@, 0).

Solvin g 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.

Findin g Roots
polyrootsg)

root(f(2), 2

root(f(2), z, a, B

Returns the roots of aith degree polynomial whose coefficients
are inv, a vector of lengtin+ 1 . Returns a vector of length

Returns the value afwhich the expressidi(z) is equal to 0. The
arguments are a real- or complex-valued expres&pand a real
or complex scalagz. Must be preceded in the worksheet by a
guess value far. Returns a scalar.

Returns the value alying betweera andb at which the
expressiori(z) is equal to 0. The arguments to this function are a
real-valued expressid(g), a real scalag, and real endpoints

a<b. No guess value faris required. Returns a scalar.
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Note

Tip

Note

When you specify the argumetsandb for the root function, Mathcad will only find a root for
the functionf if f(a) is positive and(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 exprassibcan

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 98, 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 ¢bpiises from the

Math menu.

To find the roots of a polynomial or an expression having the form:
n 2
VXM + L vox S H v Xty
you can us@olyrootsrather thamoot. polyrootsdoes not require a guess value, and

polyrootsreturns all roots at once, whether real or complex. Figure 10-5 shows
examples.

Finding roots of a polynomial with root and polyroots

f(x) = x3 - 10x + 2

An initial gquess for simple use of root function:  x = 3
root{ f(x),x) = 3.067
root{f(x),x,-5,0) = -3.258

The vector v contains the coefficients of the polynomial. beginning with the
constant term. Be sure to include all coefficients, even if they are zero.

2 —3.258
v = |10 polyroots(v) = | 0.201
0 3.057

1

Figure 10-5: Finding roots witlmoot andpolyroots

By default,polyrootsuses a LaGuerre method of finding roots. If you want to use the
companion matrix method instead, click onplaéyrootsfunction with the right mouse
button and choos€ompanion Matrix from the pop-up menu.

root andpolyrootscan solve only one equation in one unknown, and they always return
numerical answers. To solve several equations simultaneously, use the techniques described in
the next section, “Linear/Nonlinear System Solving and Optimization.” To solve an equation
symbolically, or to find an exact numerical answer in terms of elementary functions, choose
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Solve for Variable from theSymbolic menu or use theolvekeyword. See Chapter 14,
“Symbolic Calculation.”

Linear/ Nonlinear S ystem Solvin g and Optimization

Mathcad includes powerful numerical solving functions that readily solve problems of
the following types:

Pro

Note

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.

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:

CoXgt+CyXg + ... +C X,
Quadratic programming, in which all constraints are linear but the objective
function contains not only linear terms but also quadratic terms. Quadratic program-
ming features are available in tBelving and Optimization Extension PgEkpert

Solve) for Mathcad Professional, available for separate sale from MathSoft or your
local distributor or reseller.

The size of the problem you can solve depends on your version of Mathcad. Mathcad Standard
solves systems of up to 50 variables, while Mathcad Professional solves nonlinear systems of up
to 200 variables and linear systems of up to 500 variablesS@hiéng and Optimization

Extension PackExpert Solverfor Mathcad Professional solves 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.

Type the wordsivenin 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.

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 presqCtrl ]=) for any equality. You can separate the left and right sides of an
inequality with any of the symbols <, &, and=.

Enter any equation that involves one of the functitind, Maximize Minimize or
Minerr below the constraints.
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Note Solve blocks cannot be nested inside each other—each solve block can have GiNgpaed
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.

Solve Blocks

Find(z0, z1, .). Returns values af0, z1, . . that satisfy the constraints in a
solve blockz0, z1, . . are real or complex scalars, vectors,
arrays, or individual elements of vectors equal in number to the
number of unknowns in the system. Returns a scalar for a
single unknown; otherwise returns a vector of solutions.

Maximizef, z0, z1....) Returns values a0, z1. . . that make the functidrtake on
its largest valuez0, z1, . .are real or complex scalars, vectors,
arrays, or individual elements of vectors equal in number to the
number of unknowns in the system. Returns a scalar for a
single unknown; otherwise returns a vector of solutions. Solve
block constraints are optional.

Minerr(z0, z1,...) Returns values af0, z1. . . that come closest to satisfying the
constraints in a solve block0, z1, . . are real or complex
scalars, vectors, arrays, or individual elements of vectors equal
in number to the number of unknowns in the system. Returns a
scalar for a single unknown; otherwise returns a vector of
solutions.

Minimize(f, z0, z1,..) Returns values a0, z1. . . that make the functidrtake on
its smallest valuez0, z1, . . are real or complex scalars,
vectors, arrays, or individual elements of vectors equal in
number to the number of unknowns in the system. Returns a
scalar for a single unknown; otherwise returns a vector of
solutions. Solve block constraints are optional.

Tip  Unlike most Mathcad functions, the solving functid¢iad, Maximize Minerr, andMinimize
can be entered in math regions with either an initial lowercase or an initial capital letter.

Figure 10-6 shows a solve block with several kinds of constraints and ending with a
call to theFind function. There are two unknowns. As a result,Rimel function here
takes two argumentg,andy, and returns a vector with two elements.
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Intersection of Circle and line:
Guess values: x =1
_ y =1
Given
X2+y2=6 Circle
X+y=2 Line
x<1 Inequality
y>»2 constraints
xval
= Find(x. ¥
yval
Results: = -0414
yval = 2414
Check that point is an actual solution:
)(\.r'alz+wal:2 =B xval +yval = 2

Figure 10-6: A solve block with both equalities and inequalities.

Constraints

The table below lists the kinds of constraints that can appear in a solve block between
the keywordGivenand one of the functio’sind, Maximize Minerr, andMinimize In

the tablex andy represent real-valued expressions, anddw represent arbitrary
expressions. The Boolean constraints are inserted using buttons on the Boolean toolbar
While constraints are often scalar expressions, they may also be vector or array
expressions.

Condition Button Descri ption

W=z E Constrained to be equal.
X>y Greater than.

X<y Less than.

X2y Greater than or equal to.
X<y Less than or equal to.
xOy And

x Oy Or

xOvy Xor (Exclusive Or)

X Not

Mathcad does not allow the following inside a solve block:
» Constraints with £.”
» Assignment statements (statements Xkel ).
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You can, however, include compound statements sutk ax 3

Mathcad returns only one solution for a solve block. There may, however, be multiple solutions
to a set of equations. To find a different solution, try different guess values or enter an additional
inequality constraint that the current solution does not satisfy.

Tolerances for solving

Mathcad’s numerical solvers make use of two tolerance parameters in calculating
solutions in solve blocks:

» Convergence toleranceThe 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 variabl®L. A smaller value ofOL often results in
a more accurate solution, but the solution may take longer to calculate.

» 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 valuesafisfiedx < 2.0001 .

Procedures for modifying the values of these tolerances are described in “Built-in
Variables” on page 98.

If you useMinerr in a solve block, you should always 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 ll\merr. There is no built-in variable for determining the

size of the error for individual solutions to the unknowns.

Solving algorithms and AutoSelect

When you solve an equation, by default Mathcad usésiéoSelecprocedure 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 alinear 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.
If you use Mathcad Professional, chodsmlineard Advanced Optionsfrom the

pop-up menu to control settings for the conjugate gradient and quasi-Newton solvers.

The Levenberg-Marquardt method is not available foMlagimizeandMinimizefunctions.
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Pro Quadratic

Applies a quadratic programming algorithm to the problem. The option is available
only if the Solving and Optimization Extension Pa&xpert Solveyfor Mathcad
Professional is installed. Guess values for the unknowns are not required.

You can override Mathcad’s default choice of solving algorithm as follows:

5. Create and evaluate a solve block, allowin
Mathcad to AutoSelect an algorithm.

AutoSelect

Linear

6. Click with the r|ght mouse button on the [s ﬂn:nnline-r * I3 Coniugats Gradient
. . Buadratic Levenberg-tarquardt
name of the function that terminates the T Gusitiewon
ut e
solve block, and remove the check from Comy idvanced Optians...
AutoSelecton the pop-up menu. Pasts

Dizable Evaluation

7. Check one of the available solving method .
on the pop-up menu. Mathcad recalculates—
the solution using the method you selected.

Pro Reports

If you have theSolving and Optimization Extension PgEkpert Solverfor Mathcad
Professional 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 choose
Report from the pop-up menu. For more information on reports, refer to the on-line
Help.

Pro Mixed inte ger programmin g

If you haveSolving and Optimization Extension Pg&kpert Solvexfor Mathcad
Professional 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 on-line Help.

Statistics, Probabilit y, and Data Anal ysis Functions
Statistics

corr(A, B) Returns the Pearsorrsorrelation coefficient for thenx n
arraysA andB.

cvar@, B) Returns the covariance of the elementmir n arPagadB.

gmeanf, B, C, ..) Returns the geometric mean of the elements of the arrays or
scalarsA, B, C, ... All elements must be real and greater than 0.
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histint, A)

hmean@, B, C, ..)

kurt(A, B, C, ..)

meanf, B, C, ..)

Returns a vector representing the frequencies with which values
in A fall in the intervals represented tng. Whenint is a vector

of intervals in ascending order, tith element of the returned
vector is the number of points in data falling betweeritthand
(i+1)th element oint. Whenint is a an integer, it is the number

of subintervals of equal length. Bdtit andA must be real.

Returns the harmonic mean of the elements of the arrays or
scalardA, B, C, ... All elements must be nonzero.

Returns the kurtosis of the elements of the arrays or ségl8s
C, ..

Returns the arithmetic mean of the elements of the arrays or
scalarsA, B, C, ...

medianf, B, C, ..) Returns the median of the elements of the arrays or ségl&s

modef, B, C, ..)
skew@, B, C, ..)
stdev@, B, C, ..)
Stdev@, B, C, ..)
var(A, B, C, ..)
Var(A, B, C, ..)

Probabilit y Distributions

Mathcad includes functions for working with several common probability densities.
These functions fall into four classes:

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 scaaB, C, ...that
occurs most often.

Returns the skewness of the elements of the arrays or s&alars
B, C, ...

Returns the population standard deviation (square root of the
variance) of the elements of the arrays or sc#aB, C, ...

Returns the sample standard deviation (square root of the sample
variance) of the elements of the arrays or sc#laB, C, ...

Returns the population variance of the elements of the arrays or
scalardA, B, C, ...

Returns the sample variance of the elements of the arrays or
scalarsA, B, C, ...

» Probability densities. These functions, beginning with the letter “d,” give the
likelihood that a random variable will take on a particular value.

» Cumulative probability distributions. These functions, beginning with the letter
“p,” give the probability that a random variable will take on a vadsse than or
equal toa specified value. These are obtained by simply integrating (or summing

when appropriate) the corresponding probability density frem to a specified

value.

* Inverse cumulative probability distributions. These functions, beginning with
the letter “g,” take a probability between 0 and 1 as an argument and return a
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value such that the probability that a random variable wilébg than or equal to

that value i9.

« Random number generatorsThese 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.

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 &wlosiage 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 theMath menu and enter a value on the Built-In Variables tab.

See comments above about the nomenclature, arguments, and returned values for the probability
distribution functions in the following table.

Probabilit y Distributions

dbetdx, s, s,)
poetax, s;, S,)

gbetap, si 2)
rbete(m S, So)

dbinomg, n, p)
pbinomg, n, p)
gbinom(, n, r)
rbinom(m, n, p)

dcauchyx, I, s)
pcauchyx, |, s)
gcauchyp, |, s)
rcauchy, I, s)

dchisqk, d)
pchisqk, d)
gchisqg, d)
rchisqm, d)

dexpé, r)
pexp, r)
gexp@, r)
rexp(m, r)

dF(x, dy, dy )
PF(x, dy, dy )
aF(p, dy, d dy)
rE(m, dll d,)

dgammay, s)
pgammax, s)

ggammay, s)
rgammain, s)

Probability distribution functions for the beta distribution in
which (s;, s, >0) are the shape parametdys x < 1

O<ps1.

Probability distribution functions for the binomial
distribution in whichn andk are integers satisfying
O0<ks<n.0<p<1.risthe probability of success on a
single trial.

Probability distribution functions for the Cauchy
distribution in whichl is a location parameter asd>0 isa
scale parameteQ<p<1

Probability distribution functions for the chi-squared
distribution in whichd > 0 are the degrees of freedom and
x20.0<p<1.

Probability distribution functions for the exponential
distribution in whichr >0 is the rate and>0 O<p<1

Probability distribution functions for thie distribution in
which (dq, d, >0) are the degrees of freedom and

x20.0sp<l1.

Probability distribution functions for the gamma
distribution in whichs >0 is the shape parameter and

x20.0<p<1.
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dgeomk, p)
pgeomk, p)
ggeomp, r)
rgeom(n, p)

dhypergeomniyl,
phypergeoniyl,

a
a
ghypergeon, a,
al

rhypergeomiy,

dinorm(x, 4, ¢ )
plnorm(x, 4, ¢ )

glnorm(p, 4,0 )
rinorm(m, y, o)

dlogisi, |, 9)
plogis(, I, s)
glogis, I, s)
rlogis(m, |, s)

dnbinomg, n, p)
pnbinomk, n, p)
gnbinome, n, r)
rnbinomn, n, p)

dnorm(x, 4, 0 )
pnorm(x, W, 0 )
gnorm(p, 4, 0 )
rnorm(m, W, o)

dpoisk, A)
ppoisk, A)
qpois@, A)
rpois(m, A)

dt(x, d)
pt(x, d)
qt(p, d)
rt(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 geometric
distribution in whichO<p <1 is the probability of success

andkis a nonnegative integetris the probability of success
on a single trial.

Probability distribution functions for the hypergeometric
distribution in whichM, a, b, andn are integers with

0<M<a,0sn-M<b,and0<n<a+b O<p<1.

Probability distribution functions for the lognormal
distribution in whichu is the logmean and >0  is the
logdeviation.x=0 O0<p<1 .

Probability distribution functions for the logistic
distribution in whicH is the location parameter asd 0 is

the scale parameted.<p<1

Probability distribution functions for the negative binomial
distribution in whichO<p <1 and andk are integers,

n>0 andk=0 .

Probability distribution functions for the normal
distribution in whichu ando are the mean and standard

deviation.o >0 .

Probability distribution functions for the Poisson
distribution in whichA >0 andk is a nonnegative integer.
O<ps<1.

Probability distribution functions for Student’s
distribution in whichd >0 are the degrees of
freedom0D<p<1 .

Probability distribution functions for the uniform
distribution in whichb anda are the endpoints of the

interval witha< x< b.0<p<1.

Probability distribution functions for the Weibull
distribution in whichs> 0 is the shape parameter and
x=0.0<p<1.

Two additional functions that are useful for common probability calculationsidfe, which
is equivalent taunif(1, 0,x), andcnorn(x), which is equivalent tpnorm(x, O, 1).
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Interpolation and Prediction Functions

Note Whenever you use arrays in any of the functions described in this section, be sure that every

Pro

element in the array contains a data value. Mathcad assigns 0 to any elements you have not
explicitly assigned.

bsplinegx, vy, u, n) Returns a vector of coefficients of a B-spline of degreghich
is used in thénterp function. The knot locations of the spline are
specified in vectou. vx andvy must be real vectors of the same
length. The values imx must be in ascending order.

csplinegx, vy) Returns a vector of coefficients of a cubic spline with cubic
endpoints, which is used in tirgerp function.vx andvy must be
real vectors of the same length. The valuesximust be in
ascending order.

interpfvs, vx, vy, X) Returns the interpolatgdvalue corresponding to the argument
The vectows s a vector of intermediate results obtained by
evaluatingbspling cspling Ispling or psplineor the regression
routineregressor loessusing the data vectovx andvy. vx and
vy must be real vectors of the same length. The vegtorust be
in ascending order.

linterp(vx, vy,X)  Uses the data vectovg andvy to return a linearly interpolatad
value corresponding to the arguma&néx andvy must be real
vectors of the same length. The veatrmust be in ascending
order.

Isplinefvx, vy) Returns a vector of coefficients of a cubic spline with linear
endpoints, which is used in thrgerp function.vx andvy must be
real vectors of the same length. The valuesximust be in
ascending order.

predictf,, m, n) Returnsn predicted values based onconsecutive values from
the data vector. Elements irv should represent samples taken at
equal intervalsm andn are integers

psplinegx, vy) Returns a vector of coefficients of a cubic spline with parabolic
endpoints, which is used in tirgerp function.vx andvy must be
real vectors of the same length. The valuesximust be in
ascending order.

Interpolationinvolves 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
is noisy, you should consider using regression functions instead (see page 169).

Cubic spline interpolatiopasses a curve through a set of points in such a way 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
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passing through those points. These cubic polynomials are 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 functionspling allow you to join the polynomials at arbitrary
points.

Linear predictioninvolves using existing data values to predict values beyond the
existing ones.

The coefficients returned by the spline interpolation functimmding cspline Ispling
andpsplineand the regression functioregressandloessdescribed in the next section

are designed to be passed to Mathcautesrp function.interp returns a single
interpolatedy value for a giverx value, but as a practical matter you'll probably be
evaluatingnterp for many different points, as shown in Figure 10-7. It usually makes
sense to store the coefficients returned by the spline or regression functions in a vector
(such awsin Figure 10-7) that can be passeihterpfor evaluation, plotting, or further
calculation.

i=0.5 vk, =0 vy, = d(1)
vE VY vs = lspline{vx, vy )
ﬂ 8.923.107° interp({ v, v, vy, 1.5) = 0.66
n 0.532 interp( v, v, vy, 3.75) = 0.392
E 0.602
0166 interp( vs, v, vy, 4.1) = 0.453
0.451
n X=0,01.5
E 0.057
1 T T
Cubic spline curve
) interpolated
interp(vs vx, vy, x) from data.
w, 05 .
0 1 1
0 2 4 [
X, v

Figure 10-7: Spline curve for the points stored in vx and vy. Since the random
number generator gives different numbers every time, you may not be able to
recreate this example exactly as you see it.

For best results with spline interpolation, do not userttezp function on values of far from
the fitted points. Splines are intended for interpolation, not extrapolation.

Mathcad handlesvo-dimensionatubic spline interpolation in much the same way as the one-
dimensional case illustrated: in this case the spline function takes two matrix arguvhents,
andMz. The firstis ann x 2 matrix specifying the points along the diagonal of a rectangular
grid, and the second is anx n matrixzefalues representing the surface to be interpolated.
Mathcad passessarfacethrough the grid of points. This surface corresponds to a cubic
polynomial inx andy in which the first and second partial derivatives are continuous in the
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corresponding direction across each grid point. For an example see the “Data Analysis”
QuickSheets and in the Resource Center (chBeseurce Centerfrom theHelp menu).

Regression and Smoothin g Functions

Pro

Mathcad includes a number of functions for performriegression 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 use to fit the data. Unlike interpolation functions, these
functions do not require that the fitted curve or surface pass through points you supply,
and they are therefore less sensitive to spurious data.

Smoothingnvolves taking a set gf(and possibly) values and returning a new set of

y values that is smoother than the original set. Unlike the regression and interpolation
functions, smoothing results in a new setweélues, not a function that can be evaluated
between the data points you specify. Thus, if you are interesyaclnesetweerthe

y values you specify, you should use a regression or interpolation function.

Linear regression

interceptyx, vy) Returns a scalar: theintercept of the least-squares regression line
for the data points imx andvy.

slopegx, vy) Returns a scalar: the slope of the least-squares regression line for the
data points irvx andvy.

stderrgx, vy) Returns the standard error associated with linear regression of the
elements ofry on the elements afx.

line(vx, vy) Returns the-intercept and slope of the line that best approximates
the data invx andvy.

medfit(vx, vy)  Returns the-intercept and slope of the line that best approximates
the data invx andvy using median-median regression.

Polynomial regression

regress¢x, vy, n) Returns a vector of coefficients for thih degree least-squares
polynomial fit for the data points specified in vectexsandvy.
This vector becomes the first argument ofititerp function.

loessyx, vy, span Returns a vector specifying a set of second order polynomials that
best fit particular neighborhoods of data points specified in vectors
vx andvy. This vector becomes the first argument ofittierp
function. The argumergpan span> 0, specifies how large a
neighborhoodoessconsiders in performing this local regression.

These functions are useful when you have a set of measuadaes corresponding to
x values (or possibly multipbevalues) and you want to fit a polynomial through those
y values.

Useregresswhen you want to usesengle polynomial to fit all your data values. The
regressfunction lets you fit a polynomial of any order. However as a practical matter,
you rarely should go beyond = 4
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Theloessfunction, available in Mathcad Professional, performs a more localized
regression. Instead of generating a single polynomial theegagssdoes]oess

generates a different second order polynomial depending on where you are on the curve.
Itdoes this by examining the data in a small 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 Mathceués p function.interpreturns

a single interpolateglvalue for a givem value, but as a practical matter you'll probably

be evaluatingnterp for many different points.

Note Mathcad also allowsultivariatepolynomial regression wittegressor loessto fit y values
corresponding to two or more independent variables. In this case, the regression function’s first
two arguments arglx andvy: the firstis am x m matrix specifying tinevalues oh predictor
variables, and the second is a vector of response data corresponding to the fibtoFoinan
example see the “Data Analysis” QuickSheets in the Resource Center (B@sosece Center
from theHelp menu). You can add independent variables by simply adding columnshia the
array and a corresponding number of rows to the vector you passritetipgunction.

Specialized regression

expfit(vx, vy, vg) Returns the parameter values for the exponential curve

a De(b 24 c that best approximates the dataxrandvy. Vectorvg
specifies guess values for the three unknown parangterandc.
See Figure 10-8 for an example.

lgsfit(vx, vy, vg) Returns the parameter values for the logistic curve

a/(1+b De(_c Ek)) that best approximates the datasnandvy.
Vectorvg specifies guess values for the three unknown parameters
a, b, andc.

logfit(vx, vy, vg) Returns the parameter values for the logarithmic curve

a On(x)P + cthat best approximates the datazinandvy. Vector
vg specifies guess values for the three unknown paranzeterand
C.

pwrfit(vx, vy, vg) Returns the parameter values for the power curve

a 0P + cthat best approximates the datarxnandvy. Vectorvg
specifies guess values for the three unknown paransterandc.

sinfit(vx, vy, vg) Returns the parameter values for the sine curve
a [Bin(x+ b) + cthat best approximates the datavinandvy.
Vectorvg specifies guess values for the four unknown paramaters
b, andc.

Use these functions when you have a set of meagweddes corresponding xvalues
and you want to fit a special type of curve through thosalues. Although you can
use thegenfitfunction described on page 171 to perform a curve fit on any function,
the functions outlined above are simpler. Use them if they address the particular
function curve to which you are fitting your data.
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Figure 10-8: Using the specialized regression funcegpfit.

Generalized re gression

linfit(vx, vy, F) Returns a vector containing the coefficients used to create a linear
combination of the functions i that best approximates the data
points in vectorgx andvy. F is a function which returns a vector
consisting of the functions to be linearly combined. Elements of
vx should be in ascending order.

genfit(vx, vy, vg, F) Returns the parameters for the best fit by the (possibly nonlinear)
function defined byf to the data points in the vectars andvy.
F is a function that returns an+ 1 element vector contaihing
and its partial derivatives with respect to each af jarameters.
vg is ann-element vector of guess values for thearameters.

linfit is designed to model your data by a linear combination of arbitrary functions:
y = agp(x) +a, Hy(x) +... +a, 0 (%)

genfitis designed to model your data by some arbitrary (possibly nonlinear) function
whose parameters must be chosen. For example, if your data is to be modeled by the sur

f(x) = 2 Csin(a;x) + 3 (tanh(a,x)

and you wish to solve for the unknown parametgrs  and , you woutgente
An example of usingenfitis given in Figure 10-9.
Anything you can do withinfit you can also do, albeit less conveniently, wi¢mfit

The difference between these two functions is the difference between solving a system
of linear equations and solving a system of nonlinear equations. The latter generally
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Figure 10-9: Usingyenfit for finding the parameters of a function so that it
best fits the data.

must be solved by iteration, which explains vggnfitneeds a vector of guess values
as an argument adiafit does not.

Smoothin g functions

medsmoothfy, n) Returns am-element vector created by smoothingwith running
mediansvy is anm-element vector of real numbersis the width
of the window over which smoothing occunsnust be an odd
number less than the number of elementsyin

ksmoothyx,vy, b) Returns am-element vector created by using a Gaussian kernel to
return weighted averageswyf. vy andvx aren-element vectors of
real numbers. The bandwidbcontrols the smoothing window and
should be set to a few times the spacing betweenxydata points.
Elements invx must be in ascending order.

supsmoothx,vy) Returns am-element vector created by the piecewise use of a
symmetrick-nearest neighbor linear least-squares fitting procedure
in whichk is adaptively chosery andvx aren-element vectors of
real numbers. The elementswof must be in increasing order.

medsmootlis the most robust of the three smoothing functions since 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. Note thetdsmootteaves the first and lagh—1)/2

points unchanged. In practice, the length of the smoothing wingalipuld be small
compared to the length of the data set.

ksmoothavailable in Mathcad Professional, uses a Gaussian kernel to compute local
weighted averages of the input veotgr This smoother is most useful when your data
lies along a band of relatively constant width. If your data lies scattered along a band
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whose width fluctuates considerably, you should use an adaptive smoother like
supsmoothalso available in Mathcad Professiorsipsmootluses a symmetric

nearest neighbor linear least-squares fitting procedure to make a series of line segment:
through your data. Unlikksmoothwhich uses a fixed bandwidth for all your data,
supsmootkadaptively chooses different bandwidths for different portions of your data.

Finance Functions

Tip

These personal finance functions perform a variety of calculations for making credit
and investment decisions. All finance functions take only real values. Payments you
make, such as deposits in a savings account or payments toward a loan, must be entere
as negative numbers. Cash you receive, such as dividend checks, must be entered a:
positive numbers. If you want to specify the timing of a payment, use the optional timing
variable type which can be equal to 0 for the end of the period and 1 for the beginning.

If omitted, typeis 0.

Rate and period

cnper¢ate, pv, fv) Returns the number of compounding periods required
for an investment to yield a future valde,given a
present valugyy, and an interest rate perigdte. rate
>-1.pv>0.fv>0.

crateper, pv, fv) Returns the fixed interest rate required for an
investment at present valy®y, to yield a future value,
fv, over a given number of compounding perioger.
nperis a positive integepv > 0.fv> 0.

npergate, pmt, pv, [[fv], Returns the number of compounding periods for an
typd]) investment or loan based on periodic, constant
paymentspmt using a fixed interest rategte, and a
present valugyv. If omitted,fv = 0 andype= 0. If pmt
> 0, rate andpv must be opposite signs.

ratefiper, pmt, pv, [[fv], Returns the interest rate per period of an investment or
[typd, [guesd]) loan over a number of compounding periauser,
given a periodic, constant paymemtyt and a present
value,pv. nperis a positive integer. If omittedy = 0,
type= 0, andguess= 0.1 (10%).

. =7 . .
If rate does not converge to withihx10 after 20 iteratiaase returns an error. In such a
case, try different values fguess In most casesate converges ifjuesss between 0 and 1.
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Cumulative interest and

cumint(ate, nper, pv, start,
end [typd)

cumprn¢ate, nper, pv, start,
end [typd)

princi pal

Returns the cumulative interest paid on a loan between
a starting periodstart, and an ending periodnd

given a fixed interest rateate, the total number of
compounding periodsiper, and the present value of
the loanpv. rate= 0. nper, start, andendare positive
integers. If omittedtype= 0.

Returns the cumulative principal paid on a loan
between a starting periostart, and an ending period,
end given a fixed interest rategte, the total number
of compounding periodsiper, and the present value
of the loanpv. rate= 0. nper, start, andendare
positive integers. If omittedype= 0.

Present value:  $125,000

rate = %% nper:=30- 12
12

start = 120 end = 132

A home mortgage has the following terms:

Interest rate: 9%  (annually)

Calculate the total {cumulative) interest paid in the
10th year of payments (payments 121 through 132):

cumint(rate nper, pv,start, end) = -10815.54

Term: 30yrs

pv = 125000

Figure 10-10: Using theumintfunction.

I nterest rate

eff(rate, nper)

nom(ate, npen

Future value

fv(rate, nper, pmtf[pv,
[typd])

fvadj(prin, v)

Returns the effective annual interest rate (APR) given
the nominal interest rateate, and the number of
compounding periods per yeaper. nperis positive.

Returns the nominal interest rate given the effective
annual interest rate (APRpate, and the number of
compounding periods per yeaper. rate > -1.nperis
positive.

Returns the future value of an investment or loan over
a number of compounding periodiger, given a
periodic, constant paymemmt and a fixed interest
rate,rate. nperis a positive integer. If omitted, present
valuepv = 0 andtype= 0.

Returns the future value of an initial principatin,
after applying a series of compound interest rates
stored inv. v is a vector.
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fvc(rate, v) Returns the future value of a list of cash flows
occurring at regular intervalg, earning an interest
rate,rate. v is a vector.

Note When using functions that require information 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 o

periods.

Payment

pmt(rate, nper, pv[[fv], Returns the payment for an investment or loan based
[typd]) on periodic constant payments over a given number of

compounding periodsiper, using a fixed interest rate,
rate, and a present valugy. nperis a positive integer.
If omitted, future valudv = 0 andtype= 0.

ipmt(rate, per, nperpv,[[fv], Returns the interest payment of an investment or loan
[typd]) for a given periodper, based on periodic constant
payments over a given number of compounding
periods,nper, using a fixed interest rategte, and a
present valuegyv. per andnperare positive integers,
per< nper. If omitted, future valuév = 0 andtype= 0.

ppmt(tate, per, nper, py[fv], Returns the payment on the principal, of a investment
[typd]) or loan, for a given periogher, based on periodic
constant payments over a given number of
compounding periodsiper, using a fixed interest rate,
rate, and a present valugy. perandnperare positive
integersper< nper. If omitted, future valuév= 0 and
type= 0.

The monthly payment for a $10,000 loan that accrues interest at
an annual rate of 8% and that you must pay off in 10 months:

8%
12
pmtirate , nper, pv) = —1037.03

rate =

nper =10 pv = 10000 per =5

The portion of the 5th payment that is interest:
ipmt(rate  per nper, pv) = 4053

The portion of the 5th payment that is principal:
ppmtirate  per, nper, pv) = -996.50

Figure 10-11: Using th@mt, ipmt, andppmtfunctions.
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Note

Note

Internal rate of return

irr(v, [guesy Returns the internal rate of return for a series of cash
flows, v, occurring at regular intervalg.is a vector
that must contain at least one positive value and one
negative value. If omittedyuess= 0.1 (10%).

mirr(v, fin_rate, rein_ratg Returns the modified internal rate of return for a series
of cash flows occuring at regular intervalsgiven a
finance rate payable on the cash flows you borrow,
fin_rate, and a reinvestment rate earned on the cash
flows as you reinvest themein_rate v is a vector that
must contain at least one positive value and one
negative value.

. . =5 . "
If irr does not converge to withibx10 of a percentage after 20 iteraitionsturns an error.
In such a case, try different values fpress In most cased;r converges ifjuesss between 0
and 1.

Present value

pv(rate, nper, pmt[ fv] Returns the present value of an investment or loan
typd]) based on periodic constant payments over a given
number of compounding periodgyer, using a fixed
interest raterate, and a paymenpmt nperis a
positive integer. If omittedy = 0 andtype= 0.

npv(rate, v) Returns the net present value of an investment given a
discount raterate, and a series of cash flows occurring
at regular intervalsy. v is a vector.

irr andnpvare related functions. The internal rate of retinm (s the rate for which the net
present valuenpy) is zero.

Differential E quation Functions

Pro

This section describes how you can use Mathcad Professional to solve differential
equations.

In a differential equation, you solve for an unknown function rather than just a variable.
For ordinary differential equations, the unknown function is a function of one variable.
Partial differential equations are differential equations in which the unknown is a
function of two or more variables.

The easiest way to solve a single differential equation of any order in Mathcad
Professional is to use a solve block and the funédasolve To solve systems of
equations or to have more control over the solving process, you can use the general-
purpose differential equation solvédfixed Alternatively you can choose from
additional, more specialized functions for solving differential equations.
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Solvin g a Differential E quation Usin g a Solve Block

Pro

Tip

Odesolvex, b, [sted) Returns a function of which is the solution to a single ordinary
differential equationb is the terminal point of the integration
interval.step(optional) is the number of steps.

To solve a single differential equation of any order, use\ee blockand the function
OdesolveA solve block for solving a differential equation is similar to a solve block
for solving a system of equations as described on page 159. There are three steps to
creating a differential equation solve block:

1. Type the wordsiven You can typésivenor givenin any style, but be sure not to
type it in a text region.

2. Type the differential equation and constraints in any order below theGixed

Use the bold equal sign (cIiE on the Boolean toolbar or pre&trl  ]=) for

an equality. The independent variakimust be explicitly indicated throughout. A
typical initial value constraint might bga)=c or y‘(a)=d; Mathcad does not allow
more complicated constraints ligéa)+y‘(a)=e. The differential equation can be

written using the derivative operatatflx, d%/dx?, d¥/dx? , ... (pres® or[Ctrl ]?
to insert the derivative atth derivative operato)s or using prime notatioy' (x),
y), y“(X), .... (PressCtrl ][F7] for the prime symbol.)

3. Finally, type theddesolveunction. The terminal poirli must be larger than the

initial point a.
Given
:—;v(x) = —%v(x))w-v(x) yo =1 Yo =3

y = Odesolve(x ,5)

3 T T T
yio) =1

" ,L y(0.2) = 1.589
X,

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 oDdesolvas a function ok, interpolated from a table of values computed
using the fixed step method employed by the funatfired, described below. If you
prefer to use an adaptive step method employed by the furiitiahapt

1. Click onOdesolvewith the right mouse button.
2. Chooseédaptive from the pop-up menu.
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Note Mathcad is very specific about the types of expressions that can appear betweeand
OdesolveThe lower derivative terms can appear nonlinearly in the differential equation (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 mustibéependent equality constraints
for annth order differential equation. For an initial value problem, the valuggpand its first
n-1 derivatives at a single initial poiatare required. For a boundary value problemnthe
equality constraints should prescribe valuey(gyand certain derivatives at exactly two points
a andb.

General Pur pose Differential E quation 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 solverkfixed Alternatively you can choose from 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 usedesolves described in “Solving a Differential Equation Using
a Solve Block” or you can uskfixed rkfixeduses the fourth order Runge-Kutta method
to solve a first order differential equation and return a two-column matrix in which:

» 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 valueyiare the values atl.

npoints= The number of points beyond the initial point at which the solution is to
be approximated. This controls the number of rolvs fipoints )inthe
matrix returned bykfixed.

D(x, y) = An n-element vector-valued function containing the firderivatives of
the unknown functions.

Figure 10-13 shows how to solve the differential equagé(nl- 3k =0 subject to
X

the initial conditiony(0) = 4 .
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Note

Tosolvey'+3y =10

yp = 1 <— Define initial value. Use the left
bracket "[* to make the subscript.

Dix.y) = -3 Yo <— Define a function for the first derivative.

y' =3y

Z = rkfixed(y.0.4.100. D) <— Evaluate the solution at 100
points between 0 and 4.

i=0.rows(Z) -1
4 T T T
3 b <— Plot the solution. Use Ctrl+6 to
(Z< 1 )i 5 U B get the superscript.

0 | |
1] 1 2 3 4

(Z<l]>)i

Figure 10-13: Solving a first order differential equation.

The most difficult part of solving a differential equation usikfixed, particularly with

nonlinear differential equations, is solving for the first derivative so you can define the function
D(x, y). In such cases, you can sometimes solve'for) symbolically and paste it into the
definition forD(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

You can us@®desolveand a solve bloglkas described on page 177, or you can use
rkfixedto solve higher order differential equations. Usikfixedto solve a second
order differential equation is similar to solving a first order differential equation. The
key differences are:

» The vector of initial valueg now has two elements: the value of the function and
its first derivative at the starting valuel,

« The functionD(t, y) is now a vector with two elements:

D t, = y'(t):|
) Lf"(t)

* The solution matrix contains three columns: the left-hand one fanthlaes; the

middle one fory(t) ; and the right-hand one §o(t)
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Tip

See Figure 10-14 for an example usikfixed See Figure 10-12 for an example using
Odesolve

Solve y'"=-¥'+ 2y yi0)=1 '(0)=3
1 . . yi(0) Yo 1
¥ o= <— Define initial conditions , = =
3 y'(0) ¥q 3
¥q <— First derivative
Dit.y) =
-y + 2y <— Second derivative
£ = rkfixed{y. 0. .5 400 D) <— Ewvaluate solution at 400 points
between 0 and .5
t ¥yl ¥y Plot the solution i = 0. 400
0 1 2 3 T T
1] 1] 1 3
1 0,001 | 1.004 | 2,998 1) 2 -
2 10.003 [1.007 |2.998 -
3| 0.004 [1.011 |2.996 1 1 1
4 (0005 [1.015 | 2.885 0 0.2 0.4 08
5 [0.006|1.019 | 2.994 (0],
6| 0.008 [1.022 2993
Z =[7|n009|1.026 2992

Figure 10-14: Solving a second order differential equation.

The procedure for solving higher order differential equations is an extension of that used for
second order differential equations. The main differences are that the vector of initialvalues
now hasn elements for specifying initial conditions wfy', y*, ..., y(0=1) | the functiorD is

now a vector witm elements corresponding to the fingterivatives of the unknown functions,
and the solution matrix containcolumns: the left-hand one for thealues and the remaining
columns for values of(t), y'(t), y" (1), ..., y(0=D(t) .

Systems of differential equations

Solving a system of differential equations is similar to solving a higher order differential
equation usingkfixed To solve a system of first order differential equations:

1. Define a vector containing the initial values of each unknown function.

2. Define a vector-valued function containing the first derivatives of each of the
unknown functions.

3. Decide at which points you want to evaluate the solutions.
4. Pass all this information int&fixed.

rkfixed returns a matrix whose 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:
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X'o(t) H D(o(t) _Xl(t) - (Xo(t)z + Xl(t)z) D(o(t)
X'l(t) =H D(l(t) + Xo(t) - (Xo(t)z + Xl(t)z) D(l(t)

with initial conditionsx,(0) = 0 and,(0) = 1

Solving a system of two non-linear first order differential equations.
0 . .
p=-.2 X = ; <— Initial conditions

BXg - Xq - [(xu)z + ()(1)2 ]-xu <— First derivatives

pxq v xg - [ (xg) + ()2 ]

£ = rkfixed({x. 0. 20 100 D)
n = 0.100

Dit.x) =

05 T T

<—Plot xy(t) and x4 (f) for t=0_20.
Zn1 O

Figure 10-15: A system of first order linear equations.

Solving a system afth order differential equations is 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 fonthe derivatives of
each unknown function in addition to thih derivative.

rkfixedreturns 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

Specialized Differential E quation Solvers
Mathcad Professional includes several, more specialized functions for solving
differential equations, and there are cases in which you may want to use these rather
than the general-purpoddixed These cases fall into the three categories given below.
Each of these functions solves differential equations numerically: you always get back
a matrix containing the values of the function evaluated over a set of points.
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Tip

Pro

Pro

Note

Pro

When solving a differential equation it is a good idea to 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, Bdstoer which uses the Bulirsch-Stoer
method rather than the Runge-Kutta method usettfiged

Bustoerfy, x1, x2, npoints D)
The argument list and the matrix returnedBaystoerare identical to that fakfixed
Slowly varying solutions

Given a fixed number of points, you can approximate a function 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 returnedRikadaptare identical in form to that for
rkfixed

If you know that the solution has this property, you may be better off Bkadapt
Unlike rkfixed, Rkadaptexamines how fast the solution is changing and adapts its step
size accordingly.

AlthoughRkadaptuses nonuniform step sizes internally when it solves the differential equation,
it nevertheless returns the solution at equally spaced points.

Stiff systems

A system of differential equations expressed in the fprm A [k stefasystenif

the matrixA is nearly singular. Under these conditions, the solution returnidilogd

may oscillate or be unstable. When solving a stiff system, you should use one of the
two differential equation solvers specifically designed for stiff syst8tifyandStiffr,

which use the Bulirsch-Stoer method and the Rosenbrock method, respectively. They
take the same argumentsrikfixedas well as one additional argument.

Stiffb(y, x1, x2, npoints D, J)

Stiffr(y, x1, X2, npoints D, J)

J(X,y) = Afunction you define that returnstime< (n+1)  matrix whose first
column contains the derivative®/0x  and whose remaining rows
and columns form the Jacobian mat@o( dy, ) for the system of
differential equations. For example, if:

0
Xt then J(x,y) = Y1 X
-2 0y, Oy 0 -20, -20),

Seerkfixed for a description of other parameters.

D(xy) =
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Evaluatin g Only the Final Value
If you care about only the value of the solution at the endpdi), rather than over
a number of uniformly spacedvalues in the integration interval boundeddiyand
x2, use the functions listed below. Each function corresponds to 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 given
below:

Pro bulstoerf, x1, x2, acg D, kmax savg
rkadaptf/, x1, x2, acc, D, kmax save
stiffb(y, x1, X2, acc, D, J, kmax save
stiffr(y, x1, x2, acg D, J, kmax save

acc= Controls the accuracy of the solution. A small valuaafforces
the algorithm to take smaller steps along the trajectory, thereby
increasing the accuracy of the solution. Valuesagfaround 0.001
generally yield accurate solutions.

kmax= The maximum number of intermediate points at which the solution
will be approximated. The value kimaxplaces an upper bound on
the number of rows of the matrix returned by these functions.

save= The smallest allowable spacing between the values at which the
solutions are to be approximated. This places a lower bound on the
difference between any two numbers in the first column of the
matrix returned by the function.

Boundar y Value Problems
The specialized differential equation solvers discussed above are useful for solving
initial value problemsin some cases, however, you may know the value taken by the
solution at theendpointsof the interval of integration, which iscmundary value
problem
To solve boundary value problems in Mathcad, you carDassolve described in
“Solving a Differential Equation Using a Solve Block”,sbvalorbvalfit 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 wtevalin 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 integrationx2.

* Between what you know about the solutiordnd ak?2, you haven known values.
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sbvalreturns a vector containing those initial values left unspecified at the first endpoint
of the interval. Once you know the missing initial valueslayou have an initial value
problem that can be solved using any of the functions discussed earlier in this section.

Pro sbvall, x1, x2, D, load, score

v= Vector of guesses for initial values left unspecifiedlat

x1, x2= The endpoints of the interval on which the solution to the
differential equations will be evaluated.

D(x, y) = 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 slyval If a value is
unknown, you should use the corresponding guess valuevirom

scorgx2, y) = A vector-valued function having the same number of elements as
Each element is the difference between an initial conditiag, ats
originally specified, and the corresponding estimate from the
solution. Thescorevector measures how closely the proposed
solution matches the initial conditionsx& A value of O for any
element indicates a perfect match between the corresponding initial
condition and that returned Ispval

Note As shown in Figure 10-18pvaldoes 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 returnstivatand solve the
resulting initial value problem using a function suchidixed

It's also possible that you don’t have all the information you need tshwsdbut you

do know something about the solution and its first1 derivatives at some
intermediate valuef. 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.
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Convert to initial value problem: y() +y=0 with w({0)=0 y'(0)=7

y(h)=1 y'(1)=10 y"(1)=5
1 y'(0)
v o= |1 «— guess value for y'"'{0)

. 0 <— known yw(0)
1 ¥y ()

7 <— known y'(0)

load(x1.v) = 0.
¥q Unknown initial
Y1 |« conditions. To be
¥
2 <— D vector for the differential Vo solved for by sbval.
Dix.y) =| ¥3 equation: y(3) +y =0
¥4 vg - 1
<— Difference between
~¥o score(x2.y) = |¥q - 10 computed and given
values of y
S = sbval(v.0.1.D. load. score) ¥y - 5

348.107 < y™(0) to be used with rkfixed.

-85.014 «— y"'(0)
g - Missing initial conditions,
-516.257) <y (D)

Figure 10-16: Usingbvalto obtain initial values corresponding to given final
values of a solution to a differential equation.

Pro bvalfit(vl, v2, x1, x2, xf, D, loadl, load2, score

vl, v2 = Vectorvl contains guesses for initial values left unspecified.at
Vectorv2 contains guesses for initial values left unspecifie®at

x1, x2= The endpoints of the interval on which the solution to the
differential equations will be evaluated.

xf = A point betweerx1andx2at which the trajectories of the solutions
beginning a1 and those beginning &2 are constrained to be
equal.

D(x, y) = An n-element vector-valued function containing the first
derivatives of the unknown functions.

load1(x1, v1) = A vector-valued function whoseelements correspond to the
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.

scorgxf, y) = An n element vector valued function used to specify how you want
the solutions to match &t You'll usually want to definscorgXxf,
y) :=y to make the solutions to all unknown functions match up at
xf.
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Tip

Pro

Partial differential e quations

A second type of boundary value problem arises when you are solving a partial
differential equation. Rather than being fixed at two points, the solution is fixed 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

- +__ = X,
o2 oy p(xy)

and its homogeneous form, Laplace’s equation.

To type a partial differential equation symbol such{%s , insert the derivative opdgrator by
X

typing ?, click on the derivative operator with the right mouse button, and chviege
Derivative As [0 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 functigx, y) on all
four sides of a square region.

If u(x, y) is zero on all four sides of the square, you camudégrid, which often

solves the problem faster theelax. 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 1By U kPG 1 T Y — Tk Tk
relax@, b, c, d, g, f, u, rjac)

a...e= Square matrices all of the same size containing coefficients of the above
equation.

f = Square matrix containing the source term at each point in the region in
which the solution is sought.

u = Square matrix containing boundary values along the edges of the region
and initial guesses for the solution inside the region.
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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.

Pro multigrid(M, ncyclg

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 theltigrid iteration. A
value of 2 generally gives a good approximation of the solution.

Miscellaneous Functions

Expression T ype

String

Pro IsArray(x) Returns 1 ifx is a matrix or vector, 0 otherwise.
Pro IsScalar) Returns 1if is a real or complex number, O otherwise.
Pro IsString) Returns 1 ifx is a string, 0 otherwise.

Pro UnitsOf(x) Returns the units of, 1 otherwise.

Functions

Pro concatf], S2, S3...) Returns a string formed by appending stB2do the end of
stringS1, S3o the end 052 and so on.

Pro error© Returns the strin§as an error tip. When Mathcad evaluates
theerror function, the expression is highlighted in red and
further numerical evaluation is suspended. When you click on
the expression, the string appears in an error tip.

Pro numa2strg) Returns a string formed by converting the real or complex
numberz into a decimal-valued string.

Pro search§ S1, m) Returns the starting position of the substr&ign stringS
beginning from positiom, or —1 if no substring is founan
must be a nonnegative integer.

Pro 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 #d&1 0103 ). Spaces
are ignored.

Pro str2vecf) Returns a vector ASCll codes corresponding to the
characters in string.

Pro strlen®) Returns the number of characters in stifhg
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Pro

Pro

Note

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 vestaf ASCII
codes to characters. The elements pfust be integers
between 0 and 255.

The strings used and returned by most of these functions are typed in a math placeholder
by pressing the double-quote kéy énd entering any combination of letters, numbers,

or other ASCII characters. Mathcad automatically places double quotes around the
string expression and displays quotes around a string returned as a result.

When evaluating the functiosgarchandsubstr Mathcad assumes that the first character in a
string is at position 0.

File Access Functions

Tip

The file argument you supply to a Mathcad file access functicstigg—or a variable
to which a string is assigned—that corresponds either to:

* The name of a data or image file in the folder of the Mathcad worksheet you're
currently working on.

» Thename of a colormap file (see page 190) ictaP subfolder of your Mathcad
installation folder.

« Afull orrelative path to a data, image, or colormap file located elsewhere on a local
or network file system.

Reading and writing ASCI | data files

READPRNfile) Reads a structured data file. Returns a matrix. Each line in the data
file becomes a row in the matrix. The number of elements in each
row must be the same. Usually used as follows:

A := READPRN(file)

WRITEPRNfile) Writes a matrix into a data file. Each row becomes a line in the file.
Must be used in a definition of the fonwRITEPRN(file) := A

APPENDPRNfile) Appends a matrix to an existing file. Each row in the matrix
becomes a new line in the data file. Must be used in a definition of
the formAPPENDPRNfile) := A. Existing data must have as many
columns a®\.

Files in plainASCIl format consist only of numbers separated by commas, spaces, or
carriage returns. The numbers in the data files can be intege8dikel, floating-

point numbers lik&.54 , or E-format numbers liké.51E - 4 (for 4.51010%).

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 data in a variety of formats. See Chapter 11,
“Vectors, Matrices, and Data Arrays.”
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Pro

Pro

Pro

Pro

Pro

Pro

Reading and writin g image files

READBMP(file)

READRGH(file)

WRITEBMP(file)

WRITERGH(file)

READ_IMAGE(file)

READ_HLY(file)
READ_HSM(file)

READ_REN(file)
READ_GREEN(file)
READ_BLUE(file)

READ_HLS_HUKfile)
READ_HLS_LIGHT(file)
READ_HLS_SAT(file)

READ_HSV_HUHfile)
READ_HSV_SAT(file)

Creates a matrix containing a grayscale representation of the
image inBMP formatfile. 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).

Creates a matrix in which the color informatiorsixiP
formatfile 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 elements, when taken together, establish the
color of the pixel.

Creates a grayscaBMP file from the matrix. Must be used
in a definition of the fornrwRITEBMP(file) := A.

Creates a col®@MP file from a matrix in which the image is
stored inRGB format. Must be used in a definition of the
form WRITERGH(file) := A.

Creates a matrix containing a grayscale representation of the
image inBMP, GIF, JPG PCX, or TGA formatfile.

Creates a matrix in which the color informatioBWP, GIF,
JPG PCX,or TGA formatfile is represented by the
appropriate values of hue, lightness, and saturatibg)(or
hue, saturation, and valuggv).

Extracts only the red, green, or blue component from a color
image inBMP, GIF, JPG PCX, or TGA formatfile. The result

has one-third the number of columns that the matrix returned
by READRGBwould have had.

Extracts only the hue, lightness, or saturation component
from a color image iBMP, GIF, JPG PCX, or TGA format

file. The result has one-third the number of columns that the
matrix returned byREAD_HLSwvould have had.

Extracts only the hue, saturation, or value component from
a color image iBMP, GIF, JPG PCX, or TGA formatfile.

READ_HSV_VALUE(file) The result has one-third the number of columns that the

WRITE_HLY(file)

matrix returned byREAD_HSWvould have had.

Creates a colMP file out of a matrix in which the image
is stored irHLS format. Must be used in a definition of the
form WRITE_HLYfile) := A.
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Pro

WRITE_HS\file) Creates a colaBMP file out of a matrix in which the image
is stored irHSV format. Must be used in a definition of the
form WRITE_HSM(file) := A.

Functions Related to 3D Gra phs

Pro

Pro

Pro

Pro

Loading and saving colormaps
LoadColormapfle) Returns an array containing the values in the coloriit&p

SaveColormagile, M) Creates a colormdile containing the values in the three-
column arrayM . Returns the number of rows writterfite.

A colormap is aCMP 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 236. Each value in a colormap should be an integer between 0 and 255,
inclusive. By default Mathcad saves and loads colormaps fromieS 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 numb
dual (the name of another polyhedron), and a Wyth
symbol associated with it. To look up the name,
Wythoff symbol, and dual name of a polyhedron, U
PolyLookup

A @D ¢

n

To graph a uniform polyhedron:

1. Click in a blank spot of your worksheet. Choos
Graph[ Surface Plotfrom thelnsert menu.

2. Inthe placeholder, enter tRelyhedrorfunction
with an appropriate string argument.

3. Click outside the plot or presBijter ].

Polyhedron( "tetrahedron™ )
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Chapter 11
Vectors, Matrices, and Data Arra Vys

1 Creating Arrays

1 Accessing Array Elements
1 Displaying Arrays

1 Working with Arrays

1 Nested Arrays

Creatin g Arrays

As introduced in “Inserting Math” on page 33, one technique of creating an array is to
use theMatrix command on thensert 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 benlgéar
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
To insert a vector or matrix in Mathcad, follow these steps:

1. Click in either a blank space or on a math
placeholder. foe [ ]
it olurmns: I Inzert
2. ChooseMatrix from thelnsert menu, or clich ] & 2 Tl
on the Matrix toolbar. A dialog box appears, as e |
ShOWn at I’Ight Cancel |
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Note

Note

3. Enter the appropriate number of elements in the text boxes for
“Rows” and “Columns.” For example, to create a three-elemen D
vector, enteB andl. '

n

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. UseTlad] key to move from placeholder to
placeholder.

Arrays created using thdatrix command on thinsert 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 8.9 129

column that holds the selected element, type the box

next to “Columns,0 in the box next to “Rows,” and press “Delete.”

2. ChooseMatrix from thelnsert menu. Type the number o
rows and/or columns you want to insert or delete. Then p [

If you insert rows or columns, Mathcad inserts ragfwthe selected element and inserts
columns to theight of the selected element. If you delete rows or columns, Mathcad begins with
the row or column occupied by the selected element and deletes rows from that element
downward and columns from that element rightward. To insert a row above the top row or a
column to the left of the first column, first place the entire matrix between the editing lines.

Creatin g Arrays with Ran ge Variables

Note

As introduced in “Range Variables” on page 101, you can use one or more range
variables tofill 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 defin& a 5 matrix whggeelement is
i +j, enter the equations shown in Figure 11-1.

Recall that you enter the range variable operator by pressing the semicoloi &ey (

clicking @ on the Calculator toolbar. You enter the subscript operator by clicking

*

n | on the Matrix toolbar.

The x; j equation is evaluated for each value of each range variable, for a total 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 fftle row andth column of this matrix i$ +

To be used to define an array element, a range variable can take on only whole-number values.
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Tip

i=0.4 j=20.4

Xi,j::i+i
01 2 3 4
123 465

x=|2 3 456
3456 7
456 78

Figure 11-1: Defining a matrix using range variables.

You can also define individual array elements using the subscript operator, as described in
“Accessing Array Elements” on page 196.

Reading a Data File

Mathcad provides theile Read/Write componettd read a data file and store the data
in a Mathcad array variable.

Note A componentis a specialized OLE object that you insert into a Mathcad worksheet to create a

Tip

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.”

You can read data from files in a variety of formats, including:
» Excel (*XLS)

*  MATLAB (*.MAT)

e Lotus 1-2-3 (*WK*)

e ASCII editors (*DAT, *.CSV, *.PRN, *.TXT)

Mathcad also provides a number of built-in functions for importing ASCII data files and image
files. See “File Access Functions” on page 188.

To read in data using the File Read/Write component:
1. Click in a blank spot of your worksheet.
2. ChooseComponentfrom thelnsert menu.

3. Choose File Read or Write from the list and click “Next.” This launches the File
Read or Write Wizard.

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.
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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.

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 196.

=
¢ windows'data bt

1 191
data := 0> 2 7.3
c:‘;..‘;poly.pm X = data = These statements 3 32
) 1 extract the Oth and 1st s
Y = data columns of the data 4.6
matrix. --> g 4.2
X - Y =
-] 29
7 5.7
a 741
Polynomial fitting: a a3
n=rowsidata) k=2 ,:-19 i-0 9 10 102
z = regress (X, Y k)
20 3 T
fit(x) := interp(z, X, Y, x)
)
Coefficients: Y or
coeffs = submatrix(z,3, length(z) - 1,0,0) **~
T 0 '
coeffs’ = [ 20.327 -5.962 0.515 | 0 5 10
X
1

Figure 11-2: Reading in data from a data file. Whenever you calculate the
worksheet, the data file is read in.

To read in a different data file or a different type of data file:
1. Click with the right mouse button on the component and s€lsatse Filefrom
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.”

By default, Mathcad reads in the entire data file and creates an array with the variable name you
provide. To read in only certain rows or columns of a data file, click once on the component to
select it, then click with the right mouse button on the component and dhogserties from

the pop-up menu. Use the Properties dialog box to specify the row and columns at which to start
and stop reading.

194

Chapter 11 Vectors, Matrices, and Data Arrays



Enterin g Data into a Table

Tip

To get the convenience of a spreadsheet-like interface for entering data, you can create
an array using the Input Table component:

1. Click in a blank spot in your worksheet and cha@eenponentfrom thelnsert
menu.

2. Selectinput 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.

Heights = Weights =
5.40 120.00
5.42 132.00
5.50 123.00
4.90 110.00
5.20 114.00

mean( Heights) = 5.2a85
mean( Weights) = 120

140 T T T

Weights 120 - —
L B

100 | | |
4.8 5 52 5.4 56

Heights

Figure 11-3: Using input tables to create arrays of data.

When you click the table, you can edit the values in it. The scroll bars let you scroll
through the table. To resize the table, move the cursor to one of these handles along 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.

You can copy data from an input table as follows: first select some data, then click with the right
mouse button on the component and ch@xsgy from the pop-up menu. You can paste a single
number from the Clipboard into the table by selecting a cell and cho@asigfrom the pop-

up menu. Choosingaste Tablefrom the pop-up menu overwrites the entire table with values

in the Clipboard.
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Importin g Once from a Data File

Note

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.

Choosdmport .

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.

Unlike the File Read/Write component, the Import feature of an input table reads the data only
when you chooshmport, not each time you calculate the worksheet. If you want the data to be
imported each time you calculate, use the File Read/Write component as described in “Reading
a Data File” on page 193.

Accessin g Array Elements

Subscri pts

Note

You can access all the elements of an array simply by using its variable name, or you
can access the elements individually or in groups.

You access individual elements of a vector or matrix by using the subscript operator
described in “Vector and Matrix Operators” on page 127. 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, typdi . In general, to
refer to the element in théh row,jth column of matrixM, typeM[i,]

=

Figure 11-4 shows examples of how to define individual matrix elements and how to
view them.

When you define vector or matrix elements, you may leave gaps in the vector or matrix. For
example, ifv is undefined and you defing;  as 10, thgn v, , ,\and are all undefined.

Mathcad fills these gaps with zeros until you enter specific values for them, as shown in Figure
11-4. Be careful of inadvertently creating very large vectors and matrices by doing this. Also
note that 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 197).

You can use this kind of subscript notation in Mathcad to perform parallel calculations
on the elements of an array. See “Doing Calculations in Parallel” on page 201.
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Mg, g = 1 Mg.q = 3 Mg, 2 = ®
Mig=2 My 2= 6

Now show the values of the elements of M . . .

18656
M =
20686
M~| 2 =6 M~| 1 = 0
MZ 27 <— Since the array ORIGIN is zero, there
Value of subscript or superscript is too is a zeroth row and a first row...but no
big [or too zmall] for this array. second row.

Figure 11-4: Defining and viewing matrix elements.

Tip If you want to define or access a group of array elements at once, you can use a range variable
in a subscript.

Accessin g 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

1365 {2 5 Note: the origin is 0.
= M = Thus, the superscript of 2
206 6 refers to the third column

of the matrix M.

[3-2 B ]
[ = B =R N
e —"
£
|
=
=
s
.
v
£
]
[ = B =R N

Figure 11-5: Extracting a column from a matrix.

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 variali®IGIN. By default,ORIGIN is 0, but you
can change its value. See “Built-in Variables” on page 98 for details.
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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.

ORIGIN =1 1.2 7
Matrices: M=-|2 4 6
3 6 9
Migi=1 M3 3=9 My 3=7 Mg o =
\u"_alue of subscript or s_upersc:ript iz too
Vectors: big [or too zmall] for this array.
¥y = 1 Vo = 3 ¥g = b Since the array ORIGIN is now one, there
is no longer a zeroth row or column.
1
¥y =] 3 ¥g =
Walue of subscript or superscript iz too
5 big [or too zmall] for this array.

Figure 11-6: Arrays beginning at element one instead of at element zero.

Displaying Arrays

Note

As described in “Formatting Results” on page 110, 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.

i-0.2 j=0.2 Ai,j:=8in(i)+%—j

1671 0571 -0429
A-12412 1412 0412 <-- Array displayed as a matrix.
248 148 048

0 1 2

A-|D0] 1571 0571 |-0.429 <-- Array displayed as an
1] za12]| 1.412] 0412 output table.
2| 248 148] 048

Figure 11-7: Display results as a matrix or in an output table.

An output table displays a portion of an array. To the left of each row and at the top of each
column, there is a number indicating the index of the row or column. Click with the right mouse
button on the output table and selBocoperties 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. You can scroll
through the table using these scroll bars just as you would scroll through any window.
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Tip

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 arrow

3. Press and hold down the mouse button and drag the cursor in the direction you want
the table’s dimensions to change.

You can change the alignment of the table with respect to the expression on the left-hand side of
the equal sign. Click with the right mouse button on the table, then choose onAlajriheent
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.”

ok b PE

Mathcad cannot display extremely large arrays in matrix form. You should display a large array
as a scrolling output table.

Changing the Format of Dis played Elements

Copying and

You format the numbers in the array the same way you format other numerical results,
as described in “Formatting Results” on page 110. 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.

Pastin g Arrays

You can copy an array of numbers directly from a spreadsheet or database into Mathcac
where you can take advantage of its free-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 cBopge
E
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 110 for more information
on how vector and matrix results are displayed.
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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, choosPastefrom that application’&dit menu. If you're pasting into

&

a Mathcad worksheet, chooBastefrom Mathcad’sEdit menu, or click
the Standard toolbar.

on

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 cBopgeSelection
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.

+j1-2

— Column numbers

<— Copy numbers from the table.

1
Row numbers

8 10 12 a colon. Then choose
m 12 14 Paste from the Edit
menu.

(B 8 10 ) <«— Type y followed by

Figure 11-8: Copying and pasting results from an output table.
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Workin g with Arra ys

Once you create an array, you can use it in calculations. There are many operators anc
functions designed for use with vectors and matrices. See “Vector and Matrix
Operators” on page 127 and “Vector and Matrix Functions” on page 152 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.

Doin g 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 192.

» Use thevectorize operatqrwhich allows Mathcad to perform the same operation
efficiently on eactelemenbf a vector or matrix.

Mathematical notation often shows repeated operations with subscripts. For example,
to define a matri®® by multiplying corresponding elements of the matrigeandN,
you would write:
Pij = Mij NN
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.

Here’s how to apply the vectorize operator to an expressiovliknl

1. Select the whole expression by clicking inside it and pres
[Space ] until the right-hand side is surrounded by the editi [P = M-N

lines.
2. CIick on the Matrix toolbar to apply the vectorize operal p _ (. N)E

Mathcad puts an arrow over the top of the selected expred

Properties of the vectorize operator

» The vectorize operator changes the meaning of the offggatorsandfunctions
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 an
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
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Tip

magnitude of a vector. The vectorize operator transforms these operations into
element-by-element scalar multiplication, exponentiation, or absolute value, as
appropriate.

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 trigopnometric, logarithmic, Bessel, and
probability distribution functions. Operators that implicitly vectorize vector arguments include
the factorial, square amdh 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 coefficienta, b, andc. Figure 11-9 shows how to do this with the vectorize
operator.

1 3 2
1 2 1
Coefficients as follows . . . a = b = c =
2 1 1
0 1

Compute a root . ..

—b+an2—4-a-c -1
¥ =l
2-a

-1
-0.25 + 0.661i
0707

-
(a-x2+b-x+c) =
... should be zero

LR e R o B = |

Figure 11-9: Quadratic formula with vectors and the vectorize operator.

The vectorize operator, appearing as an arrow above the quadratic formula in Figure
11-9, is essential in this calculation. Without it, Mathcad would inteigpEé&t as a

vector dot product and also flag the square root of a vector as illegal. But with the
vectorize operator, both [t and the square root are performed element by element.

Graphical Dis play 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 ways to 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.
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For three arrays of integers between 0 and 255 representing the red, green, and blue
components of an image, cho®Seture from thelnsert 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.

Writin g 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 ASCII data files or
image files. See “File Access Functions” on page 188.

To export data using the File Read/Write component:

1.
2.
3.

Click in a blank spot in your worksheet.
ChooseComponentfrom thelnsert 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| ¢windows\data bt
file called data.txt, you'll see the component at right. n

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.

To change the name of the data file being created to or to change the type of file being
created:

1.
2.

3.

Click once on the component to select it.

Click with the right mouse button on the component and s€leabse Filefrom
the pop-up menu to open the Write to File dialog box.

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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i=0.4 j=0.4
6
7
v=|86 Ajj=1i-8inj-3+1)+2
45
4 x=A"Tvy

The values in x are written out to
the file solved.xls in the cwind

¢windows'solved xls directory.

X

Figure 11-10: Exporting data with the File Read/Write component

Tip When you display an array as an output table, as described in “Displaying Arrays” on page 198,
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 Arra ys
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.

Note 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 that
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 sign
likewise support nested arrays.

Definin g a Nested Arra y

You define a nested array in much the same way you would define any array. The only
difference is that you cannot use tatrix command from thénsert menu when

you've selected a placeholder within an existing array. You can, however, click on a
placeholder in an array and type tt@meof another array. Figure 11-11 shows several
ways to define a nested array. Additional methods include using a file access function
such aREADPRNIn 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.
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Three ways to define nested arrays...

Using range variables Using the Matrices c | Defining el t by el t
m:=0.3 1 B -1
u= =
ni=0.3 2 0
B1 = identity(2)
vi=(2 4)
M., . identity(m + 1) B, == (Bu 2 “')

- Displaying the el

Moo= (1) -
0.0 Vo= B, =1
w (10 0 42 0
1.1 g 1 8 =(1 u)
v, =(2 4) 1 %0 1
100 1
A
b - (®2) [{2}}
00 1 . 13}

Figure 11-11: Defining nested arrays.

Note The display of a nested array is controlled by Display Styles settings in the Result Format dialog
box (see page 110). You can expand a nested array when the array is displayed in matrix form;
otherwise, whenever an array element is itself an array, you see bracket notation showing the
number of rows and columns rather than the array itself. If the nested array is displayed as an
output table, you can see the underlying array temporarily. Click on the array element, then click
with the right mouse button and cho@eawn One Levelfrom the pop-up menu. Chooblp
One Levelfrom the pop-up menu to restore the array element to non-expanded form.

Nested Arrays 205






Chapter 12
2D Plots

Overview of 2D Plotting
Graphing Functions and Ex
Plotting Vectors of Data
Formatting a 2D Plot

Overview of 2D Plottin g

To visually represent a function or expression of a single variable or X-Y data in
You can create either a Cartesian X-Y plot or a
polar plot. A typical X-Y plot shows horizontglvalues versus verticgvalues, while

a typical polar plot shows angular valu@syersus radial values, Figure 12-1 shows

Mathcad, you can create a 2D plot.

several examples of 2D plots.

pressions

Modifying Your 2D Plot’'s Perspective

XX plot of a function

2
fon =y +¥

fiyr

&

Polar plot

rg)=3- 92

120

150 30

]

180 0

0, 501

210 330

300
270
]

XY plot of data vectors

i=0.51

Xi= sin[2n : L] Yi= cos(Gn : L]
50 50

2

Parametric plot

1

sin(x) 0

-1

Figure 12-1: Examples of 2D plots.
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Creatin g an X-Y Plot

Note

Note

In general, to create an X-Y plot:
1. Click in your worksheet where you want the graph to appear.
2. Choosésraphd X-Y Plot from thelnsert menu

or click M: on the Graph toolbar. Alternatively
type[ Shift ] 2 or@Mathcad inserts ablank X| . J
Y plot.

3. Fillin both thex-axis placeholder (bottom centel
and they-axis placeholder (left center) with a o
function, expression, or variable. *

4. Click outside the plot or preg&nter ] .

Mathcad automatically chooses axis limits for you. If you want to specify the axis limits
yourself, click in the plot and type over the numbers in the placeholders at the ends of
the axes.

Mathcad creates the plot over a default range using default limits. See “Formatting a
2D Plot” on page 216 for information on modifying these defaults.

If a point is complex, Mathcad does not graph it. To graph the real or imaginary part of a point
or expression, use tieandIm 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 points in a function or expression are valid and others are not, Mathcad plots only the
valid ones. If the points are not contiguous, Mathcad does not connect them with aline. You may
therefore see a blank plot if none of the points are contiguous. To see the points, format the trace
to have symbols. See “Formatting a 2D Plot” on page 216 for information on formatting traces.

Creating a polar plot

In general, to create a polar plot:

1. Click in your worksheet where you want the graph o "

appear. 120 60
2. Choosésraph( Polar Plotfrom thelnsert menu or 0 9 »
sin(o)
180 0

click @ on the Graph toolbar.

3. Fillin both the angular-axis placeholder (bottom
center) and the radial-axis placeholder (left cente
with a function, expression, or variable.

4. Click outside the plot or preg&nter ] .

Mathcad creates the plot over a default range using default limits. See “Formatting a
2D Plot” on page 216 for information on modifying these defaults.

palll 330

=
]
m:
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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 Ex pression s

2D QuickPlots

A 2D QuickPlotis 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

3. Choosesraph X-Y Plot from thelnsert 1

menu or cIicki@: on the Graph toolbar.

s o0

4. Click outside the graph or pressnfer ].

Mathcad automatically produces a plot over 3
default domain for the independent variable, -10 0 10
from —10 to 10. X

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 pregnter ] to see the updated graph.

Definin g an inde pendent 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, such@shat takes on the values yq
want to graph. The range variable need not be callgau can
use any valid name. See “Range Variables” on page 101.

[

x =001 2xn

2. Enter an expression or function you want to plot using thal —
variable. Make sure the editing lines remain in the express

3. Chooseésraphd X-Y Plot from thelnsert menu or cIicLi@:
on the Graph toolbar.

4. Type the name of the variable into the x-axis placeholder.
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range variable, and, unless you specify sin(x) o0
otherwise, connects each pair of points with ¢
straight line.

-
10

5. Click outside the graph or pregnfer 1. 1 T
Mathcad graphs one point for every value of t \
0 5

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 217 for more
information.

Plottin g Multiple 2D Curves
You can graph several traces on the same X-Y or polar plot. A graph can show several
y-axis (or radial) expressions against the sgiagis (or angular) expression. See Figure
12-3. Or it can match up sevexaaxis (or radial) expressions with the corresponding
number ofx-axis (or angular) expressions. See Figure 12-2.

To create &uickPlotcontaining more than one trace:

1. Enterthe expressions or functions of a single varig
you want to plot, separated by commas. Make surel |sin{x) sin{2.x} + 2,
editing lines remain in the expression. =

2. Choosé&raphO X-Y Plot from thelnsert s

menu or cIicki@: on the Graph toolbar| sin (x) 2 ][\/\/W\ /\]L
— g

3. Click outside the graph or pregafer ]. |sin(2x) + 2 o \/\ /‘\/\
Mathcad produces a single graph containin| x 7

plots of all the expressions or functions, ove| * 2
default range for the independent variable(
from —10 to 10. You can change the axis rar -10 o 10
by editing the upper and lower limits on the XXX

axis as described in “Setting Axis Limits” on

page 217.

Note In aQuickPlotwith multiple traces, you need not use the same independent variable iy-every
axis (or radial-axis) expression. Mathcad will provide the appropriate corresponding variable in
thex-axis (or angular-axis) placeholder.

In general, to create a graph containing several independent curves:

Choos&raphd X-Y Plot from thelnsert menu or cIith@: onthe Graphtoolbar.
Enter two or more expressions separated by commas yrattie placeholder.

3. Enter the same number of expressions separated by commas-ixike
placeholder.
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Mathcad matches up the expressions in pairs—thexfagts expression with first
axis expression, the second with the second, and so on. It then draws a trace for eact
pair. Figure 12-2 shows an example.

Figure 12-2: Graph with multiple expressions on both axes.

j =0 80

4
X o= - F— ;o= X sing X
] ™ Y (%)

20

20

Figure 12-3: Graph with multiple y-axis expressions.

Note All traces on a graph share the same axis limits. For each axis, all expressions and limits on that
axis must have compatible units.

Creating a parametric plot

A parametric plot is one in which a function or expression is plotted against another
function or expression that uses the same independent variable. You can create eithel
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.
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2. Choose&raph X-Y Plot from thelnsert menu or cIicliﬂ on the Graph toolbar.
Mathcad inserts a blank X-Y plot with empty placeholders.

3. In both thex-axis andy-axis placeholders, enter a function or expression.
4. Click outside the plot or preg&nter ] .

Mathcad produces@uickPlotover a default range for the independent 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 101.

N = 40 6:=0,== 2  Forthe X-Y plot, the independent

N variable, 0, is defined as a range
variable. For the polar plot,
Mathcad chooses a range for the
independent variable, a.

r0) = cos(d) +1
X(0) = r(0) . cos(
¥i(0) = r(0) - sin(e)

120 60
60
150 10 30
7 20
y(®) 180 7
210 330
240 300
270
x(6) a

Figure 12-4: Graphing one function against another.

Plottin g Vectors of Data

To graph a vector of data, you can create either an X-Y plot or a polar plot. When
creating either type of plot, you need to use the vector subscript (see “Vector and Matrix
Operators” on page 127) to specify which elements to plot. Additionally, you can use
Axum LE (see “Using Axum to Plot Data” on page 214) to create a 2D plot of your
vectors or data. Some graphs of data vectors are shown in Figure 12-5.

Plottin g a single vector of data
To create an X-Y plot of a single vector of data:
1. Define a range variable, suchiathat 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.
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3. Choose&raphd X-Y Plot from thelnsert menu or cIicli@: on the 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. Typas a shortcut to create the subscript.
5. Click outside the graph or pregfer 1.

Note Subscripts must be integers greater than or equal to ORT®IiE means that theaxis or

Tip

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 onxtagis, graph a function or graph one
vector against another, as described in the next section.

If you have a handful of data points, you can use an input table to create a vector as shown in the
second graph in Figure 12-5 or in Figure 12-7. For more information, see “Entering Data into a
Table” on page 195.

i=0.20 D= a=0.4
. R 3
i 20-i
yi = 056'.0.4520-D -
2
a
3
1107° |
90
120 60
v 510° 150 30
Da
. | +4 4 180 0
0 10 20
i 210 330
240 300
270
a

Figure 12-5: Graphing a vector.

Plottin g one data vector a gainst another

To graph all the elements of one data vector against all the elements in another, enter
the names of the vectors in the axis placeholders of an X-Y plot or polar plot.

For example, to create an X-Y plot of two data vecxaaady:
1. Define the vectors andy.
2. Click in your worksheet where you want the graph to appear.

3. Choosesraphd X-Y Plot from thelnsert menu, or cIicktﬂ on the Graph
toolbar.

4. Entery in they-axis placeholder ang in thxeaxis placeholder.
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5. Click outside the graph or pregnfer 1.
Mathcad plots the elements in the veotagainst the elements in the vecjor

expxi)

i=0.50 Xi=1+01-i Vi = 2
(Xi)

Figure 12-6: Graphing two vectors.

Note If the vectors being plotted are not the same length, Mathcad plots the number of elements in the
shorter vector.

If you want to plot only certain vector elements, define a range variable and use it as a
subscript on the vector names. In the example above, to plot the fifth through tenth
elements ok andy against each other:

1. Define a range variable, suchkagoing from 4 to 9 in increments of 1. (Note that
the first elements of the vectarandy arex, andy, by default.)

2. Entery, andk  inthe axis placeholders.

Note If you have a set of data values to graph, create a vector by reading in data from a data file, by
pasting in the data from the Clipboard, or by typing data directly into an input table. See Chapter
11, “Vectors, Matrices, and Data Arrays.” See Figure 12-7 for an example showing the use of
an input table.

Using Axum to Plot Data

Included on your Mathcad CD is the application Axum LE. Axum LE is a version of
Axum that features numerous 2D plot types, complete control over graph formatting,
and a full set of annotation tools. Axum LE gives you 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. You can create a graph in Axum and insert it into your Mathcad worksheet
as an object. Or, you can define data in 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.
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- i
M - 0 1 x=M 0 Assign column 0 to vector x.
4N
0 o 5 ¥=M ! Assign column 1 to vector y.
1 10 15
3 20 25 (Use [Ctrl]6 to create the superscript.)
3 a0 45
4 40 65 400 .
i a0 95
B 1] 120
T 7o 160 ¥ 200 |- -
g a0 200 I
9 a0 280
10( 100 380 0 1
0 50 100
%

Figure 12-7: Plotting vectors from input table data.

Insertin g an Axum graph object
To insert an Axum graph object:

1. Create and save a graph in Axum. For more information about using Axum, see
Axum’s on line Help.

2. In Mathcad, choos®bject from thelnsert 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.”

Insertin g a Dynamic Axum graph

To insert an Axum graph linked to data in your Mathcad worksheet:

1. In Mathcad, define the vector(s) of data you wish to plot.

2. Click in a blank spot in your worksheet. Be sure to click below or to the right of
your vector(s) of data.

3. ChooseComponentfrom thelnsert menu. Select Axum Graph from the list and
click Next. Choose a plot type and specify as many input variables as you have data
vectors. Click Finish.

4. A blank Axum graph appears in your Mathcad worksheet. Enter the name(s) of
your data vector(s) in the placeholders in the bottom left corner of the graph. Click
outside the graph or pressriter ].

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
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shows an Axum graph that has been customized with axes labels, a title, and text and
graphic annotations.

0 1 ?
A= Jc::;»f-\<> y1::1|f-\<> ﬂ::»’-\<>
0 1 2
0 0 5| as0
1 10 15 200 Ewponertid Growth and Decayof Bacteria
z| 20| 25| za0 I ' ' ' i
3 a0 45| 160 %'9@
o

- =
4 40 B5| 120 o] \ %, |
5 50 85 a5 ]
B B0| 120|] 68 H

- L
7 70| 160 45 §
5 80| 200 25 H
g s0| z90| 15 Tl e
10| 100 380 5

o L
o o 0 EI:I =l im
Time gnsecords)
x yl y2)

Figure 12-8: An Axum graph in a Mathcad worksheet.

Note If you wantto create an Axum graph component with multiple independent traces xe afile
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 placeholdersppairs, i.e., (x1 yl x2 y2 etc.)

Formattin g a 2D Plot

When you create an X-Y plot or a polar plot, Mathcad uses the default settings to format
the axes and traces. You can, however, reformat the axes and traces. You can also add
titles and labels and control the default settings of the graph.
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To format a 2D graph:

1. Double-click the graph. Alternatively ey~ |
click once on the graph and ch00Se | e | Traces | Labels | Defauts |
GraphO X-Y Plot or Graph Polar i i
Plot from theFormat menu. You'll ™ LogScale I” Log Seale

. . ™ Grid Lires ™ Giid Lires

see the dialog box for formatting a % Numbered % Numbered
selected graph. e N oo

2. Click the tab for the page you want t ':u g ':u fmm
work with. Use the Axes tab to i E -
determine the appearance of the axe PR
and grid lines. Use the Traces tabto <
the color, type, and width of the trace: - Eon:d Ll
Use the Labels tab to insert labels ol
the axes. Use the Defaults tab to ok | caneel | o | Heb
specify the default appearance of your
graphs.

3. Make the appropriate changes in the dialog box.
Click Apply to see the effect of your changehoutclosing the dialog box.
5. Close the dialog by clicking OK.

Note Inthe 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.

Settin g Axis Limits
When you create a 2D graph, the Autoscale option is turned 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.

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.
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2. 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.

3. 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.

x=1.11.94 f(x) = sin(2-x) + 1.5

4 . . . . Y-axis data limits automatically
“2'49354‘3 L a generated by Mathcad:
0.50001 and 2.49854. When the

fl=] 2 - T graph is selected, note that the
1F — data limits appear enclosed

0.50001, | | | | within the corner brackets:
1] 2 4 [ 8 10 .
1 3 a4
2 T T T T
16 i Y-axis limits manually set at:
Flx] 1.3 - - .6 and 2.0.
0.9 - —
0.6 | | |
1] 2 4 [ 8 10

Figure 12-9: Data limits set automatically and manually.

Settin g 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.

To use the format of a particular graph as e |
the default graph format: ¥ Aves | Traces | Labels Defauls |

1. Double-click the graph, or click in Chares o Defaule Changes all plot seltings to
the graph and choosgraph X-Y e | i
Plot (or GraphO Polar Plot) from
theFormat menu. Mathcad displays
the dialog box for formatting a
selected graph.

2. Click the Defaults tab to see the
Defaults page.

3. Check Use for Defaults. When you
click OK, to close the dialog box,
Mathcad saves these settings as you
default settings.

Uze the current plot settings
az the default zettings for thiz
documet.

QK Cancel Lol Help
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Settin g Defaults Without Usin g a Graph

You can use the Setting Default Formats dialog box to change default plot settings. To
set defaults this way:

1. Make sure that you don’t have any graphs selected.

2. Choosé&raphO X-Y Plot (orGraph 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.

Addin g Custom Titles, Labels, and Other Annotations

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 atext region, 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).

14

inflection pt

.

sin(x)

-1+

Figure 12-10: Mathcad graph with annotations.

Note If you chooseSeparate Regiongrom theFormat menu, all 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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Modifying Your 2D Plot’s Pers pective

Mathcad provides the following options for manipulating your 2D graph:

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.

Zoomin g 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:

Tip

1. Click in the graph and choo&raph Zoom from
b3 A
theFormat menu, or cIiclﬁ on the Graph toolbal i [77027 0616857
The Zoom dialog box appears. The X-Y Zoom dial( Max 283734 [0266667

box is shown to the right.

Zoom | Unzooml EuIIViewl

Lancel |

If necessary, reposition the Zoom dialog box so tl
you can see the entire region of the graph you we-
to zoom.

Click the mouse at one corner of the region in the graph you want to magnify.

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).

When the selection outline just encloses the region you want to magnify, let go of
the mouse button. If necessary, click on the selection outline, hold the mouse button
down, and move the outline to another part of the graph.

Click Zoom to redraw the graph. The axis limits are temporarily set to the
coordinates specified in the Zoom dialog box. To make these axis limits permanent,
click OK.

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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fix) = x- sin(lj x =0,00001. 1
X

:
D841, % 7
05 - Min: [0 [03125
f(x) T : J o max[od [0275
H : Zoom | anooml Fulligw

07 g5l |
0 0.5 1 Qk
o, X 1
T
<_- Zoomed in region redisplayed
fix) 0 - as entire plot after clicking the
OK button.
|
1] 0.z 04

X

Figure 12-11: A zoomed-in region of an X-Y plot.

Gettin g a Readout of Plot Coordinates

Tip

To see areadout of coordinates of the specific points that make up a trace, follow these
steps:

1. Clickinthe graph and choo&eaph Trace from

ey alue I

theFormat menu, or chcl«% on the Graph :

toolbar. The X-Y Trace dialog box appears as in{ Y¥ate | Comy |
example at right. Check Track Data Points if it iSf| & 7ack pata Paints Cose_|
already checked. If necessary, reposition the Tr:
dialog box so that you can see the entire graph.

2. Click and drag the mouse along 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 previous and next data points. Use the up and down arrows to select other traces

4. As the pointer reaches each point on the trace, Mathcad displays the values of that
point in the X-Value and Y-Value boxes (or the Radius and Angle boxes in the
Polar Trace dialog box).

5. The values of the last point selected are shown in the boxes. The crosshair remains
until you click outside the plot.

When Track Data Points is unchecked in the Trace dialog box, you can see a readout of
coordinates for any location in a graph, not just the data points that created an individual plot.
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Figure 12-12 shows an example of a plot whose coordinates are being read.

fi=) = x-sin(1) x:=0,001.1
%

08man, 1

L

PN ' Trace E

fi(x)

Xalue 0444

: Y4 alue ID.34484 Copy'y |
0217226, ¢ ; | | [V Track Data Paints Cloze |

0.5 1 T
LA x 1

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 Radius or Copy Angle in the case of a polar plot).

2. You can then paste that value into a math or text region in your Mathcad worksheet,
into a spreadsheet, or into any other application that allows pasting from the
Clipboard.

222 Chapter 12 2D Plots



Chapter 13
3D Plots

1 Overview of 3D Plotting

1 Creating 3D Plots of Functions

1 Creating 3D Plots of Data

1 Formatting a 3D Plot

1 Rotating and Zooming on 3D Plots

Overview of 3D Plottin g

To visually represent in three dimensions a function of one or two variables or to plot
data in the form o%-, y-, andz-coordinates, you can create a surface plot, a contour
plot, a 3D bar plot, a 3D scatter plot, or a vector field plot. Create these different plot
types using commands from tlmsert menu or the 3D Plot Wizard. You can also place
more than one 3D plot on the same graph. Mathcad renders 3D plots with sophisticated,
high performance OpenGL graphics.

Insertin g a 3D Plot
In general, to create a three-dimensional plot:
1. Define a function of two variables or a matrix of data.

2. Clickin the worksheet where you want the plot to appear. Then cGoagk from
thelnsert 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.

3. Enter the name of the function or matrix in the placeholder.

4. Click outside the plot or presBrjter ]. Mathcad creates the plot according to the
function or matrix of data.

For example, the surface plot shown below was creafed
in Mathcad from the function: F(x,¥) = sin(x) + cos(y)
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When you create a 3D plot from a function, it's
called aQuickPlot A QuickPlotuses default ranges
and grids for the independent variables. To chancg
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 234.

Tolearn how to create a plot from a matrix of value
see the shown in Figure 13-2 on page 229.

3D Plot Wizard

The 3D Plot Wizardgives 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. Choosesraph 3D Plot Wizard from thelnsert 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 presBijter ].

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 234.

Creatin g 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 om#egt

menu and changing settings through the 3D Plot Format dialog box, you can also use
the 3D Plot Wizard, as described on page 224.

To see a variety 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
(chooseRresource Centerfrom theHelp menu and click on “QuickSheets”).
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Creatin g a Surface, Bar, Contour, or Scatter Plot

Note

You 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:

2.u Xu, vy =v
} Y, vi=v. cosiL

Fix .,y =sin + cosiy) G, vi= [2-u-cosw)

2. cos(v) Ziu, v = sin(u

F(x,y) is a function of two variables. In this type of function, thandy-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 theseandy-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-, Y-, 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 variablesandv 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.

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 a function or set of functions to plot, cho@saph from thelnsert
menu and select a 3D plot type.

For example, to create a surface plot from the functions X, Y, and Z, defined above:

1. Choosesraph0 Surface Plotfrom thelnsert menu or cIickﬁ 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|tt (X,Y,Z)
function names by commas and enclose the function names in paren
theses. For this example, type:
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3. PresskEnter ] or click outside the plot.

X, Y. 4

To change your plot to a different plot type:
1. Double-click on the graph to bring up the 3D Plot Format dialog box.

2. Inthe Display As section 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.

Note All 3D QuickPlotsare parametric curves or surfaces. In other wordQuatlkPlotsare created
from three vectors or matrices of data representing-tlye, andz-coordinates of the plot. In the
case of a single function of two variables, Mathcad internally creates two matricesnalfy-
data over the default range -5 to 5 with a step size of 0.5, and then genetessing these
x- andy-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 234.

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:

sin(u Rw=2-u
Hiuy = COS(L) Sy = u2

sin(w - cosiw

Tiuy = cos(w)

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.XFhg, andz-
coordinates of the plot are determined by the functions in each element of the vector
using thesea-values.

R(u), S(u) 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 these
values.

A space curve often represents the path of a particle in motion through space shetane
parameter.

Step 2: Insert a 3D scatter plot
To create a space curve from a single function or set of functions:

1. Chooséraph[ 3D Scatter Plotfrom thelnsert menu or click3 - 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 nan‘®R-S. 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. Pressknter ] or click outside the plot.

(R,8.T

For general information on formatting 3D plots, refer to “Formatting a 3D Plot” on
page 234. For specific information on formatting a scatter plot, refer to the topic “Scatter
Plots” in the on-line Help.

Creatin g 3D Plots of Data

This section describes how to create various 3D plots from data in Mathcad. Although
the instructions focus on using commands oniikert menu and changing settings
through the 3D Plot Format dialog, you can also use the 3D Plot Wizard, as described
on page 224.

Creatin g 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 aretiwmdinate
values plotted as heights above and belovwkyhglane (atz = 0).

2. Choosesraph Surface Plotfrom thelnsert menu or cIick-"ﬁ on the Graph
toolbar. Mathcad inserts a blank 3D plot.

3. Enter the name of the matrix in the placeholder.

4. Pressknter ] 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 234 to learn how to change
this default view.
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i=0.4 j=0.4
Xji=-5+015-1i ¥j=-1+015 ]

Hix,y) = sin <—2x2+y2> M;i j = Hixi, ¥

Figure 13-2: Defining a matrix of data and plotting it as a 3D bar plot.

Creatin g a Parametric Surface Plot
A parametric surface plot is created by passing three matrices represenkng-the

Note

andz coordinates of your points in 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. Choosesraph Surface Plotfrom thelnsert menu or cIick-"ﬁ

toolbar. Mathcad inserts a blank 3D plot.

on the Graph

3. Type the names of the three matrices separated by commas and enclosed in

parentheses in the placeholder. For example:
X,Y,2)
4. Pressknter ] 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.

For general information on formatting 3D plots, refer to “Formatting a 3D Plot” on

page 234. For specific information on formatting a parametric surface plot, refer to the

topic “Surface Plots” in the on-line Help.

The underlying parameter space is a rectangular sheet covered by a uniform mesh. In effect, the

three matrices map this sheet into three-dimensional space. For example, the Xatrjcesl

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 a torus.
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numpts = 20

m = 0. numpts n:=0. numpts r=2 R=6
2am 2xn
m=— 0, = —
numpts numpts

= (R+T1-cos(®,))  cosig)

Yom,n=(R+71- cos(®.)) - sin($) o, n=r-sin(@;)

(X.Y.4)

Figure 13-3: Defining data for a parametric surface plot.

Creating a Three-dimensional Parametric Curve

A three-dimensional parametric curve is created by passing three vectors representing
thex-, y-, andz-coordinates of your points in space to the surface plot.

To create a three-dimensional parametric curve:
1. Create or import three vectors having the same number of rows.

2. ChooseGraph Scatter Plotfrom thelnsert menu or click|#7~ | on the Graph
toolbar. Mathcad inserts a blank 3D plot.

3. Type the names of the three vectors separated by commas and enclosed in paren-
theses in the placeholder. For example:

X, Y,2)
4. Pressknter ] or click outside the plot.

Figure 13-4 shows a three-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 234. For specific information on formatting a scatter plot, refer to the topic “Scatter
Plots” in the on-line Help.
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i=-5-49.5 x():=i 10+50

Py = cos(i) Qxiy = sin(2 -0 Ry iy = cos() +sin(2 .0

P,Q,R;

Figure 13-4: Defining data for a space curve.

Creatin g 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 values to plot.

iy
2. Choosesraphd Contour Plot from thelnsert menu or click on the Graph
toolbar. Mathcad shows a blank plot with a single placeholder.

3. Type the name of the matrix in the placeholder.
4. Pressknter ] or click outside the plot.
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, an
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 valuesen the
axis, increasing to the right, and the columns correspond to values alopgxise
increasing toward the top.

For general information on formatting 3D plots, refer to “Formatting a 3D Plot” on
page 234. 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 a function as described above, the pasitiue of the plot
extends to the right and the positiaxis extends toward the top of the plot.
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Figure 13-5: Defining data for a contour plot.

Creatin g a Vector Field Plot
In a vector field plot, each point in tlxey plane is assigned a two-dimensional vector.

There are two ways to set up the data needed for a vector field plot:

1. Create a matrix of complex numbers in which the following conditions exist:

e The row and column numbers representth@ndy-coordinates

* The real part of each matrix element is theomponent of the vector associated

with that row

and column

* The imaginary part of each element is yp@omponent 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 the&-components of the vectors, the secondytcemponents.

Once you have defined your data, as described above, to create a vector field plot:

1. Choosedsraph Vector Field Plot from thelnsert menu or click

Graph toolbar.

Fr
A

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. Pressknter ] or click outside the plot.
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Figure 13-6 shows a vector field plot created from the matrix, Q, defined above
the plot:

m:=0.1 n=0.11
2

Qm n=02i - (M-5-01-01i gz = —>—
’ 0.1+ |z|

M = g(@)
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104 === - . - e—
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e, W W o i a—
o W, W o e

o PR,

= - v o e d—E—

e M PR

R i daE—
e W W o i

o P

LI B e

0 == - . o a——

M

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

pPro 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.).

iy
2. Choosesraphd 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).

Enter the name of the function or matrix for the surface plot.
5. Pressknter ] 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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Tip

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.

As a general 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.

Formattin g a 3D Plot

A three-dimensional plot’s default appearance depends on how you insertit. 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.

To bring up the 3D Plot Format dialog box:
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1. Click once on the plot to sel e [y |

it and choos&raph 3D Plot

Backplanes I Special I Advanced I GuickPlot Data I
from theFormat menu. Alter' General Ares I Appearance I Lighting I Title
natively, double-click the plot =l T e S
itself. Mathcad brings up the 3C A ® i

. - = * Comer Frames———
Plot Format dialog box. The Twist [T = | C Hone [ Show Border I
General page is shown at right Zoom [1 || | EgualScales | | I ShowBox I

The remaining tabs take you tc
additional pages.

2. Click the tab for the page you
want to work with.

Plat 1
Dizplay As:

& Suiface Plot € Data Pojnts
" Contour Plot € Wector Figld Plat ¢ Patch Plot

" Bar Plat

o]

Cancel

Apply |

Help

»

5.

Make the appropriate changes
in the dialog box.

Click Apply to see the effect of your changégthoutclosing the dialog box.
Close the dialog by clicking OK.

The 3D Plot Format Dialo g Box

The tabs in the 3D Plot Format dialog box bring you to pages containing options for
formatting various aspects of a three-dimensional plot. Some options available on
certain pages in 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 Generalpage 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 thAxespage 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 thgy-, yz, orxzbackplane.

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.

Use the options on thisppearancepage 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.

TheLighting page options control both the overall lighting of the plot as well as
individual lights directed onto it. See “Lighting” on page 240 for more information
on lighting.
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» 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.

» TheSpecialpage 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.

» TheAdvancedpage 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.

On-line Help  For details on the options available on a particular page in 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.

Note When you format a graph containing more than one plot (using Mathcad Professional), as
described in “Graphing Multiple 3D Plots” on page 233, 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. Use the tabs labeled Plot 1, Plot 2, etc. to control the settings for individual
plots.

Fill Color

The color of a plot is primarily determined by its fill 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 240.

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.

Note Mathcad comes with a variety of colormaps for applying rainbow colors and shades of gray, red,
green, and blue. You can also create and load custom colormaps in Mathcad Professional by
using theSaveColorma@andLoadColormagunctions, described on page 190. By default, a
colormap is applied in the direction of th@alues, or according to the height of the plot. You
can apply the colormap in the direction of ¥realues ory-values by clicking the Advanced tab
and choosing a direction in the Colormap section. For more information on colormaps, see on-
line Help.
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Fillin g the Surface

The options on the Appearance page of the 3D Plot Format dialog box allow you to fill
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:

1. Double-click the graph to bring
Up the 3D PlOt Format dlalog Backplanes I Special | Advanced I GuickPlot Data I
bOX. General I Ares Appearance Lighting I Title

. Plat1 |
2' CIICk the Appearance tab Fill Options Line Option Faint Option
. Click both Fill Surface in Fill Sl | e | R
Options and Colormapin Colol | | ¢ i l—_ls”m'
O t| n - Kltelnate Mesh I | Hide Lifies: s i
ptions. ¥ Smooth Shading H \waight |1 3: Size
4. C||Ck App|y to preVieW the Color Options Color Option Color Option
. . ' Colomap ) Colomap ] Caloman
plot. Click OK to close the dia- (= Solid Colon [ | | (6% SoldCalori| ||| Sofid ol i
log box. ]
QK I Cancel | Apply | Help |

Figure 13-8 shows an example.

Miu,v) = sin{u) + cos(v)

Figure 13-8: Filling the surface or contours of a plot.

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.

Fillin g 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
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Lines

Note

Note

fill according to thex-, y-, or zcontours 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.

»

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 thax-ytlane, 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 forzltentours ana-contours, you will

see contour color on both tlkey backplane and thez backplane.

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.
Drawing Contour Lines

When you format a surface plot, you can choose Contour instead of Wireframe in the
Line Options section of the Appearance page. Contour lines are those drawn according
to the contours of a surface. You can draw eithexthg, orz- contour lines, two of

these contours lines, or all three.

For contour plots, Mathcad always chooses Contour instead of Wireframe to draw contour lines.

For example, to draw lines showing thieontours of a surface plot:
1. Double-click the graph to bring up the tabbed dialog box.

2. Click the Appearance tab.

3. Click Contour in the Line Options section.
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Note

»

Click the Special tab.

5. 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. This turns
lines off for thez-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.

The surface plot is drawn with contour lines perpendicular ta-thes, as shown in
Figure 13-9.

n:=20 i=0.n j=0.n

K=-154 150y =15+ 15

flx,y) = Sin(x2 + yz)

Figure 13-9: A wireframe vs. contour lines on a surface plot.

When you format a contour plot on a multi-plot graph (see page 224), 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 Lines checked forzto®ntours ana-contours, you will see contour

lines on both the-y backplane and thezbackplane.

Line Color

You can control the color of the lines in a plot using the color options in the Line Options
section of the Appearance page. Just as you can fill a plot’s surface with a colormap or
a solid color, described on page 237, 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.
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Points

Lightin g

Note

Note

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.

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:

* 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.

The color of a three-dimensional plot is a result of color you use to fill its surface, lines,
and points as well as the color of any ambient light or directed lights shining on it. This
behavior is identical to the effect of light on object color in the real world. Objects
reflect and absorb light depending on their color. For example, a yellow ball reflects
mostly yellow light and absorbs others, and it can look 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 affects all the plots in a graph, but you can fill
individual plots with color independently.

If you want lighting to be the sole determinant of the color of a plot, use the Appearance page
options in the 3D Plot Format dialog box to fill the plot with solid white.
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On-line Help

A white surface plot
under black ambient
light, and a single
directed light at 1,1,0
consisting of only white
light.

Figure 13-10: A white surface plot with lighting enabled.

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.

4

Click the options on tabs labeled Light 1, Light 2, etc. to enable a directed 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.

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

Note

Annotations

You 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 a title to your three-dimensional plot by using options on the Title
page of the 3D Plot Format dialog box, you can annotate a three-dimensional plot by

Formatting a 3D Plot 241



Tip

i-0.29 j=0.29 Mij;=sin[M]j+cos(u)i
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Figure 13-11: The same data displayed in several different 3D plots.

placing text or bitmaps anywhere on it. This allows you to label or highlight any part
of the plot that you wish.

To add a text annotation to a three-dimensional plot:

1. Create a text 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.

You can drag a bitmap image from your Mathcad worksheet onto a three-dimensional plot just
as you drag and drop text annotations. To place a bitmap you created in another application onto
a three-dimensional plot, copy the bitmap from the other application to the Clipboard, click on
the plot with the right mouse button, and choBaste Speciafrom the pop-up menu.
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Modif ying 3D QuickPlot Data

Note

When you create a 3D QuickPlot, as described on page 224, 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. Set the 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.

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 variables in
Cartesian coordinates. In all other cases, the axis limits are determinedkhyythandz-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.

Rotatin g and Zoomin g 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:

* 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 a three-dimensional plot, any visible axes move or resize
themselves with the plot. Text or graphic annotations you add to the plot (see page 241) remain
anchored at their original sizes and positions.

Rotatin g 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.
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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.
To rotate a three-dimensional plot by using the 3D Plot Format dialog box:

1. Click once on the plot to select it and choGsaph 3D Plot from theFormat
menu. Alternatively, double-click the plot.

2. Click the General 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.

Spinnin g a Plot

Note

Tip

You can set a plot in motion so that it spins continuously about an axis of rotation:
1. Click in the plot, and hold th&hift ] 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 continuously until you click again inside the plot.

If you make changes to equations that affect a plot, the plot recomputes even when it is spinning!

To create an AVI file of a spinning plot, see the techniques in “Animation” on page 119.

Zoomin g a Plot

Tip

You can zoom in or out of a plot interactively or by specifying a zoom factor in the 3D
Plot Format dialog box.

To zoom in on a three-dimensional plot by using the mouse:
1. Click in the plot, and hold th€frl ] 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.

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.

To zoom in or out of a three-dimensional plot by using the 3D Plot Format dialog box:

1. Click once on the plot to select it and choGsaeph] 3D Plot from theFormat
menu. Alternatively, double-click the plot.

2. Click the General tab.
3. Edit the Zoom setting in the View options.
4. Click Apply to preview the plot. Click OK to close the dialog box.
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Chapter 14
Symbolic Calculation

1 Overview of Symbolic Math

1 Live Symbolic Evaluation

1 Using the Symbolics Menu

1 Examples of Symbolic Calculation
T Symbolic Optimization

Overview of S ymbolic Math

Elsewhere inthitlser's Guideyou've seen Mathcad engagingnimericcalculations.

This means that whenever you evaluate an expression, Mathcad returns one or more
numbersas shown at the top of Figure 14-1. When Mathcad engaggsioolic
mathematics, however, the result of evaluating an expression is generally another

expression, as shown in the bottom of Figure 14-1.

A numerical calculation gives nothing but numbers:

3

_ 3! XK p 8-k
FOO = Z k(3 - K 2

F(2) - 64

F(-5) = -27

FOx) = 8+ 12X + 6% + x°

But a symbolic transformation can yield insight into the underlying expression:

Figure 14-1: A numeric and symbolic evaluation of the same expression.

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 246. This method feels very much as if you're engaging in numeric math.
If you need more control over the symbolic transformation, you cakeyseords

with the symbolic equal sign.

* You can use commands from tBgmbolicsmenu. See “Using the Symbolics

Menu” on page 254.
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Note

* 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 265.

For a computer, symbolic operations are, 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

Note

Tip

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 retuemipprgssionsYou

can use it to symbolically evaluate expressions, variables, functions, or programs.

To use the symbolic equal sign:
1. Make sure thaAutomatic Calculation on theMath menu has a check beside it.

If it doesn’t, choose it from the menu.
%(13 -2-y-x

3. Click on the Symbolic toolbar or prg&rl . %(13_2.;; X
(the Control key followed by a period). Mathcad

displays a symbolic equal sign,"

2. Enter the expression you want to evaluate.

—

4. Click outside the expression. Mathcad displays a 4 . ,
simplified version of the original expression. If an | g* -2 ¥ X =3 x -2y
expression cannot be simplified further, Mathcad
simply repeats it to the right of the symbolic equal sign.

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 253.

Figure 14-2 shows some examples of how to use the symbolic equal sign, “

The symbolic equal sign,=,” applies to an entire expression. You cannot use the symbolic
equal sign to transform only part of an expression.

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 expressed
without decimal points whenever possible.
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Press [Ctrl][Period] to get the symbolic equal sign.

b

3

1
Xde - -b--a
3

1
Ja 3
The symbolic equal sign uses previous definitions:
X =8
y+2X >Y¥+16

If the expression cannot be simplified further, the symbolic equal sign does
nothing.

2 2
Y*—y
This is analogous to the equal sign you use for numerical
evaluation:
2=2

When decimals are used, the symbolic equal sign returns decimal approximatiol

J; = J; J17.0 = 4.1231056256176605498

Figure 14-2: Using the symbolic equal sign.

Customizin g the Symbolic E qual Signh Usin g 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=” transforms the expression by using one of the
symbolic keywordsTo do so:

1. Enter the expression you want to evaluate. x93
2. Click " ™ | on the Symbolic toolbar or pretrl ] e >

[Shift]. (Press the Control and Shift keys and type a
period.) Mathcad displays a placeholder to the left of the symbolic equal sigh,

3. Click onthe placeholder to the left of the symbolic equal §
and type any of the keywords from the following table. If {
keyword requires any additional arguments, separate the
arguments from the keyword with commas.

(x + y)s expand — ‘

4. Pressknter ] to see the result.

(x + y)s expand — x3 + 3-x2-y + 3-x-y2 + ys

Tip  Another way to use a keyword is to 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 pressinter ] to see the result.
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Keyword
complex

float, m

simplify

expand, expr

factor, expr

solve, var
collect,
varl,...,varn

coeffs, var
substitute,
varl =var2

series,
var =z,m

Function

Carries out symbolic evaluation in the complex domain. Result
is usually in the forma+i b

Displays a floating point value witi places of precision
whenever possible. If the argumentan integer, is omitted, the

precision is 201 < m< 250

Simplifies an expression by performing arithmetic, canceling
common factors, and using basic trigonometric and inverse
function identities.

Expands all powers and products of sums in an expression except
for the subexpressiaexpr. The argumengxpris optional. The
entire expression is expanded if the argunesipris omitted.

If the expression is a fraction, expands the numerator and writes
the expression as a sum of fractions. Expands sines, cosines, and
tangents of sums of variables or integer multiples of variables as
far as possible into expressions involving only sines and cosines
of single variables.

Factors an expression into a product, if the entire expression can
be written as a product. Factors with respeear, a single

radical or a list of radicals separated by commas. The argument
expris optional.

Usually factors a single variable into powers of primes.
Otherwise, attempts to convert the expression into a product of
simpler functions. Combines a sum of fractions into a single
fraction and often simplifies a complex fraction with more than
one fraction bar.

Solves an equation for the variabker or solves a system of
equations for the variables in a vectar.

Collects like terms with respect to the variables or
subexpressiongarl throughvarn.

Finds coefficients of an expression when it is rewritten as a
polynomial in the variable or subexpressiar.

Replaces all occurrences of a varialdel with an expression or
variablevar2. PresgCtrl]=  for the bold equal sign.

Expands an expression in one or more variabkssaround the
pointz. The order of expansions Argumentsz andm are
optional. By default, the expansion is taken around zero and is a
polynomial of order six. By default, finds Taylor series (series in
nonnegative powers of the variable) for functions that are
analytic at 0 and Laurent series for functions that have a pole of
finite order at 0.
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convert,

parfrac ,var

fourier,

var

invfourier,

var

laplace,

var

invliaplace, var

ztrans, var

invztrans, var

assume
constraint

Converts an expression to a partial fraction expansigarithe
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 variablevar. Result is a function ab given by:

+ o0 )
[, f(he
wheref(t) is the expression to be transformed.

Evaluates the inverse Fourier transform of an expression with
respect to the variablear. Result is a function dfgiven by:

i e i wt
2 TJ% F(w)e“tdw
whereF(w) is the expression to be transformed.

Evaluates the Laplace transform of an expression with respect to
the variablevar. Result is a function afgiven by:

+ o0
I o f(t)eStdt
wheref(t) is the expression to be transformed.

Evaluates the inverse Laplace transform of an expression with
respect to the variablear. Result is a function dfgiven by:

g+ioc

Zich_iw F(s)estdt

whereF(s) is the expression to be transformed and all
singularities of~(s) are to the left of the linRe(s) = o

Evaluates the-transform of an expression with respect to the
variablevar. Result is a function of given by:

Z f(n)z™"
n=0

wheref(n) is the expression to be transformed.

Evaluates the inversetransform of an expression with respect
to the variablevar. Result is a function af given by a contour
integral around the origin:

i n-1
Zni.[c F(z)z"~1dz

whereF(2) is the expression to be transformed @rid a contour
enclosing all singularities of the integrand.

Imposes constraints on one or more variables according to the
expressiorconstraint

Live Symbolic Evaluation
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Many of the keywords take at least 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.

By itself, the symbolic equal sign simply luates the expression to the left of it and
places it on the right:

e ® =8k p?
dx

But when preceded by an appropriate key d, the symbolic equal can change its
meaning:

(x +y)? expand - x° + 3x%y + 3XY 4+ ¥°

The keyword "float” makes the result display as a floating point

1
x-acos(0) — P x-acos(0) float,4 — 1571 x
The keyword “laplace” returns the Laplace transform of a function:
1

(s +a)

Figure 14-3: Using keywords with a symbolic evaluation sign.

exp(-a-t) laplace.t —

Symbolic evaluation Complex evaluation
@ 1 ; o
2 12 e ™" complex -~ cos(n-g) +i -sin(n-g
{ e dx = — = P ( ) * ( )
Jo 2
Floating point ti

2
{ e " dx float,10 — 8862269255

Constrained evaluation

o
x- et gt accume . a> 1 X ( "o" is constrained to be
’ greater than 1)

J0 o

Figure 14-4: Evaluating expressions symbolically.

Note Keywords are case sensitive and must therefore be typed exactly as shown. Unlike variables,
however, they are not font sensitive.

Keyword modifiers

Some keywords take additional modifiers that specify the kind of symbolic evaluation
even further.

To use a modifier, separate it from its keyword with a comma. For example, to use the
“assume=real” modifier with theimplify ~ keyword on an expression:

1. Enter the expression to simplify.
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2. Click|®" = | on the Symbolic toolbar or pref&trl ] [Shift]. (hold down the
Control and Shift keys and type a period). Mathcad displays a placeholder to the

left of the symbolic equal sign-.

3. Entersimplify,assume=real into the placeholder (pres€frl ]= for the
equal sign).
4. Pressknter ] to see the result.

Modifiers for “assume”

var =real Evaluates the expression on the assumption that the varéable
is real.
var = Evaluates on the assumption that all the indeterminates are real

RealRange( a, b) and are betweeaandb, wherea andb are real numbers or
infinity ([Ctrl ][ Shift ]2).

Modifiers for “sim plify”

assume=real Simplifies on the assumption that all the indeterminates in the
expression are real.

assume= Simplifies on the assumption that all the indeterminates are real
RealRange( a, b) and are betweeaandb, wherea andb are real numbers or
infinity ([Ctrl ][Shift ]2).

trig Simplifies a trigonometric expression by applying only the
following identities:
sin(x)2+ cos(x)2 =1
cosr(x)z—sinh(x)2 =1

It does not simplify the expression by simplifying logs, powers,
or radicals.

Figure 14-5 shows some examples usingsthwlify  keyword with and without
additional modifiers.

Tip Keyword modifiers can be typed or inserted from the buttons on the Modifier toolbar.

Using More Than One Ke yword
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 symbolic key-
words to a single expression. There are two ways of applying multiple keywords. The
method you choose depends on whether you want to see the results from each keyworc
or only the final result.

To apply several keywords and see the results from each:

1. Enter the expression you want to evaluate. j
e
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X _3x-4
x-4

+ 2 X - 5 simplify — 3 x -4

o2 In(a) simplify — a®

sin(In(a-b))% simplity —~ 1 - cos(In(a b))?

(2b)c simplify — (2b)c

b C
(2 ) simplify, assume =real — 2(b©) <. Press [Ctrl] = for the
equal sign.

J); simplify — csgn(x) x

J; simplify, assume = RealRange (- 10,-5) = -X  <- Press [Ctrl] = for the
equal sign.

Figure 14-5: Modifiers such as “assume=real” allow you to control simpli-
fication.

n—F

2. Pres;s on the Symbolic toolbar or type ﬂ =
[Ctrl ] [Shift]. (Hold down the Control
and Shift keys and type a period.) Mathcad displays a placeholder to the left of the

symbolic equal sign, 5.

3. Enter the first keyword into the placeholder [ ——
the left of the symbolic equal sign, including|| & Series. x.3 —
any comma-delimited arguments the keyword

takes.

4. Pressknter ] to see the result from the firstl™ , 1 5
e series, X,3 — 1+ X+ X
keyword. 2

5. Click on the result and pregStrl ]
[Shift]. again. The first result disappears
temporarily. Enter a second keyword and any

modifiers into the placeholder.

= .
e series, x.3 —float 1

6. Pressknter ]to see . 1
the result from the e series, Xx,3 = 1.4 x+ E-xz float,1 = 1. + X + 5X

second keyword.

2

Continue applying keywords to the intermediate results in this manner.
To apply several keywords and see only the final result:

1. Enter the expression you want to evaluate.
e
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2. Click|® = | on the Symbolic toolbar or press ﬂ -
[Ctrl ] [Shift]. so that Mathcad displays
placeholder to the left of the symbolic equal sign,.

3. Enter the first keyword into the placeholder, .
including any comma-delimited arguments it| [¢" series, x, 3 -
takes.

4. PresqCtrl ][Shift].  again and enter a _
second keyword into the placeholder. The |[e* |55 " X.3
second keyword is placed immediately belov| float, 1
the first keyword.

5. Continue adding keywords by pressjairl ]

series, x,3

[Shift]. after each one. Preg=riter ]to
see the final result.

=1+ X+.5%

float, 1

Ignorin g Previous Definitions

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, Mathdgdoresprior 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.

X =3

<—— Mathcad substitutes the value of 3 for
"x" before evaluating this expression.

(X +1)-(z-1) expand — 4.z - 4

X =X <— recursive definition.

<— Although "x" is defined to be 3, Mathcad
ignores that definition for symbolic
evaluation because of the recursive
definition.

(X +1)-(x - 1) expand —x° -1

m:=1..10

m —= m «—— Since "m" is defined as a range variable, Mathcad ignores this
definition.

Figure 14-6: Defining a variable in terms of itself makes the symbolic
processor ignore previous definitions of that variable.
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Note Although Mathcad does not evaluate range variables symbolically, it does symbolically evaluate
any vectors or matrices that you define using range variables.

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 fron8yrabolicsmenu. 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 ti&ymbolicsmenu perform the same manipulations as many of
the keywords listed on page 247. For example §mbolicsmenu command
Polynomial Coefficientsevaluates an expression just as the keywogdfs 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 evabesteeen the two editing lines
You can drag-select a part of the expression to place it between the editing lines.

2. Choose the appropriate command fromSimmbolicsmenu. Mathcad then places
the evaluated expression into your document.

For example, to evaluate an expression symbolically usirgytimdolicsmenu, follow
these steps:

1. Enter the expression you want to evaluate. 4 (2ya)
LI P
dx

2. Surround the expression with the editing lines. 2y
4 (3 ayx
dx

3. Choosevaluated Symbolically from theSymbolicsmenu.
Mathcad places the evaluated expression into your worksheet
location of the result in relation to the original expression depends
on the Evaluation Style you've selected (see “Displaying Symbolic Results” on

page 255).
Some commands on tBymbolicsmenu 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.

3-x2—2-y
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Tip

Lon g Results

Since the commands on tBgmbolicsmenu 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@wrtimlicsmenu.

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 th8ymbolicsmenu, you can reformat such a result by using Mathcad’s
“Addition with line break” operator (see “Operators” on page 298 in the Appendices).

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 tt&ymbolicsmenu, 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.

In addition, you can choose whether you want Mathcad to generate text describing what
had to be done to get from the original expression to the symbolic result. This text 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,
chooseEvaluation Stylefrom theSymbolicsmenu to bring up the “Evaluation Style”
dialog box.

Examples of Symbolic Calculation

Tip

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 figymthelics
menu, remember that unlike the keyword-modified expressions, expressions modified by
commands from th8ymbolicsmenu do not update automatically, as described in the section
“Using the Symbolics Menu” on page 254.
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Note

Derivatives

This section describes how to symbolically evaluate definite and indefinite integrals,
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 equations symbolically. Keep in mind that these are just a few 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 Sgmbwics
menu commands. Figure 14-7 shows the difference.

Mathcad'’s symbolic processor recognizes many of its built-iin math functions and

constants.... 1
.
PRLIC) R sm(;) - ;JE

....hut not the ones that don't have a commonly accepted meaning.
rd () = md(x)
Functions and variables you define yourself are recognized when you use the symbolic

equal sign...
FG) -

a=3

) :

2 a“-sin{a) — 9-sin(3
oF(0 N2 () ®

....but not when you use commands from the Symbolics menu.
2 .

oF ) a“-sin{a)
simplifies to simplifies to

exp(F(xX)) a*-sin(a)

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.

To evaluate a derivative symbolically, you can use Mathcad’s derivative operator and
the live symbolic equal sign as shown in Figure 14-8:

. d . . .
1. Click| ¥ | on the Calculus toolbar or tyfreto insert the derivative operator.

Alternatively, click| a=% | on the Calculus toolbar or tyfgetrl ]? to insert thenth
order derivative operator.

2. Enterthe expression you want to differentiate and the variable with respect to which
you are differentiating in the placeholders.

—

3. Click
a period). Mathcad displays a symbolic equal sigs,

4. Pressknter ] to see the result.

on the Symbolic toolbar or prg&trl ]. (the Control key followed by

256
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Some integrals evaluated symbolically using the symbolic equal sign ([Ctr]] + Period)

c
3 1 4 1
Xdx - —¢” - — <- Press & for definite integral
Jq 4 4
- (3
x 2 1 2
e dx - E T <~ Press [Ctrl][Shift]|Z for "=" in upper limit
<0
X2 1 .3
{ ax dx - g-a-)( <- Press [Ctrl]i for indefinite integral

A second derivative:

d 2 2 z2 <- Press [Ctr]] ? to
— Z-atan (Z) = - 2- get the nth derivative
dz2 (1 + 22) (1 N 22)2 operator.

Figure 14-8: Evaluating integrals and derivatives symbolically.

Figure 14-9 shows you how to differentiate an expression without using the derivative
operator. Thé&Symbolicsmenu commaniariable] Differentiate differentiates an

expression with respect to a selected variable. For example, to differénfiete y
with respect toc

Click on "%" and choose Variable = Differentiate from the Symbolics menu.

2.x%2 4 ¥ by differentiation, yields 4-x

by diff Id X sinh{ x}
y differentiati yields - :
cosh(x) cosh(x)2

_x
cosh(x)

Click on "=" and choose Variable = Integrate from the Symbolics menu.

x2.e® by integration, yields xZexp(X) - 2.x-exp(x) + 2 exp(X)

X +a

2.b by integration, yields %_|n<x2+ b) + (31) _atan ("1)
b2 b2

Figure 14-9: Differentiating and integrating with menu commands.

1. Enter the expression.
. Click on or select the
3. Choos#&/ariable O Differentiate from theSymbolicsmenu. Mathcad displays the
derivative,4 [k . Note that y is treated as a constant.
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If the expression in which 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 theSymbolicsmenu.

Tip Be sure to select a variable in an expression before choosing fr@wrttimlicsmenu.
Otherwise, th&/ariable [ Differentiate menu command is not available.

Integrals
To symbolically evaluate a definite or indefinite integral:

b
1. Click .[a or.[ 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 todhd his can be any
variable name.

—

4. Click on the Symbolic toolbar or prg&trl ]. (the Control key followed by
a period). Mathcad displays a symbolic equal sigh,”™

5. PresskEnter ]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 chod&giableO Integrate from theSymbolics

menu See Figure 14-9 for an example. Be sure to select a variable in an expression
before choosing from tHe@ymbolicsmenu. Otherwise, théariable ] Integrate menu
command is unavailable.

Tip  When you apply th&ariablel] Integrate command on th&ymbolicsmenu, the expression
you select should not usually include the integral operator. You should select only an expression
to integrate. If you include the integral operator in the selected expression, you are taking a
double integral.
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Limits
Mathcad provides three limit operators. These can only be evaluated symbolically. To
use the limit operators:

N . .
1. Click| %2 | on the Calculus toolbar or pref&trl ]L to insert the limit operator.

To insert the operator for a limit from the left or right, cl 13- or 15 on the
Calculus toolbar or preg€trl  ][Shift ]Bor[Ctrl ][Shift ]A.

2. Enter the expression in the placeholder to the right of the “lim.”
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 sigs,

6. Pressknter ]to see the result.

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.

on the Symbolic toolbar or prg&trl ]. (the Control key followed by

Using the limit operators and the live symbolics equal sign {[Ctrl]] + Period)

Fl
lim X +2 —>1
%o 3 X+6 3

< Press [Ctrl] [Shiff] Z for =

A limit from the right:

3. x+b _)(3-a+b)

lim + 2 2
X—a X a

A limit from the left:

sin(x)
X

lim -1

x—0 "~

Figure 14-10: Evaluating limits.

Solvin g an Equation for a Variable
To solve an equation symbolically for a variable, use the keysamixa:

1. Type the equation. Make sure you ¢ \"'\ on the Boolean toolbar or type
[Ctrl ]=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.
See Figure 14-11 for an example.
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2. Click

u—F

on the Symbolic toolbar or typ€trl ] [Shift]. (hold down the

Control and Shift keys and type a period). Mathcad displays a placeholder to the

left of the symbolic equal sign.
3. Typesolve

to solve.

in the placeholder, followed by a comma and the variable for which

4. Pressknter ] to see the result.

Mathcad solves for the variable and inserts the result to the right of-tfiéNote that
if the variable was squared in the original equation, you mayvwgeesults back when
you solve. Mathcad displays these in a vector. Figure 14-11 shows an example.

r

Al =£2 + 2:C golve,r —

a = 34

1
— X+Xx=-2+asolve x -2
3
3 2
X" - 5X° - 4X + 2050 solve X —

t .
e +1 golve,t — | -x

: )

ﬁ-[(M—ZC)-L]

Use [Crtr] = for the equal
sign.

64

—2<)-(x< 2)

5<x

You don’t need =0 when finding
roots.

Figure 14-11: Solving equations, solving inequalities, and finding roots.

Tip

Another way to solve for a variable is to enter the equation, click on the variable you want to

solve for in the equation, and chodéariable[] Solvefrom theSymbolicsmenu.

Solvin g a System of E quations S ymbolicall y: “Solve” Ke yword

One way to symbolically solve a system of equations is to use thesshrakeyword
used to solve one equation in one unknown. To solve a systemqofations fon
unknowns:

1. Press

il

on the Matrix toolbar or tygetfl ]Mto insert a vector havingrows

and 1 column.

2. Fillin each placeholder of the vector with one ofrtheuations making up the

system. Make sure you cli

\::\

on the Boolean toolbar or[igpe ]=to enter

the bold equal sign.
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3

6.

. Presg™ | on the Symbolic toolbar or tjmerl ] [Shift]. (hold down the

Control and Shift keys and type a period). Mathcad displays a placeholder to the

left of the symbolic equal sign-.
Typesolve followed by a comma in the placeholder.

Type Ctrl  ]Mor pres; E&] on the Matrix toolbar to create a vector haviogvs
and 1 column. Then enter the variables you are solving for.

PressEnter ]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.

Using the "solve™ keyword (press [Ctrl]+[Shift]+Period):

[" +2xy=a ]solve_["j L [-{-2xb+a) (4a-b)
4x +y=b ¥ {(-1+8x) {(-1+8x)

Using a solve block:

Given

X+ 2xy=a <- Use [Ctrl]= to type the equal

sign.
4x +y=b
-{-2.x'b + a)
Find(x,y) - | (-1+8%)
{d-a-b)
{(-1+8x)

Figure 14-12: Two methods for solving a system of equations symbolically.

Solvin g a System of E quations S ymbolicall y: Solve Block
Another way to solve a system of equations symbolically is to use a solve block, similar

to the numeric solve blocks described in “Solving and Optimization Functions” on page
157:

1

. Type the word@iven This tells Mathcad that what follows is a system of equations.

You can typeGivenin any combination of upper- and lowercase letters and in any
font. Just be sure you don't type it while in a text region.

Now enter the equations in any order below the &veén Make sure that for
every equation you cIiE on the Boolean toolbar or typ€trl ]=to insert the
bold equal sign for each equation.

Enter therind function with arguments appropriate for your system of equations.
This function is described in “Linear/Nonlinear System Solving and Optimization”
on page 159.
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—

4. Click on the Symbolic toolbar or prg&trl ]. (the Control key followed by
a period). Mathcad displays the symbolic equal sign.

5. Click outside thé&ind function or pressknter ].
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 159 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.

Symbolic Matrix Mani pulation
You can use Mathcad to find the symbolic transpose, inverse, or determinant of a matrix
using a built-in operator and the symbolic equal sign. To find the transpose of a matrix,

for example:

1. Place the entire matrix between the two editing lines by clidi8pgce ] one or
more times.

2. Click| M" | on the Matrix toolbar or pres€tfl ]| to insert the matrix transpose
operator.

3. Click| " |onthe Symbolic toolbar or prd&dtrl ]. (the Control key followed by

a period). Mathcad displays the symbolic equal sighn,
4. Pressknter ] to see the result.
Mathcad returns the result to the right of the.” Figure 14-13 shows some examples.

Transposing a matrix

T

X 1 a X -b 1 Press [Ctr]] M to create a matrix.
_b 1.(2 _a = |1 1.(2 b Press [Ctrl] . for the arrow.
1 b x° a -a x°
Finding the inverse l -2 -(A-5)
2
A2 1oy Ao A
01 -2 > |lo 1 =2
00 -x A
o o I

Finding the determinant

X 1 a

2

2 3 2 2
-b X -a = X +Xab+bx -ab"-a-ax

3

1 b x

Figure 14-13: Symbolic matrix operations.
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Another way to find the transpose, inverse, or determinant of a matrix is to use the
Matrix commands on th8ymbolicsmenu. For example, to find the transpose of a
matrix:

1. Place the entire matrix between the two editing lines by prefSpege] one or
more times.

2. ChooseMatrix 0 Transposefrom theSymbolicsmenu.

Unlike matrices evaluated with the symbolic equal sign, matrices modified by
commands from th8ymbolicsmenu do not update automatically, as described in the
section “Using the Symbolics Menu” on page 254.

Transformations

Note

You can use symbolic keywords to evaluate the Fourier, Laplazetransform of a
expression and to evaluate the inverse transform. For example, to evaluate the Fourier
transform of an expression:

1. Enter the expression to be transformed.

2. Click|®" ™ | on the Symbolic toolbar or typ€trl ] [Shift]. (hold down the
Control and Shift keys and type a period). Mathcad displays a placeholder to the

left of the symbolic equal sign.

3. Typefourier in the placeholder, followed by a comma and the name of the
transform variable.

4. Pressknter ] to see the result.

Mathcad returns a function 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 a function of a double variable. For example, Mathcad returns a function in the variable
wwhen you perform a Fourier transform. If the expression you are transforming already contains
anw, Mathcad returns a function of the variabl® instead.

The Fourier transform result is a functioncefjiven by:
+ 00

[, flpetdt

Use the keyworéhvfourier to return the inverse Fourier transform as a function
given by:

1 + o0
= i Wt
ZTJ—oo F(w)e “tdw

wheref(t) andF(w) are the expressions to be transformed.

Use the keywordiplace ,invlaplace ,ztrans ,andinvztrans to perform
a Laplace oe-transform or their inverses.

The Laplace transform result is a functiorsafiven by:

+ o0

IO f(t)e Stat
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Its inverse is given by:

1 orie st

2TL[CI_imF(s)e dt
wheref(t) andF(s) are the expressions to be transformed. All singulariti€{yfare
to the left of the lindRe(s) = o .

Theztransform result is a function afgiven by:

+ o
Z f(n)z™"
n=0

Its inverse is given by:

_.1-_ n-1
2T[i.[c F(z)z"~1dz

wheref(n) andF(2) are the expressions to be transformed@ixa contour enclosing
all singularities of the integrand.

Tip  You can substitute a different variable for the one Mathcad returns from a transform or its
inverse by using thsubstitute keyword.

Another way to evaluate the Fourier, Laplacez-dransform or their inverses on an
expression is to use commands on3lyebolicsmenu. For example, to find the
Laplace transform of an expression:

» Enter the expression.
e Click on the transform variable.
» ChooseTransform [0 Laplace from theSymbolicsmenu.

Keep in mind that, unlike keyword-modified expressions, expressions modified by
commands from th8ymbolicsmenu do not update automatically, as described in the
section “Using the Symbolics Menu” on page 254.

Note 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 fuDatershown
in the middle of Figure 14-14. You'll find numeric definitions for this and other such functions
in “Symbolic Transformation Functions” on page 301 in the Appendices as well as in the
Resource Center QuickSheet titled “Special Functions.”
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i i Press [Ctrl] [Shift] . to insert a transform keyword.
Dirac(t) fourier,t — 1

invfourier, x — §-e)(p(—t)-cp(t) + §-e)(p(t)-CIb(-t)
1+ X 2 2

1

exp(-a-t) laplace.t —

(s +a)
invlaplace,s — At -a.exp(-a-t <« A() is animpulse att=0.

£ +a Although not numerically
defined, Mathcad's symbolic
processor recognizes this

cinl =t strans .t - 4 function. A (t)_ is also known as

2 the Dirac function.
1+2 )

invztrans,z - 2"
zZ-2

Figure 14-14: Performing symbolic transforms.

Symbolic O ptimization

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
.[0.[0.[0 X2 +y? + Z2dx dydz

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
all about simplifying complicated expressions, these two processors do 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 definitionclick on a definition with the
right mouse button and choo®gtimize from the pop-up menu.

Once you've done this, Mathcad’s live symbolic processor simplifies the expression to
the right of a “:="beforethe 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.
» Itinternally replaces what you've typed with a simplified form.
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» 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 plabkseasterisk
next to it.

In the previous example, the symbolic processor would examine the triple integral and
return the equivalent, but much simpler expression:

%(w3vu + wVAu + wvlP)
Then it uses any defintions that exist in your worksheet and simplifies the expression

further. To see this expression in a pop-up window, click the red asterisk with the right
mouse button and chooSéow Popupfrom the pop-up menu (see Figure 14-15).

LIICK ON an exXpression witn me rngnt mouse pumnon
and choose Optimize from the pop-up menu.

urv w
. 2 2 2
A= J J J xT+ yT+ 2 dxdydz o <— The asterisk indicates Mathcad's

symbolic processor found a
simpler form for this integral.

<— Right-click on the asterisk
and choose Show Popup to
open a window showing the
simplified form.

Note how simplifying saves time:
there's no longer an integral to
evaluate.

A=1

Figure 14-15: A pop-up window showing the equivalent expression that
Mathcad actually evaluates.

To enable optimization for an entire worksheet, ch@asémization from theMath
menu. To disable optimization for an expression, right-click it and undbptiknize
on the pop-up menu. Mathcad evaluates the expression exactly as you typed it.

To disable optimization for all expressions, remove the check @ptimization on
the Math menu.
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Chapter 15
Programmin g

Pro

1 Defining a Program

1 Conditional Statements

1 Looping

1 Controlling Program Execution
1 Error Handling

1 Programs Within Programs

Definin g a Program

A Mathcad program is a special kind of expression you can
create in Mathcad Professional. It's an expression made up ¢
sequence of statements created upiogiramming operators

Programming

Add Line —

it otherwise
available on the Programming toolbar. Cl 33 on the Mat, ™ Wil
toolbar, or choos&oolbarsl! Programming from theView break  continue
menu, to open the Programming toolbar. return on error

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 E%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 operators—.

1. Type the left side of the function definition, followed by a

. f(x, S |
“:=". Make sure the placeholder is selected. (x.w) =l
2. Click[#ddtine ] on the Programming toolbar. Alternatively, pre

fix w) = |.

] . You'll see a vertical bar with two placeholders, which w J

hold the statements that comprise your program.

Pro
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Note

Tip

3. Clickinthe top placeholder. Tygethen clicK_< ] onthe
Programming toolbar. Alternatively, preggo insert a - "

which is also known as the local definition symbol.

4. Typex/w inthe placeholder to the right of the local definitiq
symbol. Then pres§fab] 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
placeholder. Typéog(z) . fix,w) =

You can now use this function just as you would any other func|
in your worksheet.

You cannot use Mathcad’s usual assignment operator, “:=,” inside a program. You must use the
local assignment operator, represented by”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 shows a more complex example involving 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.

baAdbE_dac Although you can define complicated

afa.b.c) = 2. a functions all on one line...
ria, b, c) = |discr— IJ2 -4ac ...it's sometimes easier to break them up
num—-b +'JE into simpler steps anyway.

denom—2-a

num

denom

Figure 15-1: A more complex function defined in terms of both an expression
and a program.

A program can have any number of statements. To add a statemer AddLine | on the
Programming toolbar or prefs Mathcad inserts a placeholder below whatever statement
you've selected. To delete the placeholder, click on it and pBé&sp|.

As with any expression, a Mathcad program must have a value. This value is 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 “Nested
Arrays” on page 204).
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Note

On-line Help

You can also write a Mathcad program to retusymbolicexpression. When you
evaluate a program using the symbolic equal sign, ‘lescribed 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 to generate a polynomial.

fin) = |a—0
i—0
while izn
ac [a {1+ x)i] <-- Mathcad can evaluate
i the program symbolically

even though x is undefined.
a

Evaluate symbolically . . .

<. Expand symbolic

keyword expands the result.
Press [Ctrl][Shift][period] for
the symbolic keyword operator.

f(3) expand — 4 4+ 6x + 4+ x°

Figure 15-2: Using a Mathcad program to generate a symbolic expression.

Programs that include threturn andon error statements, described page 273nd
page 275¢cannot be evaluated symbolically 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.

Conditional Statements

In general, Mathcad evaluates each statement in your program from the top down. There
may be times, however, when you want Mathcad to evaluate a statement only when a
particular condition is met. You can do this by includingfastatement.

For example, suppose you want to define a function that forms a semicircle around the
origin but is otherwise constant. To do this:

1. Type theleft side of the function definition, followed |
a “:= ". Make sure the placeholder is selected.

2. Click[##dLine ] on the Programming toolbar.
Alternatively, pres$ . You'll see a vertical bar with twg

Pro
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Note

placeholders. These placeholders will hold the statements making up your program.

3. Click[_#_] on the Programming toolbar in the top
placeholder. Alternatively, pre$s Do not type “if.”

f(x) = |. if

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 w:
the program to return whenever the expression in the

right placeholder is trudf necessary, add more placeholders by clicAddtine |

5. Select the remaining placeholder and ¢ atemwise q
the Programming toolbar or pre<stfl ] 3.

f{x) = |u if |x|>2
al

fix) = |0 if |x|=2

1| otherwise

6. Type the value you want the program to return if thq

T . . fix):= |0 if |x]=2
condition in the first statement is false.
2 .
. . . 4 - %~ otherwise
Figure 15-3 shows a plot of this function.
fix)= |0 if || >2
J4 - %" otherwise
5 T
Axis limits on this plot were set
R m €~ manually. This plot has a slightly
foa different appearance when default axis
limits are used.
-5 |
~10 i 10
®
%) = if(|x| >2,0,4/4 - ) fou can also use the "if” function to define this
function, although what you gain in conciseness, you
lose in clarity.

Figure 15-3: Using thé statement to define a piecewise continuous function.

Theif statement in a Mathcad program is not the same afftirection (see “Piecewise
Continuous Functions” on page 148). Although it is not hard to define a simple program using
theif function, as shown in Figure 15-3, tifiéunction can become unwieldy as the number of
branches exceeds two.

Looping
One of the greatest strengths of programmability is the ability to execute a sequence of
statements repeatedly in a loop. 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, figelaop.
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» If you want the loop to stop when a condition has been met, but you don’t know
how many loops will be required, usevhile loop.

Tip  See “Controlling Program Execution” on page 272 for methods to interrupt calculation within
the body of a loop.

“For” Loops

A for loop terminates after a predetermined number of iterations. Iteration is controlled
by aniteration variabledefined at the top of the loop. The definition of the iteration
variable is local to the program.

To create dor loop:

1. Click[_#@r ] on the Programming toolbar or preSsr[ ]“. 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 in]
placeholder to the right of thé&l"” You usually specify this range
the same way you would for a range variable (see page 101)|

for iel.n

1

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[AddLine | onft
Programming toolbar.

for iel.n

S—S+1

The upper half of Figure 15-4 shows tfag loop being used to add a sequence of integers.

Note Although the expression to the right of the&"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.

sumin) = |s<0 n
for iel.n Equivalentto... h:= 44 Z i =990
S—S+i i=1
sumi( 44} =990
— — program.
This wariable or function
for xer.s
v o—X
m
m—m+1
v
1
100 1 2
r= 1101 $= (2) join(r,s) = | 100
102 101
n7?

Figure 15-4: Using dor loop with two different kinds of iteration variables.
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“While” Loo ps

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[ while_] on the Programming toolbar or preSs[ ]] .

Do not type the word “while.”

2. Click in the top placeholder and type a condition. This is

typically a Boolean expression like the one shown.

3. Type the expression you want evaluated in the remainin
placeholder. If necessary, add placeholders by clicking

on the Programming toolbar.

while

while |vj| zthres

1

while |vj| zthres

j=j+1

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.

Finding the first el t of a vector that exceeds a specified value.
m:=0..2500 <—— Create a vector.

v _=1+sin{m]

t(v thres) = |j<0D «— Initialize counter.
while vjithres
j=j+1

i +———Return counter.

tiv,1.98) =8 «——— The first element to exceed 1.98 is the
8th element in the vector.

0

1

1.841

1.908

114

0.243

0.041

0.7

1.6857

1.988

1.412

0
1
2
3
4
a
[}
7
g
9
0

1

0.456

9.79310-6

12

0.463

13

1.42

14

1.991

14

1.65

Figure 15-5: Using avhile 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:
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* Use thebreak statement within &r orwhile loop to interrupt the loop when a
condition occurs and move execution to the next statement outside the loop.

» Use thecontinue statement within &or orwhile loop to interrupt the current

iteration and force program execution to continue with the next iteration of the loop.
» Usetheeturn statementto stop a program and return a particular value from within

the program rather than from the last statement evaluated.

The “Break” Statement

Tip

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
the Programming toolbar or pre€stfl ]{. 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.

To create the program on the leftfiigure 15-6for example, you would clid_break_|  first,
then clickl 1T ].

The “Continue” Statement

Toignore an iteration of aloop, usentinue . For example, in Figure 15-@antinue
statement is used to ignore nonpositive numbers in an input vector.

The "continue™ and "break” statements control loops differently
This program stops the loop on the . . . while this one merely skips over the
first nonpositive number . . . nonpositive numbers . ..
PElemb (v} = |i—-1 PElemc(v) = |i—-1
j—-1 je—-1
while i< last(v) while i< last(v)
fe—i+1 i+
break if v, =0 continue if v, =0
j—i+1 j—ji+1
W V. W V.
1 1 I i
w w
2
2
27 2
vl o, PElemb (v} = PElemc (v} = |27
- 16
16

Figure 15-6: Théreak statement halts the loop. Program execution resumes
on the next iteration whegontinue is used.

Toinserttheontinue statement, click on a placeholder inside a loop and[csntinee |
on the Programming toolbar or pre€tr] ][ . Do not type the word “continue.” As
with break , you typically insertontinue into the left-hand placeholder of &n
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The “Return”

Tip

statement. Theontinue statement is evaluated only when the right-hand side of the
if is true.

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 flexibilityeTima
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 dn
statement, and theturn statement is evaluated only when the right-hand side of the

if statement is true.

The following program fragment shows howegurn statement is used to return a
string upon the occurrence of a particular condition:

1. Click[_i ] on the Programming toolbar. Lt

2. Now click[ reum ] on the Programming toolbar o return o it u
press Ctrl ]| . Do not type “return.”

3. Create a string by typing the double-quote Key (
on the placeholder to the rightreturn . Then type
the string to be returned by the program. Mathcad
displays the string between a pair of quotes.

return "int" if &

4. Type a condition in the placeholder to the righf of
This is typically a Boolean expression like the o
shown.(Type [Ctrl ]= for the bold equal sign.)

return “int" if floor(x)=x

In this example, the program returns the string “int” when the exprefision(x) = x
is true.

You can add more lines to the expression to the rigtetofrn by clicking[A9dLine | 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 0 in an expression and therefore encounter a singularity error. In these cases Mathcad
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:
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* Theonerror statementon the Programming toolbar allows you to trap a numerical
error that would otherwise force Mathcad to stop calculating the program.

» Theerror string function gives you access to Mathcad’s error tip mechanism and
lets you customize error messages issued by your program.

“On Error” Statement

In some cases you may be able to anticipate program inputs that lead to a numerical
error (such as a singularity, an overflow, or a failure to converge) that would force
Mathcad to stop calculating the program. In more complicated cases, especially when
your programs rely heavily on Mathcad’s numerical operators or built-in functicn set,
you may not be able to anticipate or enumerate all of the possible numerical errors that
can occur in a program. Tlea 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, clic[enemer| on the Programming toolbar or typ=

[Ctrl ]°* . Do nottype “on error.” In the placeholder to the rightoferror , 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 lefh@rror , create the program
statement(s) you want to evaluate should the default expression on the right-hand side
fail.

Figure 15-7 showen error operating in a program to find a root of an expression.

A custom rootfinding program that demonstrates the “on error” statement.

This program by default tries to find a real root of an expression, using a guess of 0,
but will try to search for a complex root, using a guess of D + 2i, if that fails:

RF(f,x) = root{f(x), x) <-- Mathcad's usual numerical root finder.

RootFind (f) == |gr—o

go—0 + 2i
RF(f,gc) oneror RF(f,gr) <-- Click the "on error”
button on the
programming palette to
insert the operator here.
M(x) =x"-2x-3 f2(x) =% - x+3
RootFind (1) = -1.000 RootFind (f2) = 0.500 + 1.653i

Without "on errot the second example RF(f2,0) =
cannot converge: -

Can't converge to a solution, Ty a
different guess value or check that
a solution really exists.

Figure 15-7: Theon error statement traps numerical errors in a program.

I ssuing 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 appezar whel
your programs or other expressions are used improperly or cannot return answers.
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Mathcad Professionalarror string function gives you this capability. This function,
described in “String Functions” on page 187, suspends further numerical evaluation of
an expression and produces an error tip whose text is simply the string it takes as an
argument. Typically you use tkgror string function in the placeholder on the left-
hand side of aif 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.

Cin,k = | error{"must enter a real number™) if [{Im(n) =0) + {Im(k) = 0]
error{"must enter a positive number™) if [(n <0 + (k=0)]
error{"must enter an integer™) if [(n = floor{n)) + (k = floor{k))]

error("first argument must be greater than second™) if (n<k

(1 (542 g

i=1

Note the use of "on error” to use a ical approxi
when the exact formula overflows.

C(200,105) = 7.06 = 10%*

Different messages appear when you click on the following...

Ci2.380) = wn ‘ C(—g|,ﬁ) =un C(2.5,§b = C(1I]5,@b =
[must enter a real number| [must enter a positive number | [must enter an integer| [[first argument must be greater than second |

Figure 15-8: Generating custom errors via tor string function.

Note Some error strings are automatically translated to a Mathcad 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.”

Programs Within Programs

The examples in previous sections have been chosen more for illustrative purposes

rather than their power. This section shows examples of more sophisticated programs.

Much of the flexibility inherent in programming arises from the ability to embed

programming structures inside one another. In Mathcad, you can do this in the following

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 nested a program can be.
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! ci functi 1 e n=1.6

Newton's method Gin) = |g<—1 if n=1

otherwise
M=) he1
df %)

1
while |xx - x|>ToOL 8=
for ke2. . n

nroot(f df x) = |xx—xn-

K XX
f(x) tmp—h+yg
df(x) heg

wx g+—tmp

9

1

Notice that the
nested loop below
"otherwise" in the
program above gets
made by adding
lines from the
"otherwise"
placeholder.

HX—H -

flg)=%>-4
dfi=) =2-x
nroot(f df 1) =2

[Pl =] 2
=
1l

ey
o

Figure 15-9: Programs in which statements are themselves programs.

One way many programmers avoid overly complicated programs is to bury the
complexity insubroutinesFigure 15-10 shows an example of this technique.

INTEGRATION IN WHICH WIDTHS OF INTERVALS ARE CHOSEN ADAPTIVELY

intsimp(f,a b N} = |s<0
b-a
W
N
for ie1. N
. W, .
f(a+(|—1)-w)+4-f(a—3+|-w) +fla+iw)
S—S+wW
6
s

adapt(f,a,b) = |x—intsimp(f,a b 10)
x if |x - intsimp(f a b 4)|=TOL

a+h

adapt(f,a, ) + al:lapt(f,aT+IJ ,h) otherwise

adapt{log,107"% 1) = -0.434958018397141

Figure 15-10: Using a subroutine to manage complexity.

Tip  Breaking up long programs with subroutines is good programming practice. Long programs and
those containing deeply nested statements can become difficult for other users to understand at

a glance. They are also more cumbersome to edit and debug.

In Figure 15-10, the functioadaptcarries out an adaptive quadrature or integration
routine by usingntsimpto approximate the area in each subinterval. By defining
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intsimpelsewhere and using it with@apt the program used to defindaptbecomes
considerably simpler.

Recursion

Recursionis a powerful programming technique that involves defining a function in
terms of itself, as shown in Figure 15-11. See also the definitiadagftin 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.
* An initial condition to prevent the recursion from continuing forever.

The idea is similar to mathematical induction: if you can deterfifime 1) fitom ,
and you knowf(0) , then you know all there is to know alout

Tip  Recursive function definitions, despite their elegance and conciseness, are not always
computationally efficient. You may find that an equivalent definition using one of the iterative
loops described earlier will evaluate more quickly.

Factorial function

factorial(n) := |1 if n=1

n-factorial(n - 1) otherwise
factorial(5) = 120

Compound interest

P(n,i Po):= |Po if n=0
P(n-1,i,Po)(1+i%) otherwise
P{3,12,100) = 140.493 Type Ctrl= to generate the

boolean equals signs used inside the
programs.

Figure 15-11: Defining functions recursively.
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Chapter 16
Advanced Computational Features

1 Worksheet References

1 Exchanging Data with Other Applications

T Scripting Custom OLE Automation Objects

1 Accessing Mathcad from Within Another Application

Worksheet References

Tip

There may be times when you want to use formulas and calculations from one Mathcad
worksheet inside another. You may also have calculations and definitions that you re-
use frequently in your work. You can, of course, simply@spy andPastefrom 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 teferenceone 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 85 is to create a
collapsibleareato 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.

To insert a reference to a worksheet:

1. Click the mouse wherever you want to insert the reference. Make sure you click in
empty space and not in an existing region. The cursor should look like a crosshair.

2. ChooseReference [rerErES [x]
from thelnsert _
menu Inzert reference to a file:
! I Browse... I

H “ ”
3 ) CIICk B rowse” to Enter or locate the path to the document you want to reference. This can be a document on
locate and select a your hard drive, or & document on your company's network.

Worksheet_ Alterna_ ™ Use relative path for reference

t|Ve|y, entel’ the path ............. D K| Cancel |
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.
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Note

4. Click "OK” to insert the reference into your worksheet.

To indicate that a reference has.been T 5] Referencerhitp ffwerw.mathsaft commead60jug/
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 means that if you move the main worksheet and the referenced worksheet
to a different file system with a different directory structure, Mathcad cannot locate the
referenced file. If you want the location of the referenced file on a drive 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 keepréiative directory structure intact. To use a
relative path, you must first save the file containing the reference.

If you edit the contents of a referenced file so that any calculations 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.

Exchan ging Data with Other A pplications

Tip

Pro

Pro

Componentsre specialize@LE objects that allow you to access the functions of other
computational applications (such as MathSoft's Axum sRLUS Microsoft Excel,
andMATLAB ) within your Mathcad worksheet. Unlike other kindsbafE 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 exptatic 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 292.

The available components in Mathcad include:

* Axum, for creating highly customizable Axum graphs

» Excel, for accessing cells and formulas in a Microsoft Excel spreadsheet

* SmartSketch, for creating 2D drawings and designs

* S-PLUSGraph component, for creatitsgPLUSgraphs

* S-PLUSScript component, for accessing the programming environmePofs
* MATLAB, for accessing the programming environmentvaiTLAB

280

Chapter 16 Advanced Computational Features



Note To use an application component, you must have the application for that component installed,

Tip

but not necessarily running, on your system.

See the SAMPLES folder of the location where you installed Mathcad for a variety of example
files that use components.

How to Use Com ponents

Tip

Components receivaputfrom one or more Mathcad variables, perform operations on
the data you specify, and in most cases retutputto other Mathcad variables. An
“input variable” is a scalar, vector, or matrix 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, or matrix) 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 these steps provide an overview.

Many components support strings as well as scalars, vectors, and matrices for the input and
output.

Step 1: Inserting a component
To insert a component into a Mathcad worksheet:

1. Click in a blank spot 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. Choose&Componentfrom thelnsert menu. This launches the Component Wizard.

Choose one of the components from the list and click “Next.” Depending on the
component you choose, you may see an additional dialog box that lets 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, with some default
properties, inserted into your worksheet.

Each component has its own particular appearance, but all components have one or
more placeholders to the left of the := and/or at the bottom of the component. For
example, the Excel component (with one input and two outputs) looks like this when
inserted into your worksheet:
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Tip

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
chooseAdd Input Variable or Add Output Variable from the pop-up menu. To eliminate an
input or output, chooseemove Input Variable or Remove Output Variable from the menu.

Step 2: Configuring a component

Once you've inserted a component into a worksheet, you 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.

3. ChooseProperties 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 cells in
which the input values are stored and the cell range from which the output is sent.

When you insert an application component, you see a small window on that application’s
environment embedded in your Mathcad worksheet. Whedguohle-clickthe component, the
component is activated in place 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. At that point, the 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 whenever you click on the component and®gsswWhen the

input variables change, or when you choGséculate Worksheetfrom theMath

menu.
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Tip Some components allow you to save the file with which the component exchanges data as a
separate file. Click on a component with the right mouse button and chaesé\s..from the
pop-up menu.

Axum Com ponent

Axum is a technical graphing and data analysis application available from MathSoft
that gives you access to over 90 two- and three-dimensional graph types with sophis-
ticated formatting options. If you have Axum LE for Mathcad (included in your
Mathcad Professional package) or Axum 5.03 or higher installed on your system, the
Axum component brings some of this graphing power to your Mathcad worksheet.

Inserting an Axum graph
To insert an Axum component into a Mathcad worksheet:

1. Create the array(s) that will provide input to the Axum component and that Axum
will display in a graph. For information on the number and type of arrays required
for each type of graph, see Axum’s on-line help or refer t&xioen User’'s Guide
which is available in PDF format on the Mathcad CD.

2. Click in a blank spot in your worksheet. Be sure to click below or to the right of
the array(s).

3. ChooseComponentfrom thelnsert menu.

Select Axum Graph from the list and click “Next.” Choose a plot type and specify
the appropriate number of input variables. Click “Finish.”

5. Ablank Axum graph appears in your Mathcad worksheet. Enter the names of your
array variables in the placeholders in the bottom left corner of the graph. Click
outside the graph or predsrter ].

When you click outside the component, the array data are displayed in the Axum plot
type you selected. See Figure 16-1 for an example.

20 Insert an Axum component to create a
pie chart. Enter ¥V as the input variable in the
18 placeholder at the bottom of the « t
V=12 20.0

5.5

v

Figure 16-1: Creating an Axum graph via the Axum component.
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Editin g an Axum graph
After inserting an Axum component into a Mathcad worksheet, you can format the
graph using Axum'’s formatting options. To do so:
1. Double-click the Axum graph in the Mathcad worksheet. The menus and toolbars
change to Axum’s menus and toolbars.
Edit the Axum graph using available options in the Axum environment.

3. Click back in the Mathcad worksheet to recalculate the component and to resume
working in Mathcad.

For more information about using Axum, refer to the on-line help in Axum. Sample
Mathcad files containing Axum components are located iSAMPLES\AXUM folder
of the location where you installed Mathcad.

Excel Com ponent

Tip

The Excel component allows you to exchange data with and access the features of
Microsoft Excel (version 7 or higher), if it is installed on your system.

If you only need to import or export a static data file in Excel format, use the File Read/Write
component as described in Chapter 11, “Vectors, Matrices, and Data Arrays.”

Insertin g an Excel com ponent
To insert an Excel component into a Mathcad worksheet:

1. Clickinablank spotinyourworksheet. If you want to send values to the component
from a Mathcad variable defined in your worksheet, click below or to the right of
the variable definition.

ChooseComponentfrom thelnsert menu.

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 file.

Successive pages of the Wizard allow you to specify:

» The number 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.

* Inputranges. 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
a 3 x 3 matrix of values, you can specify Al as the starting cell, and the values will
be placed in cells Al through C3.
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Tip

Note

» Outputranges.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
a 10x 10 matrix.

You can specify a particular Excel worksheet and cell range using notation such as
Sheet2!B2:C2. You 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 16-2 shows an example of an Excel component in a Mathcad worksheet.

m = 10 X = sin (4.3)
14 cos (2)
Qutput variahle == R1 := 10 4 14
is defined. 14 5 70
2201545 G -3.79846
m,x

T
Input wariables
are passed into R1 =
the component.

14
70

In this example, the
output passed into R1
are the values in the

—3.79 range C1:C3.
i=0.2 100 T
o
s0 - . N a
R1 e ™~

E:}I:J ° ’_ N .
1

50 1] 1 2

Figure 16-2: An Excel spreadsheet in a Mathcad worksheet.

By default, the Excel component displays only some of the rows and columns of the underlying
spreadsheet. To see more or fewer rows and columns, double-click the component so that you
see handles along the sides of the component. Then resize the component by dragging a handl

Changing the inputs and outputs

If you add input or output variables, you need to specify which cells in 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 cheaxgerties from
the pop-up menu.
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2. Choose the Inputs tab or the Outputs tab and specify a range of cells for each input
and each output.

You should also follow these steps if you want to change the cell ranges for inputs and
outputs you initially specified in the Setup Wizard.

Accessin g Excel

After inserting an Excel component into a Mathcad worksheet, you can use the
component to perform calculations in 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.

2. Edit the Excel component.

3. Click back in the Mathcad worksheet to have the component recalculate and to
resume working in Mathcad.

SmartSketch Com ponent

SmartSketch is a 2D drawing and design tool developed by Intergraph. The Smart-
Sketch component allows you to create in a Mathcad 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
illustrations and specification-driven designs. You can use the SmartSketch component
if you have installed SmartSketch LE for Mathcad (included with your Mathcad
package), SmartSketch 3 or higher, Imagination Engineer, or Imagineer Technical 2.

Insertin g a SmartSketch drawin g
To insert a drawing that is computationally linked to your Mathcad worksheet:

1. Click in a blank 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. ChooseComponentfrom thelnsert 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 menus in the text 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 :=.

286

Chapter 16 Advanced Computational Features



Note

Figure 16-3 shows a SmartSketch drawing inserted into a Mathcad worksheet. The

RadiusA = .5 Torgue = 700
RadiusB = .3 Friction = .4
Distance = 2.2

WrapB
[BLength] =

Betal R 500

R 300

{RadiusA RadiusB Distance)

Figure 16-3: Integrating a SmartSketch drawing into a Mathcad worksheet.

values from the variablé®adiusA RadiusB andDistanceare sent to SmartSketch as
input and used to create the drawing. The variaMespB BLength andBetalare
output variables.

Input values that do not have units attached are passed in Sl units. For example, if you send 2.0
as input for a length, it is assumed to be 2.0 meters. SmartSketch, by default, converts this to 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. Tc
do so:

1. Double-click on the component and use SmartSketch's menus and toolbars to create
a drawing. Use the Dimensions toolbar to add dimensions to your drawing.

2. Choosevariables from 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, click on the component with the right mouse button and cRoogertiesfrom
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.
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Note

» 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.

When you click outside the component, input values are sent to the SmartSketch
drawing from Mathcad and values are returned to Mathcad as output.

If the drawing is so large that it extends beyond the component window, click on the component
with the right mouse button, chooBeoperties from the pop-up menu, and click the box next
to Automatic Resizing.

In order for the dimensions in a drawing to resize relative to any changes to the dimensions, there
should be a check next to thaintain Relationships option under th&ools menu in

SmartSketch. To verify this, double-click on the component and climedefrom 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 $#evPLES\CADfolder of the location where you
installed Mathcad.

S-PLUS Graph Com ponent

Tip

S-PLUSIs a sophisticated exploratory data analysis and statistics application available
from MathSoft. Thes-PLUSGraph component allows you to integrate calculations in
your Mathcad worksheet with a wide range of two- and three-dimensional S-PLUS
graphs, including Trellis plots. You must has#LUS4.5 or higher installed on your
computer to use this component.

Inserting an S-PLUS graph
To insert ars-PLUSGraph component into a Mathcad worksheet:

1. Create the array(s) which will provide input to the S-PLUS component. See the
documentation that accompanied your cop$-8i.USfor details about the number
and type of arrays required for each type of graph.

2. Click in a blank spot in your worksheet. Be sure to click below or to the right of
the array(s).

3. ChooseComponentfrom thelnsert menu.

4. Select S-PLUS Graph from the list and click “Next.” Choose a plot type and be sure
to specify the appropriate number of input variables. Click “Finish.”

5. A blank S-PLUS graph appears in your Mathcad worksheet. Enter the names of
your array variables in the placeholders in the bottom left corner of the graph. Click
outside the graph or pressrter .

The only way to send meaningful values to output variables is to set the graph type to “Call
Graph Script” (see below) and specify the outputs within the script.
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Note By default, the data in the Mathcad input variables are sent into S-PLUS variablesin@med
inl ,in2 , and so on. The S-PLUS variabt@stO , outl , out2 , and so on define the data
to be passed to the Mathcad output variables, if any. To change these names dmmsies
from the component’s pop-up menu, and enter new names in the Input Variables and Output
Variables tabs.

Types of graphs

To access the different graph types after you have inserted the component, click with
the right mouse button on the component and chBomgertiesfrom the pop-up menu.

The Graph Type tab in the Properties dialog box allows you to select one of the
following:

* Gui Graph. This graph type supports any of #LUSgraphs available through
theS-PLUSgraphical user interface. For this component, the inputs are interpreted
as arrays whose data columns are passed to the graph-creation routines. The grap
type rendered is specified in the “Axis Type” and “Plot Type” fields. Click “Choose
Axis/Plot Type” to open the-PLUSdialog box for choosing plot types and viewing
thumbnail images of the different types.

Note On Gui graphs, particular inputs can be treated as conditioning variables in order to produce
Trellis plots (conditioned, multipanel plots). To do this, click the boxes in the Input Variables
tab of the Properties dialog box.

» Call Graph Script. This graph type supports any commands that generate “tradi-
tional” (version 3.3-style}-PLUSgraphics. To enter commands, open the Script
Editor by choosingedit Script from the component’s pop-up menu. The script you
enter can contain arg-PLUScode with calls tglot(), points() , etc.to
generate one or more graphs. The inputs, outputs, and static variables are specifiec
on the Input Variables and Output Variables tabs of the Properties dialog box, just
asthey are in th&-PLUSScript component (see below). If the scriptis totally empty,
by default the script is defined plot(in0) . The variablgraphsheet.name
can be accessed within the script to get the name of the graph sheet. When you are
finished editing the script, choo§dose & Return from the Script Editor'sile
menu.

Note Normally, the plotis cleared before each call to the script to update the graph. If you remove the
check from “Clear plot before each call” on the Graph Type page of the Properties dialog box,
this is not done. In this way you can collect multiple plots in different pages.

S-PLUS Script Com ponent
The S-PLUSScript component allows you to write and execsHeLUS4.5 or higher
programs and link them to other computations in Mathcad Professional.

Inserting an S-PLUS script
To insert ars-PLUSScript component into a Mathcad worksheet:

1. Clickinablank spotinyourworksheet. If you want to send values to the component
from a Mathcad variable, click below or to the right of the variable definition.

2. ChooseComponentfrom thelnsert menu.
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Note

Tip

Note

3. Selects-PLUSScript from the list and click “Next.”

4. Type in the script you wish to execute and specify the number of inputs and outputs.
Click “Finish.” TheS-PLUSSscript component appears showing the script.

5. Inthe placeholder that appears at the bottom, enter the name of the Mathcad input
variable to pass into the 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, inputs are referred to in your script as variables némiedinl ,in2 , and so on,

and outputs aeutO , outl , out2 , and so on. To change these names, chuggerties

from the component’s pop-up menu and type in new names in the Input Variables and Output
Variables tabs.

Editing the script

To edit yours-PLUScode or import a script from a saved S-PLUS script file, open the
Script Editor by clicking the right mouse button on the component and chdedihg
Script from the component’s pop-up menu.

Your S-PLUScode, which can include multiple statements, is inserted within an
automatically created function to run the component. This code can use temporary
variables, but any temporary variables are not visible outside of the component (unless
assign s called to change ti&PLUSdatabases). For example, a script could contain
out0<-sin(in0) to set the output to the sine of the input.

For details on the script syntax, see the documentation and on-line Help accompanying S-PLUS.

To declare static variables, which keep their values between calls to the script, add the variable
names (separated by commas) to the Static Variable Names field on the Input Variables tab of
the component’s Properties dialog box. Remember that all static variables are reset whenever the
script itself is changed.

The following variables can be accessed within a script:

* input.var.names andoutput.var.names are vectors of strings that give
the input and output variable names for the component. You can use these variables
to write scripts that handle different numbers of inputs and outputs.

» first.call has a value of T if this is the first time this script has been executed.
This variable can be used to initialize static variables.

When you are finished editing the script, choG$ese & Return from the Script
Editor’s File menu. When you click outside the component, the script is executed. If
the text of ars-PLUSprogram cannot be parsed (for example, if it contains an
unmatched parenthesis), or if an error occurs when it is executed, a popup window
appears.

If “Show Captured Results” on the S-PLUS Script component’s pop-up menu is checked, the
component displays the text produced by the last execution of the S-PLUS program, including
any printing done by the script, as if it had been executed at the S-PLUS command line.
Capturing this text can slow down the execution. Error messages are always captured, however,
so after an error occurs the display can be switched to see the error message.
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MATLAB Com ponent

Pro

Tip

Note

Note

MathConnex
Pro

TheMATLAB 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 data file in MATLAB format, use the File Read/
Write component as described in Chapter 11, “Vectors, Matrices, and Data Arrays.”

Inserting a MATLAB component
To insert aATLAB component into a Mathcad worksheet:

1. Click in a blank spot in your worksheet. If you want to send values W0AMeAB
component from a Mathcad variable, click below or to the right of the variable
definition.

2. ChooseComponentfrom thelnsert menu.

3. SelecMATLAB from the listand click “Next.” Th®IATLAB componentis inserted
into your worksheet.

4. 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
in0 ,inl ,in2 , and so on. The MATLAB variablexutO , outl , out2 , and so on define
the data to be passed to the Mathcad output variables. To change these nama3rapedtiss
from the component’s pop-up menu and type in new names in the Inputs and Outputs tabs.

To use theATLAB component to perform calculationsNfATLAB :

1. Double-click theMATLAB component in the Mathcad worksheet. M%ETLAB
component opens a text window for enterimyTLAB commands.

2. Edit theMATLAB script however you'd like. Be sure to use the appropriate
MATLAB variable names to take the input from Mathcad and provide the output.

When you click outside the component, input variables from Mathcad are sent to
MATLAB, and arrays fronMATLAB 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.

The components available in Mathcad are used to connect a Mathcad worksheet to othel
data sources and applications. If you have Mathcad Professional, you can use the
MathConnex application to connect these data sources and applicatath tother

as well as to Mathcad.

In addition to the components available in Mathcad Professional, MathConnex contains
a number of other components for manipulating data, such as a Mathcad component
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for connecting to a Mathcad worksheet. The MathConnex environment lets you connect
any of one of the available components to any other component. MathConnex is
therefore a tool for controlling data as it flows from one data source or application to
another. You can visually design systems of data flow to analyze projects which involve
a variety of applications and data sources.

To run MathConnex, clic “"a" on the Standard toolbar, or exit Mathcad and run
MathConnex as you would any application. For more information about using Math-
Connex, refer to thelathConnex User’s Guidayailable as aDFfile on the Mathcad

CD.

Scripting Custom OLE Automation Ob jects

Pro

As described in the previous section, Mathcad has several specialized components for
using the functionality of other technical computing environments within your Mathcad
worksheet. However, you can dynamically exchange data between a Mathcad work-
sheet and any other application that suppots Automation, even if Mathcad does

not have a specific component to do so. To do so, uEetiable Object component.

You can create a custom scriptable object from any object you can insert into a Mathcad
worksheet as well as any ActiveX controls installed on your computer.

To create a Scriptable Object component, you must:

1. Be proficient in a supported scripting language, such as Microsoft VBScript or
JScript, that is installed on your system.

2. Have some knowledge of the way the other application has implen@{ried
3. Have the other application or control installed on your system.

Scripting Languages

Note

To use a Scriptable Object component, you must have a supported scripting language
installed on your system. The following two scripting languages are supported: Mi-
crosoft VBScript (Visual Basic Scripting Edition) and Microsoft JScript (an implemen-
tation of JavaScript). Both of these scripting languages are included with Microsoft
Internet Explorer, which can be installed from the Mathcad installation media. These
scripting languages can also be downloaded at no charge from Microsoft, Inc. at:

http://msdn.microsoft.com/scripting

VBScript is a stricsubsebf the Visual Basic for Applications language used in Microsoft

Excel, Project, Access, and the Visual Basic development system. VBScript is designed to be a
lightweight interpreted language, so it does not use strict types (only Variants). Also, because
VBScript is intended to be a safe subset of the language, it does not include file input/output or
direct access to the underlying operating system. JScript is a fast, portable, lightweight
interpreter for use in applications that use ActiveX controls, OLE automation servers, and Java
applets. JScript is directly comparable to VBScript (not Java). Like VBScript, JScript is a pure
interpreter that processes source code rather than producing stand-alone applets. The syntax and
techniques used in the scripting language you choose are beyond the scopdsefthiSuide
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Insertin g a Scriptable Object
To insert a Scriptable Object component into a Mathcad worksheet:
1. Click in a blank spot in your worksheet. If you want to send values to the object
from a Mathcad variable, click below or to the right of the variable definition.
2. ChooseComponentfrom thelnsert 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 the 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.

In the remaining pages of the Wizard you specify: the scripting language you are using,

the type of object you want to script, 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 the input variables in the bottom placeholders. Enter
the output variables into the placeholders to the left of the :=.

Object Model

The Scriptable Object component has the following predefined objects, properties, and
methods that enable you to configure it to work as a component in Mathcad.

Collections

« Inputs andOutputs are predefinedollectionsof DataValue objects (see
below) containing the Scriptable Object’s inputs and the outputs, respectively.

 TheCount property can be used to query the total number of elements in the
collection. For exampl&utputs.Count  returns the number of output variables.

» Theltem method is used to specify an individual element in the collection. To
refer to a particular input or output, use the notaligouts.ltem( n) or
Outputs.ltem(  n), wheren is the index of the input or output. The index
always starts from 0. Sinttem is the default method, languages such as VBScript
and JScript let you drop the method name to imply the default method. For example,
Inputs(0)  is equivalent tdnputs.ltem(0) and references the first input.

DataValue objects

* TheValue property accesses a DataValue’s real part. For example, in VBScript
or JScriptinputs(0).Value returns the real part of the first input.

e ThelValue property accesses a DataValue's imaginary part. For example, in
VBScript or JScripOutputs(1).IValue returns the imaginary part of the
second output. If there is no imaginary part,l&lue portion returns NIL.”

e ThelsComplex property returnsTRUE” if a DataValue has a valid imaginary
part; this property returng=ALSE” otherwise. For example, the expression

Scripting Custom OLE Automation Objects 293



Note

(inputs(0).IsComplex) returns FALSE’ if the first input has only a real
part.

 TheRows andCols properties yield the number of rows and columns.
Global methods

e Thealert function takes a single string parameter that is presented to the user as
a standard modal Windows message box with an “OK” button.

+ Theerrmsg function takes a string parameter that appears as an error message
from within the script and causes the script to stop execution. A second, optional
parameter is a string used to display the source of the error.

In JScript, the names of functions, methods, objects, and properties are case sensitive, while in
VBScript they are not.

Scripting the Object

Tip

To script an object, click once on the component to select it. Then click on the
component with the right mouse button and ch&dieScript from the pop-up menu.
You'll see a Script Editor window containing three subroutine stubs in which you insert
your own scripting code.

The script you write will usually contain at a minimum the following three subroutines:

» A startingroutine, called once when execution of the component begins. This is a
good place to initialize variables, open files for reading and writing, etc.

» An executiorroutine that by default takes as arguments the colleditipas
andOutputs .

* A stoppingroutine, called once when execution of the component stops.

The commands in each section are executed in sequence whenever the Mathcad
worksheet is calculated. What you include in these subroutines is determined largely
by the properties of theLE object you are scripting; consult the documentation for the
server or control.

ChooseClose & Return from the Script Editor'&ile menu when you have completed
your script and want to resume working in the Mathcad worksheet.

See the SAMPLES folder of the location where you installed Mathcad for sample files using the
scriptable object component.

Accessin g Mathcad from Within Another A pplication

The previous section describes how to script a custbEobject in Mathcad.
Mathcad’sOLE automation interface provides a mechanism for the complementary
process of using Mathcad as an automation serverrtinn another Windows
application. Using MathcadBLE 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.
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Note The OLE automation interface is supported in Mathcad 7.02 and higher and supersedes the DDE
interface supported in Mathcad 5 and 6. For current information on and examples of the
interface, visit the MathSoft Web sitetdtp://www.mathsoft.com/support/ . Also
refer to TRAJECTORY.XLS in the \SAMPLES\EXCEL folder where you installed Mathcad.

Mathcad Document Ob ject Model

To use th@LE automation interface, you must write a program in Visual Basic 5.0 or
higher or in an application that can serve a@lamautomation client, such as Microsoft
Excel 5.0 and higher. (Check with the application’s documentation to find out whether
it is anOLE automation client.) You use the program to define and retrieve variables
in Mathcad Document object§he variables being defined in Mathcad must be named
in0 ,inl1 ,in2 , etc. The variables being retrieved from Mathcad must be nautéd

outl , out2 , etc.

Automation methods

» GetComplex (Name RealPartImagPar) retrieves complex data (real and imag-
inary parts) from Mathcad variabMame whereNameis one ofoutO , outl ,
out2 , etc.

» SetComplex (Name RealPart ImagPar) assigns complex data (real and imagi-
nary parts) to Mathcad variabdame whereNameis one ofin0 , inl ,in2 , etc.

+ Recalculate triggers recalculation of the Mathcad document.
» SaveAs (Namg saves the Mathcad document as a file whose path is given by the
stringName
Scripting the Object
The specific procedures required to script a Math@iaE automation object differ

slightly depending on the application that serves agLanautomation client, but the
main steps are as follows:

1. Provide or create a Mathcad E object with which to communicate.

2. Setup the client application with the data to send to Mathcad and/or with locations
to put the data retrieved from Mathcad.

3. Write code to specify the data to send to Mathcad and/or the data to retrieve.

The following example shows how to use Microsoft Excel's VBA environment to
assign a complex number to the variablé in a MathcadLE object, trigger a
calculation in Mathcad, and return the answer to Excel:

1. Inserta Mathcad object into an Excel worksheet. For details, see Excel’s documen-
tation and on-line Help.

2. Setup Excel so that there is data to pass to Mathcad and/or available cells to store
data returned from Mathcad.

3. Write a Visual Basic macro module. Refer to Excel’s on-line Help for information.

4. Double-click the Mathcad object in the Excel worksheet to activate the linked
object. Click outside the object. Then run the Excel macro.
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Figure 16-4 shows how data stored in cells G7 through H8 are passed into the Mathcad
variablein0 . Mathcad performs a calculation (in this simple example, it trivially adds

1 to the values), and the results stored in the Mathcad vaciattle are returned to

cells G12 through H13. The VBA macro looks like this:

Sub UpdateWorksheet()
Dim MathcadObject As Object
Dim outRe, outlm As Variant
Dim inRe, inlm As Variant
' Get a reference to the Mathcad object
Set MathcadObject = ActiveSheet.OLEObjects(1).Object
' Read in values to be passed from Excel to Mathcad
inRe = ActiveSheet.Range("G7:G8").Value
inlm = ActiveSheet.Range("H7:H8").Value
' Send the values over to Mathcad, assign them to variable inO, and recalculate
Call MathcadObject.SetComplex("in0", inRe, inlm)
Call MathcadObject.Recalculate
' Place the result values into the chosen Excel cells
Call MathcadObject.GetComplex("out0", outRe, outim)
ActiveSheet.Range("G11:G12").Value = outRe
ActiveSheet.Range("H11:H12").Value = outlm

End Sub

Note To pass real data into Mathcad, you should have cell(s) containing zeros for the imaginary part.

“nrial -w 5B 7 g‘%é

E3z - =]

A [ B | ¢ [ b [ E | F [ & [ H | I
1
12 INPUT: N e }
|3 71+ 6
|4
g a =ind
| 6 | ) Real Imaginary
7 MREEE ] INPUT. 3 5
I T1+46i 7.1 3
19
110 OUTPUT: outl = a4 1
111 OUTPUT: 3 5
12 REEE: } 5.1 B
- outl =
113 21+ 6i
|14
15
16

Figure 16-4: Mathcad as aOLE automation server within Microsoft Excel.
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Operators

Operation
Parentheses

Vector
Subscript

Matrix
Subscript

Superscript

Vectorize

Factorial

Complex
conjugate

Transpose

Power

Powers
ofmatrix,
matrixinverse

Negation

Vector sum

In this table:

For information about programming operators in Mathcad Professional, see Chapter

A andB represent arrays, either vector or matrix.

u andv represent vectors with real or complex elements.

M represents a square matrix.

z andw represent real or complex numbers.

x andy represent real numbers.

m andn represent integers.

i represents a range variable.
Sand any names beginning wiirepresent string expressions.

t represents any variable name.

f represents a function.
X andY represent variables or expressions of any type.

15, “Programming.” For information about symbolic operators and keywords, see
Chapter 14, “Symbolic Calculation.”

(X)

AT

AL

pAY;

Appearance Keystroke

[Ctrl]6

[Ctrl]-

[Ctri]1

[Ctri]4

Description

Grouping operator.

Returns indicated element of a vector.
Returns indicated element of a matrix.

Extracts columm from arrayA. Returns a vector.

Forces operations in expressiéino take place element by
element. All vectors or matrices ¥imust be the same size.

Returnsn ({n—-1) n—-2)... The integarcannot be negative.

Inverts the sign of the imaginary partXfThis keystroke creates
a string expression in a blank placeholder and a text region in a
blank area of the worksheet.

Returns a matrix whose rows are the column& ahd whose
columns are the rows &f. A can be a vector or a matrix.

Raises to the powemw.

nth power of square matrid (using matrix multiplication)n
must be a whole numbev—1 s the invers#lofOther negative
powers are powers of the inverse. Returns a square matrix.
Multiplies X by —1.

Sums elements of vector v; returns a scalar.
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Square root

nth root

Magnitude,
Absolute
value

Magnitude of
vector

Determinant
Division
In-line
Division

Multiplication

Cross product

Summation

Product

Range sum

Range product

I ntegral

Derivative

iZX
UX

b
I f(t)dt

d
af(t)

[Ctri\

[ctrl)/

[Ctrl]8

[Ctrl]
[Shift]4

[Ctrl]
[Shift]3

&

Returns positive square root for positgygeturns principal value
for negative or complex

Returnath root ofz returns a real valued root whenever possible.
n must be a positive integer.

Returnsy/Re(2)2 + Im(2)2 .

Returns the magnitude of the vector,/v O if all elements irv
are real. Returns/v v if any elementiiis complex.

Returns the determinant of the square matrixResult is a scalar.

Divides the expressioX by the non-zero scalarIf Xis an array,
divides each element kzy

Divides the expressioX by the non-zero scalarIf Xis an array,
divides each element kzy

Returns the product of andY if both X andY are scalars.
Multiplies each element of by X if Yis an array ani is a scalar,
or vice versa. Returns the dot product (inner produitaiidY are
vectors of the same size. Performs matrix multiplicatiohahdY
are conformable matrices.

Returns cross-product (vector product) for the three-element
vectorsu andv.

Performs summation o overi = m, m+ 1, ..., n .X can be any
expression. It need not involvéut it usually doesn andn must
be integers.

Performs iterated product &ffor i = m, m+ 1, ..., n.Xcan be
any expression. It need not involivbut it usually doesm andn
must be integers.

Returns a summation &fover the range variabieX can be any
expression. It need not involvdut it usually does.

Returns the iterated productXfover the range variableX can
be any expression. It need not invoiveut it usually does.

Returns the definite integral &) over the intervala, b] . aand
b must be real scalars. All variables in the expresiipnexcept
the variable of integratiof) must be defined. The integrarit),
cannot return an array.

Returns the derivative déft) evaluated at. All variables in the
expressiorf(t) must be defined. The varialllenust be a scalar
value. The functiorfi(t) must return a scalar.
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nth Derivative d"]C [Ctr]? Returns theith derivative off(t) evaluated at All variables inf(t)
F (t) must be defined. The varialtlenust be a scalar value. The
functionf(t) must return a scalan.must be an integer between 0
and 5 for numerical evaluation or a positive integer for symbolic
evaluation.
Addition X+Y + Scalar addition i, Y, or both are scalars. Element by element
addition ifX andY are vectors or matrices of the same siz¥.iff
an array and is a scalar, addsto each element of.
Subtraction X=Y - Performs scalar subtractionXf Y, or both are scalars. Performs
element by element subtractionXfandY are vectors or matrices
of the same size. K is an array an¥ is a scalar, subtrac¥from
each element of.
Addition with X... [CtrI][ Same as addition. Line break is purely cosmetic.
line break +VY
And x Oy [Ctrl] Returns the value 1 if boktendy are nonzero. Returns 0 if at least
[Shift]7 one ofx ory is zero.

Or x Oy [Ctrl] Returns the value 1 if at least onexafry is nonzero. Returns 0 if
[Shift]6 bothx andy are zero.

Not - X [Ctrl] Returns 0 if is nonzero and 0 K is zero.
[Shift]1

Xor _ xOy [Ctrl] Returns 1 if precisely one &fory is nonzero. Returns 0 if both

(Exclusive or) [Shift]5 andy are zero or both are nonzero.

Greater than x>y, > For real scalars andy, returns 1 ifx > y, 0 otherwiseFor string

S1>82 expressionSl andS2, returns 1 i1 strictly followsS2 in ASCII
order, O otherwise.

Less than X<y, < For real scalars andy, returns 1 ifx <y, 0 otherwiseFor string

S1<32 expression§l and2, returns 1 iBl1 strictly precedeS2 in ASCII
order, O otherwise.

Greaterlth an X2y, [Ctrl]0 For real scalars andy, returns 1 ifx2 y, 0 otherwiseFor string

or equa S1>82 expressions$l and<2, returns 1 i1 follows 2 in ASCII order,
0 otherwise.

Less Itha” or X<y, [Ctrl]9 For real scalars andy, returns 1 ifx< y, O otherwiseFor string

equa Sl<s2 expression$1 andS2, returns 1 iS1 precedeS2 in ASCII order,

0 otherwise.
Not equal to z# w, [Ctrl]3 For scalarg andw, returns 1 ifz# w , O otherwise. For string
S1# 32 expression$l andS2, returns 1 iS1 is not character by character
identical to2.

Equal to X=Y [c]= Returns 1ifX = Y , 0 otherwise. Appears as a bold = on the
screen.
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Symbolic Transformation Functions

Some symbolic transformations (see Chapter 14) are given in terms of functions that
aren’'t among Mathcad'’s built-in functions. The list below gives definitions for those
special functions. Except fdi, erf, andZeta which involve infinite sums, and/, you

can use these definitions to calculate numerical values.

You can define many of these functions in Mathcad. See the “Other Special Functions”
area in the QuickSheets of the Resource Center for examples of each of these.

yis Euler’s constant, approximately 0.5772156649.

Chi(x) = y+In(x) + [ Mstl);ldt
0

Ci(¥) = y+In( + [ %?;%t
0

X
. _ ¢ In(t)
dilog(x) Ill—tdt
Dirac(x) = O if xis not zero.‘[ Dirac(x)dx = 1
. _ Xn
Ei(x) = y+In(x) + lm (x>0)
n:

2 * (_1)n22n+1
f = — f I
erf(x) T ZO H@nT D) (for complexz)
n:

X
_ WL
Fresnel@x) = .[OCOSEIZt Ept
G
— H 2
Fresnel$x) = Iosmmzt Ept
X
N |j.] _k2 Et2|:|1/2
Legendrefx, k) = J1¢ 0 dt
LegendreE¢k) = LegendreE 1k)
LegendreEc(k) = LegendreE¢/ +k?)
X
1
Legendrekx, k) = dt
-[oJ(l—tZ)(l—kz [12)
LegendreK¢k) = LegendreF 1k)

LegendreKck) = LegendreK¢./ +k?)
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X 1
L d ,n K = d
egendreP(x, n, k) IO»\/(l—nzEtz)J(l—tz)(l—kz[tz) t

LegendrePi¢n, k) = LegendreP( 1n, k)
LegendrePic(k) = LegendrePi¢n, 4/1—k?)

dn
Psi(n, x) = —Psi(x)
() dx"

Psi(x) = %In(r(x))

shi(q) = [ §m{m)dt
0

Si(x) = Ios—i%ﬂdt

W(x) is the principal branch of a function satisfyig(x) Cexp(W(x)) = x
W(n, X is thenth branch of\(x).

Zeta(3( Y n{) (s> 1)
n=1

The functionsarcsegarccsg arccot arcsecharcscsharccothcan be calculated by
taking reciprocals and using the Mathcad built-in functamos asin etc. For example:

arcseqx) := aco%%

ThePsifunction and” appear frequently in the resultsimdiefinitesums and products.
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Sl Units

Base Units

m (meter))ength

A (ampere)current
mole or mol,substance

Angular Measure

rad = 1
Length

cm = 0.010n

ft = 0.30480m

mi = 52800ft
Mass

-3
gm = 10" [kg
mg = 103 gm
_lb

°2= 16
Time

min = 600s

yr = 365.24220 day

Area, Volume

hectare= 16m?

mL = 103 [L

Velocit y, Acceleration

m h=ﬂi
P hr

Force, Ener gy, Power

N = kgtm2
[
kgf = glkg
cal = 4.18681J
w="?
s

kg (kilogram),mass
K (kelvin), temperature

— 1T
deg = 180Dad
km = 10000m
in = 2.540cm

tonne = 1000Q] kg
ton = 200001b

hr = 36000s

acre= 4840 y4d
fl_oz = 29.57353] crA

km
kph = —

P hr
dyne= 10°[N
J = NOm
kcal = 10000cal
kw = 10000W

s (second)}time
cd (candela)luminosity

sr= 109
mm = 0.001Cm
yd = 30t

Ib = 453.59237Tgm
slug = 32.1740b

day = 240hr

L = 0.0010n+
gal = 128[l_oz

g = 9.8066577;
S

Ibf = gOb

erg= 1070
BTU = 1.05506016 I

hp = 550@

SI Units
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Pressure, Viscosit y

pa= N
2

in_Hg = 3.376841 18 [Pa

poise= 0.10P&l s

Electrical
C=AG
kv = 1030V
MQ = 108 [
-V
H=10
A = 106
F=C
Y,
UF = 10°[F
_ 1000
Oe = Tttt

Frequency, Activit y

1
s

GHz = 1® [Hz

Hz =

Temperature

R = 0.55600K
Dose
_J
Gy = kg

Luminous Flux, Illuminance

Im = cdsr

. _ Ibf atm = 1.01325016 [(Pa
psi= —
in

_ 2
torr = 1.333220 18 [Pa stokes= 10-4 d’%

v =3 mV = 103 v
c
0=V kQ = 108
A
1 1
== mho = =
S5 Q
HH = 108[H mH = 103 H
mA = 108 A kA = 10°A
pF = 10%2[F nF = 10°CF
Wb = V s
T = Wb gauss= 10740T
m2
kHz = 103[Hz MHz = 108 [Hz
qul Hza = 20tHz
S
J
Sv=—>
A" kg
Ix = cdOst
mZ2
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CGS units

Base Units

cm (centimeter)length
coul (coulomb)charge

Angular Measure

rad = 1
Length

m = 1000cm

ft = 30.480cm

mi = 52800ft
Mass

kg = 10000gm

mg = 103 @Gm

_lb

°2= 16
Time

min = 60kec

yr = 365.24220day

Area, Volume
hectare= 18tm?
mL = cm3

Velocit y, Acceleration

h=m
mp hr

¢ = 2.9979257 180 (£
sec

Force, Ener gy, Power

dyne = ngm
se

kgf = g kg
cal = 4.1868116 [erg
watt = Loule

sec

gm (gram)mass
K (kelvin), temperature

- Tt
deg = 180Dad
km = 10000m
in = 2.540cm

tonne = 1000Q] kg
ton = 200001b

hr = 3600ec

acre= 4840 y4d
fl_oz = 29.57353] cri

km

kph = —

P hr
c_ = o
m

newton= 1@ Myne

erg = dyneldcm
BTU = 1.055060180 ®rg
kW = 10000watt

sec (secondjime

mm = 0.10cm
yd = 30t

Ib = 453.59237gm
slug = 32.1740b

day = 2400hr

liter = 1000tm3
gal = 128[l_oz

g = 980.665 -
sec

Ibf = gOb

joule = 107 [erg

kcal = 1000Ccal
hp = 550 t Obf
sec

CGS units
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Pressure, Viscosit y

pa= 107fYne

cm?
in_Hg = 3.386391 18 Pa

poise = 0.10Pa&l sec

Electrical

Ibf
in2
torr = 1.333220 18 [Pa

psi =

atm = 1.01325016 [(Pa

cm?
sec

stokes=

These are CGS-esu units, based only on mass, length, and time. The “stat” units are defined in

terms of dyne, cm, and sec.

statamp= dyn®5 ktm Osec?
statohm= seél cm}

statweber= dyn®5tm

Frequency

1
sec

GHz = 1P [Hz
Temperature

R = 0.5560K
Conversions to SI Units

c_
10
coul = ampOsec

amp = [ktatamp

statcoul= dyn&5m
statsiemenss crl set

stathenry= sectm?

kHz = 103[Hz

Hza = 201[Hz

volt = watt
amp
farad = <U!
volt

statvolt = dyné&->

statfarad= c¢cn

stattesla= dyn@5[km (kec?

MHz = 10° [Hz

ohm = Yolt
amp

henry = volt=s
amp
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U.S. Customar y Units

Base Units
ft (foot), length Ib (pound) mass sec (secondjime
coul (coulomb)charge K (kelvin), temperature

Angular Measure

rad = 1 _ T
deg = 180Dad
Length
in = ft m = it yd = 3t
12 0.3048
cm = 0.010m mi = 52800ft km = 10000m
mm = 0.0010m
Mass
slug = 32.17471b oz = 1o ton = 200000b
16
kg = b tonne = 1000Q] kg gm = 103 kg
0.45359237
mg = 103 @m
Time
min = 60sec hr = 3600Ckec day = 240hr
yr = 365.24227 day
Area, Volume
acre= 48401y4d hectare= 16m? fl_oz = 29.57353tm3
liter = 0.0350f mL = 10-3 Diter gal = 128Lfl_oz
Velocit y, Acceleration
mph = mi kph = km g-= 32.174Df—t
hr hr sec

Force, Ener gy, Power

Ibf = gOb newton= kg-™ dyne = 10> [hewton
sed
kgf = g kg joule = newtondm erg = 107 foule
cal = 4.18681joule kcal = 10000cal BTU = 1.055060 16 foule
watt = joule hp = 550 t Obf kW = 10000wvatt
sec sec
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Pressure, Viscosit y

psi = M pa = newton atm = 1.01325016 [Pa
in2 m2
in_Hg = 3.386018 (Pa torr = 1.333016 [(Pa cm?

stokes= =—
sec

poise= 0.10P&] sec

Electrical

volt = watt mV = 1073 Dvolt KV = 108 Dvolt
amp

ohm = volt mho = —L— siemens= ——
amp ohm ohm

Q = ohm KQ = 10%bhm MQ = 108 lbhm

henry = weber uH = 108 henry mH = 1073 Chenry

amp

amp = coul HA = 106 amp mA = 103 [amp
sec

KA =103 amp farad = coUl pF = 1012 Farad

volt
nF = 10° (farad UF = 10 farad weber = voltlsec
= 104
oersted= 1090 amp tesla= Weber gauss= 104 tesla
4 Ot m m2
Frequency
-1 kHz = 10°[Hz MHz = 108 [Hz
sec
GHz = 1P [Hz Hza = 201[Hz

Temperature

R = 0.5560K
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MKS Units

Base Units

m (meter))ength
coul (coulomb)charge

Angular Measure

rad = 1
Length

cm = 0.010m

ft = 0.30480m

mi = 52800ft
Mass

-3
gm = 10" [kg
mg = 103 @Gm
_lb

0z = 16
Time

min = 60sec

yr = 365.24220day

Area, Volume

hectare= 16m?
mL = 103 Oiter

Velocit y, Acceleration

mph = M
P hr

Force, Ener gy, Power

newton = ngﬂ
sed

kgf = g kg
cal = 4.18687joule
watt = Loule

sec

kg (kilogram),mass
K (kelvin), temperature

- Tt
deg = 180Dad
km = 10000m
in = 2.540cm

tonne = 1000Q] kg

ton = 200001b

hr = 3600ec

acre= 4840 y4d

fl_oz = 29.573531 crh

km
kph = —
P hr

dyne = 10°[hewton

joule = newtondm
kcal = 10000 cal
kW = 10000watt

sec (secondjime

mm = 0.001Cm
yd = 30t

Ib = 453.592371gym

slug = 32.1740b

day = 240hr

liter = (0.10m)3
gal = 128[l_oz

g = 9.806650— "
se@

Ibf = gOb

erg = 107 Joule
BTU = 1.05506016 foule

hp = s50CfLb!
sec

MKS Units
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Pressure, Viscosit y

pa = newton
m2

in_Hg = 3.38638] 18 Pa

poise= 0.10P&] sec

Electrical
volt = wait
amp
ohm = volt
amp
Q = ohm
henry = weber
amp
amp = coul
sec

kA = 103 Camp

nF = 10° Farad

_ 1000, am
oersted= 20 E%p

Frequency

4
sec
GHz = 1® [Hz

Temperature

R = 0.5560K

. _ |bf
si= —
P in2
torr = 1.333220 18 [Pa
mV = 103 Ovolt
1
mho = —
ohm
kQ = 103 bhm

uH = 108 henry
A = 108 Camp
coul

volt
UF = 10 Farad

farad =

tesla=

weber
2

kHz = 103 [Hz

Hza = 201[Hz

atm = 1.01325016 [(Pa

2
stokes= 104 -
sec

kV = 103 Ovolt
siemens= 1
ohm

MQ = 108 bhm
mH = 103 [henry

mA = 103 amp
pF = 1012 Farad

weber= voltlsec

gauss= 10 [tesla

MHz = 108 [Hz
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Predefined Variables

Pro

Pro

Mathcad’s predefined variables are listed here with their default starting values.

Constant=Value

m=3.14159...

e=2.71828...

0 = 10307

% =0.01

CTOL= 103

CWDr= “[system path]’
FRAME= 0
inn=0,out n=0

ORIGIN =0
PRNCOLWIDTH 8
PRNPRECISION= 4

TOL=1073

Meaning

Pi. Mathcad uses the valuemfo 15 digits. To typet, press
[Ctrl ][Shift ]p.

The base of natural logarithms. Mathcad uses the valte 15
digits.
Infinity. This symbol represents values larger than the largest real
number representable in Mathcad (abb®807 ). To typeress
[Ctrl J[Shift ]z
Percent. Use in expressions |ik@*% (appears a§0[% )orasa
scaling unit at the end of an equation with an equal sign.

Constraint tolerance used in solving and optimization functions:
how closely a constraint must be met for a solution to be considered
acceptable. For more information, see “Solving and Optimization
Functions” on page 157.

String corresponding to the working folder of the worksheet.
Counter for creating animation clips.

Input and output variablei®@ , inl , out0 , outl , etc.) in a
Mathcad component in a MathConnex system. Sed#teConnex
User’'s Guidefor details.

Array origin. Specifies the index of the first element in arrays.
Column width used in writing files wittwWRITEPRNunction.

Number of significant digits used when writing files with the
WRITEPRNunNction.

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 below shows how Mathcad interprets numbers (sequences of letters beginning
with a digit) that end with a letter.

Radix

Suffix Exam ple Meanin g
b,B 100001b Binary

h, H 8BCh Hexadecimal
o,0O 10070 Octal

Units and other

Suffix Exam ple Meanin g

iorj 4i, 1j, 3+ 1.5 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 Sl unit system
T 3600T Standard time unit

C 125C Standard luminosity unit in S| unit system

Note Because Mathcad by default treats most expressions involving a number followed immediately
by a letter to mean implied multiplication of a number by a variable name, you will need to
backspace over the implied multiplication operator to create expressiodsiMe
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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 bjCtrl ]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

Q

00 ZZZI>XRXR—"1ImMmb> X o>
_— 3O MM O X ™

O+ QO €E 466 0 =< T >» X

c

Fa,l
NXCuwuO-dmnwwW<oTVvVoenNnoO=sETZZIrX—OIMOUOOmD>PD

NIl <S4 ™M T €3

Note The Greek lettertis so commonly used that it has its own keyboard shoftetst: 1[Shift ]P.
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Arrow and Movement Ke ys

Keys

[1]
[4]
[-]
[-]

[Pgup]
[PgDn]

[Shift
[Shift

[Shift

[Shift

[Ctrl
[Ctrl
[Ctrl
[Ctrl
[Ctrl

[Ctrl
[Ctrl
[Ctrl
[Ctrl

I+]

I+]
I+
-]
-]
I

I Shift
I Shift
I Shift
I Shift

[Space]

[Tab]

[Shift ][Tab]

[PgUp]
[PgDn]
[Shift ][PgUp]
[Shift ][PgDn]

1011
1]
-1
-1

Actions

Move crosshair up. In math: move editing lines up. In text: move
insertion point up to previous line.

Move crosshair down. In math: move editing lines down. In text:
move insertion point down to next line.

Move crosshair left. In math: select left operand. In text: move
insertion point one character to the left.

Move crosshair right. In math: select right operand. In text: move
insertion point one character to the right.

Scroll up about one-fourth the height of the window.
Scroll down about one-fourth the height of the window.

In math: move crosshair outside and above expression. In text:
highlight from insertion point up to previous line.

In math: move crosshair outside and below expression. In text:
highlight from insertion point down to next line.

In math: highlight parts of an expression to the left of the insertion
point. In text: highlight to left of insertion point, character by
character.

In math: highlight parts of an expression to the right. In text: highlight
to right of insertion point, character by character.

In text: move insertion point to the beginning of a line.

In text: move insertion point to the end of a line.

In text: move insertion point left to the beginning of a word.
In text: move insertion point to the beginning of next word.

Insert a hard page break. In math: insert addition with line break
operator. In text: set the width of the text region.

In text: highlight from insertion point up to the beginning of a line.
In text: highlight from insertion point to end of the current line.

In text: highlight left from insertion point to the beginning of a word.
In text: highlight from insertion point to beginning of the next word.
In math: cycles through different states of the editing lines.

In text: moves the insertion point to the next tab stop. In math or plot:
move to next placeholder.

In math or plot: move to previous placeholder.
Move 80% up the window.

Move 80% down the window.

Move up to previous pagebreak.

Move down to next pagebreak.
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[Homq

[End]
[Ctrl J[Homq

[Ctrl J[End]

(]

Function Ke ys

Keys
[F1]
[Shift J[F1]
[F2]

[F3]

[F4]

[Ctrl ][F4]
[Alt J[F4]

[F3]

[Ctrl ][F5]
[Shift ][F5]
[F6]

[Ctrl ][F6]
[Ctrl ][F7]
[F7]

[F9]

[Ctrl ][F9]

[Ctrl ][F10]

Move to beginning of previous region. In text, move to beginning of
current line.

Move to next region. In text, move to end of current line.

Scroll to beginning of worksheet. In text, move insertion point to
beginning of text region or paragraph.

Scroll to end of worksheet. In text, move insertion point to end of text
region or paragraph.

In text: start new line. In equation or plot: move crosshair below
region, even with left edge of region.

Actions

Help.

Context sensitive help.

Copy selected region to clipboard.
Cut selected region to clipboard.
Paste contents of clipboard.
Close worksheet or template.
Close Mathcad.

Open a worksheet or template.
Search for text or math characters.
Replace text or math characters.
Save current worksheet.

Make next window active.

Inserts the prime symbol ().

Open a new worksheet.
Recalculate a selected region.
Inserts blank lines.

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,Ctrl ]S], copying, Ctrl ]C], and pasting,§trl ]V]. Choose
Preferencesfrom theView menu and check “Use standard Windows shortcut keys” on the
General tab to enable all Windows shortcuts.
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ASCI| codes

Decimal ASCII codes from 32 to 255. Nonprinting characters are indicateaplay “
Code Character Code Character Code Character Code Character Code Character

32 [space] 80 P 130 , 182 ¢ 230 e
33 [ 81 Q 131 f 183 - 231 ¢
34 82 R 132, 184 232 @
3%  # 83 S 133 ... 185 t 233 @
36 % 84 T 134 ¢ 186 ° 234 @&
37 % 85 U 135 % 187 » 235 &
38 & 86 V 136 ° 188 v 236 i
39 87 W 137 %o 189 1 237 i
40 ( 88 X 138 S 190 % 238 1
41 ) 89 Y 139  « 191 ¢ 239 i
42 > 90 Z 140 E 192 A 240 8
43+ 91 [ 141-4npc 193 A 241§
44 , 92\ 145 ¢ 194 A 242 9
45 - 93 ] 146 195 A 243 6
46 . 94 A 147 ¢ 196 A 244 8
47 |/ 95 148 197 A 245 §
48 0 96 149 . 198 &£ 246 ©
49 1 97 a 150 - 199 ¢ 247  +
50 2 98 b 151 — 200 E 248 g
51 3 99 ¢ 152 ~ 201 E 249 U
52 4 100 d 153 ™ 202 E 250 U
53 5 101 e 154 § 203 E 251 @
54 6 102 f 155 > 204 i 252 i
55 7 103 g 156 oe 205 i 253y
56 8 104 h 157-&pc 206 1 254 b
57 9 105 i 159 Y 207 1 255
58 : 106 160 npc 208 P

59 : 107 k 161 209 N

60 < 108 | 162 ¢ 210 O

61 = 109 m 163 £ 211 O

62 > 110 n 164 = 212 O

63 7 111 o 165 ¥ 213 O

64 @ 112 p 166 ! 214 O

65 A 113 q 167 § 215  x

66 B 114 168 216 @

67 C 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 p

73 [ 121y 175 ~ 223 B

74 122 z 176 ° 224 A

75 K 123 { 177+ 225 &

76 L 124 | 178 2 226 a

77 M 125 } 179 3 227 &

78 N 126 ~ 180 228 &

79 O 127-9npc 181 229 &
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| ndex

U (Enter key) 2
[ (integral) 136, 299
— (symbolic equal sign) 246
% (vector cross product) 130, 299
> (vector sum) 130, 299
— (vectorize operator) 130, 201, 298
> and[] (summation and product) 130, 299
| (factorial) 123, 298
% 98, 298, 311
() (parentheses) 48
+ (with line break) 300
+, -, -, and / 125, 300
:= (definition) 13, 97
<, >, <, 2 (inequalities) 125, 300
= (Boolean equal) 126, 300
= (evaluating expression) 14, 99
| - | (determinant) 130, 299
| - | (magnitude/absolute value) 130, 299
oo (infinity) 98, 311
# (not equal to) 126, 300
V (square root) 125, 299
3D Plot Format dialog box 234
aborting calculations in progress 118
absolute value 127, 299
accessing Mathcad from other applications 294
acosfunction 146
acoshfunction 146
ActiveX 292, 294
adaptive smoothing of data 173
addition 125, 300
Ai andBi Bessel functions 147
Airy functions 147
algorithms
Seenumerical methods
aligning
output tables 199
regions 79
text 60
and 125
anglefunction 145
Animate command 119
animation
compressing AVI files 120
creating 119
playback 120
saving 119
saving with worksheet 121
speed 119-120

antisymmetric tensor function 148
APPENDfunction 188
APPENDPRNunction 188
approximations
Minerr function 160
root of expression 157
area
collapsing 85
deleting 87
inserting 85
locking and unlocking 85
naming 85
password protecting 85
arg function 148
arguments
of functions 104
arrays
calculations by element 201
copying and pasting 199
creating 35, 191
defining with range variables 192
displaying in results 198
exporting data from 203
extracting a row or column 197
extracting a subarray 154
functions for 152
graphical display of 202
importing data into 193, 196
nested 111, 204
operators for 127
ORIGIN used with 197
See alsanatricesand vectors
arrow keys, for editing 9, 314
ASCII codes
entering in strings 36
table 316
asinfunction 146
asinhfunction 146
assume keyword 249
assume keyword modifier 251
atanfunction 146
atan2function 146
atanhfunction 146
augmenffunction 153, 155
Auto (on status bar) 117
automatic calculation mode 117
autoscaling of axis limits 217
AutoSelect
in numerical integration 136
in solving 162
overriding 137, 163

Index
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AVI files
compression 120
creating 119
hyperlinking from worksheet 121
playback 120
Axum component 283
Axum graphs in Mathcad 214
Axum LE 214
background color 82
bar plots (3D)
formatting 234
base 10 logarithm 147
baseb logarithm 147
base of results (decimal/hex/octal/binary) 111
base units 113
bei andber Bessel functions 147
Bessel functions 147
Bessel Kelvin functions 147
binary numbers 34, 111
bitmaps
color palettes 70
copying from the Clipboard 69
creating pictures from 68
functions for reading 189
blank lines, inserting or deleting 80
blank pages in printouts 94
blank space between regions 10
BMP files 68, 84, 189
bookmarks 26
Boolean operators 125, 127, 148, 161
border around a region 10
boundary value problems 183
break statement 273
breaking equations 255, 300
bsplinefunction 167
B-splines 167-168
built-in functions
listed by type 143
symbolic only 301
built-in variables 98
bulleted paragraphs 60
business functions 173
bvalfit function 185
CAD drawings 286
Calc on message line 118
calculation 14
controlling 117
disabling for individual equation 118
equations 14, 99, 110
interrupting 118
locking area 85

order in worksheets 99
restarting after interrupting 118
units in 113
calculator, using Mathcad as 12
calling Mathcad from other applications 294
ceil function 149
Celsius 109, 116
CFFT function 150
cfft function 150
CGS units 114, 305
characters, deleting or inserting in math 43
Chi function 301
choleskyfunction 156
Ci function 301
Clipboard 49, 255
closing a worksheet 20
closing Mathcad
Seeexiting Mathcad
CMP (colormap) files 190
cnormfunction 166
cnperfunction 173
coeffs keyword 247-248
Collaboratory 22, 28
collapsing an area 86
collect keyword 248
colon (:) as definition symbol 13, 97
color
Electronic Book annotation 24
equation highlight 82
in equations 52
in text 59
of worksheet background 82
color images
displaying 67
reading 189
color palettes for bitmaps 70
colormap files 190, 236
colsfunction 152
column vectors
Seevectors
combinfunction 149
combinatorics functions 149
common logarithm 147
complementary error function 149
complex conjugate 127, 298
complex keyword 247-248
complex numbers
conjugate 127
determining angle 127
display of 111
entering 34
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imaginary unit symbol 111

magnitude of 127

operators and functions for 127, 149

real and imaginary parts 127

vector field plots 232
complex threshold 111
Component Wizard 281
components

inserting 281

overview of 280
compounding periods 173
computing results 14, 99, 104
concatfunction 187
condlandcond2functions 153
condeandcondifunctions 153
condition number of matrix 153
conditional

functions 148, 188

statement 269
conjugate (complex) 127, 298
constants

changing the font style of 51

See alsmumbersand predefined variables

constraint

in solve blocks 161

tolerance 162
context menu

Seepop-up menu
continue statement 273
contour integrals 138
contour plots

creating 231

formatting 234

See alsglots, 3D
convert keyword 249, 254
Convert to Partial Fraction command 254
converting to partial fractions 249
copy and paste 10, 71, 116
copying

expressions 49

from Electronic Book 25

regions 10

results 116
corr function 163
cosfunction 145
coshfunction 146
cosine ¢o9 function 187
cosine integral 301
cot function 145
cothfunction 146
covariance 163

crate function 173
CreateMesHunction 154
CreateSpacéunction 154
creating
2D plots 207
3D plots 223
contour plots 231
Electronic Books 89
hyperlinks 87
pop-up window 87
surface plots 225, 227-228
text regions 55
vector field plots 232
worksheet templates 75
cross product 130, 299
crosshair for insertion 10
cscfunction 145
cschfunction 146
csignfunction 148
csortfunction 157
csplinefunction 167
CTOL variable 162, 311
cube root 112, 299
cubic spline interpolation 167
cumintfunction 174
cumprnfunction 174
cumulative distribution functions 164
cumulative interest paid 174
cumulative principal paid 174
curve fitting
functions for 169
polynomial 169-170
using cubic splines 167
curves, finding area under 136
custom operators 140
cvar function 163
o function 148
d/dx
Seederivatives
dashed selection rectangle 10
data
entering into a table 195
graphing 214
data files
exporting from an array 204
functions for reading and writing 188
importing data from 196
reading data from 193
reading into a matrix 193
writing from an array 203
data input 196
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date in header or footer 84
dbetafunction 165
dbinomfunction 165
dcauchyfunction 165
dchisgfunction 165
debugging a worksheet 121
decimal places

in displayed results 111

internal precision 110
decimal points

numerical calculation 111

symbolic calculation 247
decomposition

matrix 156

partial fraction 247

singular value 157
default formats

2D plots 218

3D plots 234

numerical results 110

template 75

worksheet layout 75
defining

complex numbers 34

functions 104

global variables 100

local variables in program 268

multiple definitions of variable 100

numbers 33

operators 140

programs 267

range variables 102

See als@reating

strings 35

units 109, 113

variables 13, 97
definite integral 258
definition symbol (:=) 13, 97
degrees, converting to radians 116, 145
deleting

blank lines 80

characters in math 43

equations 11

hard page breaks 83

hyperlinks 88

operators 46

parentheses 49

parts of an expression 50

regions 11

text 55
delta function 148, 301

derivatives 133, 299
higher order 135
symbolic 256
determinant 130, 262, 299
device-independent bitmap 69
dexpfunction 165
dF function 165
dgammafunction 165
dgeomfunction 166
dhypergeoniunction 166
diagonal matrixdiag) function 152
dialects (spell-checker) 66
DIB
Seedevice-independent bitmap
dictionaries (spell-checker) 66
differential equations 176
higher order 177, 179
partial 186
second order 177, 179
slowly varying solutions 182
smooth systems 182
stiff systems 182
systems 180
differentiation
Seederivatives
differentiation variable 133, 135
digammafunction 302
dilog function 301
dilogarithmic integral 301
dimensions 108
Dirac delta function 301
disabling equations 64, 118
display of arrays 198
display of operators 124
displayed precision
Seedecimal places
distribution functions 164
division 125, 299
dinormfunction 166
dlogis function 166
dnbinomfunction 166
dnormfunction 166
dot product 129
double integrals 139
Down One Level command 205
dpoisfunction 166

drag and drop 10, 25, 50, 71, 73, 116, 242

dragging regions 10

drawings
Seepictures

dt function 166
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dunif function 166
dweibullfunction 166
€ function 148
e, base of natural logarithms 98, 311
Edit Go to Page command 9
Edit Links command 73
editing equations
annotated example 42
applying an operator 43
changing a number 43

changing a variable or function name 43
compared to word processors 42

deleting an operator 46
deleting parentheses 49
deleting parts of expression 50
inserting an operator 44

making expression an argument to a function 49

moving parts of an expression 49
moving/rearranging equations 79

editing lines 16, 42
eff function 174
effective annual interest rate 174
Ei function 301
eigenvalues 155-156
eigenvectors 155-156
Electronic Book
browsing history 24
copying information from 25
creating 89
moving around in 23, 26
searching for information in 24
toolbar 23, 26
Electronic Books 21, 87, 89
Email 28, 95
endpoints for ranges 103
engineering notation 111
Enter key 2
epsilon function 148
equal sign (=)
as Boolean operator 300
in numerical calculations 99
in solve blocks 159

symbolic calculations 246, 259-260

equality constraints 161
equations

as constraints in solve blocks 161

breaking 255, 300

calculating results 14, 99

color 52

disabling calculation for 64, 118
dragging and dropping 50

effect of range variables in 103
errorsin 121

font 51

global definitions 100

in text 63

locking in area 85

order of evaluation 99, 117

processing and calculating 13, 117

properties 64, 118
solving for root 157
solving symbolically 259-261
solving with solve blocks 159
styles 51
units in 106
variable definition 97
wrapping 300
erf function 149, 301
erfc function 149
ERR variable andlinerr 162
error (rf) function 149-150, 301
error messages
correcting 122
custom 187
in equations 121
in programs 276
tracing the source of 121
with units 108
error string function 187, 276
Euler’'s constant 301
Evaluate Complex command 254

Evaluate Floating Point command 247, 254

Evaluate in Place option 255

Evaluate Symbolically command 254

Excel
calling Mathcad from 295
Excel component 284
reading an Excel data file 193
writing data to an Excel file 203
exclusive or 125
exiting Mathcad 20
expfunction 147
Expand command 254
expand in series 248
expand keyword 247-248, 254
expand nested arrays 111
Expand to Series command 247
Expert Solver 159, 163
expfitfunction 170
exponent 125, 298
exponential
function 147

Index
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integral 301
notation, entering 34
notation, in displayed results 111
threshold 111
exporting
worksheets as HTML 77
worksheets as RTF 76
exporting data 203
expressions
applying a function to 49
converting to partial fractions 254
correcting errors in 122
deleting parts of 50
error messages in 121
evaluating 99
expanding 247, 254
factoring 247
finding the coefficients of 247
moving parts of 49
on multiple lines 300
selecting several 79
simplifying 254
symbolic evaluation of 246-247
Extending Mathcad in the Resource Center 22
Extension Packs 143
F (function) keys, table of 315
@ function 148
Factor command 254
factor keyword 247-248
factorial (1) 125, 298
Fahrenheit 109, 116
fast Fourier transform 150
FFT function 151
fft function 150
fhyperfunction 149
file access functions 188
File Read/Write component 193, 203
File Send command 95
files
opening 76
reading data from 188, 193
saving 19
See alsalata files
See alsavorksheets
writing data to 188
filters
for exporting data 203
for importing data 193
finance functions 173
Find function 159-160, 261
first order differential equation 178

float keyword 247-248
floor function 149
font
changing in header or footer 84
changing in math 51
changing in text 58
footers 84
for loop 271
Format Header/Footer command 84
Format Properties command 64
Format Style command 61
formatting
2D plots 216
3D plots 234
numbers in matrices 199
operators 124
results 110
symbolic 255
worksheets 83
Formatting toolbar 8
math styles 52
text styles 61
fourier keyword 247, 249, 263
Fourier transforms
numeric functions 150
symbolic 247, 249, 263
FRAME for animation 119
Fresnel cosine integral 301
Fresnel sine integral 301
FTP 28
functions
applying to an expression 49
built-in 143
business 173
colormap 190, 236
combinatorics 149
complex arithmetic 127
defining 16, 104
error message 187
file access 188
finance 173
Fourier transform 150
hyperbolic 146
inserting 143
interpolation 167
inverse trigonometric 146
log and exponential 147
matrix decomposition 156
number theory 149
optimization 157
piecewise continuous 148, 188
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population statistics 163
prediction 167
probability distribution 164
recursive 106
regression 169
See alsduilt-in functions
smoothing 172
solving 157
special 149
statistical 163
string manipulation 187
symbolic calculation 301
tensor 148, 187
that take vector arguments 152
to combine arrays 153-154
to compute angle to a point 148
to create arrays 154
to find roots of expressions 157
to manipulate strings 187
trigonometric 145
uniform polyhedra 190
user-defined 36, 104
vector and matrix 152
future value calculations 174
fv function 174
fvadjfunction 174
fvc function 175
gamma (Euler’s constant) 301
gammafunction 149
Gaussian distribution 166
gcdfunction 149
generalized
eigenvalues 155
eigenvectors 155
inverse of a matrix 152
regression 171
genfitfunction 171
geninvfunction 152
genvalsfunction 155
Given in solve blocks 159, 261
global definitions 100
gmeanfunction 163
Gopher 28
graphics, inserting 67
graphing
data 212
expressions 211
functions 211, 224
in 2D 207
in 3D 223
uniform polyhedra 190

vector 212
graphs

Axum 283

creating 17, 190, 223

formatting 18

resizing 18

See alsoplots, 2D or plots, 3D

S-PLUS 288
greater than 125
greater than or equal to 125
greatest common divisor 149
greatest integer function 149
Greek letters

in equations 37

in text 57

table of 313
Greek toolbar 38, 57, 313
guess

for root finding 157

for solve blocks 159
guidelines for aligning regions 80
hard page breaks 83
HBK file for an Electronic Book 90
HBK files 22
headers and footers 84
heaviside step function 148
Help

context-sensitive 26

on-line 26

See alsdresource Centemdtechnical support

Her function 149
hexadecimal numbers 34, 111
highlighting equations 82
histfunction 164
histograms 164
history of browsing in Electronic Book 24
hmeanfunction 164
HTML 25, 77
HTTP 28
hyperbolic cosine integral 301
hyperbolic functions 146
hyperbolic sine integral 302
hyperlinks
and relative paths 88
deleting 88
editing 88
to other file types 89
to worksheets 87
Hypertext Mark-up Language
SeeHTML
i (imaginary unit) 34
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10, 11, andIn Bessel functions 147
ibetafunction 149
ICFFT function 150
icfft function 150
identity function 152
identity matrix 152
if function 148, 188
if statement 269
ifft andicfft functions 150
IFFT function 151
Im function 148
image file

BMP format 68, 189

in headers and footers 84
imaginary numbers

entering 34

symbol for 34, 111
imaginary value 111
implied multiplication 42, 108, 312
importing data 193, 196
impulse function 148
incompatible units (error message) 108
increments for ranges 103
indefinite integral 258
indented paragraphs 60
index for an Electronic Book 91
index variables

Seerange variables
inequalities 125, 300

as constraints in solve blocks 161
infinity (o) 37, 98, 311
in-line division 129
inner product 129
in-place activation 71, 282
Input Table component 195-196
input to a component 281
Insert Area command 85
Insert Function command 143
Insert Hyperlink command 87
Insert key 44, 56
Insert Link command 87
Insert Math Region command 63
Insert Matrix command

to create array 35, 191

to resize array 192
Insert Object command 10, 71, 116
Insert Reference command 87, 279
Insert Unit command 108, 113
inserting

blank lines 80

characters 43

equations in text 63
functions 49
graphic objects 71
graphics computationally linked 74
hyperlinks 87
math region 63
minus sign in front of expression 47
parentheses around expression 48
pictures 67
text 55
units 108
worksheet 279
insertion point 12
installation instructions 5
integral transforms
Fourier 247, 263
Laplace 247, 263
z 247, 263
integrals 136, 299
algorithms 136
AutoSelect 136
contour 138
double 139
indefinite 258
symbolic evaluation of 258
tolerance 138
variable limits 137
integration
adaptive 137
improper endpoints 137
infinite limits 137
Romberg 137
IntelliMouse support 9, 244
interceptfunction 169
interest rate 174
interest rate calculations 173
internal rate of return 176
International System of units (SI) 114
Internet
access 27
Collaboratory 28
Web browsing 25
Internet Explorer
SeeMicrosoft Internet Explorer
Internet setup 28
interp function 167
interpolation
cubic spline 167
functions 167
linear 167
interrupting calculations in progress 118
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inverse
cumulative distributions 164
Fourier transform 247, 249, 263
hyperbolic functions 146
Laplace transform 247, 249, 263
matrix 130, 298
trigonometric functions 146
wavelet transform 152
z-transform 247, 249, 263

invfourier keyword 247, 249, 263

invlaplace keyword 247, 249, 263

invztrans keyword 247, 249, 263

ipmt function 175

irr function 176

IsArray function 187

IsScalarfunction 187

IsStringfunction 187

iterated product 130, 299

iterated sum 130

iteration
in programs 270
with range variables 15

iwavefunction 152

j (imaginary unit) 34

JO, J1, andJn Bessel functions 147

Jacfunction 150

Jacobian matrix 182

JavaScript 292

js andys spherical Bessel functions 147

JScript 292

KO, K1, andKn Bessel functions 147

keywords, symbolic 247-250

Kronecker’s delta function 148

ksmoothfunction 173

kurt function 164

Lag function 150

Lambert’sW function 302

laplace keyword 247, 249, 263

Laplace transforms 247, 249, 263

Laplace’s equation 186

last function 152

Laurent series 247

lcm function 149

least common multiple 149

least integer function 149

left inverse of a matrix 152

Legfunction 150

lengthfunction 152

less than 125

less than or equal to 125

Igsfit function 170

limits, evaluating 124, 259
line break
in equation 300
in text 56
line function 169
linear
interpolation 167
prediction 167
programming 159
regression 169
system solver and optimizer 159
systems of differential equations 180
systems of equations 156, 159
linfit function 171
link
See alsdyperlinks
to objects 71
to other worksheets 87, 279
linterp function 167
literal subscripts 39
In (natural log) function 147
LoadColormapfunction 190, 236
local result format 17
lockable area
Seearea
locked calculations 85-86
locking and unlocking an area 85
loessfunction 169
log function 147
logarithms and exponential functions 147
logfit function 170
logical operators
SeeBoolean operators
long equations 255, 300
looping
for loop 271
while loop 272
Isolvefunction 156
Isplinefunction 167
lu function 156
magnitude
complex numbers 127, 299
vector 130
mailing worksheets 95
manual mode 117
margins 83
Math Optimization command 266
Math Options command 98
math styles
applying 52
Constants 51
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editing 51
saving 53
Variables 51

Math toolbar 8, 38
Mathcad

accessing from other applications 294

Mathcad 6, 7, or 8 77

Mathcad Document object model 295
Mathcad OLE automation objects 294
Mathcad Overview 22

Mathcad Web Libary 22

MathConnex 291

MathSoft

contacting 6

MathSoft home page 25
MATLAB component 291
matrices

adding/deleting rows or columns 192
as array elements 204
calculations by element 201
combining 153-154

condition number 153
creating 35

creating from bitmaps 189
creating with components 281
decomposition functions 156
defining by formula 192
defining with two range variables 192
definition of 35, 191
determinant 130, 262, 299
displayed as pictures 67
displayed as scrolling output tables 198
extracting a column 196
extracting a submatrix 154
extracting elements 196
functions for 152

inverting 130, 298

limits on size 191, 199

matrix arithmetic 129

norm 153

norm of 153

numbering elements 197
operators for 127

ORIGIN used with 197
plotting in contour plot 231
plotting in surface plot 228
raising to a power 298

rank 153

See alsarrays

singular values 157

sorting by row or column 157

special characteristics 153
start with row and column zero 197
subscripts 196
trace 153
transpose 130, 298
Matrix Determinant command 262—-263
Matrix display style 111
matrix function 154
Matrix Invert command 263
matrix subscript 298
Matrix Transpose command 262-263
maxfunction 152
Maximizefunction 160
MCD file 75
MCT file 75
mean
arithmetic 164
geometric 163
harmonic 164
meanfunction 164
measurement for the ruler 80
medfitfunction 169
medianfunction 164
metafile 69
mhyperfunction 150
Microsoft Internet Explorer 22, 25, 292
Microsoft Office 73, 284
min function 152
Minerr function 160, 162
Minimizefunction 160
minus sign
for negation 125, 298
inserting in front of expression 47
MIP
Seemixed integer programming
mirr function 176
mixed integer programming 163
MKS units 114, 309
modfunction 149
mode
Seeautomatic mode, manual mode
modefunction 164
moving
crosshair 10, 314
editing lines 43, 314
insertion point 43, 314
regions 10
multigrid function 187
multiple integrals 139
multiple roots
finding with polyroots158
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finding with solve blocks 162
multiple summations 131
multiplication 42, 299

implied 42, 108, 312
multivalued functions 112
names of variables and functions 36
natural logarithm 147
negating an expression 47, 298
nested arrays

defining 204

displaying 204

expanding 111, 205
new features in Mathcad 4
nomfunction 174
nominal interest rate 174
nonlinear systems of equations 159
nonscalar value (error message) 102
norm

of matrix 153

of vector 130, 299
normlandnorm2functions 153
normal distribution 166
normeandnormi functions 153
not 125
not converging (error) 138
not equal to 125
notation in thisUser's Guidel
nper function 173
npvfunction 176
nth order derivative 135
nth root 125, 299
numa2strfunction 187
number format

Seeresult format
number theory functions 149
numbered paragraphs 60
numbers 33

binary 34, 111

complex 34

decimal 111

displayed as zero 111

exponential notation for 34, 111

format for computed results 110

formatting 16, 110

hexadecimal 34, 111

imaginary 34

octal 34,111

radix (base) for results 111

rounding 149
numerical methods

differentiation 133, 135

integration 136
root finding 158
solving and optimization 162
object linking and embedding
SeeOLE
object model, Mathcad Document 295
objects
embedding 71
linking 71
octal numbers 34, 111
odesolvefunction 177
OLE
automation 292, 294
drag and drop 73
editing links 73
in-place activation 71, 73, 282
scripting objects 293
via components 280
on error statement 275
on-line resources 21
OpenGL 223
opening worksheets 76
operator placeholder 47
operators
Boolean 125
changing the display of 124
customizing 140
defined 39
deleting 46
derivative 133, 256
for complex numbers 127
for vectors and matrices 127
indefinite integral 258
inserting 44
integral 136
iterated product 130
iterated sum 130
logical 125, 148
nth order derivative 135
replacing 47
symbolic 124
table of 298
toolbars 8, 123
vector sum 132
Optimize Palette command 70
optimizers 159
or 125
or, exclusive 125
order
of derivative 135
of polynomial regression 169
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of worksheet evaluation 100
ORIGIN variable 98, 197
output from a component 281
output table 198

alignment 199

resizing 199

versus matrix display style 111
overlapping regions 81
overtyping text 56
overview of Mathcad features 4, 22
page

breaks, inserting and deleting 83

headers and footers 84

length 83

numbering 84
Page Setup dialog box 83, 93
palettes, color, for bitmaps 70
paragraphs 55

bullets 60

hanging indent 60

indenting 60

numbers 60

properties 59

tab stops 60

text alignment in 60
parametric surface plots

creating 229-230

See als@lots, 3D
parentheses

deleting from expression 49

inserting into an expression 48
partial differential equations 186
partial fractions 247
password protecting an area 85
Paste command 11, 72
Paste Special command 11, 69, 72
pasting

bitmaps 69

device-independent bitmaps 69

from Clipboard 49, 69

metafiles 69

OLE objects 11, 72
payment calculations 175
pbetafunction 165
pbinomfunction 165
pcauchyfunction 165
pchisgfunction 165
Pearson’s correlation coefficient 163
pending computations 117-118
percent 98, 311
permutfunction 149

permutations 148
personal

dictionary (spell-checker) 66
QuickSheets 141

pF function 165
pgammafunction 165
pgeomfunction 166
phypergeoniunction 166

pi ([, product symbol) 130

pi (3.14159...) 43, 98, 311, 313
picture operator 67, 203
pictures

border on 70

creating from bitmap file 68
creating from matrix 68

creating using SmartSketch 286
formatting 70

importing into an array 189
pasted from Clipboard 69
resizing 70

Piecewise 148

piecewise continuous functions 148
placeholder 12, 33

placeholder for an operator 47
Playback command 120
plnormfunction 166

plogis function 166

plots 3D

graphing functions 224

plots, 2D

autoscaling of axis limits 217
changing perspective 220
copying format from existing plot 218
creating 208

default formats 218-219
formatting 216

graphing expressions 209
graphing functions 209
graphing vectors 213
multiple traces on 210

of data 214

QuickPlot 18

read-out of coordinates 221
reference lines in 218
resizing 18

setting axis or data limits 217
setting default formats 219
Show Markers 218

titles and labels 216

traces on 210

tracing coordinates on 221
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zooming 220
plots, 3D 223

3D Plot Format dialog box 235

3D Plot Wizard 224

annotations 241

backplanes 235

color 236, 240

colormaps 236-237

contour lines 238

contour plots 231

converting 241

creating 223

examples 224, 228

fill color 236

filling contours 237

fog 234

formatting 234

graphic annotations on 241

lighting 240

line color 239

lines 238

multiple plots on 233

OpenGL graphics 223

parametric surface plots 229-230

point color 240

point symbols 240

QuickPlot 224

resizing 18

rotating 243

space curves 227

spinning 244

surface plots 225, 227-228

text on 241

titles 236

uniform polyhedra 190

vector field plots 232

wireframe 238

zooming 243-244
pmtfunction 175
pnormfunction 166
Poisson’s equation 186
polar plots

creating 208

formatting 216

See als@lots, 2D
polygamm&function 302
polyhedra 190
Polyhedronfunction 190
PolyLookupfunction 190
polynomial

finding the roots of 158

regression 169-170
Polynomial Coefficients command 247
polyrootsfunction 157-158
population standard deviation 164
population statistics 163
population variance 164
popup hyperlink 87
pop-up menu

3D plots 242

animation playback 120

component 282

Excel component 285

Input Table component 195

integration 137

MATLAB component 291

Scriptable Object component 294

SmartSketch component 286

solving 163

S-PLUS Graph component 289

S-PLUS Script component 290

Web browsing 26
pop-up window, creating 87
power 125, 298
ppmtfunction 175
ppoisfunction 166
precision, internal 110
predefined variables 98
predictfunction 167
prediction, linear 167
present value calculations 176
principal branch of function 112
Print Preview command 94
printing 20, 93

and calculation of worksheet 118

and pagination 84

blank pages in 83, 94

color 82

print preview 94

wide worksheets 93
PRNCOLWIDTH variable 98, 311
PRNPRECISION variable 98, 311
probability distributions 164
processing equations 13, 117-118

results of 117
product 130, 299

cross product 130

dot product 129

iterated 130
programs 267

adding lines 267

break statement 273
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continue statement 273
controlling or interrupting 272
defining 267

error handling 274

error messages in 276

for loop 271

generating symbolic results 269

if statement 269
local assignment 267
looping 270
nested 276
on error statement 275
output of 267
recursion 278
return statement 274
statements 267
subroutines 276
symbolic evaluation of 269
while loop 272
properties
of components 282
region 81
proxy server 28
Psifunctions 302
psplinefunction 167
pt function 166
punif function 166
pv function 176
pweibullfunction 166
pwrfit function 170
gbetafunction 165
gbinomfunction 165
gcauchyfunction 165
gchisgfunction 165
gF function 165
ggammafunction 165
ggeomfunction 166
ghypergeonfunction 166
glnormfunction 166
glogis function 166
gnormfunction 166
gpoisfunction 166
gr function 156
gt function 166
quadratic equation solving 163
QuickPlot 18, 209, 224
QuickSheets 21
See alsdresource Center
storing custom operators 141
qunif function 166
gweibullfunction 166

radians
converting to degrees 116, 145
trig functions 145
radix of displayed results 111
range variables
array calculations with 201
creating arrays with 192
defining 15, 102-103
fundamental principle for 103
how Mathcad evaluates equations with 103
setting endpoints and increments 103
rank function 153
rater function 173
rbetafunction 165
rbinomfunction 165
rcauchyfunction 165
rchisq function 165
Refunction 148
READ_BLUEfunction 189
READ_GREENunction 189
READ_HLSunction 189
READ_HLS HUBEunction 189
READ_HLS LIGHTunction 189
READ_HLS_ SAfTunction 189
READ_HS\function 189
READ_HSV_HUHunction 189
READ_HSV_SAfunction 189
READ_HSV_VALUEunction 189
READ_IMAGEfunction 189
READ_REDfunction 189
READBMPfunction 189
reading a data file 193
READPRNfunction 188
READRGBfunction 189
recursion 106
reduced-row echelon form 152
reference tables in the Resource Center 22
references
and relative paths 280
to other worksheets 279
regions 10
aligning 79
blank space between 10
copying 10
deleting 11
dragging 10
dragging across documents 11
equation 10
locking 85
moving 10
overlapping 81
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putting borders around 10

separating 81

text 55

unlocking 86

viewing 10, 81
regressfunction 169
regression

functions 169

generalized 171

linear 169

localized 170

multivariate 170

polynomial 169-170

using linear combinations of functions 171

relational operators 148
relative paths
for hyperlinks 88
for references 280
relax function 186
Repaginate Now command 84
replacing characters in math or text 65
replacing operators 47
reports
for a solve block 163
resizing
graphs 18
pictures 70
Resource Center 21
accessing worksheets on Web 25
bookmarks 26
Mathcad Web Library 22
Web browsing in 25
resources, on-line 21
result format 110
results
calculating 14
calculating with equations 99, 110
complex 112
copying 116
formatting 110
units and dimensions in 113
wrapping 255
return statement 274
reversefunction 157
rF function 165
rgammafunction 165
rgeomfunction 166
rhypergeonfunction 166
rich text format (RTF) 76
right page margin 83
rkfixed function 178

rinorm function 166
rlogis function 166
rnd function 166
rnorm function 166
root function 157
roots
finding 157
finding multiple with solve blocks 162
finding symbolically 259
numerical approximations used 158
of polynomials 158
roundfunction 149
rounding numbers 149
row vectors
Seevectors
rows function 152
rpois function 166
rref function 152
rsort function 157
rt function 166
RTF file 75
See alsaich text format
ruler
for formatting a worksheet 79
for formatting text 60
runif function 166
rweibull function 166
sample standard deviation 164
sample variance 164
Save As dialog box 19
SaveColormapunction 190, 236
saving
new file 19
templates 78
worksheets 19, 75
sbvalfunction 184
scalar
addition 129
definition of 35, 191
division 129
multiplication 129
scatter plots (3D)
formatting 234
See als@lots, 3D
scientific notation 111
Scriptable Object component 292
object model 293
search
Electronic Book 24
in equations 64
in text 64
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Search Book command 24
searchfunction 187
secfunction 145
sechfunction 146
second derivatives, calculating 135
second order differential equations 179
selecting
graphs 18
math expression 45
page break 83
regions 10
text 56
selection rectangle 10
semicolon, in range variable definitions 102
Separate Regions command 81, 84
separating overlapping regions 81, 84
series 247
series keyword 248
Shifunction 302
Show Border option 70
Sifunction 302
sigma (summation symbol) 130
for vector 130
signfunction 148
signumfunction 148
Simplify command 254
simplify keyword 248, 254

simultaneous equations, solving numerically 156, 159

sin function 145
sine integral 302
sinfit function 170
singular value decomposition 157
sinhfunction 146
skewfunction 164
slopefunction (linear regression) 169
SmartSketch component 74, 286
smooth systems (differential equations) 182
smoothing of data 172
soft page breaks 83
solve blocks 159, 177
constraints in 161
definition of 159
expressions allowed in 161
finding multiple solutions 162
Givenin 159
reports for 163
tolerance 162
using to solve differential equations 177
using to solve numerically 159
using to solve symbolically 261
values returned by 160

solve keyword 248, 259-260

Solving and Optimization Extension Pack 159

solving equations 159
AutoSelect of algorithm 162
linear systems 162
nonlinear systems 162
See alssolve blocks
with Isolve 156
with root function 157
with solve blocks 159, 261
with Solve for Variable 259
with solve keyword 259
sortfunction 157
sorting vectors and matrices 157
space curves
creating 227
See alsglots, 3D
spaces, inserting or deleting 80
special functions 149
spell-checking 65
spline functions 167-168
S-PLUS Graph component 288
S-PLUS Script component 289
spreadsheets, exchanging data with 280
square root 299
stackfunction 154-155
stack overflow error 106
standard deviation of a data set 164
standard normal distribution 166
statistics
cubic spline interpolation 167
cumulative distribution functions 164
functions 163
generalized linear regression 171
interpolation 167
inverse cumulative distributions 164
linear interpolation 167
linear prediction 167
linear regression 169
multivariate polynomial regression 170
polynomial regression 169
probability density functions 164
stderrfunction 169
Stdevandstdevfunctions 164
step function 148
step size
for differential equation solving 182
for iteration 103
str2numfunction 187
str2vecfunction 187
strings
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arguments to file access functions 188
as elements of vectors 35
comparing 127
converting to numbers and vectors 187
defining 35
editing 46
evaluating 35
manipulating 187
variables 35
strlenfunction 187
styles
math 51
text 61
submatrixfunction 154
subroutines 276
subscripts
in text 59
last element function 152
literal 39
non-numeric 39
ORIGIN used with 197
start with zero 197
vector and matrix 298
Substitute for Variable command 247
substitute keyword 247-248
substrfunction 188
subtraction 125, 300
summation 299
iterated 130
of vector elements 130
variable upper limit 132
superscript
array 130, 298
to get column from matrix 197
supsmoottunction 173
surface plots
creating 225, 227-228
formatting 234
parametric 229-230
See alsglots, 3D
svdfunction 157
svdsfunction 157
symbolic
equal sign 246
evaluation 246
evaluation of programs 269
keywords 247
Symbolics menu commands 254
system requirements for Mathcad 5
tab stops in a worksheet 79
table of contents for an Electronic Book 90

tables of data 195
tabs in a paragraph 60
tan function 145
tanh function 146
Taylor series 247
Tchebfunction 150
technical support 6
temperature conversions 109, 116
templates 75
creating new 77
modifying 78
See als®QuickSheets
used to save calculation mode 117
using to create a worksheet 75
text 55
alignment 60
bullets in 60
changing font 58
color 59
editing 58
entering 14
Greek letters in 57
inserting equations in 63
moving 57
moving insertion point in 56
Occupy Page Width option 58
Push Regions Down As You Type option 59
regions 55
selecting 56
spell-checking 65
styles 61
text box 14, 55
text regions 55
changing width 57
creating 14, 55
editing 58
how to exit 15, 55
text ruler 60
text styles 61
applying 61
creating 62
modifying 61
tilde (~), used in global definitions 100
time in header or footer 84
Tip of the Day 27
TOL variable 98, 311
and integrals 138
and solve blocks 162
tolerance
SeeTOL variableand CTOL variable
toolbars 8, 123
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customizing 9
Electronic Book 23, 26
operator 123
programming 267
Web 25
top-to-bottom evaluation 99
tr function 153
traces, on 2D plots 210
tracing the source of an error 121
trailing zeros 111
training 23
transcendental functions 145
transforms
discrete Fourier 150
Fourier (symbolic) 247, 263
Laplace 247, 263
symbolic 247
wavelet 152
z 247, 263
transpose of matrix 130, 262, 298
trig keyword modifier 251
trigonometric functions 145
inserting without parentheses 142
with degrees and radians 116
trunc function 149
truncation functions 149
two-point boundary value problems 183
typing over text 56
U.S. Customary units 114
Uchebfunction 150
undefined variables 99, 101
uniform polyhedra 190
Uniform Resource Locator
SeeURL
unit impulse function 148
unit step function 148
units
alternative definitions 113
base units 113
CGS system 114
common sources of error 108
converting calculated results 115
default 107
defining 109, 113
dimensional consistency 108
errors in dimensions 108
in calculated values 113
in equations 106
metric 114
MKS system 114
of variable or expression 187

placeholder 113
prefixes 114
Sl 114
simplifying 111
U.S. customary 114
UnitsOf function 109, 187
Up One Level command 205
update
window manually 118
worksheet 118
worksheet window 118
URL
Collaboratory 28
MathSoft home page 25
Use Default Palette command 70
user-defined functions 104
evaluating variables in 105
valid names 36
Var andvar functions 164
Variable Differentiate command 256
Variable Integrate command 258
Variable Solve command 260
Variable Substitute command 254
variables
changing the font style of 51
defining 13, 97
global definitions of 100
inred 101, 121
matrices 35, 191
names 36
predefined 98
range variables 15, 101
string 35
substituting for 247
undefined 121
vectors 35, 191
variance of a data set 164
VBScript 292
vec2strfunction 188
vector field plots
creating 232
from complex matrices 232
See als@lots, 3D
vector product 299
vector subscript 298
vector sum operator 132
vectorize operator 201, 298
effect of 201
how to type 201
properties of 201
vectors
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as array elements 204
calculations by element 201
column vectors 130
combining 154
creating 35, 191
cross product 130
displayed as scrolling output tables 198
dot product 129
functions for 152
graphing 213
limit on size 191
magnitude 130, 299
numbering elements 197
operators for 127
ORIGIN used with 197
row 130
See alsarrays
sorting elements 157
start with element zero 197
subscripts 196
sum elements of 130, 298
undefined elements filled with zeros 197
vector arithmetic 129
vectorize operator 201
View Animate command 119
View Zoom command 9
Visual Basic in Microsoft Excel 295
Visual Basic Scripting Edition 292
W function 302
wait message 117
wavefunction 152
wavelet transforms 152
Web
SeeWorld Wide Web
Web Store 23
Web toolbar 25
while loops 272
windows
update results manually 118
working with 9
zooming in and out of 9
Windows keystrokes 9, 315
wireframe, in 3D plots 238
Wizards
for inserting 3D plots 224
for inserting a component 281
worksheet ruler 79
worksheets
closing 20
exporting as HTML 77

exporting as RTF 76
formatting 83
gathering in an Electronic Book 89
hyperlinking 87
in pop-up window 87
including by reference 87
opening 76
opening from Internet 26
order of evaluation 99
printing 20, 93
referencing in another worksheet 279
saving 19, 75
saving as templates 78
saving in an earlier format 77
sending by Email 95
World Wide Web
accessing 25
bookmarks for browsing 26
browsing 25, 77
Collaboratory 28
HTML browsing 25, 77
MathSoft home page 25
toolbar 25
wrapping equations 300
WRITEfunction 188
WRITEBMPfunction 189
WRITEPRNunction 188
WRITERGHunction 189-190
writing data to a data file 203
WWW
SeeWorld Wide Web
Wythoff symbol for a polyhedron 190
xor 125
X-Y plots
creating 208
formatting 216
QuickPlot 18
See als@lots, 2D
Y0 Y1, andYnBessel functions 148
y-intercept 169
zero threshold 111
zeros of expressions or functions
Seeroots
Zetafunction 302
zooming
2D plots 220
3D plots 244
windows 9
ztrans keyword 247, 249, 263
z-transforms 247, 249, 263
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